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1. PREFACE

The Project Directorate of Biological Control (PDBC) since its inception in 1993 has made notable
contributions in the field of biological control of crop pests and weeds. It is able to efficiently run the All
India Co-ordinated Research Project on Biological Control of Crop Pests and Weeds by networking with
16 crop-oriented field centres in different SAUs and ICAR Institutes. While PDBC has focused mainly
on basic research, the field centres. with the able support of PDBC, has validated the efficacy of several
potential biological control agenis as essential components in Biocotrol-based Integrated Pest Management
(BIPM) modules for different crop ecosystems. The achievements made by PDBC and the field centres
include introduction of potential exotic natwral enemies for managing introduced pests, development of
improved techniques for mass produetion of host insects and biological control agents. storage techniques
for natural enemies, superior strains of natural enemies and BIPM technologies for cotton, sugarcane. rice,
tobacco, grain legumes, vegetables and fruit crops. Marked progress has also been made in the field of
weed biocontrol. Through training programmes, workshops, seminars and sale of technologies our endeavor
has been to popularize and spread the concept of biological control,

The thirteenth Annual Report is a compilation of the research achievements made by my scientist
colleagues at PDBC and the AICRP centres for the period April 2005 to March 2006, We are confident
that the information generated would be useful for researchers. administrators and policy makers, who are
involved in the field of biological control. We welcome suggestions for improvement in the exisling
programmes and novel concepts for planning future research agenda and collaborative programmes,

I am extremely grateful to Dr. Mangala Rai, Secretary, DARE & Director General, ICAR, New
Delhi, for his constant encouragement and guidance. The support extended by Dr. G. Kalloo. Deputy Director
General (Crop Sciences & Horticulture), ICAR, New Delhi, is gratefully acknowledged. Our thanks are
due to Dr. T.P. Rajendran. Assistant Director General (Plant Protection), ICAR, New Delhi, for his active
involvement in planning the research programmes and lor his guidance and support throughout the period
of 2005-06. My sincere thanks are due to all project workers at Project Directorate of Biological Control
and different co-ordinating centres of AICRP for successfully completing the commitied research
programmes. | place on record my sincere thanks to the Vice-chancellors, Directors of Research of SAU-
hased eentres and Directors of ICAR Institute-based centres for providing the necessary facilities,

R. J. Rabindra
Project Director
Project Directorate of Biological Control

&
Coordindtor
AICRP on Biological Control of Crop Pests and Weeds

Project Directorate of Bioiogical Control
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3. EXECUTIVE SUMMARY

In order to develop biocontrol technologies
for the eco-friendly management of key pesis,
diseases and weeds, an extensive programme
covering both basic and applied research was under
taken at the Project Directorate of Biological Control
(PDBC) as well as 10 State Agricultural
Universities (SAUs) and six Indian Council of
Agricultural Research (ICAR)-based centres
besides some voluntary centres under the All-India
Co-ordinated Research  Project  (AICRP) on
biological control during 2005-06.  Emerging
problems like the sugarcane woolly aphid. eco-
friendly management of sucking pesis on Br cotton,
and integration of biological control in organic
farming. were included in the programme. Most of
the experiments assigned under the technical
programme drawn for the year 2005-06 have been
cartied oul successfully,

Basic research

Project Directorate of Biological Controel,
Bangalore

Biosystematics

The genera Nedina and Neojauwravia were
synonymised with Protothea and Pharoscymnis,
respectively. Neojauravia naeida Wils
synonymised  with  Pharoscymnus  flexibilis.
Stichaloils quadrisignarta rugicellis was found to
be a distinct species and a new senior synonym of
S pomyi.

Lophosia  excisa (Cylindromyiini) from

Cyclopelta  siccifolie (Pentatomidae)  and
Cylindromyia  rufipes  (Cylindromyiini) from
Tolumnia  sp. (Pentatomidae) were recorded.

Parasitism by Carcelia illota to an extent of 119
and Goniophthalmus halli 10 an extent of 2% was
recorded on Helicoverpa armigera on pigeonped
and lablab. Parasitism by Swrmiopsis inferens o
an extent of 3% was recorded on Chilo partellus,

Introduction of natural enemies

Renewed import permits for Smicronyx

lutulentus, Nephaspis  bicolor.  Ganaspidium
nigrimanus  (=utilis), Chrysocharis  oscinidis,
Delphastus  pusitlus.  Telenomus  triptus, 1

Taeviceps and T ullyerii were obtained from the
Plant Protection Advisor to the Government of
India.

Field releases of stem gall fly, Cecidochares
connexa against Chromolaena odorata at the
University of Agricultural Sciences, Bangalore.
resulted in significant decrease in several plant
growth parameters. The gallfly has spread to a
distance of 25 m in the north and 50 m in south,
cast and west directions from the release spot in
its firsl generation.

Parasitisation of the spiralling whitefly by
Encarsia  guadeloupae  was the highest on
Michaelia sp. (83.3%) during November 2005, The
per cent parasitisation was above 80 in guava and
Cassia sp. during November.

Interaction studies revealed that
Trichogrammaitoidea bacirae parasitised more
number of ecggs (51.3%) than Trichogramma
brassicae (48.5%) when both were simultaneously
exposed to Corcyra eggs.

Rearing and evaluation of natural enemies

When Blaptostethus  pallescens nymphs
were released on Sitoiroga cerealelle infested rice
in the ratio of 1:5, the pest emergence was 11.1, 4.4
and 16.3% for 1, 2 and 3 releases, respectively,
while the corresponding figures for C. exiguus
releases were 2.2, 1.1 and 0%. The anthocorid
predator, Xylocoris flavipes, was obtained from
jowar storage bins.
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Butter paper and wax paper as oviposition
substrates for Spedoprera exigua resulted in 53.6
and 46.4%. egg laying, respectively. Per cent
hatching was higher (67.8%) on the former.

In cage studies conducted to study the effect
of kairomones on the performance of Campoletis
chloridece, wrealed batches (with larval wash of 9-
day-old Spodoptera limra larva) gave higher
parasitism (4(1.2%) compared to control (25.0%).

Parasitised egg cards of Telenonus remus of
different ages (3-5. 6-8 and 8-10-day-old) were
stored at 153#2°C (00+x2% RH) for different
durations. It was observed that 6-8-day-old eggs
could be stored up to 10 days as 95.4% and 89.5%
emergence was recorded after 5 and 10 days of
storage, respectively.

Orius rantillus and B. pallescens preferred
unparasitised eggs of Corcvrg cephalonica and H.
armigera in choice and no-choice tests in
comparison to parasitised eggs.

Host-range tests for Micromus igorotus,
indicated larval survival on 11 aphid species and
non-survival on seven non-aphid hosts. Micromus
igorotus laid the maximum number of eggs when
reared on Psewdoregma bamibusicola (7999 eggs/
female) while it was the least on Ceratovacuna
lanigera (390.2 eggs/female). The sex ratio was
always female-biased with 60% females and 40%
males.

The egg, larval and pupal period of
Crvptolaemus montrouiert on Sitotroga
cerealella ranged from 5.10-8.12, 15.7-24.12 and
7.59-10.2 days, respectively. Total average life
cycle ranged from 37.8 to 39 days. Maximum
average fecundity was obtained on maize (129.6
cggs/female). followed by paddy (1199 egg/
female). In an improved version of the adul
oviposition cage. 78.1% eggs could be collected on
substrates and the cage could be used for four days.
A new moth collection device was fabricated with
the advantages of non-disruption of the rearing
regime. direct moth collection in oviposition cage
and less adult handling.

Sugarcane woolly aphid predator. Dipha

aphidivora completed its life cycle on the two-
tailed mealybug, Ferrisia virgata.

T

Lower leaves of the sugarcane plant were
found to harbour more number of woolly aphids
than the top. As the plant grew older. the aphids
began colonizing the upper leaves. The proportion
of soldiers in C. lanigera (10-12%) colonies was
found to be lower than that in £ bambusicola (22-
249 ) colonies. A non-significant positive comelation
existed between the colony size, colony density and
natural enemy population.

Use of insect viruses

Several adjuvants were evaluated individually
against second instar larvae of H.armigera for their
efficacy along with HaNPV exposed to an
irradiation of 500 W/m” for a period of 90 minutes
using sun test machine (which simulates the natural
sun light). Four adjuvants (viz. soybean tlour { 10%),
Tinopal (0.2%), molasses (5%), CSKE (10%))
along with virus resulted in more than 85% larval
mertality, while boric acid (1%) and turmeric (2%)
recorded a larval mortality of 82.3% and 74.4%,
respectively.

In the case of Spadopiera litura. Tinopal
(0.1%) gave maximum larval mortality of 81.81%
as compared with 39.2% larval mortality of
irradiated SINPV  without any adjuvant. The
combination of SINPV + CSKE (62.5%) +corn oil
1.5% + crude sugar 25% + Tween (0.049%) was the
most effective in increasing the mortality due to
SINPV (95.2%).

Entomofungal pathogens

Addition of 0.2% colloidal chitin to the
production medium or 2% pure chitin to the tale
formulation or combination of these treatments
exlended the shell-life of Reauwveria bassiana to
8 months at room temperature (17-32°C), while
addition of these to the production medium of
Metarhizium antsopliae extended the shelf-life to
8 months al room (emperature.

In the case of Nomurea rilevi, addition of
0.2% colloidal chitin to the production medium or
addition 2% pure chitin to the tale formulation
reduced the colony-forming units (CFU) of N. rifeyi
(29.5x10%g, 24.7 x10%g, respectively) compared to
the CFU in the talc formulation prepared from
unamended medium (37.8x10%g).

Project Directorate of Biological Control - 13
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Isolation and characterization of indigenous
Bacillus thuringiensis strains

Twenty-seven native Br isolates were isolated
and crystal presence was seen in 15 of them.
Twenty-one forest soil samples were collected from
Chhattisgarh and seven Bt isolates were purified on
Br-specific media, The LC, values were calculated
for four of the Bi isolates against Plutella xvlosiella
and compared with the standard HD-1 strain. The
highest toxicity was observed with the isolate Brd
(log 5.83 spores/ml) and the lowest with B8 (log
7.97 spores/ml).

Isolation of emdophytic bacteria

Endophytic bacteria were isolated from
healthy chickpea plants for the first time and were
identified as Bacillus megaterium (MTCC6533),
Bacillus sp, (MTCC6535), Bacillus circulans
(UAS6534), Erwinia herbicola (UAS6720) and
Enterobacter agglomerans (MTCC0536). Two
rhizospheric isolates from healthy tomato plants
showed antagonism against Fusarium oxysporun
fsp. lycopersici. The isolates were purified and
identified as Pseudomonas weruginosa
(MTCCT7512)  and  Cryprococcus  albidus
(MTCCT7436).

Plants treated with B. megaterinm in the
greenhouse showed highest vigeur index of 4116.67.
Seed bacterization with endophytic bacteria resulted
in peak phenol content at 4 days and was highest
with B. megateriom (505g/g) compared to control
(290pg/e ).

Pathogens for the biological suppression of
phytophagous mites

In studies on the wviability of Hirsutella
thompsonii and H. thompsonii var. synnematosd
pellets in sterile water under non-refrigerated (room)
and refrigerated conditions, the pellets from the
fridge survived up to 13 months of storage with
growth rates of .89 mm and 0.96 mm/day for H.
thompsonii and H. rhompsonii var, synnematosd.
respectively.

Six isolates of H.  thompsonii var.
svanematosa [MF(Ag)27 o 32] were multiplied on
10 different agar media. The radial growth and
synnemata  production of H. thompsonii var.
symemaiosu were found to be the best on oat-

meal agar (OMA). The maximum growth of 64.33
mm with a growth rate of 1.95 mm/day was
observed in MEF(Ag)32.

The effect of different surfactants on the
biomass characteristics of H. thompsonii.indicated
that Tween 80 was the best based on number of
CFUs, pellet number, wet and dry weights. but not
the pellet size. The numbers of CFU obtained with
Tween 80 was 2.4 times more than that produced
in control (unamended).

A new liquid medium based on tomato was
developed to replace the commonly used potato
dextrose broth (PDB) for the mass production of
H. thompsonii.

Folic acid al a concentration of 200 pg/
recorded the maximum number of CFU of H.
thompsonii, a 2.9-fold increase followed by 100
g/l concentration which showed 2.6-fold increase
over control. Biotin was able to increase conidial
production (7.5 pg/l).

The exudate from sporulating culture of H.
thompsonii had an ovicidal effect and reduced
hatching (64.6%) of the eggs of Tetranychus
nrticae. The exudate also showed toxicity to
nymphs of 7. wrticae. An adult female feeding on
exudate-treated leal could lay only 30.7 eggs
compared to 51 eggs laid by the mite feeding on
untreated leaf over a period of 7 days.

When the effect of H. thompsonii in
combination with carboxy methyl cellulose (CMC)
and gum acacia was assessed on okra, CMC
recorded higher mite mortality of 93.5 and 93.3%
after the 1% and 2" sprays, respectively.

Fungal antagonists

Trichoderma viride

Among the Trichoderma viride isolates (27
isolates) screened against Sclerotivm rolfsii and
Fusariwm ciceri, Tv2, Tv12, Ty2l, Tv23,Tv15,
Tv34 and Tv3d3 were found Lo be better against 5.
rolfsii.  Against F. ciceri, Tv4 and Tv1l2 were
found to be superior based on dual plate studies. On
colloidal chitin and S, rolfsii cell wall-amended
media, the growth of isolates Tv4, Tv8, Tvl0 was
faster on solid mediom and on liquid medium,

—
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growth of Tv32, Tv35, Tv36 and Tv29 was high.
Exochitinase activity was high in the isolates Tv3,
Tv8, Tvl(, Tv23, Tv25, Tv28, Tv30 and Tv32 while
endochitinase activity was high in the isolates Tv3,
Tvl6, Tv22.

Addition of colloidal chitin at 0.1 and 0.2 per
cent helped in maintaining the high CFU in the
formulations of T viride. Addition of colloidal chitin
extended the shelf-life by 2-3 months.

Addition of glycerol al 3 and 6% increased
the CFU count in the formulations for up to 8
months. In T. viride also, addition of glycerol helped
in retaining high CFU for up to 7-8 months when
added at 3-6% concentration in production media.

For up to six months of shelf-life; formulations
from the biomass subjected to heat shock had high
CFU compared to control.

Trichoderma virens

Six isolates of T virens were found 1o be
effective against 8. rolfyii. The exochitinase activity
was high in liquid cultures of T, virens (TVS4, TV S-
ITCC, TVS-CPCRI and TCS12) grown on colloidal
chitin.

Trichoderma harzianum

Twenty-eight isolates of T harzianum were
tested for their antagonistic potential against
Phyrophthora parasitica var. nicotianae in dual
culture. The percentage reduction in P parasitica
var. nicotianae was very high in isolate Th-9,
followed by the isolates Th-5, Th-GTH7, Th-1, Th-
2, Th-3, Th-8, Th-7, Th-21, Th-ITCC, Th-12 and
Th-CPCRI.

Addition of chitin to the tormulation of 7.
harzignuem  resulted 1n higher CFU in  the
formulation for up to 6 months while in the control
the CFU went down below the recommended level
of 2 x 10" after 4 months.

Entomopathogenic nematodes

Higher yields of Steinernema carpocapsae
were obtained on Wouts medium supplemented with
casein peptone (62 - 89 lakhs per 4 g of the
medium). 8. abbasi and S. carpocapsae caused
mortality of H. arnmigera larvae at 12 h, at 50 and
125 Tsflarva respectively, Hererorhabditis indica

and H. bacteriophora caused mortality at 24h. S,
abbasi was tound  effective against H. armigera

with least LD_, followed by S. carpocapsae, H.
indica and H. bacteriophora. Nematodes survived
well in glycerine and castor oil for up to 45 days
under storage in lab and pathogenicity was not
adversely affected. Sodium sulphate (0.25-1%) as
UV protectant protected S, carpocapsae and H.
bacteriophora. Gum-based gel formulation was
suitable  for  storage and  transport  of S
carpocapsae 1s @ 40x 107 /100ml with viability for
30 days at 30°C. H. indica in talc @5 b /ha
controlled Holotrichia in tobacco fields in Shimoga
increasing establishment of transplants and the
cured leaf vields.

parasitic

Biological of plant

nematodes

suppression

f-tubulin gene (270 bp) of native isolate of
Pochonia chlamydosporia (PDBC PCS6) was
sequenced and deposited with NCBI GenBank,
Maryland, USA (Accession no. DQ417603).

Sheep droppings and vermicompost enhanced
the bioeflficacy of Arthrobotrys oligospora against
root-knot and reniform nematodes in eggplant and
cotton under pot conditions.

Solid. liquid and di-phasic media from natural
sources were identified and protocols for enhancing
the production cycles and vield of A. eligospora
in a given set of conditions standardized.

Studies on induced systemic resistance by
Pseudomonas fluorescens formulations for the
control of reol-knot nematode in tomato indicated
that the plant growth was better (in terms of plant
height, fresh weight and dry weight) in treated
plants than in untreated.

Soil solarization using plastic mulches for 21
days during May-June followed by the incorporation
of £ chlamydosporia (2x 10" spores/m®) and neem
cake (Ikg/m’) before sowing of tomato seeds in the
nursery recorded higher fungal CFUg/g in the soil
after two months and better root colonization
compared to the incorporation of the fungus and
neem cake without mulching.
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Incorporation of Paecilomyces lilacinus or
P chlamydosporia tale formulations at 30 kg/ha
along with 200kg/ha of vermicompost in furrows
before sowing gherkin seeds recorded 54-72%
infection of egg masses of root-knot nematode,
reduction in the nematode populations by 22-38%
in soil and 38-66% reduction in root infection in
75 days of crop growth.

Behavioural studies on mnatural enemies

Volatile organic compounds were trapped,
isolated and identified from a fern, Chenopodium
spooand basil leaves (Ocimum sanctiom). Twenty-
eight compounds were identified from fern leaves.

Mixture of four plant volatiles, i.e.
pentacosane+tricosane+heptacosane+octocosane in
the ratio of 1:3:1:1 at 50% concentration was quite
attractive to d-day-old Chrysoperla carnea adults
as indicated by mean Excess Proportion Index.

Methyl salicylate was recorded as an
attractant o several species of predators. Plants
exposed to methyl salicylate for 24 and 43 hours
recorded higher oviposition by €, carnea i colton.

Development and evaluation of

strains

improved

A Chrvsoperla carnea strain was developed
for tolerance 1o variable low lemperature (18°-
24°C).

A low temperature-adapted strain ol T
chilonis (18-24°C) was developed after rearing for
30 generations under laboratory conditions. The
development, searching ability and biological
paramelers of low temperature-adapted strain of 7.
chilonis was studied in comparison with the strain
reared in the laboratory al ambient temperature in
cage studies. Fifty-eight per cent eggs were
parasitised by the low temperature-adapied strain
as compared to 17.2% by the non-adapted strain,

A technique was standardized to isolate DNA
from Trichogramma spp.for PCR and RAPD-
PCR. An amplification of 600bp and 550bp was
observed using  ITS-land ITS-2  primers,
respectively. The ITS2 region of seven species/
straing of trichogrammatids were sequenced and
the sequences were deposited with GenBank
DQ220703  (Trichogramnia

(accession nos.

chilonis), DQ314611 (1. brassicae), DQ381281 (T
brasiliense), DQ381280 (T EVAnescens ),
DQ3ILIZTY (T, mawanzai), DQ344045 (T,
dendrolimi), DQ344044 (T embryvophagum)).

Releases of multi-insecticide tolerant strain
(MITS) of T chilonis gave 34.1% egg
parasitisation of H. armigera in tomato and it was
significantly higher compared to that recorded in
laboratory strain released plots or natural parasitism
in farmer’s practice plots.

Artificial diets for predators

Females of Orius tantillns were found to lay
eggs (11 eges/female) and survived for 10 days on
the refined artificial diet based on soybean
hydrolysate and yeast exiract.

Populations of €. montrouzieri collected
from Pune were reared on beef liver based artificial
diet and compared with population of PDBC. There
was no significant difference in larval and pupal
periods. pupation (%) and adult emergence (%)
between these two populations when reared on
artificial diet.

Beef liver-based artificial diet was better
than pig liver-based artificial diet for the rearing of
C. carmea,

DNA extraction procedure was standardized
for chrysopid and coccinellid predators. PCR
amplification of ITS-2 regions of artificial diet and
natural diet reared C. carmea (600G bp) and C.
mantrouzieri (600 bp) revealed no difference.

Artificial diets for host insects

A semi-synthetic diet consisting of toddy
palm leaf powder and defatted soy has been
developed for rearing Opisina arenosella. The late
larval parasitoid. Gonfozus nephantidis and pupal
parasitoids,  Brachymeria  nmosatoi and B,
nephantidis, were successfully multiplied on the
artificial diet-reared host. A semi-synthetic diet was
developed for Spodoptera exigua. Zygogramma
hicolorata could be reared on  a semi-synthetic
diet comprising parthenium leaf extract.
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Software development

Information on four vegetables — heans,
brinjal, potato and tomato-and their insect pests was
incorporated in the software. A database on
microbial bioagents 1s under development. The
software Map info Professional (Version 7.5) has
been procured and installed in ARIS Cell.

Biological Suppression of Crop Pests
Sugarcane

Borers

Release of the high temperature-tolerant
strain of Trichogrammea chifonis developed by
PDBC @ 50,000/ha was on par with chemical
control for the control of early shoot borer and
reduced the incidence by 50-53%. The cost:benefil
ratio was 1:7.4 as compared with 1:3.8 in chemical
control.  Large-scale  demonstration  of  the
effectiveness of T chilonis was carried oul over
an area of 1440 ha in farmers’ fields in collaboration
with two sugar mills in Punjab. Release of T
chilonis @ 50,000/ha at 7-10 days interval during
July-October resulted in reduction of stalk borer
incidence by 66.7% (PALIJ

Field evaluation of 1. chilonis against Chilo
tumidicostalis revealed that the mean per cent
incidence in released plot was 209 agamst 45% in
the unreleased plot and post release egg parasitism
was 34% against 12% in the farmers’ practice. The
biocontrol plot registered higher yield (78 t/ha) than
control plot (54 t'ha) (AAU(I)).

Woelly aphid
Sugarcane woolly aphid (SWA) infestation

was low (9.14%) in nine agro-climatic zones of

Maharashtra covering 64,906 ha cropped area
under infestation. The population of predators was
low (Dipha aphidivora and syrphids) to moderate
(Micromus igoroms). Release of D. aphidivora
@ 1.000 farvae/ha significantly reduced the SWA
population within 45 days as compared to farmers’
practice. Total life cycle of D. aphidivera was
completed in 54.3 days, The mass production of D,
aphidivera on SWA was carried out on SWA
population raised on sugarcane (7 month-old) inside
shade nets (50 gauge mesh) with bamboo structures
(5x4x4 m), which yielded 1230 larvae/pupae of the
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predator/shade net within two months (MPKV).

In Tamil Nadu, the incidence of woolly aphid
was maximum during July and the infestation
declined from July to January, Increase in the
intensity of aphid was noticed during March 2006.
Maximum temperature and relative humidity showed
negative correlation with the SWA population, while
minimum temperature and relative humidity showed
positive correlation, Rainfall and wind speed showed
significant negative correlation with the SWA
population. Weather parameters had no significant

effect on D. aphidivera and M. igorotus
populations (TNAU).
Dipha  aphidivere  and M. igorotis

colonization in shade net was dependent on the
intensity of infestation of C. fanigera in the net
house. A mean of 4.2 Dipha cocoons [ leaf and (.07
Micromus grubs per leal could be harvested.
Release of Dipha resulied in 93.6 - 97.2 per cent
control after four months. There was no competitive
elimination of either predator at different densities
and both were able to survive in the same niche
without exerting negative effect on the other
(TNAU).

At Coimbatore, the activity of SWA and
Dipha was generally higher during October -
January. A simple laboratory mass culture technigue
was attempted for rearing D. aphidivora on aphid
colonized leaf bits. D, aphidivora releases
significantly enhanced its numbers and reduced
aphid intensity (SBI).

No woolly aphid inecidence was recorded
during surveys in zones of various sugar mills of
Haryana conducted in monsoon and post-monsoon
periods {(CCSHAU).

Encarsia  flavoscurellum  brought  from
Jorhat failed to estahlish in Medak and Sangareddy
districts in Andhra Pradesh (ANGRAU),

At Buralikson, Golaghat, Assam. the
population build up of SWA had a significant positive
correlation with maximum (r=0.062) and minimum
(r=0.734) temperature. Similarly, Micronues and
syrphids also had significantly positive correlation
with maximum and minimum emperature, whereas
D, aphidivora showed a positive correlation
(r=0.709) with maximum temperature (AAUT)).
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There was significant positive correlation
(r=(,0905) between maximum temperature and
SWA population. D. aphidivora population showed
significant negative correlation (r = -0.802) with the
aphid population. Per cent 10ss in sugur recovery
and weight due to SWA ranged from 9.95 (CoS
8436) to 19.80 (CaS 767 ) and 10.56 (CoS 8430)
o 20,45 (CoS 767), respectively (IISR).

Cotton

In BIPM trials on B¢ cotton at two locations
in Punjab, there was mo significant difference
among the Br and non-Br hybrids as the pest
population was low. Natural enemy population was
higher (0.82) in habitat management plot followed
by BIPM ((1.68) and very low in insecticidal control
(0.06). The population of sucking pests and
bollworms was low in all the treatments (PAU).

The sucking pest complex was comparatively
lower on Br cotton+BIPM than in farmers’ practice
mainly due to the activity of natural enemies. As
regards Helicoverpa armigera, Bt cotton fared
better both in BIPM and farmers™ practice (FP)
than non-Br cotton (ANGRAU).

Under BIPM. Br coton recorded less H.
armigera and Eagrias vitella populations, less
bollworm damage and higher yield. The incidence
of sucking pests was low in Br FP module. The
BIPM modules recorded significantly higher number
of natural enemies than the FP modules (TNAU).

Bt cotton with existing package of practices

was effective in suppressing the population of

aphids, jassids, thrips and whiteflies and recorded
maximum yield. The population of predators was
however, maximum in Bt cotton plots with BIPM
package (MPKV).

Br cotton+BIPM  package  recorded
significantly low bud and boll damage, locule damage
due to £ vittella and Pectinophora gossypiella
and population of sucking pests as compared to all
the other treatments giving highest seed cotton
yield. Population of various natural enemies was
also higher in Br cotton + BIPM and non-Bt cotton
+ BIPM package compared to other two treatments
indicating adverse effect of insecticides nsed in the
package (AAUCA)).

Tobacco

Parasitisation of H. armigera and §. litura
in tobacco with trap crops was 1.13 and 1.30 umes
higher, respectively. than that in tobacco as sole
crop. Significantly higher reduction in damage by
the pests was also observed if tobacco was grown
with trap crops. N. rileyi, B. bassiana and B.i
kurstaki were equally effective in containing leaf
damage caused by §. exigua. The trap crops
Tagetes and castor effcctively suppressed H.
armigera and 8. litura, respectively (CTRI).

Pulses

Under controlled conditions in laboratory
bioassays, Bt caused 53.2% mortalily in the treated
larvae of H. armigera. Under field conditions, 2 kg/
ha dose of the formulation fared comparatively
better in terms of larval population and exient of
infestation (ANGRALU).

Against pod borers of pigeonpea in the
laboratory, Bi cansed high mortality of H. armigera
while slightly lower mortality was observed in
Maruca testulalis. In field studies. it was evident
that Bt @ 2 and | ke/ha were significantly superior
to NSKE treatment and were on par with each
other in reducing H. armigera and M. iestulalis
population after five and seven days of sprays,
respectively, when pod yield was recorded
(AAUAD.

Rice

Rice cultivation with organic inputs was
compared with chemical control. In the case of
stem horer, a significantly high dead heart symptom
was recorded in conventional farming. Grain vicld
was on par in conventional and organic farming.
Significantly higher population of natural enemies
such as spiders and coccinellids was found in
organic farming than in conventional farming during
kharif and rabi seasons (KAUJ.

The infestation of rice stem borer (4.3%) and
white ear head (5.3%) were lower in the organic
package plot against 10.8% and 11.0% in the
farmers’ practice plot. The leaf folder population
was also lower (3.0%) than that in the farmers’
practice (7.4%) plot, The organic plot registered
higher yield (3602 kg/ha) against farmers™ practice
(2706 kg/ha). In cost:benefit analysis, the organic
package plot gave the highest net profit (AAU)).
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Two sprays of Br formulation at three doses
tried (2,1.5 and | kg/ha) were equally effective in
reducing the population of rice leal folder. case
worm, skipper, hairy caterpillar, etc. throughout the
period of observation. Similar results were recorded
both in kharit and rahi seasons (KAL)

Bi irrespective of the dose was effective in
reducing the population of stem borer and leaf
folder (AAUT).

Sprays of Bt @ 2.0kg/ha was effective for
the management of leaf folder and stem borer on
both coarse and basmati rice. Seven releases of T,
chilonis and T, japonicwm each @ 1,00.000/ha,
starting 30 DAT proved effective in controlling leaf
folder and stem borer on organic rice (PAU)L.

Qilseeds

In laboratory screening, mustard sawfly was
susceptible to all the entomopathogens to varying
degrees with lowest LC, values for Br (DOR
strain) (0.948 g/1). followed by Biolep (commercial
Br formulation) and highest for M. anisopliae
(AAUCA). In the field, Br @ 2.0) kg/ha was the
best treatment in controlling mustard sawfly after
10 days of application (AALI(A)).

Coconut

Releases of Trichogramme embrvophagum,
Goniozus nephaniidis and Cardiastethus exiguus
against Opisinag arencsella for the last two years
at Vatanapilly beach area in Kerala proved to be
effective (KAU). Oryctes  baculovirus-ireated
adults were released in one ha arca and the manure
pits were treated with M. anisopliae. After one
month, fresh incidence was reduced in the
observation palms. In manure pits Metarhizium
infection was 100% on grubs (KAU).

Tropical truit crops

On  guava,  Encarsia  guadeloupae
effectively parasitised spiralling whitefly from June
(536.29%) o August (96.3%) and kept the whjteﬂy
population under mimnmum level.

Effectiveness of Cryptolaemus
montrouziers against mealvbugs on grape vine and
Encarsia guadeloupae against spiraling whitefly
on guava was well demonstrated in farmers’ fields
in Karnataka. Releases of C. montrouzieri were

found to be effective in clearing the mealybugs on
pomello. A mean of 36.8 reduction in plant
mnfestation and 18.9% reduction in fruit infestation
was observed with the release of C. montrouzieri

on custard apple.

The population of green scale. Coccus
viridis, on sapota was highest on July (11.8/leaf )
and due to the activity of key parasitoid,
Caccophagus spp. the scale insects were brought
to a very low level (1.1/leal). Abamectin 1.9EC
(0.5ml/M), fipronil 5 SC (1.5ml/1). novaluron 10 EC
(0.75ml/1y and lufenuron SEC (0.8ml/1} were found
to be very safe (o the larvae of C. montrouzieri.

The reduviid predator of mango hoppers,
Isyndus heros took 55 days to complete the life
cycle (ITHR).

Temperate fruit crops

Natural mortality of defoliating beetles of
Brafimina coriacea by local sirain of Beawveria
brongniariii was observed in June. With B,
hrongniarrii. the maximum kill of the first, second
and third instar grubs was 83.3, 76.7 and 66.7% in
T-weeks, observation (Dr. YSPUH&F).

Ohservations were made on the per cent
parasitisation of San Jose scale. Diaspidiotus
perniciosus, during March-September and the data
revealed maximum scale parasitisation (4,7-23.6%)
in IPM managed orchard (spray of 1.5% winter oil
(ATSO) during March and formight releases of
Encarsia perniciosi from late May to Augusi),
Increase in level of parasitism was found directly
related to angmentative releases of parasitoids
indicating significant negative correlation with scale
infestation from July-September (SKUAS&T).

Vegetable crops

Four sprays of Bt at three doses (2.0, 1.5 and
1.0 kg/ha) were evaluated against the fruit borer of
okra. The shoot and fruit infestation recorded after
first spray was lowest in Bt @ 2.0 kg/ka (KAU).
Br @ 2 kgrha proved to be effective for management
of Farias spp. on okra (PAU)

Br @ 2.0 kg/ha was found to be the most
effective against brinjal shoot and fruit borer with
lowest fruit damage (13.6%) and the fruit yield was
significantly high throughout the period of
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observation with an attractive cost-benefit ratio
(KAL),

Bik (1.0 kg/hay and Econeem Plus (0.2%)
proved effective in reducing the leaf to just half as
compared with the control by Pieris brassicae on
cauliflower. (DrYSPUH & F). Among the
microbials, commercial strain of B. bassiana @
Ix10F spores/ml proved most effective, causing
72.3% mortality of Pieris brasicae (SKUAS&T).

Verticillium lecanii @ 107 conidiatha was
most promising, causing 75% mortality of aphids on
knol-khol followed by B. bassiana @ 1x10"
conidia/ ha (SKUAS&T).

Weeds

A borer was recorded on Cyperus rofundies
in the experimental farm with low incidence
(AATI(IY).

White grubs on turf grass

A local isolate of Metarhizium anisopliae
@ 1x10" spores/ml proved most promising against
white grubs on wirf grass (SKUAS&T).

Polyhouse crop pests

Spraving of V. lecanii @ 10" conidia/l was
found effective against thrips on chilli in polyhouses
(MPKV), Three sprays of B. bassiana, V. lecanii,
H. thompsenii  and  Verticel (a  commercial
formulation of V. lecanii) were found to be equally
effective against aphids on gerbera in Kerala
(KAL),

Storage pests

Metarhizium  anisopliae  significantly

decreased the population of Callosobruchus
chinensis on  chickpea in storage (PAL.
Beawveria hassiana  isolates  caused  higher
mortality and mycosis compared to M. anisoplice.
with Bb-11 isolate proving to be the best (PDBC).

Transfer of technology

The technology on the control of spiralling
whitefly with use of parasitoid Encarsia
suadeloupae on guava, control of grape mealybug
with use of predator Cryprolaemus montrouzieri,
control of sugarcane woolly aphid with predators
and biological control in Bt cotton and organic rice
were demonstrated in farmer’s fields.

Human resource development

Twelve scientists of the PDBC were trained
in different institutes with in India on various
aspects of biological control and three scientists
participated in different symposia held overseas.
The Project Directorate of Biological Control
organized 21 training programmes on different
aspecls on biological control during the year 2005-
06 in which 99 scientists representing ICAR
Institutes, SAUs, State Departments of Agriculture
and Horticulture and commercial production units
participated.

Revenue generation

A total of Rs.13.35 lakhs revenue was
zenerated by the Project Directorate which include
cosultancy. sale of technical bulletins and natural
enemies,

Publications

During the period 67 rescarch papers were
published in scientific journals, 72 research papers
were presented during symposia/conferences and
37 papersfreviews were contributed as  book
chapters, technical bulletins and popular articles.
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4. INTRODUCTION

Brief history

The AICRP on Biological Control of Crop
Pests and Weeds was initiated in 1977 under the
aegis of the ICAR, New Delhi, with funds from the
Department  of Science and  Technology,
Government of India. Within two years (1979),
ICAR included the project under its research
activities with full financial support. Recognition of
the importance of biological control came during the
VI plan with the upgradation of the centre to
Project Directorate of Biological Control with
headquarters at Bangalore, The Project Directorate
started functioning on 19 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-seven exotic natural enemies (NEs)
have been studied for utilization against alien
pests, out of which 59 could be successfully
multiplied in the laboratory, 51 species have
been recovered from the field, four are
providing partial control, five substantial
control and six are providing economic
benefits worth millions of rupees. Twelve are
augmented in the same way as indigenous
natural enemies.

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

it Two aphelinid parasitoids of South American
origin were fortuitously introduced against
Alewrodicus dispersus. Encarsia
guadeloupae, introduced from Lakshadweep
has colomized in peninsular India, displacing

the earlier introduced Encarsia sp. nr
meritoric.

Trichogramma mwanzai, an egg parasitoid,
introduced from Kenya for biological control
of  Helficoverpa  armigera and  other
lepidopteran tissue borers was successfully
quarantined.

Curinus coeruleus (origin: South America).
the coccinellid predator introduced from
Thailand in 1988, colonized successfully on
subabul psyllid.

Cyrtobagous salvinige (Origin: Argentina)
was introduced in 1982 and colonized on
water fern, Salvinia molesia, in 1983, Weevil
releases have resulted in savings of Rs.68
lakhs / annum on labour alone in Kuttanad
district, Kerala.

The weevils, Neocheting bruchi and N.
efchhorniae, and the hydrophilic mite,
Orthogalwmma terebrantis (Origin:
Argentina), introduced in 1982 and colonized
in [983 on stands of water hyacinth, have
established in 15 states. Savings on labour
alone is Rs. 1120 per ha of weed mat.

The chrysomelid beetle, Zvegogramma
bicolorata (Origin: Mexico), introduced and
colonized in 1983 on stands of parthenium,
has established in all the states and Union
Territories.

The stem gallfly, Cecidochares connexa,
introduced from Indonesia for the biological
control of Chremalaena odorata in 2003
and was successfully quarantined and limited
field releases were made,

Puccinia  spegazzinii, the rust fungus
specific to Mikania micrantha imported
through CABI, UK in 2003 was successfully
quarantined in NBPGR, New Delhi and
limited field releases were made.
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Biosystematic studies were carried out on
250 predatory coccinellids. A website on
Indian Coccinellidae 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 internet.

Biological conrol of sugarcane pyrilla has
been achieved within the country by the
redistribution of Epiricania melanolenca, a
parasite of Pyrilla perpusilla.

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

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

A technique for shipping Telenomues 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 Chrvsoperla carnea to

facilitate its large-scale production and use.

Toddy palm leaf powder-based artificial diet

was developed for rearing  Opistna
arenosella
Coccinellid — predators, Cryprolaens

monirouzieri, Cheilomenes  sexmaculata
and Chilocorus nigrita successfully mass-
produced on semi-synthetic diet.

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

The predators, Micromus igorotus and

Dipha aphidivera, were identified for the
management of sugarcane woolly aphid.

A movel technique of modified atmosphere
packing of Coreyra cephalonica  eggs
followed by low temperature storage at
8x1°C has been developed.

Tritrophic relationships between natural
enemies, their hosts and host plants have
been determined.

Tritrophic interaction studies between the egg
parasitoid, Trichogramma chilonis, bollworm
H. armigera and cotlon, chickpea, pigeonpea,
sunflower and tomato genotypes have helped
in identifving biocontrol-friendly genotypes.

Suitable low temperatures tor short-term
storage of trichogrammatids. Eucelatoria

brvant,  Carcelia  illota.  Allorhogas
pyralophagus, Copidosoma  koehleri,
Hyposoter didvmeator, Coresia

marginiventris, L. dactvlopii, Sturmiopsis
inferens, and Pareuchaetes pseudeoinsulala
have heen determined.

An  endosulfan-tolerant  strain of
Trichogranma chilonis (Endogram)
developed for the first time in the world.
Technology transferred 1o private sector for
large-scale production.

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

Pesticide tolerant strain of T. chilonis had
higher amount of glutathion-s-transferase
activity than the susceptible strain.

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

Kairomones from scale extracts of H.
armigera and C. cephalonica increased the
predatory potential of chrysopids.
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Acid hydrolyzed L-tryptophan increased the
oviposition by €. carmea on colton.

Twa  fungal  (Trichoderma  harzianum-
PDBCTH 10 and T. viride-PDBCTH 23},
and two bacterial antagonists (Pseudomonas
fluorescens-PDBCAB 2, 29 & 30 and
Preudomonas putida-PDBCAB 19) of plant
pathogens have been released for commercial
production after intensive studies.

Bacterial antagonists, particularly
Psendomonas  cepacia  {strain  N24),
suppressed successfully Scleratinm rolfsic in
sunflower rhizosphere as seed inocula.

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

Suitable media for mass multiplication of
EPN identified. 8. carpocapsae @ 1.25-5
billion/ha proved effective against the brinjal
shoot and Fruit borer, Leucinodes orbonalis.
Tale-based and alginate-capsule formulations
of 8. carpocapsae and H. indica were
effective against §. {itura in tobacco.

An easy and rapid technique to screen
antagonistic fungi against plant parasitic
nematodes has been devised to identify
efficient strains. The antagonistic fungus,
Paectlomyees lilacinus was found effective
against  Meloidogyne  incognita  and
Rotvlenchulus reniformis in red laterite soils
and  Pochonia  chlamydospora  was
effective in sandy loam soil.

Molecular identity of native isolates of P
chiamydosporia at PDBC was established
through sequencing the B-tubulin gene (1 w0
233 bases) and registered in the Genebank,
NCBIL. Maryland, USA.

‘PDBC-INFOBASE"  giving information
about bicagents. 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 wversion of the software “Helico-info”
were developed.

Applied research

Huorescens,

Eight releases of 70 chilonis (@ 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
barers.

Beauveria bassiana, B, brongnjarti and
Merarhizium anisopliae were mass cultured
and utilized effectively against sugarcane
white grubs.

Encarsia Savascutellum, Micromus
igorotus  and  Dipha  aphidivora  were
promising against the sugarcane woolly aphid.

Application of Heterorhabditis indica @
2.0 billion Ts/ha resulted in minimum
population of white grubs in sugarcane.

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

Biocontrol-based 1PM (BIPM) modules
consisting of the use of moderately resistant
variety. 1. viride as seed treatment, release
of T japonicum @ 50,000/ha/week (6
releases), spray of Pseudomons
need-bhased insecticidal
application and vse 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 japonicwm (1 lakh/ha) was
as effective as 1. chifonis in controlling the
rice leaf folder.

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

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

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

Release of Telenomus remus @ 100,000/ha
and three sprays of SINPV @ 1.5 x 107
POBs/ha along with 0.5% crude sugar as
adjuvant against 5. lifira in soybean resulted
in 17% higher yield than in chemieal control.

Integration of 7. remus and NSKE for the
management of 8. lifwra and C. cantea and
Nomuraea rileyi (@ 10" sporestha) for the
management of Helicoverpa armigerda on
tobacco were effective. The cost-benelit
ratio for BIPM was better (1:2.74) than that
for chemical control (1:1.52).

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

Inundative releases of parasitoids Goniozus
aephantidis and  Brachymeria  nosaioi,
against Opisina arenosella on coconut,

coinciding the first release with the
appearance of the pest, have proved
effective.

Adult release of G nephanridis on trunk was
as good as release on crown for the control
of . arenoselie on coconut

Orvetes  baculovirus  has  been  highly
successful in reducing Orvetes rhineceros
populations in Kerala, Lakshadweep and
Andaman Islands.

Cryptelacmus montrouzieri has effectively
suppressed Planococeus citri on citrus and
grapes. Pulvinaria psidil. Ferrisia virgata
on guava, Maconellicoccus hirsutus on
grapes and Rastrococeus  iceryoides on
mango.

Efficacy of Trichogramma, Cryplolaemus,
C. carnea, HaNPV and SINPV has been
successfully demonstrated in Punjab, Andhra
Pradesh, Karnataka, Maharashtra. Gujarat
and Tamil Nadu.

& Aphelinus mali and several coccinellid
predators were found effective against the
apple woolly aphid.

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

parasitoids.

] Trichogrammatoidea bactrae and Bt were
found effective against Plutella xylosiella.

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

@ Copidosoma koehleri and Br were found
effective against potato tuber moth in country
stores.

Mandate

Project Directorate of Biological Controf,
Bangalore

Harness the natural resources to develop
and promote biological control strategies for
sustainable and eco-friendly pest management in
agriculture and horticultare to enhance the
profitability and welfare of the farming
community.

AICRP on biological control of crop pests
and weeds

Promotion of biological conirol 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 farmers’ fields

Organisational set-up

With a view to fulfil the mandate effectively
and efficiently, the Project Directorate is functioning
with Biosystematics. Introduction and Quarantine
Laboratory. Mass Production Laboratory. Pathology
Laboratory, Entomophagous Insect Behaviour
Laboratory, Biotechnology Laboratory and a Co
ordination, Documentation and Training Cell
(Fig. 1).
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Fig. 1. The organizational chart

Project Directorate

of Biological Control

25



Financial statement (2005-06) (Rs.in lakhs) AICRP Centres (ICAR  share only)
expenditure (2005-06)
Project Directorate of Biological Control,

Bangalore Name of the centre Expenditure
(Rs. in lakhs)
Head Plan Non-plan Total AAU, Anand 25.54
AALU, Jorhat 16.83
Pay & allowances (.00 150.00  150.00 ANGRAU, Hyderabad 7:34
) Dr.YSPUH&F, Solan 15.14
TA 3.00 3.00 .00
GBPUA&T, Pantnagar 2.18
ther charges 104.( 24, 127.00 )
Qb hiitges SR KAU, Thrissut 18.63
including equipment
MPKYV, Pune 14.44
[nformation PAU, Ludhiana 15.01
teptndlogy 1% ’ L9 SKUAS&T, Srinagar 513
Farm development 2.37 = - TNAU, Coimbatore 10.78
Total 131.02

Works/petty works 19.63 40,00 63.00

Total 130.00 217.00 347.00 ICAR Institute-based centres (CPCRI,
Kayangulam; CTRI, Rajahmundry: TARI New
Delhi; TTHR, Bangalore; ISR, Lucknow and SBI.
Coimbatore) did not maintain separate budget
accounts since the Project has been merged with
Non-Plan

26 " Project Directorate of Bialogical Control
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5. RESEARCH ACHIEVEMENTS

BASIC RESEARCH

Project Directorate of Biological Control,
Bangalore

(i) Biosystematic studies on

coccinellidae

predatory

fa) Taxonomic studies

The species of the genus Synona were
reviewed and the status of the Indian species
confirmed. The species widely identified as Synopna
melanaria ab. rongeti was found to be distinet.
requiring a new name. Based on the studies carried
out, the genera Nedina and Neojauravia were
synonymised with Protothea and Pharoseymnus,
respectively. Neajeueravia naeida was
synonymised  with  Pharoscymnus  flexibilis.
Sticholotis rugicellis was found to be a distinct
species and a new senior synonym of 8. gomyvr Six
species of Neding were transferred to Protothea
(Fig. 2),

o 9\
\ e ‘!

i

- 4
R o

| N SR

Fig. 2. Protothea guadripunciata, 9 rare polymorphic
lady beetle from Northeastern region

One new species of Halyvzia was recorded
from Himalayan ranges of India and Nepal. The
coccinellid eollections at the National Museum of
Natural History, Washington, DC, USA, were
stucied, with particular emphasis on the fauna of the
Oriental region and the Indian subcontinent,

(h) Identification tools

Six species were added 1o the illustrated
identification guide developed for common lady
beetles of the Indian subcontinent and fact sheets
in html/xml were developed [or these species.
About 30 new photographs and an illustrated
account of the general morphology were added to
the website (www.angelfire.com/bug2/j_poorani/
index.html) on Indian coccinellids.

(c) New faumal records

Phrynocaria  eberti  (Nagaland)  and

Ghanins karachiensis (Karmataka, Tamil Nadu)

Fig. 3. Asian multicolored lady beetle,
Hearmonia axvridis
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were recorded for the first time from India. The
immature stages of the tribe Shirozuellini were
collected for the first time. The Asian multi-coloured
lady beetle, Harmonia axyridis (Fig. 3) was
recorded for the first time from India (West Bengal).

(ii) Biosystematic  studies on  Indian

Tachinidae

The checklist of the family Tachinidae of the
Indian subcontinent has 325 species under 163
genera, 33 wribes and 4 subfamilies, Lephosia
excisa (Cylindromyiini) has been recorded on
Cyelopelta  siceifolia  (Pentatomidae)  from
Shimoga and Cylindranyia rufipes (Cylindromyiini)
on Tolwnnia sp. (Pentatomidae) from Bangalore.
Chaetogena raoi, Drino (Palexorista) sp. and
Exorista xanthaspis were recorded parasitising
Amsacta albistriga. Parasitism by Carcelia illoia
to an extent of 11% and Goniophthalvues halli up
to 2% was recorded on Helicoverpa armigera on
pigeonpen and lab lab. Parasitism by Srrmiopsis
inferens was recorded to an extent of 3% on Chilo
parteflus.

(iii) Introduction and studies on the exofic
natural enemies of some crop pesis and
weeds

Limited field release of the host specific stem
gall fly. Cecidochares connexa was done against
Chromolaena odorate in the GKVEK campus of
the University of Agricultural Sciences, Bangalore.
There was a significant reduction in plant height,
number of branches and panicles per plant and
number of capitula per panicle due to the gall fly
(Table 1), Tt had spread to a distance of 23 m in
the north and 50 m in south, east and west directions
from the release spot in the first generation. The
second-generation galls were formed just below the
inflorescence (Fig. 4), which resulted in less number
of capitula per panicle.

It was observed that parasitisation of

Alewrodicus disperses by Encarsia gaudeloupae
was more active from September to January and
reduced thereafter. Highest rate of parasitisation by
the parasitoid on A, disperses (above 83.3%) was
recorded on the host plant Michaelia sp. during
November,

) R, )
Fig. 4. Galls formed by Cecidochares connexa on
Chromolaena odorata

Trichogramma brassicae was introduced
for the biological suppression of Plutella xyviostella.
Tnitial sereening revealed that T brassicae
parasitised highest per cent eggs of Plutella
xvlostella at four different dosages as compared to
7. chilonis and Frichogrammatoidea bactrae.
Further. interaction studies revealed that Tr: bactrae
parasitised more (51.53%) than T. brassicae (48.5%)
when both were simultaneously exposed to host
eggs. I brassicae gave higher per cent
parasitisation when eggs were exposed first o I
bactrae (86%) or T. brassicae (95.2%) with 12 h
gap, indicating that it is a dominant species over I
bactrae. However. with 24 h gap. the species
exposed first gave higher parasitisation (Table 2).

2 "project Directorate of Biclogical Control



Table 1. Impact of stem gallfly on Chromelaena odorata plant growth

Parameter Individual oviposition method Mass oviposition method
Control | Treatment| % decrease | Control | Treatment| % decrease
over control over control
Plant height 30 days after oviposition(cm) | 17372 | 154.26* 116 G845 38.37+ 40.8
Plant height 60 days after oviposition(cm) | 207.89 173.14* 16.7 101.40 0441 365
Plant height 120 days after oviposition(em)| - - = 167.70 477 554
Mean number of branches per plant 2555 1645 356 11.35 391* 65.6
Mean number of panicles per plant 32.25 17.60 454 14.70 7.58% 484
Mean number of capitula per panicle 1740 1530 12,1 19,60 8.04% 5090
Mean number of seeds per head 3281 20.24% 109 - - -

*Student’s °t' test significant @ 0.1 level

Plutella xylostella

Table 2. Interaction studies of Trickogrammatoidea bactrae and Trichogramma brassicae in parasitising

Species Parasiti- Adult Per cent each species
zation (%) | emergence (%) | T bactrae |T. brassicae

Tr bactrae alone 460 924 1000 -

1. brassicae alone 553 94.1 = 1000

Release of Ti bactrae and T, brassicae simultaneously 628 8.1 51.5 485

Release of Tr bactrae followed by ¥ brassicae 530 910 140 260

with 12 h gap

Release of T brassicae followed by Tr bactrae 376 96.0 48 952

with 12 h gap

(iv) Rearing and evaluation of natoral
enemies with special reference to
scelionid. braconid, ichneumonid and
anthocorid groups

(a) Evaluation of comparative performance

of anthocorid predators Blaptostethus
pallescens and Cardiastethus exignus on
Sirotroga cerealella infesting rice

When Blapiostethus  pallescens nymphs
were released in the ratio of 1: 5 (predator: host),

01 release
0, W2 reieases
51
4 &0
H
g‘ a0
a0
Y
11.08
&
T
& 2.2 psia e
04 o
B pallescens C.oealguus Cantral
Traatments

Fig. 5. Performance of anthocorids on Sitotraga cerealella

the emergence of Sitotroga cerealefla infesting
rice was 1.1 and 4.4 for 1 and 2 releases,
respectively, whereas the corresponding figures for
C.  exiguus  releases were 2.2 and 1.1%,
respectively, while in the control 30% pest
emergence was observed (Fig. 5).

(b) New anthocorid predator for the stored

grain pests

A new anthocorid predator, Xylocoris
Jlavipes was obtained from jowar storage bins. The
predator consumed a total of 73.3 eggs of C
cephalonica during the nymphal stage with the
highest number of fed on the 18™ day (Fig. 6}).

(¢) Improvement in rearing of Spodoptera
exigua

Attempts were made o improve the method
of culture of Spodoptera exigua. Butter paper and
wax paper were tried as oviposition substrates. Egg
laying was almost equal on both substrates, Per
cent hatching, however, was more in the case of the
egas laid on butter paper (67.8%) than those laid

Project Directorate of Biological Contral 29



on wax paper (39.3%). In earthen pots and plastic
containers, egg laying was [1.1 and 1007 egg
patches/female, respectively.

Mo, of 2ggs fed

TN TR H NG TR BWEAN
Ags ot nymph

Fig. 6. Day-wise Feeding of Xylocoris flavipes on the
epps of Corcyra cephalonica
(d) Use of Kkairomones to improve the
production of Campoletis chlorideae

The possibility of utilizing kairomones to
improve the production of Campoletis chlorideae
was investipated. This experiment indicated that
kairomones (larval wash of 7-day-old Spoedoptera
litura) could be effectively used to improve the
production of C. chlorideae (Table 3).

‘Table 3. Use of kairomone to improve the production

of C. chlorideae

Parameter Kairomone | Control
treated

Parasitism (%) 402 250

Number of cocoons 213 114

PEr eXposure

Number of adulls per cage 129 T4

Number of females per cage 47 30

(e) Rearing of Campoletis chlorideae in walk-
in chambers

Campoletis chlovideae was reared in walk-
in chambers set at 26x2°C and 70+2% RH. The

mean per cenl parasitism recorded was 36.6, 31.6
and 24%, respectively, during January, February
and March, respectively, in comparison with 40.5, 25.9
and 9.5 %, respectively, in normal lab conditions (when
humidity was exuemely low - 50+5%). Female
progeny production was markedly improved by rearing
in walk-in chambers. It is thus evident that during the
dry months, continuous maintenance of C. chilorideae
is possible by rearing in controlled conditions.

(f  Storage of Telenomus remus egg cards

The storability of parasitised egg cards of
Telemomus remus was investigated Lo arrive at the
optimum age for storage and the optimum duration
of storage and thus to plan their shipment. Eggs of
3-5 and 8-10-days-old were not amenable (o storage
at 15+2°C, as adult emergence after removal from
storage was very low. Six to eight-day-old eggs
could be stored for up to 10 days with §9.53%
emergence. The mean developmental period also
increased to 16 and 19 days, respectively, while the
normal developmental period is 10-12 days.

(g) Feeding preference of anthocorids on
parasitised and unparasitised eggs

The feeding preference of two anthocorid
predators, Owrius tantillus and B. paflescens on
parasitised and unparasitised eggs  of .
cephalonica  and  Helfcoverpa  armigera  was
studied. Results of choice and no-choice tests
showed that there was significantly higher
preference for unparasitised eggs in comparison to
parasitised eggs. The preference for unparasitised
eges of H. armigera over parasitised eggs (Table
4) indicates that it may be possible to integrate
releases of anthocorids and trichogrammatids for
biololgical control of lepidopteran pests/sucking
pests in different crop ecosystems.

of Helicoverpa armigerd

Tahle 4. Feeding preference of Orius tantilles and Blaptostethus pallescens on unparasitised and parasitised eggs

Anthocorid predators Mean (+SEM) number of eggs fed *
No choice test Choice test
Unparasitised Parasitised Unparasitised Parasitised
(3. tantiflus nymph 93 +0.6(46.60* 03 +0.3(1.6) 103 £2.1(51.6) |03 £0.3(1.6)
O, taniillus adult 80 £ 1.5040.0) 00 =0.0(0.0) 56 =08(283) [06 £0.3(3.3)
B. pallescens nymph 00 = 0.000000) 03 +=03(1.6) 13 £44(65.00 |07 £03(3.3)
B. pallescens adult a6 = 1.6(83.3) 06 =0.3(3.3 13 £ 1.7(650) [07 £0.3(3.3)

Values in parentheses are per cent eggs fed; * Differences between the means of parasitised and unparasitised
significant (P=0.05) in all cases
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(v) Development of novel method of mass
production of Cryptolaemus montrouzieri
on eggs of Sitetroga cerealella egps and
its storage and packing technigues

(a)  Biology of Sitotroga cerealella on different
grain medium

Irrespective of the grains wsed for rearing,
the egg, larval and pupal pernod of Sirorroga
cerealella ranged between 5.1-8.1. 15.7-24.1, 7.6-
10.2 days, respectively. Total average life cycle
ranged from 37.8 to 39.0 days. Maximum average
fecundity was obtained on maize (129.6 eggs/
female) followed by paddy (1199 cggs/temale).
The average total life cycle was completed faster
during October (32.2 days), whereas it took longest
in January (39.9 days).

(by Mass multiplication ol S. cerealella on
unhusked wheat

Sitotroga cerealella is being reared on a
large-scale on unhusked wheat in the laboratory and
the culture is in the 18" generation. The ovipositon
period lasted for four to five days but the maximum
oviposition the i.e. 80-90% of total number of epgs
were during the first three days of oviposition
period. Temperature below 28 °C was not favourable
for egg production. The moths could be reared at
30 °C to get continuons supply of eggs.

(¢) Rearing of Cryptolaemus montrouzieri on
S. cerealella eggs

Twelve generations of C. montrouzieri were
reared on §. ceralella eggs. Eggs exposed 1o UV
were provided to one-day-old €. moentrouzieri
larvae. Three cc of §. cerealella eggs were used
for rearing 10 larvae of C. montrouzéert up to pupal
stage. Results during these generalions indicated
that pupation was 65.8% and adult emergence from
these pupae was 82%. Average total survival was
58.5%. Average larval and pupal periods were 14.9
and 7.0 days, respectively, whereas adult longevity
was 41,0 days. Average adult weight was 8.0 mg,

(d) Fabrication of oviposition cage and moth
collection device for 8. eerealella

A new low cost device for moth collection
was designed and fabricated which had advantages
like no distuption of the larval rearing regime;

collection of moths directly in oviposition cage with

least adult handling and facilitating  daily
replacement of adult oviposition cage.

An oviposition cage for 8 cerealella was
designed and fabricated which had special
advantages like least adult handling; supply of honey
and water from outside to avoid moth escapes: to get
eges free from contamination by scales: removing
oviposition substrates without opening the lid and
collection of eggs.

{vi) Mass production and evalsation of

Mieromus igorotus

(a) Host range of M. igorotus and larval
feeding potential

The larvae of M. igorotus survived and
pupated on all the eleven species of aphids provided
and maximum pupation occurred with the use of the
bamboo woolly aphid, Pseuderegma bambusicola.
However. it could not survive on other homopteran
insects like mealybugs (three species). whiteflies
(two species) and a psyllid. The larvae failed to
survive on eggs ol two lepidopterans,

Irrespective of instars of the aphid species,
A. craccivora was fed upon significantly in higher
number (680 aphids/larva) as compared to C.
lanigera (310 aphids/larva). Regardless of species
of the aphids, it was first instar, which was fed upon
in maximum numbers (688 aphids/larva),

Pre-oviposition period on different aphid
species ranged from 4.3 to 6.3 days and was
significantly longer when adults were reared on A.
gossgpii. However there was no significant
difference in pre-oviposition period when adults
were fed with other species. The predator laid
maximum number of eggs when reared on P
bambusicola (799.9 eggs [ female) while it was the
least when C. lanigera was used as host (590.2
eggs / female). There was no significant difference
in the fecundity obtained on A, gessypii (654.4
eggsifemale) and A, eraccivora (662.2 eggs/
females). The predators laid 35.3% times more
number of eggs when P. bambasicola was used as
prey as compared to C. langiera. Per cent increase
in fecundity was 12.2 and 10.9% on A. craccivera
and A. gossypii, respectively, as compared to C
Aanigera.
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First, Second and third instar larvae of M.
igorotus fed on 63.8, 112.7 and 283.0 C. lanigera.
The corresponding values on A. craccivora were
41.6, 1150 and 3347 aphids. This shows that
consumption increased with advancement of age of
the larvae on both the hosts. When C. lanigera was
used as host, 61.6% of total aphids consumed were
fed in the last instar while in the case of A
cracivora, 69.4% of total aphids consumed were
fed in third instar.

The egg period of M. igorotus varied from
3.7 to 4 days and it did not vary significantly when
adults were fed with different species of aphids.
Similarly, there was no significant difference in
larval period (6.7 to 7.5 days) when ditferent aphids
were provided as host, Pupal period however varied
significantly, being longer on A, craccivora (7 days)
and A. gossypii (7 days) and shortest on C.
lanigera (6 days).

(b} Rearing of Dipha aphidivora

The predatory lepidopteran,  Dipha
aphidivora could successfully be reared on frozen
aphids. The larval period was marginally extended
by 2 to 3 days. Reduction in pupation was noticed
from 64 to 52 per cent. Reduction in adult
emergence was noticed from 87 to 72 per cen
while adult longevity was marginally affected. The
mean fecundity of Pipha reared on frozen aphids
was also lower (Table 5).

Dipha aphidivora was found to be capable
of completing its life cycle on the two- tailed-
mealybug, Ferrisia virgata. The larvae of D,
aphidivora fed on crawlers in the mealybug colonies
and did not feed on the mature females.

Table 5. Rearing Dipha aphidivora on different hosts
Parameter Sugarcane woolly | Ferrisia
aphid virgata
Frozen Fresh
SWA SWA
Adult emergence (7o) 2 87 278
Mean adult longevity 57 72 78
{days)
Mean fecundity 20 4 128
Hatchability (%) H) 0 789
Pupation (%) 5 o -
Ege 1o adult (days) il 5 -

(vii) Herbivore induced plant synomones and
their utilization in enhancement of the
efficiency of natural enemies

Volatile organic compounds (VOCs) were
trapped, isolated and identified from Fern.
Chenopodium sp. and Ocimum sancoum. Twenty-
eight compounds were identified from fern leaves
and the major fractions were: trans, trans-2, 4-
decadienal, tetradecenal, tetradecanoic acid,
hexadecanal, 2-methyl, heneicosane, octodecanoic
acid, 9,17-octadecadienal and muskolectone. In
Chenopodiwm sp. most common compounds were
plant hydrocarbons. However, main YOCs of O
sanciunt leaves were: citral, methyl eugenol, methyl
chavicol, B-caryophyllene and ¢ and -bisabolene.

A mixture of four plant volatiles, 1.e.
pentacosane + [ricosane+heptacosane+octocosane
in the ratio of 1: 3:1:1 at 50% concentration wis
attractive to 4-day-old Chrysoperla carnea adults
as indicated by mean Excess Proportion Index.

Eleven plant volatile compounds bioassaved
for their activity against C. carnea at six different
concentrations revealed that ten of them are
effective at 0.05 and 0.1% concentrations.

Corcyra cephalonica eggs conditioned to H.
armigera and S. litwra pheromones for one hour
and then exposed to T. chilonis adults for
parasitisation showed preference to H. armigera
lure, which resulted in 99.5% higher parasitisation
over control.

{(viii) Host derived kairomones to enhance the
efficiency of natural enemies

In the field experiment conducted at the
Regional Station (University of Agricultural
Sciences). Raichur, on the use of kairomones along
with the supplementary food as reinforcing agent
for chrysopid predators, the number of predators
were more and the damage was less i the
kamromone-treated plot. In another field experiment
recovery of T chilonis was more in the kairomone-
treated plot compared to control. The yield and
number of good open bolls were more in the
kairomone-treated plot. The kairomonal formulation
was tested for efficacy to increase the abundance
of Trichogramma japonicum against stem borer of
rice. The white ear head incidence was significantly
lower than other treatments though there was no
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change in the yield. In an attempt to increase the
shelf-life of the kairomone formulations, butylated
hydroxy toluene and butylated hydroxy aniline were
used as stabilizers. However, there was no
significant difference between the compounds at
the concentration tested. though the kairomone
stored at the frozen conditions showed shelf-life of
15 days. The parasitising efficiency of T, chilonis
was not affected by the color of the septa used.

Methyl salicylate was recorded as one of
the attractants to several species of predators.
Plants exposed to methyl salicylate for 24 and 48
hours recorded more oviposition by C. carrea.
However. there was no significant orientational
response in case of Cheilomenes sexmaculata and
Cardiastethus  exiguus  exposed (o methyl
salicylate.

None of the compounds tested evoked any
ovipositional response in €. montrouzieri. Among
the cultivars, MCU-5, MCU-9 and MCU-7 treated
with the kairomone-impregnated septa recorded
more parasitisation by T. chilonts. There was
significant increase in the parasitisation of H.
armigera by C. chlorideae on plants provided with
kairomone-treated  septa.

(ix) Development and evaluation of improved
strains of trichogrammatids, Cheilomenes
sexmaculata and Chrysoperla carnea
tolerant to insecticides and temperature
with high host searching ability

(a) Comparative efficacy of T. chilonis

adapted to low temperature

ki "l
[l

o

developed by rearing T. chilonis at temperature of
187-24°C for 30 continuous generations in insect
rearing cage (30 cm?) with 95.020.44% purasitism.
The development, searching ability and biological
parameters of adapted strain of 1. chilonis for
187C temperature was studied in compartson with
the laboratory population, Non-significant variation
among  adapted and non-adapted strain was
observed with respect to per cent parasitisin,
fecundity and longevity when reared in small glass
vials. However. in the cage studies for searching
ability, 58% eggs were parasitised by the low
temperature adapted-strain as compared to 17.2%
by the non-adapted strain, The host-searching test
indicated that adaptation at low temperature leads
to better host searching and such strain can be
successfully utilized under a low temperature regime
(Table 6).

(hy  Development of high quality strain of 7.
chilonis with better host searching and
high fecundity

A high quality strain of T, chilonis (HQS-T¢)
was developed in the laboratory by altering the
rearing system. Selection of parasitoids for 45
generations in 1-m’ cages, gave consistent
parasitism of =95%. The fecundity and sex ratio
were =80 and 270% females compared to fecundity
of =45 and sex ratio of 45% females in the
laboratory population (LP-Te), The females of
HQS-T lived for 10 days as compared to 7 days
of the LP-Te. The per cent egg parasitism by HQS-
Te was significantly more, 36.6-325.0% compared
to LP-Te in different parasitoid release rates. The

HQS-Te retained its  superior traits for 10
A low temperature-adapted strain - was generations in the laboratory (Fig. 7).

Table 6. Biological parameters of Trichogramma chilonfs adapted to low temperature (18-24°C}
Strain In glass vials (15x2.5 cm) Cage study (30cm¥)

Parasitism Developmental period | Fecundity Longevity | Searching ability

{Fo) (days) (days) (% parasitism)*

Adapted 51.9 14.0 413 54 380
Non-adapted 663 120 48.2 49 172
# Differences between the means significantly different (P=0.05) by LSD
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Fig. 7. Enhanced fecundity, per cent females and
tongevity (+SE) of HQS-Te (a) and LP-Te (b) ( Values
are mean of 6 generations after developing high
quality strain. Bar showing different letters are
significantly different P = 0.05}

(¢)  Molecular characterization of trich ogrammatids

The DNA from wvarious Trichogramma
species was isolated and  spectrophotometer
absorbance at A, /A, indicated the ratio of 1.9.
Yield of up to dig of DNA was obtained from 100
adults. The isolated DNA was found to be suitable
for down stream applications such as PCR and
RAPD-PCR. An amplification of 600bp and 550bp
was observed using ITS-land ITS-2 primers,
respectively. Sequenced ITS2 region of 7 species!
strains of trichogrammatids and deposited with
GenBank with accession nos. DQ220703 (T
chilonis), DQ314611 (1. brassicae), DQ381281 (T
brasiliense),  DQ381280 (T, evanescens),
DQ381279 (T mwanzai), DQ344045 (T
dendrolimi), DQ344044 (T. embryophagum).

(d) Determination of biochemical and genetic
mechanisms in strains of T. chilonis

The GST - Conjugative activily in laboratory
susceptible strain was significantly lower than that
of pesticide-tolerant (endosulfan, monocrotophos
and fenvalerate) strains. Highest activity was
measured in multiple insecticide-tolerant strain
(MITS) followed by endosulfan, monocrotophos
and fenvalerate-tolerant strains, MITS recorded
2.13-fold increase in activity, while endosulfan,
monocrotophos and fenvalerate-tolerant strains
showed 1.7-Told increase in activity compared with
laboratory susceptible strain. The carboxyl esterase
activity increased 1.18-fold in monocrotophos-
tolerant strain. However, there was a decreased
activity in fenvalerate and endosulfan-tolerant
strains as well as MITS.

The LC,, values of tolerant strain for three
insecticides, viz. endosulfan, monocrotophos and
fenvalerate were 1075, 702.3 and 73 ppm and

corresponding LC_ values for susceptible po pulation
were 70.9, 345.2 and 26 ppm. The resistance factor
was 15.2, 2.0 and 2.8 times over susceptible
population for endosulfan, monocrotophos and
fenvalerate, respectively, The MITS was incomplete
dominant for tolerant female progeny as values
obtained were +0.30 to +0.85 and recessive for
tolerant males —0.05 to —0.30 for three insecticides.
Crossing with tolerant parent increased the
tolerance 1o and degree of dominance, for both
males and females showed incomplete dominant
gene involvement.

(e) Field evaluation of multiple insecticide
tolerant strain  (MITS) against H.
armigera on tomato in Malur taluk
(Bangalore) in farmer’s field

The results indicated that releases of MITS
gave egg parasitism of 34. 1% and it was significantly
higher as compared to egg parasitism recorded in
laboratory strain released plot (LSP) or natural
parasitism in farmers’ practice plot (FPP). Number
of larvae per plant (0.7 / plant) and per cent fruil
bored (2.4%) in MITS + FPP plots were also
significantly lower as compared to LSP + FPP or
FPP. The yield recorded in MITS + FPP plots was
30.0 and 47.8 q more than LSP + FPP and FPP
plots, respectively,

(x) Development and formulation of artificial
diets for the rearing of coccinellids and
anthocorids

Females of Orius fantilius were found to lay
ecggs (11 eggs/female) and survived for 10 days on
the refined artificial diet (AD) based on soybean
hydrolysate and yeast extract. Fecundity of O
tantillus on old beans (6-8 days old) was
significantly higher (6 eggs/female) than young
beans (1-3 days old; 1.7 eggs/female). Populations
of C. montrouzieri collected from Pune were
reared on beef liver-based arificial diet and
compared with population of PDBC. Pupation and
survival of the predator on artificial diet were 59,
57 (PDBC); 58.5 and 56.2 {Pune), respectively.
There was no significant difference in larval and
pupal periods. pupation (%) and adult emergence
(%) between C. carnea reared on artificial diet or
on Cercyra eggs from F39 to F46 generations
(Table 7). There was no significant difference on
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biological attributes between AD and Corcvra-
reared C. carnea.

Table 7. Biological parameters of Chryseperla
carnea reared on artificial diet and Corcyra eggs
Parameter Artificial diet| Corevra eggs
Pupation (%) 837 828
Adult emergence (%) 790 813
Fecundity (eges/female) 3410 359.0
Longevity (days) 502 500

(xi) Evaluation of Artificial diets for Opisina
arenosella and Plutella xylostella

(a) Opisina arenosella

The refined semi-synthetic diet with toddy
palm leaf powder in combination with defated soy
and kabuligram improved the biological parameters
(larval survival, per cent pupation and fecundity)
and was on par with that of the host reared on
natural diet (coconut leaves). The refined diet had
76.2% pupation and 68.4% adult emergence. The
shelt-life of the artificial diet at room temperature
(25-27°C) was 22 days. The cost of rearing a pupa
on the artificial diet based on per cent pupation
(76.2) worked out to Re. (.78, while on the natural
diet (coconut leaves) the cost was Rs.0.71 (91.4%
pupation). Artificial diet stored under refrigerated
conditions for 30 days provided 60.2% pupation.

The late larval parasitoid, Geniozus
nephantidis and pupal parasitoid. Brachymeria
nephantidis/B.nosaroi successfully completed the
development on the artificial diet reared host.

(by Plutella xylostella

The soy-based diet with cabbage leat powder
was refined to have the biological parameters on
par with that obtained on natural host (mustard
seedlings). A pupation of 62.6%, adult emergence
of 56.4% and fecundity of 76.6 was obtained on the
artificial diet compared to those reared on mustard
seedlings (86.2, 82.2 and 118.2, respectively). The
shelf-life of the soy-based diet at room temperature
(25-27°C)y was 18 days. Based on the percentage
pupation of 62.6%, the cost of rearing a pupa on
the artificial diet worked out to Re. 0.38 and on the
natural host (mustard seedlings) it was Rs.0.26 per
pupa for 86.2 per cent. The artificial diet stored at
refrigerated conditions (57°C) for 30 days recorded
56.2% pupation,
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The development of C. plutellae on the
artificial diet-reared host was compared with that
of the host reared on mustard seedlings. Significant
differences were observed in the percentage
parasitisation and adult longevity between the
parasitoids reared on the artificial (78.4% and 8.12
days, respectively) and natural diet-reared hosts
(926 % and 12.4 days, respectively).

(c) Spodoptera exigua

The pest was reared on the semi-synthetic
diet for 18 generations. The development period
was, however prolonged on the artificial diet. The
per cent pupation and adult emergence was 78.6
and 73.3, respectively. on the artificial diet, which
differed significantly with that reared on natural
host (castor leaves) control values.

(d) Zygogramuma bicolorata

A semi synthetic diet was formulated based
on the diets prescribed for other chrysomelids, Leaf
extract of Parthenium hysterophorus was added
to the diet for rearing the beetle. The grub survival
and pupation when reared on the artificial diet was
48.2 and 36.4%. respectively, compared with 90.6
and 83.2% when reared on parthenium plants,

(xii) Development of improved formulations
of NPV for management of Helicoverpa
armigera and Spodoptera litura in tomato

{a) Helicoverpa armigera NPV

Laboratory  studies  were conducted o
evaluate the efficacy of different adjuvants in
increasing the larval mortality in second instar H.
armigera larvae,

Even though all the adjuvants screened
significantly increased the larval mortality, four
adjuvants, viz., soybean flour (109%), Tinopal (0.2%),
molasses (3%) and CSKE (10%) along with
HaNPV resulted in more than 85% larval mortality.
This was followed by borie acid (1.0% ) and turmeric
(2%) with larval mortality of 82.3% and 74.4%,
respectively.

(b)  Spodoptera litura NPY

Laboratory studies were conducted 1o
evaluate the effect of different adjuvants in
increasing the efficacy of Spedeprera litura NPV
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(SINPV), Dilferent adjuvants along with SINPV
were exposed to the simulated sunlight in the sun
test machine. After exposing the virus to irradiation
of 300W/m* bivassays were conducted and the
larval mortality was recorded.

Among the different adjuvants tested Tinopal
(0.1%) gave the maximum larval mortality of 81.8%
as compared to 39.2% larval mortality of irradiated
SINPV without any adjuvant. This was followed by
cotton-seed kernel extract (CSKE) (10%) where
635.2% larval mortality was recorded, which was
statistically on par with jaggery (5%) and molasses
(59%). A combination of the adjuvants was also
evaluated for efficacy in increasing the larval
mortality in second instar 8. fitura larva (Table 8).
These adjuvants along with SINPV were exposed
to an irradiation of 500 W/m? using sun test machine
for 90 minutes.

In another experiment, all the adjuvant
combinations enhanced the larval mortality,
significantly. The mortality data revealed that the
combination of SINPV + CSKE (62.5%] + corn oil
(1.3%) + crude sugar 25(%) + Tween (0.04%) was
the most effective in increasing the mortality due
(o SINPV (95.2%). This combination ol adjuvants
is same as that of the commercial adjuvant called
Coax (Traders Qil Mill Co., Texas, USA). This was
followed by  SINPV + Soya flour (8%) + Soya oil
(3%) + crude sugar (5 %) + Trinton (0.01%) and
SINPV + CSKE (10%) + Tinopal (0.01%) + Tween
{0.04% ) resulting in a larval mortality of 89.5% and
84.4%, respectively (Table 9),

(xiii) Evaluation of fungal pathogens against
onion thrips (Thrips tabaci)

Results of field experiment revealed that
Beauveria bassiana and  Verricillium  lecanii

Table 8. Efficacy of different adjuvants as UV
protectants for SINPY against second instar larvae of
Spodoptera Titura

Treatment Larval mortality (%)
SINPV + soybean flour (10%) s0.0°
SINPV + starch {5%) 43.5¢
SINPV + masze flonr (10%) 4357
SINPV + Tinopal (0.1%) 81.8°
SINPV + molasses (5%) 9.1
SINPV + CSKE (10%) 65.1°
SINPV +jaggery (5%) 59.1¢
SINPV alone 39.2¢
Non-irradiated SINPY ]84

Means followed by similar leters are not significantly
different (P=0.05)

isolates marginally reduced the population of T.
tabaci on onion. But only Bbl and Bbé recorded
significantly higher yield than control. Carbosulfan
was however, more effective than the fungal
pathogen (Table 10).

Table 10, Efficacy of fungal pathogens against onion thrips

Treatment Per cent decrease | Marketable
in thrips population yield
over control (t/ha}
Bh-1 032 .18
Bb-5a 177 24,1
Bb-f 229 2480
VI 160 232
Vi 148 21.8™
VI 122 21.9*
Bb-1+ Imidacloprid 17.0 2440
VI-7 + Imidacloprid 139 24.8b
Carbosulfan 969 290
Control - 208

Means followed by similar letters are not
significantly difterent (£=0.03)

Table 9. Efficacy of adjuvants as UV protectants for SINPV against second instar larvae of Spodoptera litura

Treatment Larval mortality (%)
SINPY + CSKE (10%) + crude sugar (10%) + Tween (0.04%) 74.1¢
SINPY + CSKE (5%) + crude sugar (10%) + Tween {0.045%) 56.0¢
SINPV + CSKE (62.5%) + corn oil 1.5% + crude sugar 25% + Tween (0.04%) 952
SMNPV + Soya flour (8%) + Soya oil (3%) + crude sugar (5 %) + Trinton (0.01%) 895"
SINPV + Soya flour (7.5%) + Soya oil (1.5%) + com [lour (7.5%) + corn oil (5 %) 70.3
SINPV + CSKE (10¢:) + Tinopal (0.01%) + Tween (0.04% } 8440
SINPV alone 41.3
Non-irradiated SINPV 88.5°

Means followed by similar letiers are not significantly different (P=0.03)
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(xiv) Identification of pathogens of phyto-
phagous mites and assessment of their
potential in microbial control

Six isolates of Hirsutella thompsonii var.
synnematosa were grown on PDA and the radial
growth was recorded. The maximum growth of
64.3 mm with a growth rate of .95 mm/day was
abserved in MF{Ag)32 while MF(Ag)27 recorded
the minimum growth and growth rate of 51.17 mm
and 1.51 mm/day, respectively, at the end of 30 days
of incubation.

Conidial production of H. thompsonii var.
synnematosa  varied  significantly  among  the
isolates. At 18 mm diameter MF(Ag)28 produced
6.7 times more conidia  than those produced by
MFE(Ag)27 in the same diameter. Conidial
germination increased over time in all 1solates. This
increase was most rapid after 1 h of preparation of
the conidial suspension. There were no major
differences among the isolates in micromorphology.

The isolates of H. rhompsonii  var.
syvanemarosa  differed in terms of synnemata
characteristics. MF(A2)28 yielded the maximum
number of mature synnemata. In MF(Ag)27. 3 buds
were seen on the 25" day which did not elongate
to attain maturity till the end of the experiment.
Branching of synnemata was observed only in one
isolate, i.e. MF(Ag)31 (Fig. 8).

i

Fig. 8. Hirsutella thompsonii var. synpematosa [MFE(Ag)31]

In the experiment conducted to assess the
effect of different surfactants (Triton X-100, Tween
80, Tween 60 and Tween 40) on the hiomass
characteristics of H. thompsenti, Tween 80 excelled
in terms of the parameters tested including the
number of CFU, pellet number, wet and dry weights
but not the pellet size. The numbers of CFU

obtained with Tween 80 was 2.4 times more than

that produced in control (unamended). Triton X-100
produced the lowest numbers of CFU, pellet size,
pellet number, and wet and dry weights.

A new liquid medium based on tomato was
developed to find out if it can replace the commonly
used potato dextrose broth for the mass production
of H. thompsonii. A very significant increase in the
CFU was observed when 2% dextrose was used.

In mass production studies on H. thompsonii
tolic acid at the concentration of 200 pg/l recorded
the maximum numbers of CFU, a 2.9-fold increase
followed by 100 pg/l concentration which showed
2.6-fold increase over control, The 200 wg/l
concentration also recorded the maximum wet and
dry weights,

Though biotin could not bring about significant
increase in growth parameters, it was able to
increase conidial production in H. thompsoni
especially at the maximum concentration tested, i.e.
7.5 pg/l. Biotin had no influence on the germination
of conidia of H. rhempsonii obtained from the
vitamin-amended medium. As observed in the case
of radial growth, the micromorphology of the test
fungus was also not influenced by biotin at any
concentration fested.

Terranyehus wrticae cggs treated with the
exudate from sporulating culture H. thompsonti
showed very significant reduction (64.6%) in
hatching (Table 11). The exudate exhibited ovicidal
effect through desiccation in up to 28 per cent of
the eggs. A significant number (38%) of treated
eggs remained unhatched even after 4 days of
incubation, compared with control (4%:).

Table 11. Effect of Hirsutella thompsonii exudate on
the hatching of Tetranvehus uriicae eggs

Treatment Hatching (%) (=SEM) of
eges after (days)
L 2 3 4
Exudate 00 402245 | 24.0x10.30 | 340=13.64
Control 00 | 360+9.27 | 742748 | 960245
‘t" value NS gigare pokisit il 640k

##Highly significant (P=(.01); ***Very highly
significant (P=0.001); NS: Not significant

Project Directorate of Biological Control 5/



2005-

The exudate showed toxicity to nymphs of T.
urticae that were fed on treated cowpea leaves. A
maximum of 33.3 per cent mortality was obtained
in nymphs before they turned into adults. In the
fecundity test, an adult female feeding on exudate-
treated leaf could lay only 30.7 eggs compared with
51 eggs laid by the mite feeding on untreated leal
over a period of 7 days. Hatching of those eggs was
also lower (18.5%) in comparison with control
(38.3%).

The effect of H. thampsenii in combination
with different stickers, namely. carboxy methy!
cellulose (CMC) and gum acacia was assessed on
okra. CMC recorded 93.5 and 95.29% mite
mortality after the 1* and 2 sprays, respectively.

The effect of three fungi, viz. Beauveria
bassiana. Lecanicillium lecanti and L. psalliorae
against T mriicae on okra was assessed under
greenhouse conditions. More than 50% mite
mortality was observed when CMC was added in
the spore suspension after three days of application
in all the treatments including control. Beauveria
hassiana recorded the highest mortality of 60.82%
and 39.94% as against control plants. which
recorded 57.34 % and 31.37 % in CMC treated
spore suspension spray at the end of 3* and 127
day respectively. Mortality, however, showed a
sharp decline when spore suspension was used
without CMC, In the second trial, B. bassiana, L.
lecanii and L. psalliotae recorded 100% mite
mortality after 3 days of spraying of CMC treated
spore suspension. which reduced o 38.90, 53.58
and 37.37 %. respectively, after 18 days of spraying.

In the greenhouse trial on H. thempsonii, B.
bassiang and L. lecanii against 1. wriicae, up to
50 % mortality was achieved on rose.

(xv) Identification of Trichoderma isolates
with enhanced biocontrol potential

Trichoderma harzianum

Twenty-eight isolates of T harzianum were
tested for their antagonistic potential against
Phyvtophthora  parasitica var. nicotianae in dual
culture. On the third day after inoculation, 1solates
Th-6 (6.0 cm) and Th-15 (5.99 c¢m) showed faster
growth, followed by the isolates, Th-2, Th-3, Th-9.
Th-18. The isolates Th-11 and Th-16 were slower

m growth (3.21em, 3.51 cm. respectively). The per
centage reduction in P. parasitica var nicofianae
was very high in isolate Th-9 (57.32%) followed by
the isolates Th-3, Th-GTH7, Th-1, Th-2, Th-3, Th-
& Th-7. Th-21, Th-ITCC. Th-12 and Th-CPCRI
(reduction percentage - 54.39 1o 50.08).

The T. harzianum isolates were tested for
their ability to utilize glucan present in the amended
media as sole carbon source. The isolates Th-11,
Th-Kallangai, Th-6, Th-1. Th-Kudlu and Th-GTH7Y
showed better growth than the remaining isolates.
The isolates Th-10 and Th-5 showed slower growth
among all the isolates. However, on fifth day, all the
isolates covered the entire Petri dish (9.0 cm)
except Th-5 (8.6 em). On Phyfophthora cell wall-
amended medium after third day of inoculation the
isolates Th-CICR, Th-Kallangai, Th-15, Th-ITCC,
and Th-13 showed very good growth (diameter
ranges from 5.94 cm to 5.0 cm) followed by the
isolates Th-P26, Th-3, Th-9, Th-11, Th-6 and Th-
Kudlu, On carboxy methyl cellulose-amended
media, on third day after inoculation very less
growth was observed when compared 10 other two
solid media (PpnCWAM and PDA). The isolates
Th-Kallangai and Th-12 showed faster growth
{(4.53 cm and 4.45 cm) than the isolates Th-CICR,
Th-8, Th-15, Th-Kudlu, Th-9, Th-P26, Th-3 {4.29
cm to 3.89 cm). The isolates Th-21 and Th-14
showed poor growth (2.28cm  and 2.13cm
respectively). On the fifth day. isolates Th-3, Th-
6. Th-8, Th-12, Th-13 and Th-19 covered the entire
plate. Th-14 showed slow estgrowth among all the
plaies.

On carboxy methylcellulose broth (0.2% ), the
growth of Th-10 was high (0.570 g/100ml) in terms
ol mycelial dry weight (including the unutilized
CMC) after 7 days in shaker culture followed by
the isolates Th-12 (0.520 g/100 ml), Th-GTH7
{0.483 /100 ml). Th-Varansi (0.366 g/100ml) and
Th-13 (0,335 g/100 ml).

Twenty-eight isolates of 7. harzianum were
tested for their ability o produce glucanases in P,
parasitica cell wall-amended  liquid  medium.
Among all isolates Th-11 showed maximum endo
| 4- glucanase activity when grown on CMC media
(1.7472 A_ /ml} followed by Th-14 (1.2512 A,/
ml) and Th-15 (1.176 A, fml} (Fig. 9). In the
isolates Th-1. Th-2, Th-4, Th-1TCC and Th-Kudlu,

A ;
Project Directorate of Biological Control



the enzyme activity could not be detected, Th-
GTH7 showed maximum activity when grown on
Ppn CWAM followed by Th-13 (1.264 A_ /ml), Th-
L1 (0.752 A, /ml), Th-12 (0.7392 A ,/ml). In the
isolates such as Th-1, Th-6, Th-18, Th-ITCC, Th-
Varanasi, the enzyme could not be detected. Th-5
showed maximum b-1.3- glucanase activity when
grown on CMC broth (2.24 A, /ml) followed by
isolates Th-18 (1,344 A_ fmD), Th-P26 (1.272 A,/
ml} and Th-12 {0,928 A‘aﬂa’ml_l. The isolate Th-19
showed very poor activity among all isolates (0.024
A, /ml). Th-Kallangai showed maximum b-1,3-
glucanase activity when grown on Ppn- CWAM
(2.64 A_ /ml). Th-14 (2.424 A_ /ml), Th-1 (1.944

Shi SUHY

A, /mD, Th-6 (0.9184 A, /ml), Th-8 (0.816 A,/

SIHY
ml) also showed better activity. Th-19 showed very
poor activity (0.016 A, /ml). In the isolates Th-

CPCRI, Th-Kudlu, Th-13 and Th-11, the enzyme
activity could not be detected (Fig. 10).

.

:

£

i, |

gnk B 1

§§3 i Py |
o

™
™
Th
Th

e

TS

™id

= & e F g
= = £y

E e E B E @ 3

2 £ E F

solatas 1

B OV amereded e E1FPN CYAM s

Fig. 9. Endo 1.4 glucanase activity in Trichoderma
harziannm isolates

[

EZU

815

£ iri i q

gas

P AL Al il [,..EI [ 8 R bl g
- © 3 ~ -3 - - . - - I~ o '
FEE PR EEEEEEEGE %

TRGTH’
ThTC:
ThHudi

molates

|QGW.‘,unmn=mn=1um B FPHCVIAR |

Fig. 10. B-1, 3 glucanase activity in Trichoderma
harzianum isolates

Trichoderma virens

Fourteen isolates of 7. virens were screened
against  Sclerotium  rolfsii,  Macrophomina
phaseolina, Rhizoctonia solani and  Fusarium
ciceri. From the dual plate cultures up to 10 days
of observation, the following isolates were found to
be highly antagonistic.

TVS3, TVS5, TVST, TYS8, TVSI2 and TVS-
CICR - against 8. rolfsii,

TV83, TYSE, TVS12, TVS-ITCC and TVS-CPCRI
— against F. ciceri,

TVS4, TVSS, TVST, TVSII and TVS12 against R.
solani and

TVS4, TVSS5, TV39 and TVSI2 — against M.
phaseolina.

The colony diameters of the Frichoderma
isolates on S. roffsii cell wall- amended medium
ranged between 5.7 cm for Tv18 and 1.5 em lor
Tv36  and hetween 6.4 cm for Tv3 and 1.2 ¢cm
for Tv36 on CCAM. The diameters ol the colonies
of 1. viride isolates on PDA on the third day after
moculation, ranged between 2.2 em (Tv306) and 8.6
em (Tv3) and was uniformly 9 em for all isolates
except Tv36, which had a colony diameter of 3.4
cm, on the fifth day after inoculation. The diameters
of the isolates grown on StCWAM. on the third day
were between a minimum of 2.3 cm (Tv13) and 4
maximum of 3.8 cm (Tv16). On the fifth day after
moculation, the colony diameters of the isolates an
SrCWANM. were in the range of 3.5 cm (Tv36) and
9cm (Tvil)., The colony diameters of the isolates
on CCAM. on the third day after inoculation. was
a minimum of 2.4 cm (Tv23) and & maximum of 6.4
cm (Tv3), whereas on the fifth day after inoculation,
the diameters were found to be in the range of 3.3
cm (Tv36) o 9.0 cm (Tv4, Tv&, Tvil and TvI2).

Exochitinase and endo chitinase activities in
the T. viride cultures were studied by growing them
on the colleidal  chitin-amended medium.
Exochitinase activity was high in the isolates Tv3,
Tw8, Tvi0, Tv23, Tv25, Tv28, Tv30 and Tv32 (Fig.
11} while endochitinase activity was high in the
1solates Tv3, Tvlé, Tv22 followed by Tv23, Tv5,
Tv8, Tv30, Tv32, Tv23 and Tv33 (Fig. 12).

(xvi) Development of efficient formulations of
Trichoderma sp. and entomofungal
pathogens with prolonged shelf-life

(a) Addition of pure chitin

Addition of chitin helped in maintaining high
CFU (2 x 10°) in the T Jrarziamm formulation up
to 6 months in storage while in the control where
no chitin was added, the CFU went down below the

3
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recommended level of 2 X 10%after 4 months. In
chitin amended formulations also by 7" month the
CFU was completely reduced. The chitin addition
helped in extending the shelf-life by 2 months. In
T. viricle also the chitin addition helped in extending
the shelf-life by 2 months only (Fig. 13).

(b) Addition of colloidal chitin

Addition of colleidal chitin 0.2 per cent helped
in maintaining the high CFU in the formulations of
T. viride and extending the shelf-lite by 2-3 months
compared to control. In 7 harzianum. the shelf-life
was extended by two months (Fig. 14).

(c) Effect of C:N ratio

To study the effect of C:N ratio on the shelf-
life, T. viride (Tv 23) and T. hargianum (Th-10)
were grown on the synthetic medium (TSM) with
glucose as carbon source and ammonium nitrate or
cassamino acids as N source. The C:N ratios, 1:5
and 1:1 did not increase the shell-life of both T
viride and T harzianum. The wider the ratio,
higher was the CFU and in shell-life also, 10:1 and
15:1 ratios helped in having higher CFU up to 6
months only.
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(d) Effect of addition of glycerol

Addition of glycerol at 3 and 6% increased
the CFU count in the ! harziamen formulations up

S
gﬁﬁ—‘  e—
. o . ot
i 2%
T

5 =T

54—

1 menth 2 menthe 3 menths 4 montbs S months § menths ¥ menths

Fig. 13. KEffect of addition of pure chitin in tale
formulation of Trichoderma viride om shelf-life in terms
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Fig. 14. Effect of addition of celloidal chitin in the
production medium of Trichoderma viride on shelf-life

to 8 months (2.3 1o 3 x 10°CFUfg). In T. viride
also, the addition of glycerol helped in retaining high
CFU up to 7-8 months when added at 3-6%
concentration in production media, In formulations
derived from media where glycerol was added at
9 or 12%. the CFU was high up to 6 months
compared to the control and 3 or 6 % glycerol added
media, but 1t was reduced after 4 months (Fig. 15).

Log of chilg

Peried in months.

Fig. 15. Effect of addition of glycerol in the production
medium on the shelf-life of Trichoderma harzianon

(e) Effect of heat shock

To study the effect of heat shock, T.
harziamom and T viride cultures were grown in
fermenter and subjected to the following treatments:
heat shock at 40°C for 30 min, 40°C for 60 min,
35°C for 45 min, 35°C for 90 min,
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Up to 6 months of shelf-life, formulations
from the biomass that has been subjected to the
heat shock had higher CFU compared to control,
After 6 months, heat shock at 35°C for 90 minutes
was found to be the best treatment since even up
to 8 months the CFU was not reduced below the
recommended level of 2x10",

() Effect of moisture content

The effect of different packing methods. 1.e.
with air in the packet or without air (air being
removed using vacuum drier) and different covers
(polypropylene and aluminium covers) at dillerent
moisture levels was studied. The moisture level
started decreasing in the packets with time and
after 4 months, the packets packed with air, were
having the formulations with less than 2% moisture
irrespective of their initial moisture level. Aluminium
covers were better than the polypropylene bags in
retaining moisture.  After two months of storage.
it was found that storage without air was better than
packing with air in both types of covers.

(g) Effect of addition of chitin on shelf-life of
Beguveria bassiana, Metarhizium
antisopliae and Nomuraea rileyi

Addition of 0.2% colloidal chitin to the
production medium (SDYB) or addition 2% pure
chitin to the tale formulation or combination of these
treatments extended the shelf-life of B. bassiana
to 8 months at room temperature (17-32°C). The
CFU counts recorded in tale formulations after 8
months of storage at room temperature were
26.8x 10°CFUfg in the treatment with addition of
0.2% colloidal chitin to the production medium+
addition 2% pure chitin to the tale formulation, 14.4
x 107 CFU/g in the treatment with addition of (0.2%
colloidal chitin to the production medium (SDYB).
11.5 x10° CFU/g in the treatment with addition 2%
pure chitin to the tale formulation and 5.6x10° CFU/
g in control. Similar results were obtained with
stationary cultures also.

In case of M. anivopliae, addition of 0.2%
colloidal chitin to the production medium (SDYB)

or addition 2% pure chitin to the tale formulation
helped in extending the shelf-life of M. anisopliae
to 8 months at room temperature. The un-amended
formulations had only 6 months shelf-lite at room
temperature (Table 12).

Addition of 0.2% colloidal chitin to the
production medium (SMYB) or addition 2% pure
chitin to the tale formulation from SMYEB has
reduced the CFU counts of Nomuraea rilevi
(29.5x10%g, 24.7 x10%g respectively) in tale
formulations in the initial sample compared to the
CFU counts in the tale formulation prepared from
unamended medium (37.8x 10%/g). Tale formulations
of N, rileyi prepared from (L2% colloidal chitin-
amended SMYB showed reduced shelf of 3 months
compared to the 4 months shelf-life of formulation
prepared from un-amended medium. Similarly,
addition (.2% colloidal chitin to the solid substrate
production medium (rice) has resulted in reduced
spore production of N. rilevi (84.9x10%g) compared
o spore production on unamended rice (89.7x10%
g). Shelf-life of N. rilevi on rice amended with
0.2% colloidal chitin was reduced to 4 months in
comparison with 5 months shelf-life of unamended
rice (Table 13).

(h) Effect of addition of polyethylene glycol
to the production media on shelf-life of
B. bassiana, M. anisopliae and N. rileyi

The CFU counts of B. bassiana and M.
anisopliae recoded in the formulations prepared
from the PEG-amended SDYB did not differ
significantly from the CFU counts recorded in the
formulation prepared from un-amended SDYB in
all the samples. The shell-life of tale formulations
of B. bassigna and M. anisopliae remained at 6
months in PEG-amended as well as unamended
media.

Addition of PEG at 1-3% cone, 1o the SMYB
did not influence the CFU counts of N. rileyi in tale
formulation during storage at room temperature.
Shelf-life of M. riley in talc formulations remained
the same (4 months} in PEG-amended and un-
amended media.
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Table. 12. Effect of addition of colloidal chitin on the shelf-life of talc formulations of Beauveria bassiana and

Treatment CFU (x10%) after 8§ months in
Shaker Stationary Shaker Stationary
culture culture culture culture
Addition 0.29% colloidal chitin to SDYB 1448 2.6 134 8.6
Addition 2% chitin to talc formulation 12.6° 83k 8.5 500
Addition 0.2% colleidal chitin to SDYB + 26.8 216" 215 13:2*
Addition 2% chitin 1o talc formulation
Conirol (without chitin) 56510 L1¢ 1.3 L.1¥
Means followed by similar letters are not significantly different (P=(L05)

Table 13. Effect of colloidal chitin on shelf-life of tale and rice grain formulation of Nomuraea vileyi

Treatment CFU/gx10* after months of storage
0 2 3 4 5
Addition 0.2% colloidal chitin to the production medium, SMYB | 29.5° 10.3¢ 1.8¢ 0.12¢ 0.04¢
Addition 2% chitin 1o tale formulation prepared from SMYB 247 &7 124 0.12¢ 0.02¢
Control (Only SMYB) 375 209" 7.2° B 0.16°
Addition 2% chitin to the solid production medium, rice §4.9¢ 52,40 3290 89° 0.8"
Control (Only rice) 80,7 61.6" 43,70 2938 12.4¢
Means followed hy similar letters are not significantly different (F=0.05)
(xvii) Isolation, characterization and toxicity of I
indigenous Bacillus thuringiensis strains ‘ -
against lepidopterous pests §E g
Twenty-seven nalive Br isolates were isolated E g P i
using a Bi-specific medium. Crystal presence was 98 % [P
seen in 15 isolates. Three Br isolates were purified ¢ e
from samples of dead larvae belonging to lepidoptera ATiscatns 451
SeHD i v ks

group (Papilio demolews, P. polvtes and Eariadne

merione) from the Bannerghatta Biological Park,
Twenty-one forest soil samples were collected from
Chattisgarh and seven 51 isolates were purified on

Bt -specific medium.

The fifteen indigenons Bi isolates were tested

for oxicity against Plutella xylostella

armigera. The isolates Btd and Bt15 exhibited 66,7
and 50.0% mortality at 10° dilution. The LC,
values were calculated for four of the Bt isolates
against P xylostella and compared with the
standard HD-1 strain. It was observed that the
highest toxicity was shown by the isolate Bid (log
5.83 spores/ml) and the lowest was exhibited by Bi8

(log 7.97 spores/ml) (Fig. 16 and 17).

and H.

The isolates Brd and Brl5 were toxic al
107 dilution by inflicting 66.7 and 50 per cent

mortality respectively of H. armigera.

It was

observed that the highest toxicity was shawn by the

Toxicity of native Bt isolates to Plufella xylostella

Fig. 16.
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Fig. 17. Toxicity of native Br isolates to
Helicoverpa armigera

isolate Brd (log 7.25 spores/ml). However none of
the indigenous isolates was comparable with the
standard HD-1 strain. Bt isolates which were
isolated from the dead larvae of P demoleus. F.
polyies and E. merione were designated as Bibgl,
Brba2 and Bibg3 and the isolates Bthg2 gave 66%
mortality of H. armigera after 72 h.
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(xviii)lsolation and characterization of plant
growth promoting endophytic bacteria
and development of improved
formulations

Stdies were conducted to isolate and
evaluate endophytic bacteria and rhizospheric
bacteria for their growth promoting and biological
control ability, A total of five endophytic bacteria
were isolated trom healthy chickpea plants. The
endophytic bacleria were identified at IMTECH,
Chandigarh as Bacillus megaterivm (MTCC6533),
Bacillus sp. (MTCC6535), Bacillus circulans
(UASG6534), Erwinia herbicola (UAS6720) and
Enterobacter agglomerans (MTCC6536). This is
the first report of identification of endophytic
hacteria from chickpea.

Two rhizospheric isolates obtained from
healthy tomato plants in a field heavily infested with
wilt in Kolar district of Karnataka showed
antagonism against Fusarinm  oxvsporum £.8p.

Iveopersici. The isolates were purified and
identified at  IMTECH, as  Psendomonas
aeruginesa  (MTCCT512) and  Cryprecoccus

albidus (IMTCCT436),

The highest root length of 23.7 cm was
observed in B, megateriwm and the highest shoot
length of 17.8 cm was observed in the E
agglomerans-ireated chickpea plants. All the
endophytes showed positive activity for plant growth
promotion. The highest vigour index of 4116.67 was
noticed in plants treated with B, megaterium.

An experiment was conducted to test the
endophytes against Rhizoctonie  solani under
greenhouse. Highest germination of 73.2% was
observed in fungicide-treated plants but the Bacilfus
sp.-treated plants were also comparable with
fungicide-treated, which exhibited 66% germination.
The lowest germination of 40.8% was recorded in
pathogen control. Highest root length was recorded
in fungicide-treated (6.7 cm) after 8 days of
germination but B. megaterium and E. herbicola
also gave good response and recorded a root length
of 6.5 and 6.2 cm, respectively. Highest shoot
length of 5,9 ¢m was again recorded with fungicide-
treated but shoot length varied from 4.3 to 4.7 em
was recorded with B. mepaterium, B. circulans.
E. herbicola and P fluorescens  treatments.
Highest shoot length of 5.9 cm was again recorded

e

i

FOAC

with fungicide treatment but shoot lengths varying
between 4.3 o 4.7 cm was recorded with B
megaterium, B. circulans, E. herbicola and P
Sfluorescens  lreatments.

Seed bacterization with endophytic bacteria
resulted in significantly higher phenol content when
compared with control in 7 day-old plants. The
phenol content peaked at 4 days and highest was
recorded with B, megaterinm (505 pg/p) and the
lowest was in contral (290 pg/g) (Fig. 18). Phosphate
solubilization was seen only in B. megateritm on
Sperber’s medinm. The maximum solubilization zone
was observed with B, megarerium (35.3 mm) at 120
h of incubation (Table I4).

Table 14. Phosphate solubilization by bacterial
isolates on Sperber’s medium

Solubilization zene (mm )}
Incubation period (h)

24 45 72 96 120

Bacillus megarerium | 200 | 247 | 283 | 310 | 353

Bacteria

Bacillus subtilis 170 | 253 | 273 | 307 | 347

B fluorescens 153 | 200 | 273 | 303 | 343

CD(P=0.05) 422 | NS | NS | NS [ NS
' s

Fig. 18. Changes In phenol content ((pgfe)) in
chickpea plants after seed treatment with rhizospheric
and endophytic bacteria

(xix) Investigations on Entomopathogenic

nematodes

(a) Mass production of EPN

Supplementation of Wout's medium with casein
peptone increased the vield of infective juveniles of
Stetnernema carpocapsae significantly, In Wourt's
medium the yield was 62x10° 1I/4 g of medium while
supplementation with casein peptone increased the
vield to 89x10° T1/4 g.
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(h) Effect of antidesiccants in storage -
Steinernema carpocapsae (PDBC-EN-11)
& Heterorhabditis bacteriophora

Nematodes survived well in glycerine and
castor oil up to 45 days and pathogenicity was not
adversely affected. They remained under
quiescence in both the antidesiceants. Survival in
liquid paraffin was not affected adversely up to 15
days at 0.25 & (0.5%. Adverse effect on survival
was ohserved when stored for 45 days at all
concentrations with significantly lower survival rate.
Survival rate in Triton X100 and Tween 20 was on
par with liquid paraffin for 15 days of storage of
Heterorhabditis bacieriophora. The same trend
was observed for S. carpocapsae with 93% in
0.5% Tween for |5 days. Pathogenicity of S
carpocapsae and H. bacteriophora siored in
castor oil was not altered. Hererorhabditis
hacteriophora  was ~ more  sensitive 10
antidesiccants,

(c) Effect of UV protectanis on storage

The effect of para-ammino-benzoic acid
(PABA), robin blue, ujala and sodium sulfate on
survival and pathogenicily of §. carpocapsae and
H. hacteriophora was monitored. Highest survival
of S carpocapsae was in PABA followed by
sodium sulfate. Maximum survival rate observed
was 95, 94 & 83% and 93, 83 & 76% during 15,30
& 45 days after storage in the least concentration
of PABA and sodium sulphate, respectively.
Pathogenicity was not altered with sodium sulfate
and PABA. Storage in all the agents at lower
concentration enhanced the survival and
pathogenicity compared with control.

(d) Persistence of EPN on cotton leaf treated
with antidesiccants

Treatments with castor  oil  protected
nematodes at 0.25 0.3, 1% for 20 min of exposure.
The maximum survival of §. carpocapsae (36%)
was found at 10 minutes exposure period with 1%.
Exposure for 30 minutes proved lethal for nematode
survival. The susceptibility of S, carpocapsae to
desiccation was evident in control where survival
rate was 7, 3 & 0% at 10, 20 & 30 minutes of
exposure. In case of H. bacteriophora, lower
concentration proved effective in increasing survival
(Fig. 19).
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Fig. 19. Survival of Steinernema carpocapsae PDBC EN
11 on cotton leaf treated with castor oil exposed to
275 Wim®at 35°C

(e) Persistence of EPN on cotton leaf treated
with UV protectants

Sodium sulfate at concentrations of 0.25, 0.5
and 1.0% as UV protectant offered protection to
5. carpocapsae and H. bacreriophora under
different exposure periods. Maximum survival of §.
carpocapsae (529%) was in 1% and that of H.
bacteriophora (44%) in 0.25 % concentration for
1) minutes exposure. A positive correlation was
observed with survival rate and concentration in
case of 8. carpocapsae while a negalive response
was evident in H. bacteriophora. As the exposure
time progressed from 10 to 30min. number of s
remained viable reduced from 45 1o 25%, 45 1o 28%
and 52 10 29% in 0.25%, 0.5 and 1% concentration,
respectively, for S carpocapsee. Maximum
survival rate was observed in lower concentrations
in case of H. bacteriophora that significantly
declined when exposure period progressed from 10
10 30 minutes. In general S. carpocapsae survived
better compared to H. bacteriophora (Fig. 20).
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Fig 20. Survival of Heterorhabditis bactertophora on
cotton leal treated with castor oil exposed to sun at
275 Wim?
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H Formulation

Steinernema carpocapsace and H.
bacteriophora were formulated in Kaolin powder
at 12 and 15% moisture levels and dosages of
20,000 and 40,000 IJs / g and stored at room
temperature. Viability of formulated IJs as well as
pathogemcity against G mellonella larvae were
studied. Irrespective of moisture level and dosages
H.  bacteriophora gave higher mortality of G
mellonella than S, carpocapsae,

(g} Storage and bulk transport

Carboxymethyl cellulose 3%, cum tragacanth
and tragacanth and acacia-based gel formulations
were found promising with 100% survival of S
carpocapsae 1Js for 30 days under slorage.
Absolute survival was observed in CMC | & 2%
after 15 days and survival was reduced to 88& 92%
after 30 days storage. In carbopol based formulation,
100% survival was observed only during [irst week
which reduced to 95, 88 & 80% after 14, 21 & 30
days, respectively. Gum based gel formulation is
sultable alternative for storage of §. carpocapsae
at 30°C for 30 days and found suitable for transport.

Nematodes were extracted  from  gel
formulation and sponge and evalvated for
pathogenicity against H. armigera in laboratory,
Maximum mortality of 96,6 and 100% of H.
arnigera larvae was observed due to nematodes
from gel and sponge after 40 h of exposure. It is
concluded that storage of 5. carpocapsae in gel
and sponge is safe and without any adverse effect.

(h) Field efficacy of Heterorhabditis indica
and 5. carpocapsae  against white grubs
in Tobacco

Heterorhabditis frdica talc-hased
formulation @ 5 b/ha applied in field gave significant
control of  Holotrichia in tobacco in Shimoga,
Karnataka. Establishment of transplants, and cured
leal yield were significantly increased (Table 15)
and was comparable with other treatments.

S T
@
I

Table 15. Evaluation of plant origin insecticides and
hivagents against root grubs in FCV tobacco in field
Treatment Seedling  |Cured leaf | Nicotine
establishment|  yield &)
(0] (kgfha)
Neem cake 40g/pl 867 12122 2:520
Neem cake 60g/pl B3 1197* 2510
Pongamia cake 40a/pl 86.7 L1990 2240
Pongamia cake 60 g/ipl 85.8" 1162 245
Merariizin 107 fml /7.1 11972 2.12%
Heterorhabditis 5 biha 8.9 12100 2.11%
Control 69.6" 1089*% bl
Means followed by similar letters are not
significantly different (#=0.05)

{xx) Biological suppression of plant parasitic
nematodes

(a) Diversity of fungi antagonistic to plant
parasitic nematodes

Studies on diversity of native antagonistic
fungi of Karnataka (4 isolates of Paecilomyces
filacinus and six of Pochonia chlamydosporia)
showed that all the isolates were effective against
root-knot, reniform and cyst nematodes. Based on
temperature and pH optima. growth factors, yield
per gram substrate and per cent parasitisation of
ego masses, PDBC PL35 and PDBC PL58 of P
filacinus, and PDBC PC536, PDBC PC6Y9 and
PDBC PC72 of P chlamydesporia were observed
to be the better than other isolates (Table 16).

Isolates  of £ chlamydosporia  were
characterized through PCR using beta-tubulin gene
marker and Genbank numbers were obtained.

(b) Molecular identification of antagonistic
fungi (Pochenia cllamydosporia)

A native isolate of P chlamvdosporia
(PDBC PC536) was extracted by CTAB-
chloroform-isopropanol method. precipitated in
ethanol and stored in Tris-EDTA buffer. This was
deposited at NCBI Genbank, Maryland, USA with
an accession number as DQ417603 apart from the
three isolates of the same depositd carlier by
PDBC.
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Table 16. Effect of pH and temperature on spore production and parasitisation

Fungus Optimal range Spore yield /g tice grain® Per cent parasitised
PDBC isolate Temp. pH Eggs Egg masses
Plilgeinus PDBC PL3S 22-37 S580 108 51 68

P lilacinus PDBC PL56 20-37 S6-8.0 B3 a 40

P lilacinus PDBC PLS7 24-39 5478 97 78 46

E filacinus PDBC PL58 2337 5580 107 BH h

P chlamydosporia 20-37 5.6-8.2 97 7R &

P chlamydosporiaPDBC PC36 20-37 56-82 97 76 53]

P chlamydosporiaPDBC PC6Y 21-36 56-84 92 i 2]

P chlamydosporiaPDBC PC72 2137 5880 9.9 4 64

P ehlamydosporiagPDBC PCL18 2239 5979 79 &0 b (]

* log,, values

(¢) Low-cost and rapid mass proeduction of
nematode antagonists

Among the solid media, broken barley, maize
bran, broken corn and wheat bran recorded 14-16
days of production cycle and a spore vield (logl0
values) of 7.5059-6.7782 tollowed by other solid
media, The caking and clumping was minimum at
harvest in broken barley. broken corn, wheat bran
and maize bran at |11 proportion with water (w/v).
In liquid media production system, the mycelial
biomass weight was higher in two modified media
and addition of (L5% yeast extract increased the
biomass in respective liquid media. The solid, liquid
and di-phasic media examined were from natural
sources, which can be supplemented with synthetic
nutritional factors for enhancing the production
cycles and yields in a given set of conditions.

(d) Influence of soil types on the hehavior of
Paecilomyces lilacinus and pathogenicity
against root-knot nematodes under pot
conditions

Behaviour of £ lilacinus isolate PDBC
PL55 was examined in six typical soils with different
physical properties. £ [Hacinus recorded a decline
in CFU/g soil in 2-3 week of incorporation. which
recorded higher CFU in subsequent weeks of
observation till 6-8 weeks in all the 4 soils. After
6-8 weeks of treatment, the fungus exhibited a
decline in spore CFU. which stabilized at 10-12
weeks. Typically, P lilacinus recorded higher CFU,
root colonization and egg mass parasitisation in soils

with comparatively higher organic carbon at all the
pH categories.

(e) Ewaluation of tale formulations of P
lilacinus and P. chlamydosporia against
rool-knot nematodes in gherkins

Incorporation  of B lidacinus  or P
cllamydosporia tale formulations at 30 kg/ha along
with 200 kg/ha of vermicompost in furrows before
sowing gherkin seeds recorded 54-72% infection of
ega masses. reduction in the nematode populations
by 22-38% in soil and 38-66% reduction in root-knot
nematode infection in roots, in 73 days of crop
growth,

(f)  Studies on integration of soil solarization
using plastic mulching with neem cake
and P chlamydosporia

Soil solarization using plastic mulches for 21
days during the month of May-June followed by the
incorporation of P. chlamydosporia (2x10" spores!
m?) + neem cake (1kg/m”) hefore sowing of tomato
seeds in the nursery recorded higher fungal CFU/
¢ in soil after two months and better root colonization
compared to the incorporation of the fungus and
neem cake without solarization using plastic mulch.
Mulching with clear LDPE 23 pum film for 3 weeks
recorded a maximum soil temperature of 63°C
while it was 46-48°C without mulching. Solarization
followed by incorporation of neem cake and P
lilacinus recorded higher parasitisation of egg
masses in tomato, while native fungal flora declined
significantly compared to untreated soil. 2. lilacinues
introduced recorded better establishment,
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(xxi) Development of database on microbial
biocontrel agents in India

HTML  pages were developed for
entomofungal pathogens as well as bacterial and
fungal antagonistic organisms to access Lhe
abstracts into various topics like history, taxonomy,
biology, host rangeftargel pests and diseases.
epizootics, laboratory bioassay/glasshouse stdies,
culturing  and  storage, mass  production  and
formulations/application and dosage, compatibility
with insecticides & botanicals, compatibility with
other biocontrol agents and field trials.

(xxii) Biological control of post-harvest fruit
rot in mango

The post-harvest pathogens solated from
mango fruits were Colletotrichum
gloeosporipides, Aspergillus spp.. Pecillium spp.
and Diplodia spp. Bacterial cultures were isolated
from mango surface were tested for their efficacy
against €. gloesporicides, the anthracnose
pathogen. In storage experiments isolates 2 and 4
gave significant reduction tn post-harvest truit rot
damage.

ALL INDIA CO-ORDINATED RESEARCH
PROJECT ON BIOLOGICAL CONTROL

3.3 Biological control of plant diseases using
antagonistic organisms

(i)  Biocefficacy of oil-based and talc-based
formulations of biocontrol agents against
foliar diseases of rice

(a) GBPUA&T

Although there was relatively higher yield in
organically cultivated Kalanamak when sprayed
with oil based formulation than talc-based
formulation of either 7. harzianwm or P
fluorescens. These differences were not significant
hoth for brown spot intensity as well as yield. In
general B fluorescens was more effective than T
harzianuwm (Table | 8).

{h) PAL, Ludhiana

Tale as well as oil-based formulation of T,

roac
Annual Report
harcianum and P flucrescens were evaluated
against brown spol of rice on Basmati variety 386
at Usman village, Distt. Amritsar during 2003 Foliar
sprays of antagonist @ [0g/litre were initiated just
after the appearance of disease. The antagonists
were compared with chemical fungicide Indofil Z-
78 @ 300 glacre and untreated control.

It was observed that the severity ol disease
varied from 6.0 1o 7.7% in different treatments in
Basmati rice before spraying. After three sprays
the terminal severity was found to be lowest in Psf
(Talc) 1.e 8.5% followed by chemical control (Indofil
Z-78) where severity was 9.3%. It was further
found that tale-based formulation of Pst showed
better efficacy (8.5%) than oil (13.3%). All the
treatments were significantly superior in increasing
grain yield as compared to control. Highest yield
(29.2 g/ha) was obtained in talc-based Psf and was
at par with chemical fungicide Tndofil Z-78 (28.5 ¢/
ha) (Tablel8).

(e} AALU, Jorhat

The intensity of brown spot disease of rice
was very low during the cropping season. However,
the bio efficacy of oil and tale-based formulation of
T harzianum and P fluorescens in different
combination showed that the lowest occurrence of
brown spot was observed in the plot treated with
T harzianum (10 g/l tale based + 20 g/l FYM), but
maximum yield (3171.7 kg/ha) was recorded in the
plot treated with foliar spray of tale-based T
harziagnum (10 gfl) followed by oil-based T
harzianum (10 g/l) and talc-based Pseudomonas

fluorescens (20 g/1). However, there was no

significant difference among the treatments

including control (Table17),
(d) Pea (GBPUAXT. Pantnagar)

In an experiment on pea (var. Arkle), T
farzianum and P fluorescens formulations were
used and all the treatments significantly reduced the
rust severity and increased yield over control. There
was no significant difference between tale and oil-
based formulations. In general spray ol P

fluorescens was more effective than 7. harzianum

{Table [8).
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["Table 17. Efficacy of antagonists for the control of brown spot of rice |
Treatment GBPUA&T AAU (Jorhat) PAU
Disease | Yield Disease Yield Disease Yield
intensity (%)) (q/ha) | intensity (%) | (g/ha) intensity (%) |(gfha)
Foliar spray with Trichoderma harzianim ELE 3T 28 L7 14.5* 23.3°
(10 g/l) talc-based
I harzigmem equivalent dose oil-based 40.3 g2 2.5 309 17.6¢ 22.50
Pseudomonas fluorescens (10 g/l) tale-based 2546 445 F.5% 311 85 2020
£ fluovescens equivalent dose oil-based 24 458 2.3* 3.1 13.3% 233
T harzianum (10 gf1) tale-based+20 g/] FYM 304 40.3 20 312 - -
P fluorescens (10 gf1) tale-based+20 g/l FYM 218 4540 2= 314 - -
Foliar spray with 20 g/l FYM powder 68.5° 234 4.3 288 - -
Indofil M-45 - - - - 9.3 285
Control 76.5¢ 26.5° 4.7 277 20.1¢ 17.7
Means followed by similar letters are not significantly different (P=0.03)
Table 18. Efficacy of antagonists for the control of rust disease in peas
Treatment Rust intensity (%) Yield (ka/ha)
Foliar spray with Trichoderma harzianum (10 g/l) tale-based 2 412*
T. harzienum equivalent dose oil-hased 243 388"
Pseudomonay fluorescens (10 g/l tale-based 16.0¢ 426™
P fluorescens equivalent dose oil-based 184 458
I harzianum (10 g/1) tale-based + 20 g/l FYM 30.0™ 403
£ fluorescens (10 gA) tale-based + 20 g/l FYM 14.20 4584
Foliar spray with 20 g/l FYM powder 3210 326¢
Control 38.0¢ Elisy
Means followed by similar letiers are not significantly different (P=0.05)
(ii) in vitro compatibility between Table 19. Effect of Trichoderma harzianum or|
entomopathogens and  fungal  and Pseudomonas fluorescens on mycelial growth of

bacterial antagonists

(@ GBPUA &T

Both 7. harzianwm (TH) and P fluoresceis
(PsF) inhibited the growth of B. bassiana. Per cent
mhibition being 41.7 and 71.3 for TH and PsF.
respectively. After 15 days of inoculation TH totally
overgrew colony of B. bassiana. Compatibility B,
hassiana and two mare entomopathogenic fungi M.
anisoplae and V. lecanii with 7. harzianum PBAT-
43 (TH) was tested by Bangle method, As shown
in Table 19. TH significantly reduced the growth of
both these entomopathognic fungi. Maximum
inhibition was of V. lecanii. Both B. bassiana and
M. anisoplae were equally sensitive.

The fungal bio-control agent T. harzianum
was not compatible with anv of the bio-insecticides
tested viz. B. bassiana. M. anisopige and V.

Beauveria bassiana in dual culture method

Treatment Average per cent inhibition after (days)
10 15

L harzianum 41.7 1000

P fluorescens TE3 776

lecanii evaluated in the present study. Per cent
inhibition by 7. harziamum on B, bassiana, M.
anisoplige and V. {lecanii after 8 and 12 days were
317, 44.5% and 35.1 and 44.2%, 42.2 and 61.5%,
respectively (Table 20). Zone of overlapping
recorded was 6.00 mm with B. bassiana. T,
harzianum did not overgrow M. anisoplae and V.
lecanii up to 12 days of inoculation. Tt showed zone
of inhibition with these two entomapathogenic fun o
Le. M. anisoplice (5.00 mm) and V. lecanii (2.00
mm), Although under in vitro condition all
entomopathogenic fungi including B. bassiana, were
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antagonized by T harzignum, their interaction
should be evaluated under in vive condition
particularly in soil and cow-dung based compost like
FYM.

Table 20. Inhibition of mycelial growth of Beauveria
bassiana, Metarhizium anisoplae and Verticiflinm
lecanii by Trichoderma harzianum in bangle method

Treatment Average per cenl inhibition after (days)
8 12

B. bassiana 37 M5

M. anisoplice 351 a2

Vo lecanii 422 0l.5

(hy PDBC

The fungal antagonists (T, harzianum, T,
viride and T. virens) inhibited the growth of the
three entomopathogenic fungi tested viz., B.
bassiona  (55.2, 558 & 5352% inhibition
respectively), M. anisoplive (64.6, 544 & 64.6%
inhibition respectively) and V. lecanii (56.3, 454 &
45.4% inhibition, respectively).  Trichoderma
tarzianiomn caused lysis of hyphae and spores of B.
bassiana, M. anisopliae and V. lecanii.

P

it

(iiiy Im vitro compatibility between B.
bavsiana, M. anisopfice and V. lecanii.

The compatibility between 8. bassiana and
M. anisopliae. B. bassiana and V. [ecanii and M.
anisopliae and V. lecanii was studied using dual
culture test. The results showed mutual inhibitions
among these fungi (Table 21),

(iv) Relative efficacy of mycoparastic and
systemic resistance-inducing strains of
Trichoderma against soil-borne and foliar
diseases when applied through seed and
soil (GBPUA & T)

Although both low and high ISR inducing
strains  of  Trichoderma and  Pseudomonas
significantly reduced zonate leaf spot severity and
improved plant growth in comparison with control
when applied through seed andfor compost, high
ISR inducing strain (PBAT-39) of 7. harzianum
provided best protection under field condition
(Tables 22, 23 and 24). Growth promoting effect of
PsF was better than TH, when it was applied
through seed and/or compost.  Mixed formulation
of TH + PsF was most effective for foliar
application.

‘Table 21. In vitro compatibility between Beauveria bassiana, Metarhizium anisopliae and Verticillium lecanii

Dual culture

Visual and Microscopic observation

Inhibition (%)

M. anisopliae

B. bassiana vs I. Mutual inhibition of B. bassigna and V. lecanii 3589
M, anisopliae 2 Inhibitery zone observed at contact point (B. bassigna)
3. Mo hyphal! spore abnormalities seen in B, bassiana and 239

(M. anisopliae)

B. bassiana vs 1
V. lecanii

M. anisopliae

Mutual inhibition of #. bassianae and ¥ lecanti 34
2. Inhibitory zone observed at conlact point
3. No hyphal/ spore abnormalities seen in B. hassiana and 232

(8. bassiana)

(V. lecanif)

M. anisopiiae v

V. lecanii V. lecanii

(5]

M. anisopliae

I Mutual inhibition of M. anisoplice and 322

No hyphal/ spore abnormalities seen in 8. bassiana and 344

(M. anisopliae)

(V¥ lecanir)

Table 22. Effect of seed biopriming with biocontrol agents on severity of zonate leaf spot and growth of

sorghum
Biocontrol agents Disease severity (%) Height (cm) Collar diameter (cm)
TH PBAT-43 3R2 1705 1.2°
TH PBAT-39 26.5 170.3 |2
PsF PBAP-27 T 177.5 |2
Control 578 132.0" 0.8

Meuans followed by similar letters are not different significantly by LSD (P=0.05)
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Table 23. Effect of seed biopriming and compost colonization with different biocontrol agents on zonate leaf
spol and growth of sorghum
Treatment Disease severity (%) Height (cm) Collar diameter (cm)
TH PBAT-43 3t 180.5% 1.23
TH PBAT-39 21.8¢ 1764 1.29*
PsFPBAP-27 3470 187.5% LZ5
Control b63.7 139.0* LO1®
Means followed by similar letters are not signiticantly different (F=0.05)
Table 24. Effect of foliar spray of biocontrol agents harziamumt + P fluorescens enhanced the yield of
on severity of zonate leaf spot chickpea as well as vegetable pea when used in
Treatment Disease severity (%) large area (Table 25).
THEBATH3 id 8 (vi) Biological control of pigeonpea cyst
THPBAT-30 44 S R s 5
SFPOATD e nelnafode:» and wilt disease (.umpl:,’x
THPRATA: « Pof PRAPT ETAD ‘ Experiments wcre‘conduclccl on .lha efficacy
Contat R of nematode antagonists 7. harziamon  and
Contcl S50 Pochonia  chlamydesporia  against  the cyst
Means Tollowed by similar Tetters are not nematodes of pigeonpea at Anand and Coimbatore.
significantly different (P=0.05) a) AAU (A)
. " ] All the bioagents gave >30% suppression of
(v) Large scale lleld-!eslmg of Tf'lF'J'?flffé?ﬂHﬂ cyst nematode, whereas, carbofuran showed
at farmers’ field (GBPUA & T) maximum reduction 73.13% (Table 26). Cysts
Seed treatment with T. harzianum followed  recovered from fungus-treated plots did not showed
by one to two sprays of mixed formulation of T infection or parasitism.

Table 25, Large-seale field-testing of Trichoderma application in farmers field
Chickpea cv. HR-1. Farmer: Sukhdev Singh, Address: Tanda, Udham Singh Nagar, Uttaranchal

Treatment Plant height (cm) Plant stand Area Yield
(30 days) (75 days) {acres) (gfacre)
Trichoderma 89 43 3500 9.0
Control 8.1 37 0.5 7.0
Pea: Arkle. Farmer: Sukhdev Singh, Address:Tanda, Udham Singh Nagar, Uttaranchal
Trichaderma 157 510 25041 50
Control 4.6 435 0.3 4.1
Pea: Arklem, Farmers: Mr. Virendra Singh, Benazir Farm, Rampur, UP, Mr. Bhupendra Singh, Swarg Farm, Bilaspur.
Rampur, UP
Trichederma 164 540 1250 400
Control 13.2 455 1.0 280
Table 26. Efficacy of antagonists on ¢yst nematodes in pigeonpea (var. Tue 100)
Treatment Plant height Final cyst* Seed yield
(cm) population/250 cc soil (kg/ha)
Trichoderma harzianum 763" 62(33.73) asa0r
Pochonia chlamydosporia 7.500 55(58.95) 368.0"
T harzignum + P chlamydosporia TAT 54(59.70) 355.0¢
Carbofuran e 36(7313) 488.0¢
Control e 134 205.0¢

Treatments means with the letter(s] in common are not significant by DMRT at (#=0.05): Figures in parentheses
represent per cent reduction
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(b) TNAU

Application of T. harzicnum 5 kgiha plus £
chfamvdosporia 20 kgfha reduced the number of
egesfoyst, final cyst population, and seedling
mortality (9.4%). and increased seed germination,
plant growth and yield (550 g/plant) (Table 27).

34. BIOLOGICAL SUPPRESSION OF
SUGARCANE PESTS

i Bio-intensive pest management practices
for sugarcane scales (CCSHALU)

The experiment was laid out in a 0.2 ha field
of ratoon crop (var. Co 7717), with IPM module
(selecting healthy seed. dipping of seed setts in
0.075% malathiom, detrashing of dried leaves and
release of coccinellids Chifocorus nigrita and
Pharosceyimnus horni @ 2000 adults/ha three times
from September to October) compared with
farmers’ practice (reatment of sugarcane setts
with gamma HCH @ 1.25 kg a.i/ha at sowing for
termite and shoot borer control and soil application
of carbofuran @ 1.0 kg a.i/ha for control of top
borer during the first week of July) and an untreated
check. The incidence af scale rose from 7.3 per
cent (at the time of ratooning) to a maximum of 45.3
per cent in untreated check during end September
after one month of stripping of lower leaves and just
before the first release of the predators C. migrita
and P horni. In IPM module and the farmers
practice plots, the incidence at this interval was 33.3

Ul
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the second liberation of the predators, the IPM plot
recorded the lowest incidence and intensity of the
scale. At harvest. the IPM plot recorded 28.7 and
19.8 per cent less scale incidence and intensity than
the untreated check. However, the infestation of
scaleS in farmer’s practice plot was not significantly
different from untreated check at the time of
harvest,

ii.  Biological control of Pyrilla perpusilla

(a) ISR

The spatial and temporal variations in the
population size of various stages of pyrilla and their
parasitoids were recorded at ISR, Research farm
on sugarcane variety CoLk8102. The number of
eggs of pyrilla was maximum on lower leaf (0.843)
in comparison to upper (0.024) and middle leaves
(0.371) and egg parasitisation was also maximum
on lower leaves (17.62). It appeared that the high
level of host population favoured the searching
efficiency as well as multiplication rate of egg
parasitoids resulting in high level of egg parasitism
by Cheiloneurus  pyrillae  and  Oenocyriis
pyriliae.

The pyrilla population was higher on upper
leaves in comparison to middle and lower leaves.
However adull parasitisation was at par on lower,
middle and upper leaves. The maximum number of
cocoons of Epiricania melanolewca was observed
on middle leaves. The eggs and cocoons of

and 43.4 per cent, respectively (Table 28). After Epiricanta  were  collected  from areas of
Table 27. Biological control of cyst nematodes on pigeonpea (var. Coorg 7)

Treatment Final cyst | Seedling | Plant height | Grain vield

population | mortality |{cm} 30 DAS | per plant(g)
1. harzicmem 5 kghha tale formulation ( 10° spores/g) 61.3(-21.5) 134 174 5200
P chigmydosporia 20 kg/ha tale formulation (107 spores/g) SR6(-25.7 14.1 169 5350
17 harziciem 5 kgiha + P chlamydosporio 20 kafha 51.0-(36.7) 94 224 3500
Carbofuran (2kg a.i/ha) 45,8 (-50.2) %3 273 6400
Control 1459 (+41.0)[ 192 152 3700

Table 28, Evaluation of BIPM module for the management of scales in sugarcane

Per cent scale infestation during
Treatment March September November February
Incidence Intensity Incidence Intensity
[PM module 6.3 333 471 133 4810 134
Farmers” practice 86 434 (7.1 159 66.7 172
Unitreated check 7.3 453 64.7 16.4 664 169
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predominance and distributed to the farmers of
villages around Pravaranagar and Ahmednagar
{Maharashtra).

CCSHAU

During 2003 sporadic incidence of pyrilla was
observed in Haryana from August to October,
Epiricania melanoleuca and egg parasitoids of
Pyrilla perpusilla were multiplied at Biopesticide
Laboratory, RRS. Karnal and Central Biological
Control Laboratories located in the premises of
Cooperative Sugar Factories, Sonipat, Maham,
Shahbad and Jind. Atotal of 73750 egg-masses and
53620 cocoons of E. melanofewca and 98,375
parasitised ege masses of P perpusilla were
supplied to farmers for liberation in 4750 ha of
sugarcane, sorghum and rice fields.

(b}

Evaluation of I. chilonis against plassey
borer (AAU, Jorhat)

idi)

Field evaluation of Trichogrammea chilonis
against the plassey borer, Chile fumidicostalts was
conducted at  Sugarcane Research  Station,
Buralikson. Nine releases of T, chilonis @ 50,000/
ha at 10 days interval were compared with Farmer’s
practice with two treatments on var. Dhansiri
(CoBLN 96035). Release of T chilonis resulted in
lower pest incidence compared to farmers’ plot and
the per cent parasitism was 34 and 12, respectively.
Higher yield was obtained in parasitoid released
plots compared to farmers’ practice (Table 29).

Evaluation of 7. chilenis (temperature-
toleranl strain) against the early shoot

borer (PALU)

iv)

Field evaluation of temperature-tolerant strain
(TTS) of T. chilonis developed by PDBC was
carried out at village Mehli (Distt. Nawanshahar)
and village Khera (Distt Kapurthala).

Al Mehli, the pest incidence in control plots
was 13.6 per cent, which was higher than in plots
receiving temperature-tolerant strain of 10 chilonis
(6.4%) and Ludhiana strain of T chilonis (6.6%).
The parasitisation in temperature-tolerant strain
(31%) was slightly higher than Ludhiana strain
(27.7%). No parasitisation was observed in control
and chemical control plots. The yield in temperature-
tolerant  strain released plot was 771.8 g/ha
compared to 762.3 g/ha in chemical control plot.
The Ludhiana strain recorded 759.5 g/ha, which
was on par with chemical control. The cost: benefit
ratio was highest in temperature-tolerant strain
(1:8.6) followed by T. chilonis local strain (1:6.99)
and chemical control (1:3.98). A similar trend was
observed at Village Khera. where the reduction in
damage over control was 30.7% in temperature-
tolerant strain and 52.2% in chemical control, The
parasitism was very high (28.7%) in released fields
and nil in control and chemical control plots, The
cost: benefit ratio in temperature-tolerant strain
{1:6.25) was higher than in chemical control (1:3.63)
(Table 30).

Table 29. Evaluation of Trichogramma chilonis against plassey borer (var. CoBLN 9605)

Treatment Healthy canes| Infected |Ege parasitism| Reduction in damage | Yield
{G6) canes (%) {Ge) over control (%) (t/hay
Nine releases of T. chilonis 0 Rl 3 4“4 78
(0,50 lakhs/ha) at 10 days intervel
Farmers' practice 55 45 12 - 5

Table 30. Evaluation of Trichogramma chilonis (temperature-tolerant strain) against Chilo infuscatellus
(sugarcane var. Coj 83)

Treatment Mehli village Khera village
Incidence Yield [Cost benefit | Incidence | Yield |Cost benefit
of shoot (q/hay ratio of shoot | {g/ha) ratio
barer (%) borer (%)

T. chilonis (lemperature-tolerant strain} o4 7720 186 6.8 HR(F 163

T. chilonis (local strainy o6 796" 170 - - -

Padan (@ 25 kg/ha) 6.2 Th2 1:34 66" 683 136

Caontrol 13.6° T06¢ - 13.8" 632

Means followed by similar letters are not significantly different (P=0.03) by DMRT: Releases were made @ 0.50
lakhs at 10 days interval
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vl  Field evaluation of Trichogramma
Japonicum and Tetrastichus howardi
against the top borer, Scirpophaga

excerplalis
(a) SBI

Field evaluation of temperature-tolerant strain
of T. japenicum and pupal parasitoid, Terrasticius
howardi against sugarcane top horer, Scirpophaga
excerptaliy was carried out at ISR, farm (var
ColLk 8102). The schedule followed was: release of
the egg parasitoid, T japonicin @ 100000 adults/
ha at weekly interval (at start of egg laying in each
brood (i.e. 3 releases each in HL IV and V broods)
and T fhowardi @ 5.000adults/ha once at pupal
stage in each brood and application of carbofuran
@ lkg.aifha against [ brood of top borer only in
synchronization with pest activity (last week of
June).

The pest incidence was significantly lower
under bioagent release (3%) and carbofuran
application (2.5%) than control {5.8%). In general,
incidence of wop borer was low (5.07-13.61) due 1o
high temperature. Signilicantly higher cane vyield
was observed in bivagent (68.9 t/ha) and chemical
reatment (69.7 t/ha) than in control plots (60 t/ha)
(Table 31).

{b) PAU

Field evaluation of T. japoniciem against Top
borer, S, excerptalis was carried out at village
Khera (Distt. Kapurthala) and was compared with
chemical control and untreated control. The
parasitoid. T, japonicim was released 8 times at
10 days interval during April to June @ 50,000 per

Table 31. Efficacy of Trichogramma japonicum and
Tetrastichus ~ howardi  against  Scirpophaga
excerptalis

Treatment Per cent incidence | Yield (t/ha
T, japonicum 6.04™ (9,729
Tetrastichus  howardi 7.03° 66.38"
T. japonicum 11.84 6894
+I. howandi

Carbofuran 348 69.71*
Control 13.61¢ 5999
Means followed by similar letiers are not
significantly different (P=0.03)

i)

.fl: l\%"
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ha. In chemical control, phorate (Thimet 10G) @
30kg/ha was applied during the first week of July.

The incidence of top borer in control {20.2%)
was significantly higher than in release (10,2%) and
chemical control plots (9.8% ). The mean parasitism
of eggs of S. excerpralis in release field was 25.3%
and no parasitism was observed in chemical control,
The yield in control (634.00 g/ha) was significantly
lower than release fields (686.75 g/ha) and chemical
control (693.75 g/ha) plots. The cost: benefit ratio
in release fields was 1:7.86 as compared to 1:3,13
in chemical control,

vi)  Demonstration of efficacy of Trichogramma
chilonis for the management of Chifo
auricilius (PAU)

The efficacy of T chilonis was demonstrated
over an area of 20 ha each at village Jandiala (Dist.
Jalandhar) and village Karni Khera (Distt.
Ferozepur) for the management of stalk borer,
Chilo auricilius. The parasitoids were released 12
tmes at 10 days intervals at Jandiala and 14 times
at weekly intervals at Karni Khera during July to
October @ 50,000 per ha.

The incidence of stalk borer in control was
8.2% as compared 1o 3.1% in release field at Karni
Khera, which resulted in 61.9% reduction in
damage. The per cent parasitisation in release fields
was high (33.6%) as compared to 5.3% in control
at Karni Khera, At Jandiala, the incidence of stulk
borer was 5.3% and parasitism 28.8% as compured
0 13.2% and 3.9%, respectively, in control thus,
resulting in reduction of incidence by 59.9%.

vii) Large-scale demonstration of biocontrol
of early shoot borer with Trichogramma
chilonis (PAL)

Large-scale demonstration of effectiveness
of T chilonis over an area of 3500 acres was
carried out in collaboration with two sugar mills of
the state i.e. Doaba Co- operative Sugar Mills Lid.
Nawanshahar and Morinda Co- operative Sugar
Mills Ltd.. Morinda. The egg parasitoid, T, chilonis
was released from July to October in both the mill
areas at 10 days interval @ 50,000/ha. The
incidence of C. guriciliny at Nawanshahar and
Morinda in IPM fields was 4.6 and 2.0%,
respectively. The corresponding figures in control
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fields were 6.7 and Y.8%, The mean reduction in
damage over control in hoth the mills was 55.5%.
It can be concluded that T, chilonis could reduce
the incidence of stalk borer by 55.5%,

viii}) Population dynamics of SWA and its
natural enemies

ta) TNAU

The incidence of the woolly aphid was studied
in 12 different districts of Tamil Nadu. The incidence
was the maximum during July and the infestation
declined from July to January. Increase in the
intensity of aphids was noticed during March 2006,

The experiment on population dynamics was
conducted at TNAU fields on sugarcane cultivar,
Co 86032, The population increased in November,
but later slightly decreased in December and
January. From January to March, there was a
steady increase in aphid population from 42.6 to
58.0 aphids/2.5 cm®. Dipha appeared in more
numbers (0 to 3.6/leaf) during the months when
more SWA population was noticed. Micromus was
abserved in less numbers (0 to 0.8/leaf) and no
particular distribution pattern was observed.

The multiple regression coefficients of all the
variables revealed that SWA population had negative
correlation with maximum temperature (-0.697) and
relative humidity (-0.799) and pesitive correlation
with minimum temperature (0.444) and relative
humidity (1.047). The rainfall and wind speed
showed negative significant correlation with the
SWA population. The weather parameters had no
significant effect on D. aphidivora (2 = 0.460) and
M. igratous (r’=0.172) populations, The study
conducted on spatial distribution of SWA revealed
the preference of the aphid to the leaves present
i the top portion of the tiller (0.4-0.7) followed by
middle (0.2-0.4) and bottom portions (0-0.2). The
same trend was noticed with the population of D.
aphidivora and M. igororus. Even in woolly aphid-
infested pockets, aphids were not recorded on
paddy. sorghum. maize, harivali, Eichinochols
crusgalli, buffalo grass and Cyperus rotundus.

(b)  AAU, Jorhat

The population dynamics of SWA and its
natural enemies were carried out at Sugarcane
Research Station, Buralikson from June to February.

In ratoon crop (var. Co 740) infestation of SWA and
its natural enemies was recorded from last week of
June. The maximum no of SWA in 2.5 em?¥leaf was
48 in August 2005 followed by September 2005 (453)
and October 2005 (30). However, the predators
viz.. D. aphidivera (8/leaf), Micromus spp. (1/
leaf) and Syriphids (5/leaf) were maximum during
September 2005. From January 2006 the predatory
activity was less. The mean number of predators
recorded/leaf over the period of observations were
mn the order D, aphidivora= syrphids> M. igorotus
(Fig. 21).
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Fig, 21, Population dynamics of SWA and its natural
enemies at SRS, Buralikson (Golaghat district)

The population of SWA, Micromus and
syrphids had a significant positive correlation only
with maximum and minimum temperatures, whereas
D, aphidivora  showed  significant  positive
correlation with only maximum temperature.

(¢} ANGRAU

Incidence of the pest and presence of natural
enemies were recorded in four of the seven Agro
climatic zones of Andhra Pradesh viz., Southern
Telangana Zone (STZ), Northern Telangana Zone
(NTZ), Krishna Godavan Zone (KGZ), part of
North Coastal Zone (NCZ)and Southern Zone
(58Z). The overall incidence of SWA was found 1o
be less and negligible except in one location in
limited pockets of Southern Telangana Zone (STZ).
Chittoor and Visakhapatnam regions recorded low
incidence during November to December, 2005.
There was no occurrence of Dipha/ Micromus due
0 the low 10 level of SWA incidence in the field.
The extent of infestation and pest intensily rating
ranged from nil to low and 1-3 in the different
villages situated in Southern Telangana zone,
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Northern Telangana zone and Krishna Godavari
zone.

(d)y SBI

At Coimbatore, aphid numbers ranged from
0.6-2.8/leaf during October to January on var. Co
86032, Activity of Dipha was higher during the
same period (0.6-1,1/leafy than Micromus (0-0.03/
leaf).

(e) MPKYV

The survey on incidence of sugarcane woolly
aphid (SWA ) and presence of natural enemies was
conducted in major sugarcane growing areas in
different agro-climatic zones ot Maharashira State
during July 2005 w February 2006,

The overall infestation of SWA on sugarcane
was 9.14% out of the total area of 7.1 million ha
under sugarcane. Out of nine agro-climatic zones,
the incidence of SWA was maximum in Western
Maharashtra Plain Zone (12.47%) followed by
scarcity zone (10.04%). The occurrence of
Micromus igorotus was tecorded to be high in
Kharif season i.e. from August to October with its
maximum population (325 larvae [ leafy in scarcity
zone. D. aphidivora (2-3.6/leaf) and syrphids (1-
1. 8/leaf) were recorded in low levels.,

Vsl

Survey of sugarcane fields was carried out
for the incidence of SWA and its natural enemies
in three zones of Maharashira state viz. South.
Central and North East Zone. The incidence of
SWA was negligible up to August - September due
to heavy rains.

In Maharashtra 49303 ha was observed to be
affected by SWA and control by the predators was
noticed in 40413 ha, In south zone, SWA population
was sporadic and population could not build up due
to immediate establishment of Micromus and
Dipha. In central zone, SWA incidence in Pune and
Solapur districts was scanty and Micromus was the
predominant predator observed whereas Dipha
population could build up after October, In
Ahmednagar district. SWA incidence was low to
medium since Micromus, Dipha and Svrphids
were observed up o Seplember. Maximum
population of 54-72 larvae of Micromus / leal was
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observed in Kisanveer SSK. Satara and Sangamner
Bhag SSK., Ahmednagar. Average of 4-9 Micromus
larvae/ leaf was noticed in Central Zone. Maximum
of 8-12 Micromus larvae/ leal was noticed in Tulja
Bhavani 88K, Osmanabad in North East Zone,
SWA incidence during the year was sporadic and
intensity was low to medium. Early appearance of
predators provided good control of the SWA,

ix) Biology of predators, Dipha aphidivora
and Micromus igorolus

(a) TNAU

Studies on the biology of D. aphidivera were
conducted under laboratory conditions at room
temperature during July. The incubation period of
the eggs ranged from 3 to 4 days with a mean of
3.2720.44. The mean larval duration of first, second,
third, fourth and fifth instars were 3.30x0.57,
3.30+0.47, 3.00£0.73, 2.40+0.59 and 2.30+0.44
days. respectively.

The prepupal duration ranged from 1 to 2
days with a mean of 1.33 +0.44. The average pupal
period was 5.60 + 0.49 days. Mean male longevity
was 3.33 = 0.49 days. while female longevity was
5.87 + 0.74, The total life cyele of male ranged from
25 to 27 days with a mean of 25.53 £ 1.25 days.
The total life cycle of female ranged from 28 to 30
days with a mean of 28.93 + 0,80,

Predatory potential of Dipha aphidivora

More number of aphids was consumed during
the IV instar stage (203.4 aphids / 2.5 em’) followed
by I (177.0) and 1T (130.0) instars. During its
entire larval stage. the predator could consume
812.5 aphids.

(b) MPKV

The observations on life cycle of 0.
aphidivora in laboratory showed that the average
hatching of eges was 91%. There were [ive instars
with average duration of 3.2, 3.7, 5.7. 6.5 and 5.3
days, respectively. The pre-pupal and pupal periods
were 1.2 and 114 days, respectively. The total
larval period was 24.8 days. The longevity of adults
was 8.6 days. Total life cycle was completed in 54.3
days. The sex ratio was 1: 1,35 (M: F). A female
laid on an average 60 eggs. A larva of D.
aphidivora consumed 1074 + 84 nymphs of SWA
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Project Directorate of Biological Control



Table 32. Biological parameters of Micromuy igorotus on different species of aphid hosts

Abhi] s Biological parameters
P pee Egg period Larval period | Pupal period | Adult longevity | Pre-oviposition perioed
A, craccivora 400,82 T.00=1 41 790119 4130119 52041230
F. bambusicola 370048 7.30+1.16 600088 44.00£2.71% 4 B0+0, 79
A, gossypii 400£082 7.50+1,18 7.10=0,74" 46 903,03 6.301.42¢
C. lanigera 390074 6.70+1.16 6.00£0 94 34 503,021 4.30+0.82"

Means followed by similar letters are not significantly different (P=0.03) by DMRT

or 804 = 49 adults during its developmental period.
The 4" instar larva fed voraciously on nymphs (865)
as well as adults (662) of SWA.

(cy PDBC

Biology of M. igorofus was studied under
laboratory conditions on four aphid species - A,
gogsypii (on cotton), A, eraceivora (on cowpea)l,
P bambusicola (on bamboo) and €. lanigera (on
sugarcane)

Egg period of M. igorotus varied from 3.7
to 4.0 days and 1t did not vary significantly when
adults were led with different species of aphids
(Table 32). There was no significant difference in
larval period (range 6.7 to 7.5 days), when different
aphids were provided as host. Pupal period however
varied significantly, being longer on A, craccivara
(7.00 days) and A, gossypii (7.10 days) and
shortest on C. fanigera (6,00 davs).

x) Mass production of predators (Dipha
and Micromuys) in shade net/laboratory

(an  MPRV

Mass production under shade nets was done
on the sugarcane variety Co 94012 at College of

S, sl e O =
Fig. 22. Shade net for multiplication of Dipha
aphidivora on sugarcane woolly aphid

Agriculture, Pune (in February, April and May). A
total of 21 shade nets were erected. The shade nets
(50%) with bamboo structure of 5 x 5 x 4 m size
{Fig. 22) were erected on sugarcane crop of 6, 7
and 8 months old. The SWA colonies were artificially
inoculated within shade nets and inoculative release
of D. aphidivera @ 50 larvae / pupae in each
shade net was carried out.

The natural infestation of SWA was very low
on the sugarcane grown in experimental field due
heavy rains. Inoculative release of the predatory
larvae was carried out on 30 1o 40%% SWA infestation.
When seven months old erop of sugarcane was used
signilicantly more number of aphids (1230/shade net)
was obtained than when six months old crop was
used. The pest population did not establish in the shade
nets on 8 months old crop even after repeated artificial
releases of pest colonies (Table 33},

Table 33, Production of Dipha aphidivera in shade nets
of (25 m? size)

No. of larvae [

Total No. of

pupae of D aphidivora

Age of sugarcane D, aphidivera 7| lareae [ pupae

crop leaf recovered per

shade ner*

Six months 08 270
Seven months 2.2 1230
Eight months** — —
Control (Uncovered) 1.2 350

# Average of 7 shade nets; ** SWA infestation could not
be established

()  SBI

A shade net of 9 x 9 x 3.6 m of 40% shade
was established in the Entomology insectary. As an
alternative method, the predator was reared in the
laboratory in GI trays each of which was divided
into three equal portions along its length. The first
portion was stacked with a known numbers of aphid
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infested leal bits in parallel and perpendicular rows
(Fig. 23). These leaf bits were inoculated with egg-
laden leaf bits containing variable eggs obtained
from oviposition cages. Fresh infested leal bits
were stacked continuously in the second and third
portions in the forward direction first and reverse
direction next at three-day intervals to ensure
enough time for predator larvae to move from
drying leaves to fresh leaves. Cocoons were
harvested from leal bits in the trays between the
16" and 18" day of rearing. An infested leaf bit to
egg ratio of 1:10 gave a survival rate of about 0%,

L |

Fig. 23, Shade net used for the multiplication of
Dipha aphidivora

(e} TNAU

Shade net production of . aphidivora was
carried out in Eastern block of TNAU, Coimbatore
during July 20035 to January 2006. Shade net of
dimengion 5 x 5 x 4 m in two sections was erected
when the aphid infestation reached 60 per cent. The
studies revealed that D aphidivora and Micromus
colonization was dependent on the intensity of
infestation of €. lanigera in net house. Patchiness
of SWA led to reduced yield. A mean of 4.2 Dipha
cocoons and 0.07 Micromus grubs per leal could
be harvested.

(d) VSI

A poly house was erected and ratoon of
sugarcane var. Co 86032 was kept for SWA and
Diphe multiplication.  SWA  infestation  was
developed by two artificial inoculations of SWA
nymphs and adults at monthly interval. A
temperature of 28°C and relative humidity of 73%
was maintained in the polyhouse during tillering

%
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phase. A total of 2,92.000 larvae and winged adults
of SWA were released in two installments into the
poly house, SWA establishment was observed in 25-
30 days with maximum of 105 SWA in 2.5 cm’.
Effect of shade net percentage on development of
SWA and predators was studied in var, Co 86032,
Maximum of 2.20 larvae of Dipha Aeaf was noticed
in 40 and 50% shade nets. Development of Dipha
was observed to be faster in 50 per cent shade net
as compared to 40 per cent shade net. Maximum
of 1.0 larva of Micromus { leaf was recorded in 50
per cenl shade net. while in 40 per cent shade net
it was a maximum of 2.40.

(e} PDBC

Biological parameters like feeding potential
and fecundity of M. igorones were studied by using
four aphid species viz., A. gossypii, A. craccivera,
F. bambusicola and C, lanigera to identity the best
host Tor rearing, Micromus igorenis laid maximum
number of eggs when reared on P bambusicola
(799.9 eggs/female) while it was the least when C.
lanigera wus used as host (590.2 eggs/female) and
the adults got entangled into mealymass of C
lanigera at the base of rearing containers. There
was no significant difference in the fecundity
obtained on A. gossypii (654.40 eggs/female) and
A. craccivora (662.2 eggsffemales). Even though
it laid maximum number of eggs when fed with P,
bambusicola, feeding potential was least (561.1
aphids/adult) on this species. On the other hand,
maximum feeding was on A, gossypii (2019.1/
adult), while it yielded least number of eggs. Aphis
gossypii, which is smallest in size was fed upon in
larger quantity while P bambusicola, largest
amongst the species provided, was fed upon in least
number. The predators laid 35.5% times more
number of eggs when P bambiisicola was used as
prey as compared Lo C. Janigera. Per cent increase
in fecundity was 12.2 and 10.9% on A, carceivora
and A. gossypii, tespectively, as compared to C
lanigera.

xii) Effect of Agronomic Practices on the
incidence of SWA (MPKV)

The experiment was carried oul on the
research farm of Central Sugarcane Research
Station, Padegaon on var. Co 86032, The treatments
included were
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T.: Agronemic package: Paired row of 75 cm

1
between rows and 150 cm between pairs,

optimum water use. nitrogenous fertilizer
normal dose (225N:115P:115K) with 25 %
through organic sources and 75% through
inorganic sources, intercrop (cabbage) and
border row of cowpea and removal of leaves
with initial infestation.

T,: Farmer’s practice: Rows of 75 ¢m distance.
frequent irrigation, nitrogen dose 1.5 times
more than normal dosetha. no intercrop, de-
trashing and removal of the trash from the
plots and removal of leaves with initial
infestation.

Agronomic package and farmers’ practice
were comparable with respect to aphid infestation
(15.6 and 18.2%. respectively) and natural predator
population (0.3 and 0.2/1eaf, respectively). The yield
data were non significant (76.5 and 74 t/ha,
respectively under recommended and farmers’
practice),

xiii) Field release and evaluation of D.

aphidivora and M. igorotus

(a) TNAU

A field study on the efficacy of Dipha was
conducted in the farmer’s field at Vellalore. Four
spots of 0.25 ha size were selected with the
following conditions.

i. Heavy infestation of SWA with natural
oceurrence of Dipha

i Inital infestation of SWA with natural
occurrence of  Dipha

il Inmitial infestation of SWA and no natural
occurrence of Dipha

iv.  Inmitial infestation of SWA without the
natural  occurrence  of  Dipha  +
inoculative release of Dipha.

The predator was released @ 1000/ha and
the second release after 10 days. The predator
exercised up to 97.2% control in Dipha released
plots after four months. Irrespective of SWA

incidence level, 100% reduction in aphid population
was achieved five months after release. No new
incidence of sugarcane woolly aphid was observed
during 6™ and 7" months after release.

(by SBI

Predator cocvons obtained from laboratory
cultures were released in an experimental plot at the
rate of 1000 per ha. A control plot was maintained
in a different location. Mean aphid rating showed
a significant (r=3.13; P<0.01) decrease from 3.3
before release to 2.5 after release, amounting to a
25.2% decrease within a month. During the same
period, Dipha numbers showed more than 20-fold
inerease from (.3 before release to 6.7 alter
telease. Micramus was rarely encountered and its
numbers per leat remained at 0.1 before and after
release of Dipha. In contrast, in the control plot
without predator release, aphid rating and Dipha
numbers per leaf remained constant over the
corresponding 30-day period,

In the Institute campus, 787 adults of
Micronues were released in a 0.1 ha area of about
1 ha plot with established Dipla colonies but no
Micromus activity. Mean rating of aphid per leaf
(2.29) before predator release did not differ
significantly from the rating (2,26) obtained one
month later. There was a marginal increase in
Micromus numbers from zero per leaf to (.1 per
leaf during the same period. Activity of Dipha was
same before and after the release of Micromus. A
second observation 15 days later did not reveal any
Micromus activity indicating its failure to estahlish.

xiv) Interaction between D, aphidivora and
M. igorotus (TNAU, PDBC and
ANGRALU)

{a) TNAU

Dipha and Micromus were released in the
ratios of 1:0; 1:1; 1:2; 1:3; 1:4: O:1; 2:1; 3:1 and 4:1
and aphids provided ael libitum. The results showed
that there was no competitive elimination of either
of the predator at different densities and both were
able to survive in the same niche without exerting
negative effect on the other (Table 34).
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Table 34. The interaction of Dipha aphidivora and Micromus igorotus
Ratio of natural Prerelease P Percentage of natural
released enemies count Sstieomt enemies pupated
(Dipha: Micronusy (Aphid) I day IT day | TIT day | TV day Dipha Micromuns
14 150 123 121 a1 93 100 0
1:1 150 137 136 o 92 100 100
21 150 121 128 9 98 100 100
31 150 132 132 93 ) 100 100
41 150 128 137 97 o7 75 100
01 150 139 123 B 9 1] 100
111 150 134 141 % 95 100 100
12 150 124 143 % Ee 100 50
13 150 127 135 o8 <] 100 (6.6
1:4 150 143 133 @ 9 1o 75
{by PDBC parathion (10 D) by using a cloth bag, synthetic

Laboratory studies were conducted to study
the interaction of different stages of M. igorotus
with different stages of D. aphidivora. When
confined in the laboratory in the absence of the
sugarcane woolly aphid, adults of M. igorotus fed
on first and second instars of D, aphidivera. Third
instars of M. fgororus were also capable of feeding
on Dipha. Dipha eggs were not fed upon by any
of the stages of Micromus. Conversely, second and
later instars of Dipha fed on eggs and all instars
of Micromues.

xv) Field demonstration of biocontrel using
D. aphidivora and M. igorotus
@) TNAU

The trial was conducted in a hot spot area,
i the farmer’s field at Vellalore. One thousand
larvae of D aphidivera were released. Another
field was also selected for comparison in which the

pyrethroid after two weeks and a spray of synthetic
pyrethroid) was adopted. Initial aphid population
and pest intensity rating as well as predators on leal
and subsequent observations at 15 days interval
indicated that biocontrel was effective as the
farmers’ practice (Table 35).

(b} MPKYV

The field experiment was conducted on a
research farm on sugarcane var. Co 94012,
Inoculative release of 0. aphidivora @ 1,000
larvae/ha was carried out, whereas in farmers’
practice, the predator was not released.

Inoculative release of D aphidivora @
1,000 larvae/ha, significantly reduced the SWA
population within 43 days (4.7/2 Sem~/leaf) as
compared to farmers practice (12.3/2.5em*/leaf).
AL 60 days after release no SWA populaiion was
observed. At harvest, yield data were non significant
(93.5 and 90.1 t/ha, respectively).

farmers practice  (Sequential dusting  methyl
Table 35. Field demonstration of hiocontrol using Dipha aphidivora
Particulars Pre-treatment count Months after release (Post count)
I 1 m v
Dipha released plot
Aphid / 2.5 ¢m * 92 75 52 2R 06
Dipha / leaf 1.5 1.2 14 12 0.2
Pest intensity rating 5 %] 3 % 1
Farmers’ field
Aphid / 2.5 cm * a8 8 78 £ @
Dipha / leaf ) 1.6 14 08 1.0
Pest intensity rating 5 5 5 3 5
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xvi) Development of IPM strategy (IISR)

Planting of cane at wider row space (45:120
em) proved superior to the conventional planting (75
cm distance) to minimize the intensity of SWA
infestation.

With the help of cane development workers
of sugar mills and farmers, conservation of natural
enemies and redistribution of predators from high
density area to low density area proved successtul
around Khatauli and Deoband Sugar Mill arcas of
Uttar Pradesh,

xvii) Colonization of Encarsia flavoscutellum

(a) MPKY

Consignments of Encarsia obtained from
PDBC were released in fields heavily infecsted
with SWA. After 15 days of release, only 6 adults
were recovered.

(h) VSl

A shade net (50%) was erected on 20 8q. m
area over seven-month-old sugarcane crop, which
was already infested by SWA. The leaf pieces
containing SWA nymphal colonies, which were
already parasitised by Encarsia were released in
the shade net along with 18 adults of Encarsia.

Before release of Encarsia, mean SWA
population recorded was 124 nymphs and adults per
2.5 cm’, At 22 days after release (DAR) of
Encarsia, SWA population declined to 97.8 and at
45 days DAR it reduced to 36.5 nymphs and adults
per 2.5 em®. An average of 4 adults of Encarsia
per leal was observed at 22 DAR and reached a
peak of 8.2 adults per leaf. With decline in population
of SWA at 45 DAR adult recovery was reduced to
5.4 per leal. Encarsia adult recovery ranged [rom
minimum of two-adulis/leaf 0 maximum of 11
adults per leaf at 30 DAR. After 55 days, sugarcane
in shade net was completely free from SWA
incidence.

xviii) Monitoring and forecasting of SWA

(IISR)

Observations on population of sugarcane
woolly aphid and its natural enemies in relation to
abiotic factors were made at weekly intervals from
ratoon crop (after first appearance of SWA colony)
with CoS 767 variety. Maximum SWA (up to 265.4
(nymphs + adults) and D. gphidivora population

(3.8 larvae/2.5 cm?infested leaf) were recorded
during 43 std. week (last week of October, 03).
SWA population gradually decreased from 44" std.
week (first week of November, 05) up to 4" sid.
week (last week of January, 06) and D. aphidivora
population during this period was recorded 1o be 7.3
larvae/infested leaf. Metasyvirphus confrator, M.
igoromes, and coccinellids, viz., Coccinella
seprumpunctata were also observed feeding on
SWA.,

There was a significant positive correlation
(r=0.903) between maximum temperature and aphid
population (18.53°C-33.6°C). Dipha aphidivora
population showed significant negative correlation
(r=-0.802) with the aphid population. SWA
population positively correlated (r=0.305) with the
rainfall however, negative correlation (r =-0.309)
was observed between D. aphidivera population
and rainfall (0.0-250.2 mm.). There was a significant
positive correlation (r=0.786) between M. igorofus
population and maximum temperature (18.5°C-
33.6°C), but it was negatively correlated (1=-0.518)
with 1. aphidivora.

xix) Yield loss assessment
(a) SBI

The study was made on sugarcane var. Co
86032 of six-months age with SWA infestation and
with un-infested canes of equal number serving as
control. Growth rate of infested canes was
significantly lower than that of healthy canes in
the first fortnight following attack in either fifth
(Table 36) or sixth month of age. In subseguent six
fortnightly observations, there was no difference in
growth rate between infested and healthy canes.
These observations suggested a possible initial
effect of aphid attack on cane growth and the
subsequent recovery of the cane.

Cane samples from the study area were
examined al harvest for yield and quality parameters
of juice. Cane weight, juice weight, brix and sucrose
were  significantly affected when infestation
occurred at sixth month but not at fifth month
(Table 37). Attacked canes showed higher
potassium content, In jaggery analysis, sucrose was
significantly lower (75.9-76.8% } and reducing sugars
(12.25-14.5% ) were significantly higher in infested
canes, Other parameters in both sugar and jaggery
analysis showed variable trend.
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Table 36. Effect of woolly aphid on linear growth of sugarcane when infestation oceurred in fifth month

Fortnight after marking canes Cane growth over initial measurement (%) rvalue
Infested cane Healthy cane
1 16.8 230 477
2 36.8 355 0.76=
3 513 54.9 1.23m
4 789 76,0 0.98™
5 1028 101.3 041
6 126.4 126.1 0.07"
7 1396 1426 0.65™

Table 37, Effect of woolly aphid on yield and juice quality parameters when infestation occurred in sixth month

Parameter Infested cane Healthy cane -value
Cane weight (kg/5 canes} 38 47 424
Juice weight (kg/5 canes) 15 1.9 329"
Ext% 380 401 118
Brix % 203 19.0 3767
Sucrose % 17.8 6.6 333"
Purity % 874 876 025
EC (mmhos/cm) 835 84 042
Acidity 12 10 343"
RS % 07 0.7 006
N (mg/100ml) 287 358 208
P (mg/100ml) 319.8 2413 807
K (mg/100ml) 386.5 3520 3127
Amino acid (mg/100ml) TI& a3 094
Phenols (me/ 100m1) 406 394 028
(b) IISR xx) Effect of insecticide application on the

Quantitative and qualitative losses were
worked out from the severely infested canes of CoS
767, CoS 8432, CoS 8430, CoPt 84212, CoS 88230
and Col 64 wvarieties. Per cent loss in sugar
recovery and weight ranged from 0.0 (CoS 8436)
to 19.80 (CoS 767) and 10.56 (CoS 8436) to 20.5
(CoS 767), respectively.

Field wise area of infestation ranged from 0.6
to 35.0 per cent (Average 13.4%). Maximum fields
were found to be infested in south direction (50%)
followed by west (25%), whereas, infestation in
both North and East direction was 18.8 per cent.
In centre, only 12,5 per cent fields were infested
with SWA,.

development of SWA predators (VSI)

Effect of insecticide application on the
development of SWA predators was studied at
Yeshwant (T) SSK, Pune in Manjari area on var,
Co 86032, Methyl parathion 2% dust @ 40 kgfha
was applied on 02-06-2005 to control the SWA
population and the observations on SWA population
and number of predators/leall were recorded at
weekly interval.

Immediately after the application of
insecticide, the SWA incidence was reduced to nil.
However, the incidence restarted 30 days after the
application  of insecticide and the predator
development started 60 days alter insecticide
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application (Table 38). Predator development was
low and scanty in the treated field. The SWA
incidence in the field without insecticide application
was  controlled  with  timely  development  of
Micromus and Dipha. Maximum of 6.00 larvae of
Micromus per leat was noticed in the field.

3.5. BIOLOGICAL SUPPRESSION OF
COTTON PESTS
i BIPM for Br cotton (ANGRAU, AAU

(A), TNAU, MPKY, UAS (D) and PAL)

Biocontrol-based  IPM  modules  were
evaluated during Kharit 2005 in different locations.
The different modules tested are as follows:

Module I: BIPM + Bt Cotton

[t consisted of recommended agronomic
practices and application of FYM @ 25 tonnes /ha
at the time of preparation of land; seed treatment
with Trichoderma viride (5g fkg seed); border crop
of maize: release of 3 day old larvac of
Chrysoperfa carneq @ 14,000 /ha once at initial
aphid build up stage: spray of S NPV @ 3x10 ™
POBs /fha for Spodoptera litura. Application of S/
NPV mixed with 0.5% crude sugar as UV

protectant and surfactant, when larvae are in 1™ to
3" instar stage; sowing non Bt cotton as refugia as
recommended: erection of bird perches @ 1()/ha,

Module II: BIPM + non-Bt Cotton

In addition to the practices mentioned in
module I, the following practices were included:
release of Trichogramma chifonis @ 1,50,000/ha/
week synchronizing with appearance of bollworm
(6-8 releases as per pest incidence): application of
Br @ 1.0 kg/ha when any one of the bollworms is
seen; application of Ha NPV @3x10" POBs /ha
mixed with 0.3% crude sugar as UV protectant and
surfactant against 1% to 3™ instar larval stage of A.
armigera.

Module III: Farmers’ practice (FP) +8¢ Cotton

Tt consisted of recommended agronomic
practices and application of FYM @ 25 tonnes 'ha
al the time of preparation of land: seed treatment
with imidacloprid for sucking pests: spray 1-2
systemic insecticides based on occurrence of
sucking pests after 45 days of germination: spraying
of recommended insecticides for bollworms, if
population exceeds ETL; sowing of non Bt cotton
as refugia as recommended.

Table 38. Record of woolly aphid, Dipha aphidivore and Micromus igorotus in insecticide- sprayed and control field
Date of observation Average population per leaf
Insecticide spraved field Natural field
SWA Dipha Micromuns SWA Dipha Micromuis
17.05.2005 M2 0.00 000 4300 000 0
26.05.2005 4300 0.00 000 37.50 0.00 000
31.05.2005 40.60 000 000 2640 0.80 380
07.06.2005 240 0.00 000 2760 160 600
14.06.2005 000 000 000 640 060 24
22.06.2005 0.00 0.00 000 000 000 000
28.05.2005 0.00 0.0 0.00 0,00 000 0.00
03.07.2005 940 0.00 0.00 0.00 (100 0.00
13.07.2005 3500 0.00 (00 15.00 060 1.20
21.07.2005 27.80 0.00 000 24.30 0.20 440
(1082005 3560 0.00 0,00 2460 000 260
10.08.2005 384l 040 040 400 000 0430
17.08.2005 3820 (160 100 0.00 000 (00
23.08.2005 31.20 (.60 120 0.00 (L0 0.00
(B0 2005 2840 000 0.80 (.00 0.00 (.00
20109.2005 36.60 0.00 060 .00 0.00 0.00
62
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Module 1V: Farmers' practice (FP) +non-8¢
Cotton

[t consisted of imidacloprid-treated seeds:
local practice by farmers was also advocated.

ANGRAU

The experiment was laid out at the
Agricultural Research Station., Warangal (AP}
Maximum number of aphids (128.20 /5 plants).
jassids (42.50 /5 plants) whiteflies (61.40 /Splants)
was noticed in the module consisting of Br cotton
+ FP. The sucking pest population was more in Br
cotton grown under Farmers practice (FP) module
while least population was recorded in Br cotton
grown under BIPM module. Maximum square and
holl damage by bollworms was noticed in non-8r +
FP while the least damage was noticed in Br +
BIPM,

Egg parasitism in different test modules did
not differ significantly among the different modules.
Trends, however, have shown that least epg
parasitism (0.40% ) was found in non-87 + FP while
maximum of 3.08% was recorded in Br cotton +
BIPM. Maximum number of coccinellids, (12.80 to
20.80 /S0plants), were noticed in both Br and non-
Bt with BIPM while they were as low as (.80 to
2.00 /50 plants i both Br and non Br grown under
FP module (Table 39).

Maximum yield of 3100 Kg/ha was recorded
in Br cotton + BIPM eombination tollowed by 2300
Kg/a in Br cotton + Farmer's practice. Non-Bt
cotton with BIPM package recorded 2200 Kg/ha.
non-#¢ cotton with farmer's practices recorded
least yield of 2000 Kg/ha. Br cotton was capable
of minimizing the damage by boll worm to a greater
extent. Bi cotton with BIPM gave good yield returns
as compared to other modules (Table 39).

—%—

AAU, Anand

Br cotton + BIPM package recorded
significantly lower bud (3.99%) and boll damage
(3.8%) as compared 1o non B cotton + BIPM (14.0
and 21.6%, respectively) followed by non-8r Cotton
+ GAU schedule (155 and 23.6%. respectively).

Br cotton + BIPM package also recorded
fower locule damage (4.9%) due to E. vittella and
P ogossypiella, Tollowed by non Bf cotton + GAU
schedule (20.2 and 28.8%) and Bt cotton + existing
practice (5.7 and 6.2%, respectively). There was
significant reduction in the population of aphid,
jassid and whitefly in case of Bi. Cotton + BIPM
as compared 1o non-Bt cotton.

The seed cotton yield was also higher in 81
cotton + BIPM (2681 kgfha) as compared to non-
Bt cotton + BIPM (20536 ko/ha) and non 8! cotton
+ GAU schedule (1736 kga), respectively. The
population of various natural enemies was high in
case of Bf cotton + BIPM and non-8t cotton + BIPM
puckage compared to other two treatments indicating
adverse effect of insecticides used in the package.

TNAU

The trials were conducted al  Putur,
Cotmbatore (2005 to 2006}, The Bt + BIPM cotton
recorded less H. armigera population (0.28 larvae/
plant) followed by 8 FP cotton (0.30). The Br +
BIPM cotton recorded less Earias population (0.06
larvae / plant) followed by Br FP cotton (0.07)
(Table 40), Highest larval population was recorded
in non Br cotton + FP,

Bollworm damage

The per cent {ruiting body damage in different
modules was in the order of 8t BIPM < Bt FP <
non-Br BIPM < non-Br FP.

Table 39. Efficacy of BIPM and farmers® practice (FP) in Bt cotton in ANGRAU

Treatment Mean damage Yield Egg Predators
{%) {g/ha) parasitism (No./50 plants)
Squares Bolls (%) Cocemnelhds Spiders
Bt cotton + BIPM 6.4 57 310 30 12.8° 34"
Non-Br cotton + BIPM 3lee 19.7¢ 220 L6 2087 20.8%
Br cotton + FP 20.8° 9,00 200 16 2.0¢ 20"
Non-Br cotton + FP 40.2¢ 28,07 30 04 0.8¢ 1.6¢

Means followed by similar letters are not significantly different (£=().05) by DMRT
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Incidence of sucking pests in different IPM
modules

The incidence of leathoppers in different
modules ranged between 2.49 to 5.31 per plant. The
Br cotton with farmers” practice recorded lowest
incidence of hopper (2.49) followed by Br with
BIPM module (3.07). The incidence of aphids was
least in B with FP module. The number of aphids
in different modules ranged from 2.13 to 5.57 per
plant. The number of thrips per plant in different
modules was [.349, 1.49, 1.02 and 2.41 in &¢ BIPM,
non Br BIPM, Br FP and non Br FP. respectively.
The mean number of whiteflies ranged between
0.96 and 2.10 per plant in different modules. The
lower incidence of sucking pest population was
recorded in Br FP module.

The Br cotton protected with BIPM module
recorded higher yield (1865 kg / ha). in comparison to
FP module (1798 kg / ha). 8t cotton under BIPM or
FP performed better in reducing the bollworm damauge
and providing higher seed cotton yield (Table 40).

Occurrence of natural enemies

The BIPM modules recorded significantly
higher number of natoral enemies than the FP
modules. The order of occurrence of lacewings in
Puthur trial was B¢ BIPM=>non-Bt BIPM=>b:
FP=non-Br FP (0.51>0.47>0.34>0.16/plant), The
coccinellids, which were predominant during the
field studies were Cheflomenes sexmaculata and
Coceinella transversalis. The order of occurrence
of coccinellids in the different modules was Bt
BIPM=non-Br BIPM=81 FP=non-Bt FP
(2.45>1.18=0.96=(0.78/plant). The occurrence of
spiders (Oyopes spp., Argiope spp., Neoscona
spp.. Aranews spp. and Plexippus spp.) was higher
in BIPM modules than in FP modules.

MPKY

The experiment was laid out at the research
farm of Agronomy section, College of Agriculture,
Pune.

Bt colton with existing recommended package
of practices was the most effective in suppressing
the population of aphids, jassids, thrips and white
{lies. The population of predators, viz. coccinellids,
C. septempunctata, C. sexmaculata and chrysopid,
Chrysoperla carnea were maximum in the plots
of Bf cotton with BIPM package. Maximum kapas
vield was recorded in the treatment plots of B
cotton with existing package. followed by Br cotton
with BIPM package (Table 41},

UAS (D)

The incidence of aphid was more in existing
package of practices (RPP) in both 87 (6.2/5
leaves) and non-Bt cotton (6.4/5 leaves) and were
on par with each other. In BIPM, the population
was significantly less both in Br (3.5/5]eaves) and
non-B1  3.53/5leaves). The highest leafhopper
population (9.20/5 leaves) wus observed in Bt
cotton +BIPM  module followed by non-Br
cotton+BIPM module (7.8). The increasing order of
thrips population in different modules was non-5t
cotton+RPP<Br  cotton+RPP<non-Bi  cotton+
BIPM< Bt cotton+BIPM. There was negligible
incidence of whiteflies recorded in different modules
during the season (Table 42). The observation on
damage to fruiting bodies due to boliworms clearly
indicated less incidence on RCH 2 Bt cotton (3. 1%)
as compared to RCH 2 Non-Br cotton (17.4%). The
highest good opened bolls (16.4/ plant) was recorded
in Br cotton+BIPM module followed by 51
cotton+RPP (17.3) module. Higher vields were
recorded in these two treatments (14005 and
1080.5 kg/ha, respectively).

Tahle 40. Incidence of bollworm damage in different modules at Puttur (2005 -2006)

Modules Mean larval population / plant Bollworm damage (%) Yield
H. armigera E. vitella Fruiting Open Locule Inter (kg/ha)

bodies boll locule

B — BIPM 0.28 0.06° 125® 0.542 0.22° 0.28° 1863°

Non-Br — BIPM .40 0.16° 20 0.96~ 0.68¢ 0.92¢ 1390¢

&r—FP 0.30° 0.07" 1.73" 0.71° 028" 0.34" 1798°

Non-B¢ - FP 061" 0.68° 3.88¢ 1.95¢ 1.36¢ 1.50¢ 132

Means of fifteen observations: Means followed by similar letters are not significantly different (P=0.05) by LSD
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Table 41. Effect of BIPM practices on pest complex, nataral enemies and yield of Bt cotton

Treatment Sucking pest population NEs population Y damage by Yield of
(number/3 leaves)™ (Number/plant )* bolbworms**  fapas (kpha)
Aphuds | Jassids | Thrips | White flies | Coccinellids |C. carrea | Squares | Bolls
Bt cotion with BIPM 12.4° i 104" 23 32 hi2e L 0E L 1345
package
Non-ff cotton with BIPM 150" 43¢ 104" =5 4.8 32 1® | 26" 1005 *
package
Br cotton with exisling 12.0¢ T2 8.5¢ L5 4.9 561 0% | 11" 14152
package
Non-Bi cotton with farmers | 17.6° 330 11.9¢ 28 4.90 390 04 | 920 825+
practice

Means followed by similar alphabets do not differ significantly; Means of observations recorded at 15 days interval on 5
plants from each of 10 replications

Table 42, Incidence of sucking pest population in different modules

Treatment Number of sucking pests per five leaves
Aphids (60 days | Leaf hoppers (60 days | Thrips (75 days | Whiteflies (135 days
after sowing) after sowing) after sowing) after sowing)
Br cotton + BIPM 348 9.20¢ 4.32¢ 228"
Non-Bt cotton + BIPM 350 782 3.66" 168"
Br cotton + RPP 6.20° 408 2.14 118"
Non-87 Cotton + RPP 6,367 202 1.52" .38

Means followed by similar alphabets do net differ significantly

More number of patural enemies, viz..
coccinellids, spiders, Chrysoperla carnea and
anthocorids were recorded in BIPM  module
(irrespective of the cultivars} in comparison to RPP
module.

PALU

The experiment on BIPM of Br cotton was
conducted at two locations viz., Karni Khera and
Khuban (Distt. Ferozepur) by taking three Bt and
three Non- Bt hybrids, namely RCH 134, MRCH
6301 and Ankur 651,

The mean population of cotton jassids and
whitetlies recorded on the various hyvbrids of 87 and
non-£ cotton at Karni Khera and Khuban villages
in IPM and BIPM plots (Tables 43 and 44). In
general the population was low in both IPM and

BIPM plots

The fruiting bodies damaged in Bf hvbrids at
both the locations was negligible and also there was
no damage observed in case of Non- Br hybrids at
Karni Khera but at Khuban mean fruiting body
damage on Non- Bt hybrids with Farmer’s praclices
and BIPM was 0.4 and 0.4% on RCH 134 Non-
Bt, (1.5 and (1.5 on MRCH 6301 Non-£t. (0.5 and (.5
on Ankur 651 Non-Br. Maximum yield was obtained
in IPM practices with RCH 134 hybrid at village
Karni Khera and Khuban (32.7 g/ha and 29.5 g/ha)
followed by MRCH 6301 (27.9 g/ha and 26.7 ¢/ha).
No significantly difference was observed among
the &£t and Non- Bi hybrids as the pest population
was low, however highest yield was recorded in
RCH 134 Br followed by MRCH 6301 Bt and Ankur
651 Br hybrids.
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Table 43. BIPM of Bf cotton at Karni Khera village (Distt. Ferozepur)

Vanety Jassids per 5 leaves Whiteflies per 5 leaves Yield (g/ha)
IPM BIPM IPM BIPM IPM BIFM

RCH 134 Br 039 033 200 225 317 312

Non-Bi 050 056 232 202 287 285
MRCH 6301 Bi 038 (040 L8R 177 748 273

Non-Bi 072 66 136 2 255 249
Ankur 651 Bt 031 031 1.73 1.68 210 192

Non-5i 0.50 045 Lao 172 174 170
Table 44, BIPM of Bt cotion at Khuban village (Distt. Ferozepur)

Variety Jassids per Whiteflies per Fruit body damage Yield (g/ha)
5 leaves 5 leaves (%)

1PM BIPM IPM BIPM IPM BIPM IPM BIPM

RCH 134 Bt 0.59 0.50 0.72 0.85 - - 295 288
Non-Br 0.68 072 0.84 075 40 043 223 238

MRCH 6301 Bt 0.60 053 0.81 0.75 267 244
Non-8t 0.79 .63 094 084 (150 049 19.1 19.8

Ankur 651 Bt 0.66 054 0.74 (163 E g 26 08.6
Non-Br 057 070 076 0.75 051 051 16.8 165

ii) Natural enemy complex of all pests with imidacloprid seed treatment; 81 cotton (RCH-

including bollworms Spedoptera litura,
sap sucking pests and other bugs in £
& non-Bi cotton varieties & hybrids

ANGRAU

The experimentation was taken up in
Gorrupadu village of Warangal district. A total of 5
Bt cotton hybrids viz. RCH-2 and 20, Bunny,
Mallika and Pro Agro-368 were observed during the
experimentation and compared with non-Bt cotton
of the above Bt hybrids.

The sucking pest population was in general
more in Bt cotton hybrids compared to non-Br cotton
hybrids. whereas Br cotton fared beuer than their
non-Br counterparts with respect to square and boll
damage. The incidence of 8. [{rera was noticed in
the areas where bollworm populations were on the
decline. Egg parasitism was negligible and activity
of predator was lesser in By cotton hybrids when
compared with non-8¢ counterparts.

AAU, Anand

The experiment was carried out at Anand on
Bt cotton RCH-2. Gieot Hy. 8 and Geeot Hy 10 and
comprised of treatments like Br cotton (RCH-2)

2} without imidaciopnd; G. Cotton Hy. 8 and G
Cotton Hy. 101

Bt variety with imidacloprid seed treatment
recorded significantly Tower sucking pest population
per 15 leaves. The number of aphids (3.3), jassids
(2.1) and whiteflies (1.8) were significandy lower
than in B1 cotton without imidacloprid seed treatment
(4.6, 2.4 and 1.9, respectively), Hy. 8 (6.3, 2.9 and
2.3, respectively) and Hy.10 (5.7, 2.7 and 2.0,
respectively). The same trend was also recorded
for bud and boll damage.

Seed cotton yield was highest in Bt cotton
with imidacloprid seed treatment (2486 kgfha)
followed by Br cotton (2311 kgfha) without
imidacloprid seed treatment, Hy.5 (1622 kg/ha) and
Hy. 10 (1856 kg/ha). indicating suppressive effect
of imidacloprid on sucking pest complex.

B cotton with imidacloprid seed treatment
had higher population of €. carnea, C.
sexmacilata,  Geocoris  and  staphylinid  in
comparison to B cotton without imidacloprid seed
treatment, G.Cot 8 and G.Cot 10. Both Br cotton
treatments recorded lower Rogus and 7. chilonis
population as compared to Hy. 8 and Hy. 10.
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iii}y Enhancement of natural enemy
population in  cotton by  habitat
manipulation

PAU

The experiment on enhancement of natural
enemies population in cotton by habitat manipulation
was conducted at Entomological Farm, PAU,
Ludhiana.

The following three models were tested:

M - Habitat Management: four paired rows of
cotton interspersed with one paired row
consisting of one row of cowpea and one row
of marigold. One paired row of sorghum was
grown all- round the plot as border crop.
Eight releases of T. chilonis @1.50,000/ha
were made at weekly interval from July to
October.

M,- BIPM practice: Twelve releases of T
 chilonis @1.50,000/ha at weekly interval
from July to October, Since H. armigera and
S. fitwra did not appear on the crop, no NPV
Spray was given.
M- Insecticidal control: One spray of imidacloprid
~ 200SL @100mi/ha on 21-8-03 for the control
of cotton jassid: two sprays of deltamethrin
(2.8 EC) @400ml/ha (one on 24-8-05 and
second on 10.9.05) against spotted bollworm
(Earias sp.).

Jassid population in all the treatments was at
par in August. However. after the insecticidal
application, it was significantly lower in insecticidal
control plot (0.3-1.1 nymphs/3 leaves).

Mean jassid population was significantly
lower (1.4 nymphs/3leaves) in the insecticidal
control plot as compared to habitat management
(4.7 nymphs/3 leaves) and BIPM (4.5 nymphs/3
leaves) plots. The white fly remained below ETL
(18 adults/ 3 leaves) throughout the season,

There was no incidence of H. armigera.
However, incidence of spotted bollworm was
significantly lower in insecticidal treatment plot on
all the dates of observation (atter insecticidal spray).
Lowest mean bollworm incidence (2.6%) was

—%—

recorded 1n insecticidal control and it was
significantly lower than habitat management (5.1%)
and BIPM (3.1%). Bollworm incidence in habitat
management and BIPM was at par. Similarly lowest
bollworm incidence (0.8 - 1.0%) among green holls
was recorded in insecticidal control plot The mean
bollworm incidence among green bolls in habitat
management (3.9%) and BIPM (3.9%) was at par.
Natural enemies population was higher (0.8 per
plant) in habitat management plot followed by
BIPM (0.7 per plant) and was very low in
insecticidal control (0.1 per plant). Highest seed
cotton yield (14.8 g/ha) was recorded in msecticidal
control plot and it was significantly higher than
habitat management (11.2 g/ha) and BIPM (11.1 g/
ha).

AAU, Anand

The experiment was conducted at Anand
using and the treatments included are

Tl:  Treating cotton seed with Trichoderma @
5.0 g/kg, cotton interspersed with Cassia
accidentalis (6:1) + 10 % planting of maize,
zinnia + one release of Trichogramma
chilomis @ 150,000 + 3000 larvae of
Chrysoperla  carnea.

T2:  Treating cotton seeds with Trichoderma @
5.0 g / kg, cotton interspersed  with Cassia
occidentalis ( 6:1) + 10 % planting of maize.
Znnia.

T3:  Insecticidal control

T4:  Untreated control

The [PM treatment involving the release of
bivagents recorded significantly lower aphid, jassid
and whitefly population followed by IPM without
release of bioagents and insecticidal treatment. The
same trend wus observed in case ol bud and boll
damage caused by E. vittella or P. gossypiella
{Table 45).

Higher yield was recorded in IPM+ bioagent
release plot (203] kg/ha). Population of C. camea,
C. sexmaculata, Geocoris, Staphylinids, Regas
and T, chilonis were also higher compared to other
treatments indicating additive as well as beneficial
effect of habitat manipulation.
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Table 45. Number of sucking pests, bollworm damage and yield

Treatment Sucking pests/135 leaves % Damage by boll worms Yield

Aphid Jassid Woly E. virella Locules (kg.fha)
Bud Boll Ev Pg

[PM+Te+Ce 6:1 133 2.3 2.3 16° 11.9¢ 12.5¢ 14.2¢ 20310
IPM 6:1 213" 4.5 357 81" 129" 132 15.0% 1972+
Insecticide 23.6° 5.4¢ 3.7° BA4° 14 3¢ 14.6" 23.6° 18.69*
Control 97.94 914 6.67 171° 2454 il6® 3244 1308"
Means followed by commeon letter are not having significant differences (P=0.05) by DMRT: Ev: Earias vitiella;
Pg: Pectinophora gossypiella;, Te: T, chilonis; Ce: . carneq; IPM: Integrated pest management

3.6. BIOLOGICAL SUPPRESSION OF
TOBACCO PESTS

i) Biological control of Spedeptera exigua
in tobacco nurseries with biopesticides
(CTRI)

The weatments included were Nomuwaea
rilevi (10" spores/ha), NSKE (2 %), Beauveria
bassiana (10" sporestha), Bt kurstaki (2.0 kg/ha),
EPN (Steinernema carpocapsae 2 lakh 1J/ha),
chlompyrifos (0.25%) and control replicated thrice in
RBD design.

One square meter tobacco nursery beds
were raised and when the seedlings were three
weeks old, third instar larvae of 8. exigna were
released @ 20 larvae /bed and treatments were
applied immediately. Observations were recorded
on number of diseased larvae from 24 hours to 7
days after treatment and number of seedlings
damaged.

Per cent seedlings damanged by 8. exigua
was lowest in chlorpyrifos (0.25%) treatment which
was at par with N.rileyi 10" sporesfha and NSKE
(2%) and significantly superior to the rest. There
were no significant differences among N, rilevi,
NSKE (2%}, B. bassiana and Bik treatments. EPN

was significantly inferior to the rest of the
treatments, except control (Table 46). All the
treatments were however superior to control without
spray. Incidence of disease was maximum in case
of N. rileyr (12.6) and minimum in case of EPN
(3:2).

ii)  Validation of trap crop and border crop
modules for the management of
lepidopteran pests on tobacco (CTRI)

The treatments included were castor as trap
crop for Spodoptera litura (castor var. DCS-9,
Tobacco var. NLS-4) and Tagetes as trap crop for
H. armigera (Tagetes var. African marygold,
Tobaceo var. NLS-4)

Five hectare area at five locations in
Krishnampalem village (West Godavari District)
was selected. Fifty tobacco plants from each
location were sampled and compared with control
{without trap creps).

Tobacco with Tageres as trap crop had
significantly less damage by H. armigera (3.8%)
compared 10 tobacco raised as sole crop (7.0%)
wherein there was progressive increase of damage
caused by H. armigera from 30 to 60 DAT (3.5-
18.5) (Table 47).

Table 46. Seedlings damage by Spodeptera exigua in tobacco nursery

Treatment Mean per cent seedlings damaged (7 DAT) Cost benefit ratio
Nomuraea rileyi (10" sporesfha) 9.4% 1:27
NSKE (2.0%) 9.7% 179
Beauveria bassianal(0" sporestha 10,2 1.26
Bt kurstaki 2.00 kg/ha 1250 120
EPN (Steinernema carpocapsae) 18.7 I:16
2.0 lakh TJs/ha

Chlorpyrifos 0.25% 6.2 1:02
Control 325 B
Means followed by similar letters are not significamly different (P=0.05) by DMRT
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Table 47. Efficacy of Tagetes as trap crop in tobacco on Helicoverpa armigera

Treatment Plants damaged by H.

armigera (%) on day

Larval parasitisation (%) on day

X0 45 ({4 Hymenoptera Diptera
30 45 i) 30 45 &)
Tobacco sole crop T 9.8" 18.5° 0.8 P Ml 0.0 2.1¢ b B
Tobacco + Tageres 3.8 o 840 2.0° 5.9¢ 5.00 0.0* 4.80 170

chlorideae; *% Carcelia illova, Peribaea orbata.

Means followed by similar letters are not significantly different (P=0.03) by DMRT, *Apanteles, Campoletis

Per cent larval parasitisation of H. armigera
was significantly higher when associated with
Tageres as trap crop (3% by hymenopterous and
10.7% by dipterous) than in tobacco grown alone
(1.7 and 5.4, respectively) (Table 48). There were
no significant differences in canopy temperature
and relative humidity when tobacco was grown as
sole crop or associated with trap crop.

Damage to tobacco by 8. liturg with castor
as trap crop was significantly lower than their
counterparts grown without the trap crop (7.5 to
17.3). There was progressive increase in damage
caused by 8. litura in both the treatments from 50
to 70 DAT but the per cent increase was much

lesser with trap crop than without trap crop. Larval
parasitisation of 8. {irra in tobacceo associated with
castor trap crop was also significantly higher. Use
of trap crop in tebacco increased the vield over
control by 44 kg/ha with a cost benefit ratio of 1:2.2.

Studies on the effect of adjuvants in Si
NPV persistence and their impact on
tobacco quality (CTRI)

Addition of different adjuvants to SI NPV did
not provide better control of 8. litura on tobacco
(Table 49).  Application of the virus alone at
1.5x10" POB/ha effectively controlled the pest and
increased the vield of green and cured leaves.

jiii)

Table 48. Effect of castor as trap crop in tobacco on Spodoptera litura

—

Treatment Damaged plants by Larval parasitisation (%) on day
H. armigere (%) on day
50 « 70 Hymenoptera Diiptera
S0 El] ] 30 ) s
Tobaceo sole crop e 12,45 17.3" 47" 9.7* 0.3* 157 HIH a7t
Tobacco + Tagetes o 4.8 FIE 11.6¢ Jor 00 2.7 14.74 2274

Means followed by similar letters are not significantly different (P=0.05) by DMRT: * Chelonns formosanus,

Apanteles sp, Charops obtusa;  *% Peribaea orbata

Table 49. Effect of adjuvants on the efficacy of S/ NPV against Spedeptera litura on tobacco

Treatment Mean number Per cent Green leaf yield | Cured leaf yield
of larvae / plant| leaves damaged (kglha.) {kg/ha.)

SINPV 1.5 x 10" POB/ha. + boric acid 4.3 EX1 9353* 2215
0,025 9 + teepol 0.1% + surf 0.1%
S NPV + tannic acid 0,025 % 23 4 &b 7504 1498
+ teepol (1% + surf 0.1%
S NPV + starch 0.1 % + jaggery 0.1% 10.3¢ 9.4° 4953 1158
§I NPV + jaggery().1% +teepol 0.1% 8.6 6.3 5654 1254
§I NPV + surf (.19 + teepol 0,1% 6.6 o 10161* 16329+
SI NPV alone 53# 3.6 3588 20024
Control (no spray) 140 16.2 3954d 784¢

Means followed by similar letters are not significantly different (P=0.05) by DMRT
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The cost-benefit ratio was highest when
SINPY was used alone (1:121) followed by SINPV
along with boric acid and teepol (1:99).

3.7. BIOLOGICAL SUPPRESSION OF
PULSE CROP PESTS

i) Evaluation of Bacillus thuringiensis (DOR
Bt) against the Pod borers of pigeonpea

TNAU

Laboratory evaluation of DOR Bf was carried
out on 3 instar larvae of H. armigera, Maruca
testulalis — and  Exelastes  atomosa.  Maruca
festelalis was more susceptible than E. aromosa
and H. armigera.

Field evaluation of DOR Bt against pigeonpea
was done at Puthur village (Coimbatore district) on
cv. Cod, Pod damage recorded in NSKE (5%)
treatment was 13.9% and in endosulfan (0.07%) it
was 14.6% and both were found superior 10 DOR
Br treatment (21.2%) at both the dosages (Table
500

ANGRAU

DOR Bf was evaluated both in laboratery and
field against Helicoverpa armigera on pigeonpea
during  Kharif 2005-06. Tn laboratory DOR Bt
formulation gave 53.2% larval mortality of H.
armigerd.

Field studies indicated that seven days after
the administration of treatments, no significant
differences were noticed among the treatments
with respect 1o larval population of H, armigera.
Least number of larvae (8.5/10 plants) was recorded
in endosulfan treatment while 12.3 larvae/10 plants

Table 50. Field efficacy of DOR Bf against pigeonpea
pod borer complex

Treatment Pod damage | Grainyield
(%) (kg/ha)
DOR Bi. 2kg/ha 21.22¢ 430,1"
DOR Bi. lkg/ha 23.06° 404,70
NSKE 5 % 1384 51L.3
Endosulfan (.07% 14,62 AL
Control 21320 4026

Mean of six replications; Means followed by
similar letters are not significantly different (P=0.05)
by LSD.

were recorded in untreated check, thereby resulting
in non-significant differences among the treatments.
Similar trends were noticed in the larval populations
recorded 7 days after 11 spray. The damage by H,
armigera ranged between 16.2 to 18.2 per cenl,
while pad fly damage was 6.4 to 15.5%, Pod wasp
damage ranged from 203 to 23.9 per cent thus
showing no statistically significant differences
among treatments.

AAU (Anand)

In laboratory tests, DOR Bi caused only
22.4% montality of H. armigera, and 20.4% of M.
testulalis,

ii}  Field evaluation of DOR B: against pod
borers in pigeonpea (AAU (A))

The treatments comprised of DOR By @ 2
kg/ha and | kg /ha: NSKE @ 5%:; endosulfan @
0.07% compared with control on variety BDN 2.

DOR Br at 2 kg/ha and 1 kg/ha were
significantly superior to NSKE (5%) and were at
par with other treatments in reducing the population
of M. restulalis after seven days of spray.
Application of endosulfan (0.07% ) was significantly
better in controlling M. restulalis (0.8%). Pod
damage and yield data were on par in all three
treatments. Similar trend was observed in control
of H. armigera also (Table 51).

iii)  Evaluation of BIPM package on soybean
CTRI

The BIPM package consists of release of
ege parasitoids  Telenomus remus @ 1.00,000
parasitoids/ha for Spodoptera litura; one spray of
SENPY @ 1.5x10" PIB/ha along with 0.5% crude

Table 51. Field evaluation of DOR B against
Helicoverpa armigera and Maruca testulalis
Treatment Larvae per plant

M. testulalis | H. armigera
DOR Bt @ 2.0 kg/ha 1.2k 1.44
DOR Br @ 1.0 kg/ha 1.4+ 1.7k
NSKE (5.0%) 16" 2.0+
Endosulfan (0.07%) 07" 0.8°
Control 3.8 4.5¢
Meuns followed by similar letters are not significantly
\@1‘61}[ (P=0.03) by DMRT
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sugar as adjuvant. Chemical control module
comprised of one spray of monocrotophos @ 1.5 ml/
| and one spray of chlorypyrifos @ 2.5 ml/l.

There was no significant difference in the
number of egg masses of § fitwra in BIPM and
chemical control (0.3 and 0.4/leaf. respectively).
Larval population of §. [lirura (per plant) was
significantly lower in BIPM plots after one release
of 1. vemus @ 1.0 lakh/ha compared to chemical
control  observed one  week after spraying
chlorpyrifos (0.25%). There was further significant
reduction of 8. litwra larval population after 3 and
7 days of spraying of §{ NPV @ 1.5 x 10" PIB/
ha. In chemical control the reduction was
significantly  lesser after sccond spray  of
chlorpyrifos (0.253%). There was no infestation of
H. armigera and pod damage by insects was
negligible. Significant difference in yield of soybean
in BIPM (1090 kg/ha) and chemical control {950 kg/
ha) was observed. BIPM of sovbean resulted in
Rs.2800/~ more net return than chemical control
(Table 52).

NRCS. Indore

An IPM Trial was conducted at Indore during
Kharif 2006 with the treatments: recommended
dose of fertilizer: seed treatment with Rhizobium,
PSB and Trichoderma: soil application of neem
cake @500 kg/ha: installation of bird-perches @ |
per IPM plot: removal of girdle beetle, Spodoptera
and Diacrisia obligua from infested plants/plant
parts: foliar application of B. bassiana @ 1.0 kg/
ha and need based application of Triazophos @ 0.8
kg/ha.

The pest population of the blue beetle, linseed

caterpillar, H. armigera, wbacco caterpillar, green
semilooper, girdle beetle/meter length in [PM plots
was lower (1.2, 0.7. 0.3, 2.0, 1.1 and 0.7,
respectively) than in non-IPM (4.4, 3.0, 3.1, 6.0, 3.2
and 1.4, respectively).

3.8. BIOLOGICAL SUPPRESSION OF
RICE PESTS

i) Evaluation of Bacillus thuringiensis (DOR
B1) against lepidopteran pesis of rice

KAU

Two sprays of DOR Br were given in Bt
treatments (@ 1.0, 1.5 and 2.0 kg/ha) and two
sprays of quinalphos ((.05%) as insecticidal check
were evaluated on var. Jyothi during kharif and rabi
Seasons.

After second spray. there was no significant
difference in leaf’ folder count between Br (0.2
larva/hill) and chemical control (0.1 larva/hill) and
they were significantly superior to control (0.7
larva/hill). All the Br reatments were significantly
superior to control in controlling the caterpillar pests
like caseworm, horned caterpillar and skipper.

After second spray leaf folder damage was
significantly lower in chemical control plots followed
by Bf-treated plot. Dead heart incidence was
significantly lower in chemical control plot followed
by all Bt treatments (Table 33).

The results of the experiment during rabi
season followed a similar trend with reference to
leaf folder damage. incidence of other caterpillars,
per cent of dead hearts and yield (Table 54 and 55).

Table 52. Evaluation of BIPM package in soybean and cost benefit ratio

Particulars BIPM Chemical control
Egg masses of 8. fimra 0.3 0.4
S. fitwra larvae population (7 days after release of T, remus) 5.5° 103"
Larval population 3 days after chemical spray = 49
Larval population 7 days after chemic:l spray 30 60"
Population of leaf webber bhefore spray 4.7 i
Population of leal webber 7 days after Br spray BT 24r
Yield (g/ha) 10.9 9.5
Cost benefit ratio 1:2
Means followed by similar letters are not significantly different (P=0.05) by LSD; Cost of soybean Rs20/kg.
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Table 53, Population of leaf folder larvae in different treatments

Leaf folder/plant 7 days after

Lepidopterous pests /plant 7 days

Treatment second spray second after spray
No. Damage No. Damage No. Damage No. Damage

(%) (%) (%) (%)
Bt 2.0 kg/ha 0.1 0.3" 0.2 4.6° 0.3° 52 0.0* 8.1
Br 1.5 kg/ha 01" 03" 02" 5.9 03" 43 0.0" T2
Br 1.0 kg/ha (1" 0.2 02 FA5E Q35 54 0.0 6,92
Quinalphos (0.05%) 0.0" 00" 0.1° 1.6° 0.1° 2 0.0" e
Control 0.5 2:5¢ 0.7 g2 I 73 04" 8.50

Means followed by similar letters are not significantly different (P=0.05) by DMRT

Table 54. Population of leaf folder larvae in different treatments

Leaf folder/plant 7 days after

Lepidopterous pests fplant 7 days

Treatment second spray second after spray
No. Damage No. Damage No. Damage No. Damage

() (%) (%) (]
Bt 2.0 kefha 0.2 277 015 20 AR 12.8* 01" 92
B1 1.5 kgiha 03 3.2° 0.2° 1.8 0.03° 143" 0.1" B3
Bi 1.0 kgiha 0.2 1.8" (.2" 1.9 0.03" 124 o1’ 100
Quinalphos (0.05%) 03 0.4° 0.1° 16 0.03" 44" 0.0° 4.5
Control 0.5 T2 0.5° 23 0.5° 157" 0.6° 89

before analysis

Means followed by similar letters are not significantly different (P=0.05) by DMRT; Data were transformed ( \"x-f-O.S}

Table 55. Pest damage, yield and cost benefit ratio in Kharif and rabi seasons

Treatment While carheads (%) Gain yield (kg/ha) Cost benefit ratio A/B
Kharif Rabi Khant Rabi Kharif Rabi

B. 1. 2 kegha 1200 58 31950 4382.5* 829 208

B. 1.5 kg/ha 1.2+ 48 3257.5 4575.0° 6.65 1.70

B 1. lkg/ha 1.4ek 48 32575 4100.048 458 i

Quinalphos (0.03%) 0.6 53 27350 3745.00¢ 743

Control 2.00 62 29725 3497.5¢

Means followed by similar letters are not significantly different (P=0,05) by DMRT

AAU (Jorhat)

The experiment was conducted in the
farmer’s field located at Bekajan, Jorhat, Assam on
the variety ‘Ranjit’. The treatments imposed were
DOR Bt 20, L5 and 1.0 kgha, spray of
chlorpyriphos as check and control.

Irrespective of the dose DOR Bt could
reduce the dead heart incidence significantly (2.7-
3.2%) and was at par with the insecticidal
application (3.1%). The incidence of white earhead
was also reduced due to DOR Bt application (2.8-
4.1%), DOR Br also had significant effect in

reducing the larval population of leaf folder and
case worm after 5 and 7 days of each treatment.
DOR Br 2.0 kg/ha gave the highest vield of 3860.8
kg/ha as against 2923 kg/ha in the control plot.
However, DOR Bt (1.5 kg/ha) and DOR Br (1 kg/
ha) were at par with the insecticidal treatment
(3626 kg/ha). in respect of vield.

PAU

The experiment on DOR Bi against leaf
folder and stem borer of rice was conducted at
farmer’s field at village Karni Khera (Distt,
Ferozepur). The incidence of leaf folder at 60 DAT
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was significantly reduced in Bt @ 2.0 kg/ha (2.4%)
and monocrotophos 36SL (2.0%), whereas medium
dose of Bt @ 1.5 kKg/ha (4.2%) and lower dose of
Bt @ 1.0 kg/ha (4.5%) were at par with control
(4.6%). In all the treatments the per cent dead
hearts at 45 and 60 DAT were significantly lower
than in control (12.4% and 2.7%). The per cent
white ear incidence was lowest in B @ 2kg/ha
(0.6%) and all other treatments were at par with
the higher dose of Br except for the control (3.19%).
The highest yield was recorded in monocrotophos
36SL (671 g/ha) followed by Br @ 2.0kg/ha (66.4
g/ha) and yield in all the treatments was higher than
in control (52.3g/ha).

i} Evaluation of DOR Br against Leaf Folder
and Stem Borer of Basmati Rice (PAL)

The experiment was conducted at farmer’s
field at village Karni Khera (Distt. Ferozepur). All
the treatments were significantly better than control
with respect to leaf folder damage (5.7%) at 60
DAT. The higher dose of B¢ @ 2.0kg/ha (1.8%) was
at par with standard chemical check, Padan 4G
(1.7%) where as medium dose (3.0%) and lower
dose (3.2%) were significantly lower than standard
chemical check at 60 DAT. The per cent dead
hearts at 45 and 60 DAT in all the weatments were
significantly lower than control (8.1% and 5.7%).
The per cent white ears in all the treatments were
significantly lower than control (10.1%) except for
lower dose of Bt (9.3%) which was at par with
control. The highest yield was recorded in Padan
4G (23,2 grha) followed by higher dose of Br (22,3
gfha) and yield in all the treatments were however
significantly better than control (16.8 g/ha) (Table
S56).

¢

It can be concluded that higher dose of Br @
2.0kg/ha was at par with Padan 4G and 1t proved
0 he effective for the management of rice leaf
folder and stem borer on Basmati rice.

ifi)  Validation of hivintensive pest
management practices in organic rice
production

PAU

BIPM practices in organic rice production
were validated on Basmati rice and coarse rice
(var. PR 116). In the organic farming. green
manuring  was  done  with  Dhaincha;
Trichogramma chilonis and T, japonicum were
released each @1,00,000/ha/week, 7 times starting
J0DAT. In the conventional recommended
practices. nutritional requirement was met with
imorganic recommended fertilizers and one spray of
monocrotophos @1.4 Lha. In the integrated
practices, half of the nutritional requirement was
met with inorganic fertilizers and other half with
organic fertilizers and parasitoids were released as
in organic farming treatment,

The incidence of the leaf folder at 60 DAT
was lower in recommended practices and incidence
of stem bhorer was lower in integrated practices.
The per cent white ears was lowest in integrated
practices (Table 57). The vield in the integrated
practices (3570 g/ha) and to recommended
practices (35,60 g/ha) were higher than in organic
practices (31.20 g/ha). In the experiment with PR
16, leaf folder damage and dead hearts were
minimum in organic practices, Howerver, lowest
per cent white ears and highest yield were recorded
in recommended practices.

ﬂ Amlll;l REEH e

Table 56. Evaluation of DOR Br against leaf folder and stem borer in Basmati Rice
Treatment Leaf folder damage Dead hearts White ears Yield (q/ha)
(%) at 60 DAT (96) at 60 DAT (%)

Bi @ 2 Okgfha 1.8¢ 1.7 Fob 223

Bt @ | .5kgtha 300 6" 6.5¢ 209

Bt @ 1.0kg/ha 323 3o 93 18.1¢
Padan 4G 1t 1.4 2" 23>
Untreated Control s 5.7 10,14 168"
Means followed by similar letters are not significantly different (P=0.05) by DMRT
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Table 57, Validation of BIPM practices in different rice varieties
Treatment Leaf folder damage Dead hearts (%) at White ears (%) Yield (g/ha)
(%) at 60 DAT 6 DAT at harvest
Banmati| PR116 Busmati PR116 | Basmari | FR 116 | Basmati|PR 116
Organic practices 36" 2 81" 1.2 5.1 44" 312" | 40.6°
Recommended practices 2.6 32 0.8 6.3 32 1.9 356" | 608
Integrated practices 340 0.3" 67" .5 24 23 35.7% | 54.3°
Means followed by similar letters are not significantly different (P=0.05) by DMRT.

KAU

The experiment was carried out on var
Jyothi with the following practices: Application of
farmyard manure @ 5 vha, seed treatment with
Pseudomonas @ 8 glkg, erection of bird perches
@ 10 nos./ha and four releases ol 7. japonicumn.

There was no significant differences between
the treatment in pest damage due to leal folder,
plant hopper and rice bug. In the case of stem
borer, a significantly higher dead heart symptom
was recorded in conventional farming while white
ear head occurrence was on par in both cases.
Gram yield in conventional (4478.7 kg/ha} was on
par  with organic farming (44493  kgfha).
Significantly higher population of natural enemies
like spiders and coccinellids was found in organic
farming than in conventional farming. The cost
benefit ratio in organic practice was 8.5 considering
the cost of increased yield/ha @ Rs. 107kg.

iv)  Validation of BIPM practices againsi
pest complex in rice (KAU)

The tral was laid out in 4 ha area n
Kanimangalam on var. Jyothi to evaluate BIPM
with farmer’s practice. In BIPM Preudomonas
fluorescence was  used for seed treatment.
Dewatering the field and neem oil spray was given
for case worm management, Four releases of T
Japonicum @ 1 lakh/ha were made at fortnightly
intervals. There was no significant difference in

corain vield between the two areas (7594 and 7169
kgfha, respectively). Spider and coccinellid
population was significantly higher in BIPM area
(2-3/plant),

v) Demonstration of biocontrol based IPM
on Basmati Rice (PALD)

BIPM was demonstrated on 10 ha plot at
village Karni Khera (Distt. Ferozepur) on variety
Basmari-386. In IPM plots. one application of
cartap hydrochloride (Padan 4G) @ 25kg/ha was
made; 7 releases of T. chilonis and T. japonicum
were made each @ 1,00,000/ha/week. starting 30
DAT, In chemical control, three applications of
cartap hydrochloride (Padan 4G) were given @
25kg/ha, 30, 50 and 70 DAT.

The lowest incidence of leal folder was
recorded on 45 DAT in BIPM. which was al par
with chemical control. The dead hearts in chemical
control was significantly lower than BIPM and
control at 60 DAT, The yield in IPM (22.7 g/ha) and
chemical control {23.2 gfha) were significantly
higher than n control (16.6 g/hay (Table 58). The
per cent parasitism of Corcyra eggs and natural
parasitism in IPM (12.1% and 9.5%) were
significantly higher than chemical control {2.3% and
2.1%) and control (1.8% and 1.2%). BIPM module
was observed to be as effective as chemical control
for the management of rice pests.

Table 58. Evaluation of BIPM practices in Basmali rice
Treatment Leaf folder Dead hearts White ears Yieldig/ha) | Cost benefit ratio
damage (%) (%) (%)
BIFM 22 LAY 42" 22Tk 123
Chemical control E3" 157 344 23.2¢ 1:3.3
Control 4.6° e 10.9¢ | 6.6°
Means followed by similar letters are not significantly different {P=0.03) by DMRT

74 = Project Directorate of Biclogical Control



39 BIOLOGICAL SUPPRESSION OF
OILSEED CROP PESTS

i) Evaluation of natural enemies of mustard
saw [ly for use in biocontrol

AAU (Anand)

No parasitoids or pathogens could be
recorded from the field-collected larvae of the
mustard saw fly. The larvae were predated by the
common myna, Acridetheres tristis in the late
evening,

Laboratory  screening  of  sawfly  for
susceptibility to Biolep & DOR Br (@ (0.75, 1.0 and
1.25 ¢/l, Beauveria bassiana (@ 107, 10" and 10"
conidia) and Metarhizium anisoplice (@ 107, 10"
and 10" conidia) was carried out to work out the
LC;

The mortality data showed that neither the Br
nor the fungal pathogens were able to give
appreciable mortality of the saw fly larvae (Table
59).

ii}  Field evaluation of B: and fungal

pathogens (AAU (J))

An experiment was conducted at ICR farm
on mustard variety M-27 on biocontrol of mustard
saw fly.

At 10 DAS, the incidence of mustard sawfly
was minimum in the plots treated with Beawveria
bassiana (1x10" conidia/ha), and DOR Bt (2.0 kg/
hay (2.3 larvae/ 10plants), followed by Metarvhizium
antsopliae (1x10°  conidia/hay (2.7). These
treatments were at par with each other. The lowest

it

"

Table 59. Laboratory screening for the susceptibility
of mustard sawily
Treatment Dosage | Per cent mortality
after 120) hr

Br (Biolep) (g/1) 075 173

L0 208"

L25 2404
DOR Br (2/) 075 238"

1.0 28.0°

125 295"
B. bassiana (conidia/l) 10 8.3"

n" S E i

10 10.8*
M. anisopliae (conidia/l) 10" T.RY

Lo 88"

IUH ]0‘5 a
Means followed by similar letters are not significantly
different (P=0.05) by DMRT

insecticide treated plots (2.4%). The vield in
insecticide plot (602.5 kg/ha) was at par with DOR
Bt (2.0 kg/ha) (563.5 kg/ha).

3.10. BIOLOGICAL SUPPRESSION OF

COCONUT PESTS

i) Evaluation of Trichogramma
embryophagum, Goniozus nephantidis &
Cardiastethus  exiguus against Opisina

arenosella (KAU)

Sequential releases of 7. embrvophagwm @
1000/palm, C. exiguns numphs @ 50/palm and G
nephantidis adults @ 10/palm at Vatanapilly area
in Thrissur district resulted in negligible population
of Opising arenosella (Table 60).

per cent damaged leaves was observed in

Table 60. Counts of Opisina arenosella leaflet
Treatment Pre released count Post release count

1. embryophagum adults @ 1000/palm 05 048
C. exiguues numphs @ S0/palm 06 0.0"
G nephanirdes adults @ 10/palm 05 0.1
Sequential release of 7. embrvophagum & G nephantidis V] 0.02®
Sequential release of C. exiguny & G nephantidis 05 0.02"
Control (no release of parasitoids) (14 0.1
Means followed by similar letters are not significantly different (P=0.05)
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ii)  Validation of biological suppression of
coconut  rhinoceros  beetle  Oryetes
rhinoceros using Oryctes baculovirus and
Metarrhizinm  anisoplice in homestead
gardens (KAU)

The experiment was carried out in one-
hectare area at College of Horticuliure,
Vellanikkara. Adult Rhinoceros beetles  were
collected by keeping Rhinolure in farmers” fields.
Released OBV treated adults @ 10 adultstha in the
evening hours after 24 hours starvation, Population
build-up could not be noticed on 30 and 45 days
after release.

Collected the nucleus culture of Metarhizium
anisoplige [rom CPCRI Kayamkulam and mass
cultured in coconut water. Twenty-five days after
inoculation collected the fungal matenials and apphed
in the breeding media @ 10 boules/m* area.
Recorded pre counts and post counts of grubs and
pupae, The post counts indicated 100% infection of
the population.

3.11. BIOLOGICAL SUPPRESSION OF
TROPICAL FRUIT CROP PESTS

i) Population dynamics of soft green scale
Coceus viridis and its natural enemies on
sapota (IIHR)

The study was conducted on eight-year-old
sapota plants (var. Cricket ball). The population of
green scales ranged from 1. 10/eaf in December to
11.84/teat in July 2005, During the study period, the
aphelinid parasitoid Coccophagus sp. and the two
coccimnellid  predators  Chilocorus  nigrifa and
Cryptolaemus montrouzieri were observed. The
parasitism by Coccophagus sp. ranged from
60.24% in April 2005 to 93.40% in October 05, C.
nigrite was observed in negligible numbers during

- August to December 05, The population of the
scale was very low in October to December mainly
due to the activity of Coccophagus sp.

ii'  Evaluation of Verdeillium lecanii against
sapota green scale Coccus viridis (ITHR)
Sapota twigs infested with the green scales

were sprayed with the fungus V lecanii @1x 107,

1x 10% to 1x10" along with 2 per cent sunflower oil.

A control (scales exposed to a thin film of distilled

water) and a check treatment. Scales exposed to
Rogor (Zml/l) were also run parallel (o other
treatments.

A dose o 10° spores/ml produced a mortality
of 8.8 per cenl. When the twigs sprayed with the
fugal suspension were covered with a cloth bug, the
mortality increased to 20.5%. probably due to
enhanced humidity.

iii' Laboratory evaluation of Verticillium
lecanii against Mango hopper, Ideoscopus
nitidulus (ITHR)

Three different spore concentrations of ¥
fecanii viz., 1.0 x 10% 1.0 x 10°and 1.0 x 107 spores/
ml were evaluated in the laboratory against the
mango hoppers, L nitidelus. A control treatment
where the hoppers were exposed to a fine spray of
distilled water was also run parallel o the other
freatments,

Results  showed that  all  the three
coneentrations of the fungus were effective in
inflicting 69.5 to 92.0% mortality of the hoppers at
72 hours of incubation. A maximum of 92.0%
mortality was recorded at 1.0 x 10" followed by
87.9% in 1.0 x 10* and 69.5% in 1.0 x 10 spores/
ml, respectively.

iv) Biology of fsyndus heros, a predator of
mango hoppers (ITHR)

The predator was maintained on the larvae
of rice moth Cercyra cephalonica in the laboratory.
Egg period was 12 days, There were 5 nymphal
instars, Duration of I, 11, II, IV and V instars was
9.14.7.10.18 days. respectively. It took 55 days to
complete the life cycle.

v) Field evaluation of natural enemies

against mango hoppers (IIHR)

Field evaluation of the entomopathogen M
anisoplice and Verficillivm lecanii was carried out
against [ nitidulus infesting mango var, Alponso.
The fungii were multiplied in the laboratory on
sorghum. Three different spore concentrations of
M. anisoplice and V. lecanii @ 1x10” spores/ml
along with the check (Imidachlorpid 0.25ml/1) and
control (distilled water) were evaluated.

Application of M. wnisopliae caused about
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67.0 per cent mortality of mango hoppers followed
by 58.9% recorded in V. fecanii treatment. The per
cent mortality in both the fungal treatments was
significantly higher than in control. Spraying of the
chemical recorded maximum mortality of 92.0 per
cent that was statistically superior to the fungal
treatments.

vi) Effect of off-season  release of
Cryptolaemus monfrouzieri to suppress
the mealybug on castard apple during
the main season (IITHR)

To study the off-season release effect, a
custard apple orchard of (.75 acres containing 100
plants was chosen at IIHR Farm. The mealybugs,
Planococeus citri and Maconellicoccus  hirsutus
appeared in severe form during August- September.
The predators released during November to January.
Mealy bugs were nol observed from January to
April. In May, the mealybugs started appearing on
the just formed fruits and only 3% plants were found
infested with the mealy bugs in May. A mean 36.98%
reduction in the plant infestation and 18.9% reduction
in fruit infestation was observed in October due to
the release of the predator.

vii) Safety of  newer pesticide to
Cryptolaemus montrouzieri (IIHR)

A total of 15 new molecules were tested for
their safety to the larvae of C. montrouzieri  Both
the initial toxicity on the day of application and
residual toxicity at different days after application
were studied. Among them. abamectin (0.5ml/l.
fipronil 1.5ml/1, novaluron 0.75m/1, fluvalimate0.5ml/
|.b profenophos Lml/ and flufenoxuron 1ml/l did not
cause any mortality. Polytrine, imidacloprid and
ethofenprox proved to be relatively less toxic one
day after application. Biofenthrin (Talstar) and
thiodicarb (Larvin) had adverse effects on the
predator even beyond 35™ day of application.

viii} Effect of commonly used pesticides in
the flowering stage on the reduviid
predator Isyndus  heros (ITHR)

A total of 12 insecticides commonly used in
mango ecosystem were screened for their safety to
the mango hopper predator [ fieros. Among them,
fenvalerate, monocrotophos, acephate, fipronil,
iamdocyalothrin and fluvalinate did not cause any

mortality of the predator. Imidocloprid. carbaryl and
polytrin proved to be harmless one day after
application while other chemicals were non-toxic
only on 14" day of application.

ix) Efficacy of the aphelinid parasitoid
Encarsia guadeloupae in the suppression
of spiraling whitefly under glass house
condition (ITHR)

Heavy incidence of spiralling whitefly was
observed on guava plants in the glass house in
February 2005, Encarsia guadeloupae  were
released on the infested plants. The spiraling
whitefly was brought under control in October
2005, Parasitism by E. guadeloupae went up to
86.70%. The population declined from 120.35/leaf in
February 2005 to 2.12/leaf in October 2005. The
temperature ranged from 21 o 40°C and the
humidity ranged from 51 to 91% in the glass house,

X)  Studies on the natural enemies of thrips on
pomegranate, mango and grapes (IIHR)

No parasitoid/predator was collected on
Scirtethrips dorsalis attacking pomegranate and
grapes. However, the fungus V. lecanii was found
o be pathogenic to both pomegranate and grape
thrips in the laboratory.

xi) Impact of naturally occurring predators
in the suppression of amla aphid,
Schontedenia emblica (IIHR)

Heavy incidence of the aphid Schontedenia
emblica was observed on amla in March 2005
(2700 aphids/shoot of 15 cm length).. The
coccinellid predator Cheilomenes  sexmaculata
appeared in the first week of April. By the end of
April, the population declined to 1558/pant. The
plants were completely cleared of aphids in the |ast
week of May 2006. A mean of 18 larvae of C
sexmeaculata were observed per shoot of 15 em
length in April.

xii) Demonstration on the performance of
bioagents (ITHR)

A} Empcarsia guadeloupae in the suppression
of guava spiralling whitefly

A demonstration was conducted on guava
(three-year-old plants) var. Allahabad Safeda
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infested with spiralling whirefly at Tarahunsae
village, Bangalore North (A total of 424 adult
parasitoids of E. guadeloupae were teleased during
August 2005). Prior to the release, there was no
activity of Encarsia. Release of E. guadeloupae
were initiated on 25" August 05 and continued up
to 14" March 06, The parasitoid was recovered in
two months after the first release, and 29.2%
parasitism was recorded. The population of the
spiraling whitefly declined gradually from 128.20/
leaf in August 05 tonil in March 05 in the parasitoid-
released orchard as compared to 70.8 whiteflies/
leaf in the control guava orchard. There was no
parasitoid activity in the check orchards. Parasitism
by E. guadeloupae started increasing steadily in
the treated orchard after the first recovery (Table
61) and reached up to 100% in March 2006,
Spiralling whitefly population was brought down
mainly due to the activity of E. guadeloupae.

B. Cryptolaemus  montrouzieri  in  the
suppression of green shield scale on
guava
Severe infestation of green shield scale was

observed in July 2006 in the guava orchard located

at Kakol village Bangalore North, The predator €.
montrouzieri started appearing by the end of June

2005 and 15-20 larvae of C. montrouzierifplant

were observed feeding on the scales. The population

of scales declined from 46.84 /plant in June to 1.52/

plant in August 2006 mainly due to the predation by

C. montrouzieri.

ST

3.12. BIOLOGICAL SUPPRESSION OF
TEMPERATE FRUIT CROP PESTS

i) Development of biointensive 1PM for
San  Jose  Seale,  Quadraspidiotus
perniciosus in apple ecosystem

(SKUAS&T)

A study was conducted in three isolated
orchards, one was IPM  managed with
approximately 80 apple trees, where 1.5% oil spray
(ATSO) was applied to 50 labeled trees and
laboratory reared Encarsia perniviosi  were
released on 20 randomly selected trees @ 1000
individuals/tree. Another was a Government orchard
that received state government recommended
chemical schedule and a third untreated check (50-
60 scattered apple trees) which reccived no
treatment.

Per cent parasitism ranged from 476 to
23.59 in IPM orchard, 2,96 to 8.92 in government
orchard and 5.86 to 16.02 in control, indicating a
positive impact of augmentative releases (Table
62), Chemically managed orchard, however. yielded
a very low level of scale parasitism without any
definite pattern. Coefficient of correlation (rf)
between per cent parasilism and scale infestation
revealed a statistically negative correlation in the
managed orchard (Table 63),

Table 61, Efficacy of Encarsia guadeloupae against spiralling whitefly on guava
Date Number of . Population of whiteflies/leaf Parasitisim
guadeloupae released Released plot Check (%0)
25-08-2006 L] 128.20 11084 0.00
24-10-2006 2640 73400 8312 2920
16-12-2004 s 53.60 64.71 4029
13-01-2005 - 16.80 56.00 864
17-02-2005 - 310 40.89 90.15
12-03-2005 - 000 T0.50 100.00
78
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Table 62, Comparative observations on San Jose scale infestation and parasitisation
Months Managed orchard (T ) Unmanaged orchard (T,) | Chemically managed orchard (T,)
Number of Parasitism Number of Parasitism Number of Parasitisin
scales /2 cm? (%) scales /2 cm? (%) scales /2 cm? (%)
March 806 476 1508 586 10.9 2596
April 1036 6,28 00 735 1388 449
May 14.81 10.95 266 1053 11.8 594
June 4704 16.71 4718 1242 14.8 697
July 513 189 53.46 1602 12.88 7.85
August 5143 2359 519 1547 1561 649
September 3993 219 37.21 1094 .35 892
Each figure in columns represents mean of 20 observations, replicated three times.
Table 63. Coefficient of correlation (1) between instar grubs by dip treatment. Best results were
parasitism and scale infestation in managed and obtained with B, brongniartii (local strain) at 107 and
unmanaged orchards 10 conidia resulting in 70 and 76.7% kill of [I-instar
Months Managed orchard | Unmanaged orchard and 63.3 and 66.7% kill of 1ll-instar grubs after 7
May 0,22 NS (.54 Sig.* weeks  of the treatment, and both  these
Jitha 037 NS 041 NS concentrations were equally effective. B. bassiana
- rovided 63.3 and 66.7% kill of [l-instar and 56.7
oy AA% | Sg* | 0D L AP it 0% 1 6 T e s, O omesatosing
August -0.51 Sig.*® -0.06 NS , P ; i i
of B. brongniartii were less effective, giving 43.4-
September | 0.50 Sig:* o NS 56.7% mortality of - and 111- instar grubs at 10°
i) Evaluation of fungal pathogens against conidia/ml concentration and M. anisopliae was

wooly aphids (DrYSPUH & F)

Trees infested with woolly apple aphid
colonies were sprayed with B. bassiana, M.
anisopline and V. lecanii at 107 conidia/ml (10"
conidiafha) in December 2005. The mecan pre-
treatment aphid colony size varied non-significantly
from 0.43 to 0.68 cm and 10-days after treatment,
per cent reduction in colony size was 22.3. 30.6,
289 and 37.5 in the three treatments and control,
respectively. while after second spray, the reduction
was 46.6, 40.3, 49.4 and 47.8 per cent, respectively,
which indicated no impact of the fungi on the
aphids.

Study on the fungus isolated from the

defoliating beetle, Bralmina coriacea
(Dr. YSPUH & F)

iii)

Three exotic isolates of B. brongniartii, a
local isolate of B. hrongniartii, and B. bassiana
and M. anisoplice procured from PDBC,
Bangalore. were lested against second and third

least effective (26.7 and 16.7% kill of 1I- and II-
instar larvae at 10%),

3.13. BIOLOGICAL SUPPRESSION
VEGETABLE CROP PESTS

OF

i) Biological control of DBM on cabbage
(ITHR)

The efficacy of DOR Br (1.0 g/}, B. bassiana
(15 /1) and EPN (1 billion/ha) Dipel (1 ml/1) were
compared with endosulfan (2 ml/1).

A mean larval population of 16.1, 11.7, 12.6
and 7.4 fplant was recorded in the plots sprayed
with DOR Bi . B. bassiana, S. carpocapsae and
Dipel, respectively. The chemical treatment
recorded a mean larval population of 9.7 larvae per
plant. while control plot recorded 24.2 larvae per
plant. There was a significant difference in yield
between various treatments (26.5 to 29 t/ha). Dipel
recorded the maximum yield (29 vha) and in control
the yield was 13 vha (Table 64).

P
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Table 64. Effect of biological control agents on the incidence of Plutella xylostella

Treatment Pre-treatment count Mean population Yield (t/ha)
DOR Br 65 16.1¢ 24.4°
Beauveria bassiania 63 117 287
EPN 63 12.6¢ 280
Bt formulation (Dipel) 60 T4 29.0°
Endosulfan 6.7 9.7 26.54
Control 6.7 24.2¢ 13.0¢

Means followed by similar letters are not significantly different (P=(.05) by DMRT

ii)y  Evaluation of EPN against brinjal shoot
and fruit borer

ITHR

EPN was evaluated on the brinjal var. Arka
Neelakanth in an area of 500 m® with five
treatments. Three dosages of the nematodes S.
carpocapsae @1, 1.5 and 2 billionfha were
compared with the standard check (Cypermethrin
25 9B ' - (0.5 ml/l) and control. First spray at the
ahbove-specified concentrations  was  imposed
following initiation of about five per cent flowering,
Ten sprays were applied at weekly interval during
the evening hours. The field was irrigated before
the day of spraying.

The per cent infestation at harvest in control
plots varied from 13.8 10 40.76 with a mean of 14.4
per cent fruit damage. In EPN treatments there
was significant reduction with the infestation varied
from 4.4 to 18.1 per cent. and a mean fruit damage
of 7.9, 7.8 and 7.8 in 8. carpocapsae sprayed @
1. 1.5 and 2 billion /ha. respectively. A mean of 8.9
per cent damage was recorded in the eypermethrin
treated plot, which was superior to control. The
yield was higher in EPN @ 2.0 billion/ha (32.5 1/
ha) treatment, which was as effective as chemical
control (31.1 t'ha).

KAU

The experiment was conducted using var,
Swetha. The pest incidence was significantly lower
in chemical control plot than in biocontrol treatments.

The overall mean fruit infestation was lowest
in Bt applied a1 2.0 kg/ha (13.6%). which was on
par with EPN (17.4%) and chemical control
treatments (19%).  Untreated control recorded
significantly higher shoot and fruit infestation. Fruit
yield was highest in EPN and on par with 8/ and

quinalphos treated plots, followed by T. chilonis
released plots (Table 65).

jii) Microbial control of Trialewrodes
vaporariorurn  using fungal pathogen
(Dr.YSPUH & F.)

On potted and whitefly infested hean plants,
conidial suspensions of Beauveria  bassiana,
Vertieillinm lecanii and Fusarium pallidoroseum
were sprayed at 107, 10%and 10° conidia/ml. While
V. lecanii @ 10" conidia/ml provided 88.0%
nymphal mortality in 15 day observation, it was
82.3% in the case of B. bassiana. With F
pallidorosewm, mortality was comparatively lower
(36.6%). Under glasshouse conditions. ¥ lecentii at
10% and 107 conidia/ml spore suspension. provided
only 32.0 and 43.3% kill and B. bassiana, 19.3 and
27.7% after 15 days of treatment.  Fusarimm
patlidorosewm was not elfective.

ivi  Evaluation of DOR Br against fruit borers
of brinjal and okra

KAU

Four Br sprays were applied at three
concentrations (1.0, 1.5 and 2.0 kg/ha) on okra var.
Salkeerthy and for comparison malathion (0L05%)

Table 65, Biological control of shoot and fruit borer
in brinjal
Treatment Shoot Fruit yield
infestation (%) (kg/ha)
EPN @ 1b/ha 1822 §957.5*
EPN @ 2b/ha 17.4 % 5721.5*
Br @ 2.0 kg/ha 13.6+ 5272.6*
1. chilonis @ 50000/ha 210" 4237.3"
Chemical contral 19.0 ™ 5340.8"
Control 25.2¢ 3615.4°
Means followed by similar letters are not significantly
different (P=0.05) by DMRT
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was used. There was no significant difference
between the treatments with respect to shoot
damage (26.8-38.4%). Significantly low fruit
infestation was recorded in chemical control (1.7%).
There was no significant difference between fruit
yield and treatments (1208 to 1241 kg/ha) (Table
63). These results indicate that application of Br @
1.0kg/ha was as effective as spraying 0.05%
malathion (Table 66).

In another experiment on brijal. four Bi
sprays were given @ 1.0, 1.5, 2.0 kg/ha on var.
Haritha. Malathion (0.05%) spray was used as a
standard check. The overall mean fruit infestation
was minimum in Bf 2.0 ke/ha (21.7%) and maximuom
in control plot (50.4%). Fruit yield was maximum
in Br 2.0 kg/ha (3290 kgfha). All other treatments
were on par (2448 to 3041 kg/ha). The cost benefit
ratio was high in Bt (1.0 kg/ha) considering the cost

of increased vield/ha over control (Table 67).

PAU

The experiment on evaluation of DOR Bt
against fruit borer, Eqrigs spp. on okra was
conducted using var. Punjab 8 with five treatments,
viz. DOR-B: (1.00. 1.5 and 2.0kg/ha) and endosulfan
(350ml/acre) as standard check and a control plot.

All the treatments except DOR Br (1.0kg/ha)
showed lower damage than control (Table 68). The
fruit damage was lowest in endosulfan and it was
at par with higher dose (2.0kg/ha) of DOR Br
(28.3%). The highest yield (90.3 g/ha) was obtained
from the plots treated with endosulfan and it was
at par with higher dose (2.0 kg/ha) of DOR Br. It
can be concluded that DOR Bt @2.0kg/ha was at
par with chemical control and it proved effective for
the management of Earias sp. on Okra.

Table 66. Biological control of shoot and fruit borer in okra

Treatment Shoot infestation (%) Fruit infestation after 4 sprays Total yield (kg/ha)
Bt @ 2.0 kgiha 268 4.6 12413
Bt @ 1.5 kg/ha 289 R 1208.8
Br @ | kg'ha 269 6.7 % 12230
Chemical control 384 1 12368
Control 312 5.9 1155.3

Means followed by similar letiers are not significantly different (P=0.05) by DMRT

Table 67. Efficacy of B against shoot and fruit borer in brinjal

Treatment Sheot infestation (%) Fruit infestation afier 4 sprays Total yield (kg/ha)

Br @ 2.0 kg/ha 268 2L 52900

Be @ 1.5 kg/ha 289 Bk S b 3041t

Br @ 1 kgfha 269 3R.6" 2537

Chemical control 384 33.7° 2775"

Control 312 504" 2448

Means followed by similar letters are not significantly different (P=0.05) by DMRT

Table 68. Evaluation of Bacillus thuringiensis

formulation against fruit borer on Okra v)  Effectiveness of various microbial

Treatment Per cent fruit | Fruit yield pesticides ﬂ.l'lil i Snmel 0“_ BgRiney
damage (q/ha) Pieris brassicae (Lepidoptera:Pieridae)

DOR- Bt5 (2.0kg/ha) . 798 A.  Knol khel (SKUAS & T)

DOR- Bt5 (1.5kg/ha) 32 7310 , o » ) ,

DOR_ Bi5 (1.Okg/ha) o7 AT _ Various I’I'I‘lCl‘Ol)IZi"‘pESllL‘lde.‘%, ViZ., Berar:vf'rccr

bassiana @  Ix10%  sporestha.  Bacillus

Epdositten(@tnliagie) | 280 e thuringiensis @ 10  kgfha,  Metarhizium

Control il 55.% anisopliae @ 107 conidia/ha, Heterorhabditis

Means followed by similar letters are not significantly indica @ 2 billion/ha, a summer oil (DC Tron Plus

ditferent (#=0.05) by DMRT @ 0.75%), neem (1.0%) and dichlorvos (0.05%)
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were evaluated for their efficacy against Pieris
brasicae on knol-khol under field conditions and
compared with an untreated check, On 2" day
dichlorves recorded 45% mortality. which increased
to 100% on 8" day. Among microbials, B. bassianag
recorded initial mortality of 9.3% on 2 day, which
reached to 72.3% followed by M. anisopliae
recording 51.7% mortality. Bacillus thuringiensis
and neem could only record 47.3 and 47.7%
martality, respectively. up to 16" day. DC Tron Plus
recorded 63.7% mortality, but phytotoxicity was
observed on its application. Heterorhabditis indica
was least effective recording only 10.7% mortality
(Table 69).

B. Cauliflower (Dr. YSPUH & F)

Bacillus thuringlensis kursioki (Btk) (1.0
kg/ha), Beawveria bassiana (10" conidia/l), Eco
Neem Plug (0.2%). summer spray oil (DC Tron
Plus, 0.75%). and dichlorvos (0.05%) were applied
on cauliflower for suppression of cabbage butterfly
larvae.

Results indicated that after 10 days of the
treatment. there was no live larva on plants treated

with neem and dichlorvos. However, on Bik treated
plants, 5.7 larvae /plant were recorded. The per
cent damaged leaves in various treatments did not
ditfer significantly but the graded leaf damage was
significantly low on plants treated with Btk (0.21%),
neem (0.21%) and dichlorvos (0.20%), other
treatments being ineffective (Table 70).

vi) Ewvalunation of some fungal bio-control
agents for the control of cabbage aphid
(Brevicoryne hrassicae)

Dr. YSPUH & F

Three fungal preparations, viz. Verticillium
fecanii, Beawveria bassiana and  Fusariwm
pallidorosewm, each at 10" conidia/l  water,
summer spray oil (DC-Tron Plus (075%) and
oxydemeton methyl (0.025%) were evaluated on
cabbage aphid and among them none proved
effective except oxy demeton methyl.
SKUAS&T

Among the microbials, V. lecanii @ 10"
conidia/ha caused initial mortality of 34.3%, which
inereased to 73% on 12" day, Beauwveria bassiana

Table 69. Biological control of Pieris brassicae larvae on knol khel

Treatment Per cent mean mortality (Days after application)
2 8 1y
Beauveria bagsiand @ 1x10° spore/ml 93 18.0 723
Bacillus thuringiensis @ 1.0 kefha 00 10.3 473
Metarhizium anisopliae anivapliae @ 1x10% spore/ml 20 222 51.7
Heterorhabditis indica @ 2 billion /ha 00 00 107
D.C. Tron Plus (0.73) 123 23.3 637
Neem (1.0%) 00 1.0 47.7
Dichlorvos (0.05%) 450 1000 1000
Control 00 00 43
CD(P=0.05) 32 16 19

Table 70. Effect of some biopesticides on Pieris brasyvicae larvae on cauliflower

Treatment Number of larvae/plant Leaf damage on 10" day (%)
Pre-treatment Post-treatment on 10" day
Btk (1.0 kg/ha) 797 59 o4
B. bassiana (10" conidia) 467 B3 590
Eco Neem Plus. (2ml/1) 623 0.0 747
DC-Tron Plus (0.75%) 583 10.5* 67.7
DDVP ({).05%) 629 0.0° 562
Control (water spray) 529 9.95 737

Means followed by similar letters are not significantly different (P=(0.05) by DMRT
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@ 1x10" conidiasha caused 64% mortality on 12t

day. The summer oil (DC Tron Plus @ 0.75)

recorded a maximum of 80% mortality. Oxy methyl

demeton (0.025% ) recorded §1.3% mortality on the

3¥ day and 100% on 6" day.

vii) Development of biocontrol-based IPM
module against cabbage pests (SDALU)

A biocontrol-based IPM module {(comprising
the use of sex pheromone traps @ 5/ha each for
H armigera, 8. litwra and P. xylostella, mechanical
collection and destruction of egg masses and first
instar larval masses of S. lrura, six releases of T,
chilonts @ 50000/ha/week at the first observation
of egg stage in the field and spray of NSKE (5%))
were compared with chemical module comprising
of alternate spray with oxvdemeton methyl ((.03%),
quinalphos (0.05%) and endosulfan (0.07%) and
farmers’ practice at Sadarkrushinagar. The modules
were evaluated against H armigera, S. litura and
P xylostelfa.

BIPM module was on par with farmers’
practice with respect to the management of H
armigera (3.09 and 3.74/plant), S, fitura (3.98 and
4.39/plant) and £ xylostella (3.44 and 3.86/plant).
Chemical treatment module resulted in lowest larval
population of the three pests H armigera (2.79/
plant), S. firura (3.40/planty and P xyloseella (2.50/
plant). Maximum yield was obtained in chemical
module (280 g/ha) (Table 71).

3.14. BIOLOGICAL SUPPRESSION OF
STORAGE PESTS
i) Evaluation of Beauveria bassiana and

Metarhizium anisoplice isolates against
bruchids (Callosobruchus spp.) in green
gram in storage

PDBC

Six isolates of fungi belonging to B. bussiana

(Bb-54, Bb-6 and BB-11) and M. anisopliae (Ma-
2, Ma-4, Ma-6}) were tested against adults of
Callosobruchus spp. Bioassay was carried out by
treating the adult bruchids with agueous spore
suspension (1x10° spores/ml) or treating with the
dry spore dust (1x10° spores/g) and releasing the
adults into containers with green gram seed. B
bassiana isolates caused higher mortality (83.4-
96.3%) and mycosis (62.3-82.3%), compared to M.
anisopliae isolates, which caused 72.8-84 3%
mortality and 32.3-61.6% mycosis. Bb-11 isolate of
B. bassiana caused maximum mortality (96.3%)
and mycosis (82.3%). From the mycosed beetle, the
respective isolate of the fungus was reisolated, In
control 39, 7-40.2% mortality was observed without
mycosis. Both types of inocula (aqueous spore
suspension and dry spore dust) were found to be
equally effective in causing mortality and mycosis.

Two kg of green gram in four plastic
containers (@  500g/container) were treated
separately with spore dust of six isolates viz. Bb-
Ja, Bb-6 and Bb-11 and Ma-2, Ma-4, Ma-6 @ 10
sporestkg seed and 25 pairs of beetles were
released ito each container. The seeds treated with
0.1% groundnut oil served as standard check and
the seeds without any treatment served as control,
The containers with treated seeds were placed in
a growth chamber set at 25"+ C and 70 * % RH.
The populations of live, dead and mycosed beetles
were recorded at monthly intervals. After 4 months
storage. among the fungal treatments, Bb-11 isolate
showed the minimum number of live beetles (123},
maximum dead beetles (383) and maximum
mycosed beetles (58.7% ). Un-treated seed had 347
live beetles and 281 dead beetles without mycosis.
The grain damage observed in fungus-treated seeds
was 96.8-99 2% which was on par with the damage
observed in control (99.6%). Treatment with (.1%
groundnut oil was found to be the best recording no

Table 71. Management of pest complex in cabbage
Treatment Mean number of larvae/plant Head damage Yield ig/ha)
H, armigera S. litwra P xviostella at harvest (%)

BIFM 3 3.98 34 3583 24550
Chemical control 279 3.40 2.50 2940 230,00
Farmers’ practice 374 439 3.86 3243 254,50
Control 443 727 5.70 41.26 171.50
CD (P=0.05) (.30 0.13 n46 4.29 2110
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live insects four months after the start of the
experiment (Table 72),

PAU

The influence of three isolates in each of B.
bassiana (Bb-5A, Bb-6& Bb-11) and M.
anisopliae  (Ma-2, Ma-4, Ma-6) against

Callesobruchus macwlatus in green gram and
Callosobruchus  chinensis  in chickpea were
evaluated in storage for four months. The green
gramy chickpea were mixed with the conidial dust
@ lg/ 500g seed in glass battery jars and one-day
old adult beetles (25 pairs) were released into them
and compared with control (without treatment) and
19 groundnut oil treatment (standard check).

The population build-up of C. maculatus in
B. bassiana  (1472-1740) and M. anisopliae
isolates (1560-1610) treated green gram was il

par with the control in storage (1679). However,
the population of beetles did not build-up in
|% groundnut oil ireated green gram seeds in
storage (13.3).

Groundnut oil (19%) significantly affected the
population build-up of C. chinensis in chickpea
during storage as the number of adults was very low
(13.3) compared to the control (1214). It was
followed by all the three isolates of M. anisopliae
(808-964) with no significant difference between
the three, The population build-up of adults during
storage after treatment with three isolates of B.
bassiona (1182-1331) was at par with that of
control (1214). Further, in case of both the species
of bruchids, no mycosed adults were observed
during the storage period and there was 100% grain
damage in all the B. bassiana and M. anisoplice
treatment and control (Table 73).

during storage

Table 72. Evaluation of Beauveria bassiana and Metarhizium anisopliae isolates against bruchids in green gram

Fungal isolate Number bruchids after 120 days of treatment Grain damage (%)
Live Mycosed (%)
Bb-3a 267 587 978
Bb-6 320 412 986
Bhb-11 123 387 968
Ma-2 351 203 952
Ma-4 324 Mo 988
Ma-6 342 332 974
Groundnut oil (1%} 0 0.0 002
Control tadl 0.0 96
CD(P=0.05) 86.3 79 48 J

macufatus in green gram in storage

Table 73. Evaluation of Beauveria bassiana and Metarhizinm anisopliae isolates against Callosobruchus

Treatment Number of beetles after 2 months Number of beetles after 4 months
of storage of storage

Bb-5A 3359.8" 682.3"

Bb-6 42738 630.5"

Bh-11 228500 658.8"

Ma-2 3353.50 5903

Ma-4 30075 S44.3"

Ma-6 36293 532.0p

1% groundnut oil 107 Lor

Control 36443 a96.0"

Means followed by similar letiers are not significantly different (P=0.05) by DMRT

84 Project Directorale of Biological Coniral



3.15. MICROBIAL CONTROL OF WHITE
GRUBS IN TURF (SKUAS & T)

The experiment was carried out at Royal
Spring Golf Course, Srinagar. Seven treatments, viz.
Beauwveria bassiana local, B. brongniartii local
and Metariizium anisopliae local, each at the rate
of 1x10'" spore/ml, chlorpyriphos (20 EC_ (4 l/ha),
Steinernema  carpocapsae and  Heterorhabdiiis
bacteriophora each @ 35 billion 1js/ha and water as
check were evaluated against third instar white
grubs in 6m? size plots with three replications in
REBD.

The data revealed that the highest per cent
mortality (83.5) was obtained with M. anisopliae
local @ 1x10" spore /ml on 30" day of application.
Entomopathogenic nematodes. S. carpocapsae and
H. bacteriophora were found to be least effective
(Table 74).

o

3.16. POLYHOUSE CROP PESTS

i) Evaluation of fungal pathogens for the
control of sucking pests of capsicum in
polyhouses

MPKY

The experiment was conducted under
polyhouse condition in Hi-Tech Floriculture Project,
College of Agriculture, Pune on capsicum. The
bioagents tested were M. anisoplive @ 107
conidiafl, ¥ lecanii @ 10" comdia/l, B, bassiang
@ 107 Hirsutella  thompsenii
formulation@ 10 g/l. methyl demeton (0.05%) and
an untreated control. Spraying of V. lecanii was

comdia/l,

comparatively more effective than other fungal
pathogens against thrips but not as effective on the
chemical insecticide (Table 73).

Table 74. Efficacy of different fungal bioagents for the control of white grubs in turf

Treatment Concentration Per cent mean mortality Per cent reduction
(sporesiml or ijs/ha) (DAT) over control
100 300 10 30™
Beauveria bassiana local Ix10" 286 718 140 6.2
B. brongniartii local Ix10= 321 621 186 329
Metarhizium anisopliae local 1x10° 480 #3.4 385 T8
Steinernema carpocapsae 3 billien 129 224 726 54
Heterorhabiditis bacteriophora 5 billion 159 335 1.1 113
Chlorpvriphos 20 EC 41 l/ha 533 834 439 674
Water (Control) = 170 248 N -
CD(P=0.035) - 09 63 - -

Each figure is a mean of three replications: DAT: Days after treatment

Table 75, Efficacy of fungal pathogens against thrips on capsicum in polyhouse in Pune

Treatment Mean thrips population/ 3 leaves (days after spray)*
Pre-count s 7

M .anivopliae 16.5¢ 11.6 ¢ 10.5
H. thompsonii 16.7¢ 11.6¢ 09.9 ¢
B. bassiana 15.3* 12.8¢ 100 =
Vo lecanii 15.6" 07.9°* 074"
Methyl demeton 155" (4,3° Q16"
Control 16.5 ¢ 19.5° 256¢

Means followed by similar letters are not significantly different (P=0.03) by DMRT
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The evaluation of fungal pathogens against
aphids on capsicum was carried out at Vellanikkara
Three sprays were applied in fungal
treatments and a single spray in chemical control
(imidacloprid 0.25 ml/1). Aphid count was minimum
in imidacloprid treated plants followed by B
bassiana and V. lecanii (Table 76)

drca.

3.17. BIOLOGICAL SUPPRESSION OF

WEEDS

Survey for the natural enemies of Cyperus
rotundus (AAU, Jorhat)

The survey for the occurrence of natural
enemies of Cyperus rotundius have been made in
the Jorhat, Golaghat and Nagaon districts, The
survey work revealed the occurrence of an
umdentified borer pest on this weed and the
incidence of the pest was very low.

Table 76. Efficacy of fungal pathogens against aphids on capsicum in polyhouse

Treatment Mean number of aphids/leat *
Pre After 1" spray After 2" spray After 3* spray

count 5% day ™ day " day ™ day 5" day 7 day
Chemical control 278 03¢ 0.2¢ 0.0¢ 0,14 0.4t 0.2°
B.  bassiana 13.8 1.5 2.8¢ 20! 1.4¢4 0.3¢ 0.5¢
M. anisoplice 272 524 19.9° 6.03" 16" 2.1° 3.3
. thompsonii 314 7.7° [t 2.6 3.8° 0.8 1.0%e
V. lecanii 474 23.8% 8.1 4.6° 9.4t L 1.9¢
Verticel (V. lecanii) 330 1.6%¢ 50bc 3.2 4.8bc 1.8" 0.6¢
Contrel 172 22.1¢ 18.0* 21.4 12.0* 14.8° 153+

Means followed by similar letters are not significantly different {P=0.05) by DMRT
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6. TECHNOLOGY ASSESSED,
MATERIALS DEVELOPED

TRANSFERRED AND

DNA

Jalali.

Jalali,

Jalali.

Jalali,

Jalali,

sequences generated

S. K., Ashok Kumar, G. Niranjana, P.,
Venkatesan, T., Murthy, K. 5. and Lalitha, Y.
2006. Internal transcribed spacer-2 (ITS-2)
sequence variation in Trichogranima species
- Trichogramma brasifiensis  tfrom USA

internal transcribed spacer 2, complete
sequence. LOCUS: 526 bp DNA.
ACCESSION No. DQ381281.

5. K., Ashok Kumar, G, Niranjana, P,
Venkatesan, T., Murthy, K. 5. and Lalitha. Y.
2006. Internal transcribed spacer-2 (ITS-2)
sequence variation in Trichegramma species
- Trichogramma evanescens from Germany
internal transcribed spacer 2, complete
sequence. LOCUS: 517 bp DNA,
ACCESSION No. DQ38128(0.

5. K., Ashok Kumar, G, Niranjana, P.
Venkatesan, T., Murthy, K. S. and Lalitha, Y.
2006. Internal transcribed spacer-2 (ITS-2)
sequence variation in Trichogramma species
- Trichogramma mawanzal from Kenya

internal transcribed spacer 2. complete
sequence. LOCUS: 500 bp DNA.
ACCESSION No. DQ381279.

S. K., Ashok Kumar, G., Niranjana, P,
Venkatesan, T., Murthy, K. 8. and Lalitha, Y.
2006. Internal transcribed spacer-2 (1TS-2)
sequence variation i frichogranuna species
- Trichogramma  dendrolimi  internal
transcribed spucer 2, complete sequence.
LOCUS: 5340 bp  DNA. ACCESSION No.
DQ344045.

S. K., Ashok Kumar, G., Niranjana, P,
Venkatesan, T.. and Lalitha. Y. 2006. Internal
transcribed  spacer-2  (ITS-2)  sequence
variation in  Trichogramma  species

Trichogramma  embryvophagum  internal

Jalali,

Jalali,

transcribed spacer 2, complete sequence.
LOCUS: 593 bp DNA. ACCESSION Na.
DQ344044.

S. K. Ashok Kumar, G, Niranjana, P,
Venkatesan, T., Murthy, K. 5. and Lalitha,Y.
2006, Internal transcribed spacer-2 (ITS-2)
sequence variation in Trichogramma species
—  Trichogramma  brassicae  internal
transcribed spacer 2, complete sequence.
LOCUS: 520 bp  DNA. ACCESSION No.
DQ314611.

§. K. Ashok Kumar, G, Niranjana, P,
Venkatesan., T., Wahab, S, and Lalitha.Y.
2006. Internal transcribed spacer-2 (ITS-2)
sequence variation in Trichogramma species
- Trichogramma chilonis internal transcribed
spacer 2, complete sequence. LOCUS: 541
bp  DNA. ACCESSION No. DQ220703.

Nagesh, M. 2005, Molecular identification of

antagonistic fungi (Pochonia
chlamydosporia). The genomic DNA of the
native isolate of P chlamydosporia (PDBC
PC56) was extracted and sequenced the
genes and the sequences were deposited
with NCBI GenBank, Maryland. USA. The
GenBank accession number is DQ417603.

Biocontrol demonstration in farmers’ field

The technology on the control of spiralling
whitefly with use of parasitoid Encarsia
guadeloupae on guava

Control of grape mealybug with use of

predator Cryptolaemus
demonstrated

mentrouzieri

Control of sugarcane woolly aphid with
predators

Biological control in B cotton and in organic
rice
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Computer-aided keys / web content

The wehsite on the Coccinellidae of the
Indian Subcontinent (Web page on Coccinellidae of
the Indian region with image galleries of common
species of coccinellids, their natural enemies and
other assorted images (URL:www.angelfire.com/

bug2/j_poorani/index.huml) constructed last year
was maintained and fresh content was added during
the period under report. About 50 new photographs
of coccinellids were uploaded to the website. An
illustrated account of the general morphology of
coccinellids was also included in the site during the
period under report.
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7. EDUCATION AND TRAINING

International
Name and Training programme Dates Venue
designation
Dr. 1. Poorani Invasion biology, Collections and Systematic of | 13-05-2005to Washingion DC,
Sr. Scientist ladybird beetles 21-05-2005 Usa
Dr. R. J. Rabindra Pathways out of poverty 22-09-2005 to Cambridge, UK
Project Director & 23-09-2005
Dr. P. Sreerama
Kumar, Sr, Scientist

National
Name and Training programme Dates Venue
designation
Dr. 8. K. Jalali, Capacity building programme for Indian | 20042005- | NAARM,
Sr. Scientist Agricultural  Research, Exiension and |30:042005 | Hyderabad
Dr. S. Ramani, Development Organisations in Globalised
Sr. Scientist, Economy

Dr, B. Ramanujam
Sr. Scientist,

Dr. M. Magesh,
Sr. Scientist

Dr. T. Venkatesan.
Sr. Scientist

Dr. (Ms) K. Veena Recent Advances in Agricultural Research 05-05-20035 to| NAARM,

kumari, Sr. Scientist Project Management 25052005 Hyderabad

Dr.R. Rangeshwaran, Bio-intensive [PM of insect pests and 09-11-2005 to, DOR, Hyderabad
Scientist (58) dizseases of crops 20112005

Dr B. 8. Bhummannavar, | Workshop on Administration and 26-09-2005 to| Agri-Science
Principal Scientist. Management of Agricultural Research 3H9-2005 Knowledee Resource
Mr. Satendra Kumar Stations Group, ICRISAT,
Technical Officer Hyderabad

Dr. K. Srinivasa Murthy. | Capacity Building in Identification and 21-09-2005 to| UAS, GKVK,
Senior Scientist Management of Mite Pests of Crops 11-10-2005 | Bangalore

Dr. §. Sriram, Microbial Diversity Analysis of Agriculturally | 03.01-2006 to| NBAIM, Kusmaur,
Scientist (S8) Important Microorganisms 25-01-2006 | Mau Nath Bhanjan
Ms. Shashikala Effective Management of Technical 20-03-2006 to| NAARM.

5. Kadam Assistance in Agricultural Research 25032006 | Hyderabad.

§9
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8. AWARDS AND RECOGNITIONS

PDBC, Bangalore

Sunil Joshi, Scientist (SS) was awarded Ph. D
degree in Agriculture Entomology by University of
Agriculural Sciences, Bangalore

AAU, Anand

Jani, J. J., was awarded Ph. D. degrec in
Microbiology by Bhavnagar University, Bhavnagar.

Dr. D, N. Yadav was been awarded “Dr. R. L.
Srivastava memorial National Award”™ at National
conference during September 26-29, 2005 at
Maharana Pratap University of Agriculture and
Technology. Udaipur.

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

Research projects — Lateral sources at Project
Directorate of Biological Control, Bangalore

DBT-Funded projects

1. Isolation. purification and characterization of
navel insecticidal toxins from Photorhabdies
luminescens and Xenorhahdus spp. of
bacteria from entomopathogenic nematodes

02

Development of biocontrol strategies for the
management of sugarcane woolly aphid.
Ceratovacuna  lanigera.

3. Development of a strain of Trichogrammea
chifonis 1olerant to newer insecticides and
high temperature

4. Ewvaluation of arbuscular michorrhizal fungi
and entomopathogenic nematode cruisers
interaction on the reproduction and
development of root knot nematode, M.
incognita

5. Management of cardamom root grub,
Basilepta fulvicorne with entomogenous
nematodes

6. Development of invert-emulsion formulation
of Trichoderma harzianum with prolonged
shell-life and enhanced biocontrol potential

ICAR Cess-fund projects

1. Development of commercial formulation of
antagonistic fungi (Paecilomyces lilacinus
and  Verticillium  cllamydosporinm)  for
biological control of Meloidogyne incognita
and Rotvlenchulus reniformis (ICAR-Cess

fund})

2, Development of a strain of Trichogramma
chilanis tolerant 10 newer insecticide and
high temperature

3. Network project of biosystematics

DAC-funded project
I.  Technology Mission for Cotton

DFID (UK)-funded project

1. Classical biological control of Mikaria
micrantha with  Puccinia  spegazzinit:

implementation phase

9 " project Directorate of Biological Control
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10. AICRP/COORDINATION UNIT /NATIONAL CENTRES

With a view to fulfil the mandate effectively and efficiently, the Project Directorate 1s functioning

with the following State Agricultural University-based and ICAR Institwie-based cenires.

State Agricultural University-based centres

L Acharya N. G Ranga Agricultural University Hyderabad
ii. Anand Agricultural University Anand

i Assam Agricultural University Jorhat

iv. Dr.Y.S.Parmar University of Horticulture and Forestry Solan

v, Gobind Ballabh Pant University of Agriculture and Technology Paninagar
Vi. Kerala Agricultural University Thrissur

Vil Mahatma Phule Krishi Vidyapeeth Pune

viii.  Punjab Agricultural University Ludhiana

ix. Sher-e-Kashmir University of Agriculiural Science & Technology Srinagar

X Tamil Nadu Agricultural University Coimbatore
ICAR Institute-based centres

i Central Plantation Crops Research Institute Kayvangulam
i, Central Tobacco Research Institute Rajahmuondry
1il. Indian Agricultural Research Institute New Delhi
v, Indian Institute of Horticultural Research Bangalore
V. Indian Institute of Sugarcane Research Lucknow
Vi Sugarcane Breeding Institute Conmbatore

With & view to fulfill the mandate given. under the AICRP on Biocontrol the programmes distributed
among six ICAR Institutes and ten State Agricultural University (SAUs) in addition to seven voluntary
centres as coordinating centres based on infra-structural facilities and expertise available as follows:

Headguarters
Project Directorate of Biological Control, Bangalore Basic research
ICAR Institute based centres

Regional Station (CPCRI). Kayangulam Coconut

Project Directorate of Biological Control an



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

State Agricultural University based centres

Assam Agricultural University, Jorhat

Acharva N.GRanga Agricultural University, Hyderabad

Govind Ballabh Pant University of Agriculture and Technology, Pantnagar

Gujarat Agricultural University, Anand

Kerala Agricultural University, Thrissur

Mahatma Phule Krishi Vidyapeeth, Pune

Punjab Agricultural University, Ludhiana

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

Tamil Nadu Agricultural University, Coimbatore

Dr.Y.S Parmar University of Horticulture & Forestry, Solan

Voluntary centres

National Research Centre for Soybean, Indore

National Research Centre for Weed Science, Jabalpur
Chaudhary Charan Singh Haryana Agricultural University, Hisar
University of Agricultural Sciences, Bangalore

University of Agricultural Sciences, Dharwad

Wasantdata Sugar Institute, Pune

Tobacco, soybean
Basic Research
Fruits & vegetables
Sugarcane

Sugarcane

Sugarcane, pulses, rice
and weeds

Sugarcane, cotton and
vegetables

Plant disease
antagonists

Cotton, pulses,
oillseeds, vegetables
& weeds

Rice, coconut, weeds,
fruits and coconut

‘Sugarcane, cotton,

soybean and guava

Sugarcane, cotton,
oilseeds, tomato, rice
and weeds

Temperate fruits and
vegelables

Sugarcane, cotton,
pulses, and tomato

Fruits, vegetables and
weeds

Soybean

Weeds

Sugarcane

Cotton, pigeonpea
Cotton, chickpea

Sugarcane
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11. LIST OF PUBLICATIONS

5

Research papers refereed

scientific journals

published in

(a) Project Directorate of Biological Control,
Bangalore

Bajpai, N. K., Ballal, C. R, Rao, N. S. Singh, S.
P and Bhaskaran, T. V. 2005. Competitive
Interaction between two  ichneumonid
parasitoids  of  Spodoptera  litwra.
BRiocontrof, 51: 419-438,

Bakthavatsalam. N. and Tandon, P. L. 2006.

Behavioural —response  of  strains  of
Trichegramma  chilonis  Ishii  to  the
kairomonal  substances.  Jowrnal  of

Biological Contrel. 200 13-17.

Ballal, C. R., Srinivasun, R. and Chandfashcl\'har_. B.
2005. Evaluation of quality of Trichogramma
chilonis 1shii from different production units
in India. Journal of Biological Control, 19:
1-8.

Hussaini. 8. S.. Nagesh, M., Rajeshwari. R, and
Dar, M. H. 2005. Field evaluation of
Entomopathogenic nematodes against white
grubs (Coleoplera: Scarabaedidae) on turf
grass in  Srinagar.  Annals  of  Plant
Protection Sciences. 13: 190-193.

Hussaini, S. S., Nagesh, M., Rajeshwari, R. and
Dar, M. H. 2005, Effect of antidesiccants
on survival and Pathogenicily of some
indigenous isolates of EPN against Pluzella
xylostella Annals  of Plant  Protection
Seiences, 13 179186,

Hussaini, 8. S., Nagesh, M. and Shakeela, V. 2005.
Survival of infective  juveniles  of
Entomopathogenic nematodes under storage
and their infectivity against Galleria
mellonella and Spodoptera litura. Indian
Jowrnal of Plant Protection, 33: 68-T1.

Hussaini, S. S.. Nagesh, M., Rajeshwari, R. and
Shahnaz Fathima 2005, Effect of adjuvants

an survival and pathogenicity of some
indigenous isolates of EPN. Judian Journal
of Plant Protection, 32: 111-114.

Hussaini. S. §., Shakeela V. and Dar. M.H. 2005.
Influence of temperature on infectivity of
Entomopathogenic  nematodes  to  black
cutworm, Agrotis ipsilon (Hufnagel} larvae
Jowrnal of Biological Control, 19: 51-38.

Jalali. S. K., Venkatesan, T., Murthy, K. S., Biswas,
S. R. and Lalitha, Y. 2005. Influence of
temperature and host density on functional
response of Telenomus remus Nixon, an egg
parasitoid of Spodoptera litura Fabricius.
Entomon, 300 193-199.

S.K.. Venkatesan, T. Murthy, K.S.,
Bhaskaran, T.V. and Lalitha, Y. 2003.
Preliminary attempt at biological control of
coconut black headed caterpillar, Opisina
arenosella Walker using two  Trichogramma
species. CORD, 21: 1-6.

Jalali, S.K., Murthy, K.S., Venkatesan. T.. Lalitha.
Y. and Devi, B.S. 2003, Preliminary testing of
some new release methods for egg parasitoid
Trichogramma spp. Journal of Biological
Conirol, 19: 99-104.

Kumar, P. S., Singh, Leena and Tabassum,
Habheeha. 2005, Potential use of polyethylene
glycol in  the mass production  of
nonsynnematous and synnematous strains of
Hirsutella thompsonii Fisher in submerged
culture. Journal of Biological Control, 19:
105-113.

Kumar. P. §.. Palakshappa. M, G and Singh, Leena.
2005, Effect of polyethylene glycol on the
biomass characteristics of  Trichoderma
harzianum and T, viride in liquid culture.
Indian Phytopathology, 58: 466-469.

Kumar, P. S., Ramani, S. and Singh, S. P. 2003,
Natural suppression of the aquatic weed

Jalali.
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Salvinia molesta D.S. Mitchell, by two
previously unreported fungal pathogens.
Journal of Aguatic Plani Managenient, 43:
105-106.

Kumar, P. 8., Rabindra, R, J., Usha Dev. Puzari, K.
C., Sankaran, K. V., Khetarpal, R. K., Ellison,
C. A. and Murphy, S.T. 2003. India to release
the first fungal pathogen for the classical
biological control of a weed. Biecontrof
News and Information, 26: TIN-TIN,

Nagesh, M., Hussaini, 5. §. and Chidanandaswamy,
B.S. 2003, Incidence of root-knot nematode,
Meloidogyne  incognita  on  gherkin,
Cucumis sativas and  yield losses. lndian
Journal of Plant Protection, 33: 309-311

Nagesh, M., Hussaini, S. 8., Chidanandaswamy, B.
S. and Biswas. 5. R. 2003. Isolaton, ir vitro
characterization and predaceous activity of
an Indian isolate of the fungus, Arthrobotrys
oligospora on the root-knot nematode,
Meloidogvne  incognita.  Nematologia
Mediterraneq, 33: 179-183.

Nagesh, M., Hussaini, 8.58., Jagadish Kumar, H.R.
and Chidanandaswamy, B.S. 2005. Influence
of laboratory culturing of Paecilomyces
{ilacinus (Thomson) Sams. and Pochonia
chtamydosporia  Zare et al. on spore
viability and infectivity against Meloidogyne
incognita  Chitwood  eggs.
Biological Control, 19: 187-192.

Naryanan. K and Veenakumari, K. 2005. Nuclear
polyhedro virus from mottled emigrant

butterfly, Catopsilia  pvranthe (Linn.)
(Lepidoptera:Pieridae). [nsect Enviromment,
11: 82-83.

Nirmala, R.. Ramanujam, B.. Rabindra, RJ., and
Rao, N.S. 2005. Growth parameters of some
isolates of entomofungal pathogens and
production of dist-free spores on rice medium.
Journal of Biological Control, 19: 121-128.

Parray, M. A., Rangrez. M. A, and Tandon, P. L.
2006. Influence of egg number and size
variability in Corcyra cephalonica (Stainton)
(Lepidoptera: Pyralidac) within the card on
parasitisation efficiency and adult emergence

of Trichogramma chilonis Tshii. Journal of

Eco-friendlv Agriculture, 1: B0-81.

Jowrnal  of

Puri, S.N., Sharma, O.P., Murthy, K.S. and Lavekar,
R.C. 2005. Comparative Evaluation of
Different IPM Modules in Rainfed Cotton of
Maharshtra. Annals of Plant Protection
Sciences, 13: 425-426.

Sathyanarayana, J., Ballal, C., R. and Rao N. S.
2005. Evaluation of egg parasitoid Telenomies
reriaes Nixon and larval parasitoid Campaoletis
chiorideae Uchida on Spodoptera litura
(Fabricius) in castor, Indian Jouwrnal of
Plant Protection, 33: 26-29,

Shakeela, V. and Hussaini, 5.5, 2006 . Susceptibility
of tobacco cutworm, Spodoptera litura
Fabriciug to some indigenous isolates of
entomopathogenic nematodes. Jouwrnal of
Ecofriendly Agriculure, 1. 64-67.

Sharma, M. P.. Hussaini, S.5. and Alok Adholeya.
2005, Entomopathogenic nematodes: a
potential microbial biopesticide. Agriculture
Today, 8: 45-47.

Srinivasa Murthy, K., Jalali. S.K and Venkatesan,
T. 2005. Influence of temperature on the sex
ratio  of  Telenomus  sp.dScelionidae:
Hymenoptera), an egg parasitoid  of
Spodopiera litura Fabricius, Journal of
Entomological Research, 29: 23-25

Srinivasa Murthy, K., Venkatesan. T. and Jalali,
S.K. 2005, Development of Plutella
aylosreflu (L) on semi synthetic diet and
suitability of diet reared host to larval
parasitoid Cotesia pluteliae (Kordyumov ).
Annals of Plant Protection Sciences, 13:
355-359.

Srinivasa Murthy, K., Venkatesan, T. and Jalali,
S.K. 2005. Performance of Goniozus
nephantidis Muesbeck multiplied on artificial
diet reared Opisina arenosella Walker.
Indian Jowrnal of Agricultural Sciences.
758: 529-531.

Srinivasa Murthy, K., Venkatesan, T. and Jalali.
S.K. 2005, Rearing of Crocidolomia
binotalis Zeller (Pyralidae: Lepidoptera) on
an artificial diet. Jowrnal of Biological
Ceontrol, 19: 179-182,

Tandon, P. L. and Bakthavatsalam. N. 2003,
Electrophysiological —and  olfactometric
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responses  of  Helicoverpa  armigera
(Hiibner) (Lepidoptera; Noctuidae) and
Trichogramma chilonis Ishii (Hymenoptera:
Trichogrammatidae) to volatiles of trap crops-
Tagetes erecta Linnaeus and Solanum
vigrum  Dunal.  Jowrnal of Biological
Control, 19: 9-16.

Veenakumari, K., Rabindra, R.J.. Srinivas Naik,
C.D., and Shubha, M.R. 2005. Field efficacy
nuclear polyhedrosis virus against the red
hairy caterpillar, Amsacta albistriga (Walker)
(Lepidoptera: Arctiidae) on groundnut in
Karnataka. Journal of Biological Control,
19: 141-144.

Veenakumari, K. and Prashanth Moehantaj, 2003,
New records of butterflies in the Andaman
and Nicobar islands. Bay of Bengal, Indian
Ocean, Emtomon, 29, 395-400.

Veenakumari, K. Prashanth Mohanraj and
R.S.Peigler. 2005, Life history of Acrias
ignescens (Lepidoptera: Saturniidae) reared
on its natural host plant, Crypreronia
panicalata, on S, Andaman Islands.
Transactions of Lepidapterists’ Sociery of
Japan, 56: 184-192.

(b} IISR, Lucknow

Alvarez, I.LF., Naranjo, F., Grillo, H. and Baitha. A.
2005 Interaction of Lixophaga diatraeae
(Towns.) and Tetrastichus howardi (OIff.)
for management of Diatraea saccharalis
(Fab.) in Cuba. Sugar Technology, T: 5-8.

Baitha, A. 2004. Practical use of egg parasitoids:
Problems and suggestions. Egg
Parasitoid News (IOBC. Germany), 16: 6.

Baitha, A. 2003. Effect of parasite density on
longevity, fecundity and sex ratio of
Trichogrammatoidea  sp.  nor.  armigera
Nagaraja(Hymenoptera:
Trichogrammatidae). Inseci Environment,
11: 68-70.

Baitha, A. 2005. Growth rate differences of wild vs.
laboratory-reared sugarcane adapted strains
of Trichogramma chilonts Ishii
{Hymenoptera: Trichogrammatidae), Sugar
Technology, T: 33-36.

Baitha, A, and Sinha, O.K. 2005. Intrinsic rate of
natural increase of Tetrastichus howardi on

Chilo  auricillivs.  Annals  of  Plant
Protection Sciences, 13 468-470.

Baitha, A. and Sinha, O.K. 2004. Differential
response of host pupae of sugarcane borers
on the parasitisation and reproduction of
Tetrastichus howardi (Oliff,) (Hymenoptera:
Eulophidae). fndian Journal of Sugarcane
Technology, 19: 90-91.

(¢) IIHR, Bangalore

Gangavisalakshy P. N. 2005. Effect of temperamre
on the biotic potential of C. portulacae, a
potential  natural  enemyv  of  Pormdacae
oleracea, Entomon, 3y 1-4

Gangavisalakshy., P. N., Krishnamoorthy, A. and
Mano] Kumar, A. 2005, Effects of plant nils
and adhesive stickers on the mycelia growth
and conidiation of Verticillium [lecanii, a
potential entomopathogen. Phytoparasitica.
33: 367-3649.

Gangavisalakshy. P N., Krishnamoorthy, A. and
Manoj Kuomar, A. 2006, Compatability of
plant oils and additives with Paecilomyces
farinosus, a potential entomopathogenic
fungus, Journal of Food, Agriculture and
Environment, 4: 333-335,

Gopalakrishnan, C. and Gangavisalakshy, PN. 2003,
Field efficacy of commercial formulations of
Bacillus thuringiensis var, Krustaki against
Papillo demoleus 1. on citrus. Entomon, 30;
93-95.

Mani. M., Krishnamoorthy, A. and Gopalakrishnan,
C. 2005. Biological control of lepidopterous
pests ol horticultural  crops i India.
Agricultural Reviews, 26; 39-49,

Mam, M. and Krishnamoorthy. A. 2002, Selectivity
of different pesticides to citrus mealybug
parasitoid ‘vecidoxynoides  peregrinag
(Timberlake) Journal of Insect Science. 15:
49-52.

Mani, M. and Krishnamoorthy, A. 2005, Impact of
the coccinellid  predator  Cheilomenes
sexmaculata ( Fab.) on  black citrus aphid
Toxeptera aurantii (Boyer) infesting acid
lime. Entomon, 30: 91-92.
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(dy SBIL, Coimbatore

Tamizharasi, V., Srikanth, I. and Santhalakshmi, G.
20005, Molasses-based medium requires no
nitrogen supplement for culturing three
entomopathogenic  fungi.  Jouwrnal  of
Riological Control, 19: 135-140.

{e) AAU, Jorhat

Kalita. S. and Basit, A. 2005. Relative safety of
plant extracts on the parasitisation and
emergence of Trichogramma japonicam
Ashmead Research on Crops, 6 572-575,

(h  YSPUH&F, Solan

Gupta, P. R, and Sood, A. 2005, Biological
observations on Zygogramma bicolorata
Pallister on congress grass (Parthenium
hysterophorus L), and its activity in mid-

hills  of Himachal Pradesh. Pest
Managenent and Economic Zoology., 13:
21-27.

(g) KAU, Thrissur

Lyla, K. R., Pathummal Beevi, 5. and Ushakumari,
R. 2005. Record of woolly aphid,
Ceratovacuna lanigera Zeh. (Homoptera:
Aphididae) and its natural enemies in Kerala,
Insect Environment, 11: 126,

Mahapatro. G.K., Pathummal Beevi, S., Jose
Mathew and Biju, C.R. 2006. Advancing in
Ant-technology in  cashew: issues and
strategies.  Cashew Bulletin, 44: 11-20.

(hy MPKYV, Pune

Ghorpade. S.A., Bhandari, B.D. and Salagare. A,
R. 2006. Studies on hiology of legume pod
borer (Maruca vitrata Geyer) on pigeon pea
in Maharashtra. Jowrnal of Maharashira
Agricultural University, 31: 89-91.

Palande, P.R. and Pokharkar, .5, 2005. Evaluation
of Vertcillium lecanii agamst Brevicorvie
brassicae on cole crops. Anmnals of Plani
Protection Sciences, 13: 235-236.

Pokharkar, D.S. 2005,
Plutella  xyvilostella

Palande. P.R. and
Management  of

{Linnagus) (Lepidoptera: Plutellidae) with
Trichogrammatoidea bactrae Nagaraja and
Bacillus thuringiensis Berliner on cabbage.
Journal of Biological Control, 19: 35-40.

Palande. P.R.. Pokharkar. D.S. and Nalawade, P.S.
2004. Seasonal incidence of cabbage pests in
relation to weather, Pest Management in
Horticultural Ecosystems, 10: 151-156.

(i) PAU, Ludhiana

Brar, K.S,, Virk, I.S. and Shenhmar, Maninder
2005. Integrated management of sugarcane
pests. Progressive Farming, 41: 6-8.

Kumar, Parminder.. Shenhmar. Maninder and Brar.
K.S. 2005. Effect of low temperature storage
on the efficiency of three species of
trichogrammatids, Jowrnal of Biological
Control, 19: 17-22.

Shenhmar, Maninder., Brar, K.S., Duhra, M.S. and
Singh. Jagmohan. 2005. Combined effect of
Trichogramma chifonis Ishii and Coresia
flavipes Cameron against sugarcane stalk
borer Chile auricilius Dudgeon, Jowrnal of
Insect Science, 18: 92-93,

Singh, D.P, Brar, K.S., Kanta, Uma and Gaurav.
2006. Development of bio-intensive TPM
module for the management of maize horer,
Chilo partellus (Swinhoe) on Kharif maize
in  Punjab.  Jowrnal of  Eco-friendly
Agricultre, 11 T8-79.

Singh, I.P., Singh, Joginder, and Brar, K.S, 2005,
Effect of insecticides on the development and
paragitisation efficacy of Trichogramma
chilonis Tshii (Bathinda strain). Jowrnal of
Insect Science, 18: 23-27.

Singh, Joginder.. Simwat. G.S., Sohi, A.S.. Brar, D.S.
and Brar. K.S. 2005. Monitoring the
population build-up of American bollworm. on
American cotton with sex pheromone traps.
Indian Journal Ecology, 32 173-175.

(j),. TNAU, Coimbatore

Jeyarani, S.. Sathiah, N. and Karuppuchamy. P.
2005, Influence of  Pseudomonas
fluorescens and a noeleopolyhedrovitus on
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cotton bollworm, Helicoverpa armigera
(Hubner) Tropical Agricultural Research,
17; 221-230.

Senthil Kumar, C.M.. Sathiah, N. and Rabindra. R.
J. 2005. Optimizing the time of harvest of
nucleopolyhedrovirus infected Spodoptera
litwrae (Fabricius) larvae under in wive
production systems. Current Science. 88:
1682-1684.

Senthil Kumar, C.M., Rabindra, R.J. and Sathiah,
N. 2006. Biological  activity and
characterization of Nucleopolyhedrovirus
isolates of Spodoptera litiera.
Phytoparasitica, 34:  92-101.

Shanmugam, P.S., Balagurunathan, R. and Sathiah.
N. 2006. Temporal and spatial variations in
susceptibility of  Helicoverpa  armigera
(Hub) from different agronomic hosts. Asian
Jowrnal of Plant Sciences, 51 1-6.

Subramanian, 8., Parthasarathy, R.. Rabindra, R. J.,
Sathiah, N. and Rajagopal Babu, S. 2005.
The infectivity of the entomopathogenic
nematode. Steinernenta glaseri against the

moringa  hairy  caterpillar,  Eupterofe
maollifera. Nematologia Mediterranea, 33:
149-155.

Subramanian. $., Rabindra, R. 1., Palaniswamy, 8.,
Sathiah, N. and Rajasekaran, B. 2005, Impact
of granulovirus infection on susceptibility of
Spodoptera  linera 1o insecticides.
Biological Conmrol, 33 165-172.

(2) Papers  presented  in symposia/

seminars/ workshops:
(a) PDBC, Bangalore

Ali  Derakhshan, Sh., Rabindra, R.J. and
Ramanujam. B, 2006. Studies on mass culture
of Verriciltium lecanii, a potential biocontrol
agent of cabbage aphid, Brevicoryvne
brassicae. [International  Svmposivm  on
Agriculturally Important Microorganisms:
Canservation, Utilization, Bioremediation
and Ecological Significance, Department
of Botany. University of Calcutta. Kolkata,
23-25 February 2006.

Bakthavatsalam, N. and Tandon, P. L. 2005,
[nteraction between Plant Chemicals and the

Seminar on

National
Importance of Insect Growrth Regularors

Entomophages.

and  Natural Products in Insect Pest
Management, St. Joseph College, Calicut, 11
January 2005.

Ballal, C. R., Ramanujam B. and Rabindra, R. J.
2005. Bio-intensive management of insect
pests and diseases of cucurbits. National
Seminar on Cucurbits, G. B. Pant University
of Agriculture and Technology, Pantnagar,
22-23 September 2005.

Kumar, P. S., Rabindra, R. J., Usha Dev, Puzari,
K. C., Sankaran, K. V., Ellison, C. A. and
Murphy, S. T. 2005. Puccinia spegazzinii
for the classical biological control of Mikania
micrantha n Indha. International
Conference: Pathways out of Poverty,
Homerton College. Cambridge, UK, 22-23
September 2005.

Kumar, P. S. and Evans, H. C. 2005. The mycobiota
of Parthenium hysterophorus in its native
and exotic ranges: opportunities for biological
control in India. Second Mrernational
Conference on Parthenium Management,
University of  Agricultural  Sciences,
Bangalore, 3-7 December 2003,

Nagesh, M., Hussaini. 5. 8. Chidanandaswamy. B.
§. 2005. Current status of nematode

biocontrol in India and prospects of its
commercialization by biotechnological

interventions.  National — Seminar  on
Biotechnological Management of
Nemuatode Pests and Scope of

Entomopathogenic Nematodes, Sun Agro
Biotech Research Centre, Chennai, 21-22
November 2005,

Narayanan, K. and Veenakumari, K. 2006.
Observations on nuclear polyhedrosis virus
(NPV) of the almond moth, Cadra cautella
(Pyralidae:Lepidoptera). National
Svmpostwm an  Biotechirology and  Insect
Pest Management, Entomology Research
[nstitute, Loyala College, Chennai. 2-3
February 2006,

Rabindra, R. J., Amerika Singh, Hem Saxena and
Ballal, €. R. 2005. Biological control of
insect pests and diseases in food legumes.

il
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Fourth  International  Food — Legume
Research Conference, New Delhi, 18-22
October 2005.

Rabindra, R.J. and Bhumannavar, B.S. 2005.
Prospects  of  Dbiological control — of
Parthenivm  hysterophorns L. Second
Internarional Conference on Parthenium
Management, University of Agricultural
Sciences, Bangalore, 5-7 December 2005.

Rabindra, R.J.. Veenakumari, K., Prashanth
Mohanraj and Ramanujam, B. 2005
Biological control of crop pests and diseases-
current status and future prospectives.
Preparation of Roadmap for Disease and
Pest  Management  in  Post-Tsunami
Andaman and Nicobar Islands, Central
Agricultural Research Institute, Port Blair,
14-15 October 2003,

Rabindra, R.J,, Venkatesan, T. and Ramanujam, B.
2006. Prospects of biological control for
major pests and diseases relevant o coastal
ecosystem. Eightlh National Seminar on
Strategies and Improved Farming for
Biolagical Securitv of Coastal Region,
Ceniral Tuber Crops Research Institute,
Thiruvananthapuram, 21-24 December 2006,

Rabindra. R, J.  2005. Surategies for
commercialization of product and technology.
Waorkshop on Management of Change in
AICRPy 2005, National Agricultural Science
Complex, New Delhi, 16-18 May 2005,

Rabindra. R. J. 2006, Biotechnology and biological
control.  International  Conference  on
Biotechnology for Sustainable Agricwlture
and Agro-Industry, Hydearabad, 11 March
2006.

Ravi, G.. Tandon, P. L., Bakthavatsalam, N.,
Rabindra, R, J., Rao, N. S. and
Chandrasekaran. B. 2005. Marigold: A

Trichogramma  friendly crop. National
Sympasiwon on Biodiversity and Insect Pest
Management, Entomology Research

Institute, Loyola College, Chennai, 3-4
February 2003.

Sithanantham, S.. Jalali, S.K., Ralmohana. K.,
Swamiappan, M., Manickavasagam, S. and

e e L M T L [ e e e e e

Selvaraj, P. 2006. Arthropod biodiversity,
characterization, conservation and utilisation:
Scope for networking in egg parasitoids.
National Conference on Agro-biodiversity,
Chennai, 12-15 February 2006.

Tandon, P.L., 2006. Biotechnology- a versatile o0l
in biological control of crop pests using
parasitoids and  predators.  National
Sympostum on Biotechnology and Insect
Pest Management, Entomology Research
Institute, Loyola College, Chennai, 2-3
February 2006.

Venkatesan, T. and Rabindra, R.J. 2005,
Identification of parasitoids and infrastructure
required for their mass production for the
biological suppression of coconut black
headed caterpillar, Brainstorming  Session
Sfor Identifving the Gaps in Research and
Development in Coconur, University of
Agricultural Sciences, Bangalore. 25-26
November 2005.

(h) CTRI, Rajahmundry

Gunneswara Rao, S., Deo Singh, K. Singh. S. P
and Naik, P. K. 2005, Influence of border
crops as insectary plants on the incidence of
phytophage and entomophage fauna in
tobacco. National Conference on Tobacco
— 2005, Indian Society of Tobacco Science,
Rajahmundry.

Gunneswara Rao, S., Venkateswarlu, P. and
Jagadish Chandra, 1. 2005, Influence of
tobacco types on the occurrence and
effectiveness  of natural  enemies of
Spadoptera exigua in nurseries. National
Conference on Tobacce — 2005, Indian
Society of Tobacco Science. Rajahmundry.

Gunneswara Rao, S., Venkateswarlu, P, Prasad,
1.V, Jagdish Chandra, 1. and Ramanujam, B.
2005, Pathogen based bio-protection strategy
against capsule borer, Helicoverpa armigera
in tobacco. Biopesticide Conference 20005,
Society of Biopesticide Sciences. Jalandhar.
Guaneswara rao. S.. Venkateswarlu, P, Prasad,
LV., Jagdish Chandra, 1. and Naik, P. K.
2006. Effect of habitat diversity on the
occurrence  of  insect  pests  and
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entomophagous  arthropods  in  tobacco.
International Conference on Biodiversity
of  Insects:  Challenging  ixsues  in
Management and Conservation,
Department  of  Zoology,  Bharathiar
University, Coimbatore. Tamil Nadu.

Prasad, J. V., Gunneswara Rao, S. and Siva Raju,

K. 2005. Potential of flavonoids as UV
protectants  against  inactivation  of
Spodoptera  litura NPY.  National
Conference on Tobacco — 2005, Indian
Society of Tobaceo Science, Rajahmundry.

Sreedhar, U., Sitharamaiah S. and Gunneswara

Rao. 8. 2005. Effect of pesticides on the egg
parasitoid Telemomus remus in groundnut.
First Congress on Insect Science, Indian
Society for the Advancement of Insect
Sciences, Ludhiana.

Venkateswarlu, P., Sitaramaiah. S.. Gunneswara

(¢)

Rao, S.. Nageswara Rao, S. and Reddy,
C.V.K. 2005. Studies on the build up of
natural enemies on the preceding crops of
tobaeco. National Conference on Tobacco —
2005, Indian Society of Tobacco Science,
Rajahmundry.

IIHR, Bangalore

Ganga Visalakshy, PN., Krishnamoorthy, A. and

Hussaini, 8. 8. 2005, Efficacy of entomophilic
nematode,  Steinernema  carpocapsae
against eggplant shoot and fruit borer,
Leucinodes  orbonalis  Guene. National
Svmposium  on Recent  Advances in
Integrated Management of Brinjal Shoot
and  Fruit  Borer. Indian Institute  of
Vegetable Research. Varanasi, 3-4 October
2005.

Ganga Visalakshy. PN., Krishnamoorthy,A. 2004,

Mani.

Biological control based IPM of egg plant
shoot and fruit borer. National Svmpesium
on  Recent  Advances in  Integrared
Management of Brinjal Shooi and Fruit
Borer, Indian Institute of Vegetable
Research, Varanasi, 3-4 October 2005,

M. 2005, Current status of biological control
of guava pests in India. First International
Guava Sympesium. Central Institute of Sub-

Mani,

(d)

Lucknow, 5-7

tropical  Horticulture,
December 2005,

M. 2005. Recent trends in the biological
suppression of guava pests in India.  First
International Guava Sympesium, Central
Institute  of  Sub-tropical Horticulture,
Lucknow. 5-7 December 2005,

AAU, Anand

Godhani, P. H., Patel, B.H., Patel, R.M. and Yadav,

Jani,

Patel,

Patel.

DN, 2005, Evaluation of biocontrol based
IPM modules against pest complex of cotton
hybrid 10. National Conference on Applied
Entomology: Current Status Challenges
and Opportunities, Entomological Research
Association, M. P. University of Agriculture
and Technology, Udaipur, 26-28 September
2005.

1. )., Patel. D. 1. and Patel, H. H. 2006.

Bioefficacy of nutive Bacillus thuringiensis
isolate on Helicoverpa armigera (Hiibner).
Twentieth  Gujaral  Science  Congress,
Ahmedabad, 26 March 2006,

B.H.. Patel. Y. C. and Yadav. D. N. 2005,
Impact of interspersing tobacco on the
population of Nesidiocoris tenuis Reuter

(Hemiptera: miridae) a predator of
Helicoverpa  armigera Hb. in  tomato
ecosystem.  National — Conference  on
Applied  Ewtomology:  Curvenr  Status
Challenges and Opportunities,

Entomological Research Association, M, P.
University of Agriculture and Technology,
Udaipur, 26-28 September 2003,

D. 1. Jani, 1. 1. and Modi H. A, 2006. Effect
of some chemical additives on potency of
native  Bacillus  thuringiensis  isolate.
Twentieth  Gujarar  Science  Congress,
Ahmedabad, 26 March 2006.

Yadav, D.N. 2005, Biological control in integrated

pest management. National Conference on
Applied  Entomology:  Current  Stains
Challenges and Opportunities,
Entomological Research Association, M.
P. University of Agriculture and Technology,
Udaipur, 26-28 September 2005,

a
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Yadav, D.N., Patel, B,.H., Godhani, P.H. and Patel,

{e)

R.M. 2006. Importance of biological control
in organic farming. Nadional Conference on
Prospects of Organic Farming, Regional
Centre for Organic Farming, Jabalpur, 26-27
Apnl 2006,

ANGRAU, Hyderabad

Ganeswara Rao, A. and Rahman, 8. J. 2006, A

critical study on problems and prospects of
bio pest management in Andhra Pradesh.
National Svmpersiu on Dirought
Adaprations for Sustainable Agriculiure
and  Livelihood in Dryland  Areas:
Problems, Prospects and Policies, Regional
Agricultural Research Station, Palem, 15-16
February 2006.

Rahman S I. and Ganeswara Rao, A.  2006.

Evaluation of potential natural enemy, Dipha
aphidivora against sugarcane woolly aphid
(SWA). Narional Symposinm on Drought
Adaptations for Sustainable Agriculture
and  Livelihood in  Dryland  Areas:
Problems, Prospects and Policies, Regional
Agricultural Research Station, Palem, 15-16
February 2006,

Rahman S.J. 2005. Opportunities and quality

requirements in production. marketing and
usage of biopesticides in India, Workshop
on  Promaotion  of  Biopesticides  and
Biofertilizers in  Agriculture, National
Institute of Rural Development, Hyderabad,
20-22 September 20035,

Rupela. O.P, Ranga Rao, GV.. Rahman, S.1.

()

Wani, S and Gowda, C.L.L. 2005
Promoting biopesticides for crop protection
through partnerships — An on-going drive.
Workshop on Promotion of Biopesticides
and Bioferrifizers in Agriculnere, National
Institute of Rural Development. Hyderabad,
20-22 September 2005,

YSPUH&F, Solan

Gupta, PR, 2005, Biological control of San Jose

100

Scale in India- an overview. Seventh
International  Symposium  on  Temperate
Zone Fruits in the Tropics and Subtropics,
Part If, 14-18 October 2003.

Rattan, R. S., Reineke. A., Gupta P.R. and Zebitz,
C.PW. 2006. Amplified fragment length
polymorphism (AFLP) based genetic
diversity assessment of Cotesia plutellae
(Kurdjumov) (Hymenoptera: Braconidae)
populations. fnternational Symposium  on
Insect Genetics and Genomics, Centre for
DNA  Fingerprinting and  Diagnostics.
Hyderabad, 9-11 January 2006.

Rattan, R. S., Reineke. A., Monje, I. C., Gupta, P.
R. and Zebitz, C. P. W, 2005. Molecular
characterisation  of  Coresia  glomerata
(Hymenoptera: Braconidag) on ND1 and
ITS2.  First Congress on Insect Science,
Indian Society for the Advancement of Insect
Science, Punjab Agricultural University,
Ludhiana, 15-17 December 2005,

Sood, A. and Gupta, P. R, 2005, Studies on
seasonal abundance of woolly apple aphid
and its natural enemies in the mid hills of
Himachal Pradesh. Seventh International
Symposium on Temperate Zone Fruits in
the Tropics and Subtropics, Part 1T, 14-18
October 2003,

Thakur, R, K., Gupta, J. K. and Gupta, PR. 2005,
Investigations on rearing of bumble bee
(Bombus sp.) in captivity.  Inlernational

Beekeeping Congress, Bangalore
University, Bangalore, 13-18 November
2005.

(g} MPKY, Pune

Chandele, A.G.. Anupama, K.C., Pokharkar, D.S.
and Chaudhari. C.8. 2003, Studies on efTicacy
of entomopathogenic fungal isolates against
Helicoverpa  armigera.  Sixth  National
Symposiuni on Sustainable  Plant
Protection  Strategies: Health  and
Environmental Concerns, Dr. BSKKV,
Dapoli, 15-17 October 2005,

Pokharkar, D.5., Dhane, A.S., Chandele. A.G. and
Chaudhari, C.5. 2005, Field evaluation of
egg-larval parasitoid, Chelonus blackburmi
against shoot and fruit borers on okra and
brinjal.  Sixeh National  Symposium on
Sustainable Plant Protection Strategies:
Health and Environmental Concerns, Dr.
BSKKYV, Dapoli, 15-17 October 2005,
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Joshi,

Joshi,

Kaur

Kaur.

PAU, Ludhiana

K.5.. Virk, I.S.. Jalali, S.K., Sohi, AS. and
Shenhmar, Maninder. 2005. Evaluation of
multiple insecticide tolerant strain of
Trichogramma chilonis  Ishii  for the
management of cotton bollworms, Firss
Congress on Insect Science, Indian Society
for the Advancement of Insect Science.
Punjab Agricultural University, Ludhiana, 15-
17 December 2005,

N.. Brar, K.S. and Shenhmar, Maninder.
2005, Evaluation of different dosages of
HuNPV for the management of tomato fruit
borer, National Conference on Applied
Entomology: Curvent Status  Challenges
and Opportunities, Entomological Research
Association, M. P. University of Agriculture
and Technology, Udaipur, 26-28 September
2005.

N., Brar, K.S. and Kaur, Ramandeep. 2005,
Evaluation  of  Bacillus  thuringiensis
formulation against froit borer, Earias spp.
on okra. First Congress on Insect Science,
Indian Society for the Advancement of Insect
Science, Punjab Agricultural University,
Ludhiana, 15-17 December 2005,

Ramandeep, Brar, K.S. and Shenhmar,
Maninder, 2003. Bio-intensive management
of leaf folder and stem borer of rice. National
Conference  on  Applied  Entomology:
Curreni Status Challenges and
Opportunities, Entomological Research
Association, M. P University of Agriculture
and Technology. Udaipur, 26-28 September
2003.

Ramandeep., Brar, K.S. and Gill, M.S. 2005,
Effectiveness of Trichogramma chifonis
Ishii  and  Trichogramma  japonicum
Ashmead for the contro of rice leal folder,
Craphalocrosis medinalis {Guenee) and
rice stem borer, Scirpophaga incerrulas
Walker on organic rice in Punjab, First
Congress on Insect Science, Indian Society
for the Advancement of Insect Science,
Punjab Agricultural University, Ludhiana, 15-
17 December 20035,

Shenhmar, Maninder, Brar, K.S., Goel, G.S., Singh,

S.P. and Doomra, S. 2005, Large scale
evaluation of parasitoid Trichogramma
chilonis Ishii against sugarcane stalk borer

Chito  awricilius  Dudgeon in  Punjab.
Nattonal Conference on Applied
Entamology: Current Status Challenges

and Oppornnities, Entomological Research
Association, M. P. University of Agriculture
and Technology, Udaipur, 26-28 September
2005.

Shenhmar, Maninder., Brar, K.S., Kaur, Ramandeep

Sohi.

Virk,

Virk,

and Singh, S. P. 2005, Large scale field
evaluation of Trichogramma chilonis Ishii
for the management of Chilo auricilius
Dudgeon on sugarcane. First Congress on
Insect Science, Indian Society fTor the
Advancement of Insect Science, Punjah
Agricultural University, Ludhiana, 15-17
December 2003,

A.S.. Brar, K.S., Singh, Baljinder.. Bhullar,
H.S.. Sharma, Sudhendu.. Virk, 1.5.and Gill,
R.S. 2005. A look in to the potential of
cotton- [IPM technology adoption in Punjah,
First Congress on Insect Science, Indian
Society for the Advancement of Insect
Science, Punjab Agricultural University,
Ludhiana, 15-17 December 2005,

1.S., Brar, K.S., Shenhmar, Maninder, Sohi,
A.S. and Labh, Singh, 2005, Standardization
of Technique for release of Trichogrammu
chilonis 1shii for the management of cotton

bollworms.  National  Conference on
Applied  Entomology:  Current  Starus
Challenges and Opportunities,

Entomological Research Association, M. P.
University of Agriculture and Technology,
Udaipur, 26-28 September 2005.

1.5., Brar, K.S., Sohi, A.S. and Shenhmar,
Maninder, 2005, Efficacy of Trichogramma
clilonis  1shii for management  of
bollworms on different cultivars of cotton.
First Congress on Insect Science. Indian
Society for the Advancement of Insect
Science, Punjab Agricultural University,
Ludhiana, 15-17 December 2005.

the
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(i)

i
Annual Re

TNAU, Coimbatore

Balagurunathan, R, Sathiah, N., Santharam, G. and

Rabindra, R.J. 2006, Evaluation of
biointensive integrated pest management of
cotton pests under Tamil Nadu conditions.
National Symposium  on  Biotechnology
and Insect Pest Management, Loyola
College, Chennai, 2-3 February 2006.

Elanchezhyan, K., Sathiah, N. and Kennedy, 1.5.

2006. Investigations on the cost effective

media for the production of
entomopathogenic  fungus,  Beauvaria
bassianag  (Balsamo)  Vuill.  National

Symposium on Biotechnology and Insect
Pest Management, Loyola College, Chennai,
2-3 February 2006.

Jeyarani, S., Sathigh, N. and Karuppuchamy, P

Ravi,

2006, Comparative virulence of in viiro wid
in vivo produced UV selected Helicoverpa
armigera (Hubner) nucleopolyhedrovirus
against H. armigera. National Symposium
on  Biotechnology  and  Insect  Pest
Meanagement, Loyola College, Chennai, 2-3
February 2006.

M., Dhandapani, N. and Sathiah, N. 2006.
Safety of biopesticides (0 egg parasitoid,
Trichogramma chilonis Ishii and predatory

green  lacewing.  Chrvsoperla  carnea
Stephen, National — Svinposium o
Biotechnology and Insect Pest

Management, Loyola College, Chennai, 2-3
February 2006.

Sathiah, N., Balagurunathan, R.. Santharam, G,

Kennedy, I.S., Hussaini, 5.5., Nagesh, M.
and Rabindra, R.J. 2006. Evaluation of
Heterorhabditis indica against Mylabris
pusinlata and  Helicoverpa  arigera
infesting pigeonpea in Tamil Nadu. Naiionat
Symposium on Biotechnology and Insect
Pesi Management, Loyola College, Chennai,
2-3 Febroary 2006.

Shanmugam, P. S.. Balagurunathan, R., Sathiah, N.
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and Rao, N.GV. 2006, Susceptibility of
spotted  bollworm  Earias vitefla (Fab) to
Bacillus thuringiensis Berliner insecticidal
crystal proteins. National Sympesium on

Biotechnology and Insect Pest
Management, Loyola College, Chennai. 2-3
February 2006.

Shanmugam, P. S., Balagurunathan, R.. Sathiah, N.,

Balasubramanian, P, Gunasekaran, S. and
Rao, N.GV. 2005. Response of Cry lAc¢
resistant  and  susceptible  Helicoverpa
armigera Hubner to transgenic cotton.
National Svmposium on Transgenic Crops
in  Pest Management, Tamil  Nadu
Agricultural University, Coimbatore, 12-13
September 2005.

Shivashankar, H. D., Sathiah, N., Kennedy, J.S. and

Maheshwaran, M. 2005, Laboratory
bioassays against Helicoverpa armigera
with transgenic cotton and il
nucleopolyhedrovirus (HaNPV CBE] isolate)
selected  for UV tolerance.  Narional
Svmposium on Transgentc Crops in Pest
Meanagement, Tamil Nadu  Agricultural
University, Colmbatore. 12-13 September
2005,

Shivashankar, H, D.. Sathiah, N, Kennedy, 1.S. and

Ravi. M. 2006, Non target effects of UV
selected nucleopolyhedorvirus of
Helicoverpa  armiger  (HaNPV)} 1o
gregarious larval parasitoid, Bracon hebetor
Say. National Symposium on
Biotechnology and Insect Pest
Meanagement, Loyola College, Chennai, 2-3
February 2006.

Sivaramkrishna. J.. Subramanian, S.. Sathiah, N.

and Mohankumar, 8. 2003, Spatial variation
on the efficacy of Br cotton cultivars against
Helicoverpa armigera (Hubner), National
Symposium on Transgenic Crops in Pest
Management, Tamil Nadu Agricultural
University. Coimbatore, 12-13 September
2005.

Sivaramkrishna, J., Subramanian, S., Sathiah, N.

and  Mohankumar, 8. 2005, Temporal
variation on the efficacy of Br cotton cultivars
against different instars of Helicoverpa
armigera (Hubner). National Svmposium
on Transgenic Crops in Pest Management,
Tamil Nadu  Agricultural  University,
Coimbatore, 12-13 September 2005.
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Subramanian, S,, Santharam, G. Rabindra, R.J,
Kennedy, 1.S. and Sathiah, N. 2006. Glycerol
based aqueous-formulation of
nucleopolyhedrovirus in the management of
Spodoptera litura, National Symposium
on  Biotechnology  and  Insect  Pest
Management, Lovola College, Chennai, 2-3
February 2006,

(3)  Book chapter/Popular article /Technical /
Extension Bulletins:

(a PDBC, Bangalore

Ballal. C.R.. Joshi, S., Prashanth Mohanraj. Jalali.
S. K., Rao, N.S.. Ramani, S. and Rabindra,

R. I 2006. Biological Suppression of
Insect  Pesis  of Sugarcane, Rice and
Pulses  in the Northeastern Region.

Technical Bulletin No, 34, Project Directorate
of Biological Control, Bangalore.

Joshi, §.. Prashanth Mohanraj, Rao, N.S. and
Rabindra, R. 1. 2006. Ganne Ka Uni Mahit
Awr Usake Prakrutik Shaprn Kit, Technical
Bulletin No. 37, Project Directorate of
Biological control, Bangalore,

Kumar, P. 5. 2005. Scope of fungal pathogens in
weed control in India. pp. 203-211. In:
Microbial Biopesticide Formulations and
Application- Proceedings of the TCAR-
CABI Workshop on Microbial Biopesticide
Formulations — and  Application,  9-13
December 2002 (Eds. R. J. Rahindra. S. S.
Hussaini and B. Ramanujam), Technical
Document No. 55, Project Directorate of
Biological Control. Bangalore.

Tandon, P. L. 20035, Biological control of insect and
mite pests of medicinal and aromatic crops
in India. In: Organic Production of
Medicinal, Aromatic and Dye VYielding
Plants (MAPPs) with Inputs from FRLHT
(Ed. Peter Grifee). FAO Electronic
Publication, Rome.

(b)  SBI, Coimbatore

Mukunthan, N., Srikanth, J. and Singaravelu, B.
2004. Sugarcane woolly aphid in tropical
India: a new scourge and its management.
Sugarcane Breeding Institute Newsletter,
23(3) : 1-3.

Mukunthan, N., Srikanth, J. and Singaravelu, B,
2005. Sugarcane Woolly Aphid. Extension
Publication No. 90, Sugarcane Breeding
Institute, Coimbatore.

Srikanth, J, 2005. Biocontrol based management of
white grubs in sugarcane. pp. 37-43. In:
Training Manual on Biological Control of
Pesis and Diseases of Sugarcane (Eds.
Rajula Chandran, Srikanth, J., Thiagarajan,
R., Puthira Prathap, D, and Balasundaram,
N.).  Extension Publication No. 107,
Sugarcane Breeding Institute, Coimbatore.

Srikanth, J. 2005, Mass production of predators of
sugarcane wooly aphid. pp. 82-91. In:
Training  Manual on  Woolly  Aphid
Management in  Sugarcane (Eds.
Mukunthan, N., Srikanth, J. and Singaravelu,
B., Rajula Chandran, Thiagarajan. R., Puthira
Prathap, D. and Balasundaram, N..
Extension Publication No. 103, Sugarcane
Breeding Institute. Coimbalore.

(¢} AAU, Jorhat

Basit, A. and Saikia, D.K. 2005. Dhan, Mah
Hoisva ary Kuhicar Anistakari Patangar
Jaibik Nivantranar Babastabali. Technical
Bulletin (in Assamese).

Borkakoty, R.N. and Basit, A, 2005
Jaibanivantrak Patangar Dara
Pantmetekar Nivamoi. Prante (Assamese
fortnightly), 1-15 May 2003.

(d)  YSPUH&F, Solan

Sharma, J. N. and Gupta, PR.

2006, Seb ke

bagichon mein  aikikeit rog  va  keet
prabhandhan.  Krishi Samridhee.  pp. 11-
14.

{e) PAU, Ludhiana

Brar, K.S.. Shenhmar, Maninder. and Virk, I1.S.
2005. Kamad de hanikark kirean di
sarvpakhi veyvonthandi. Modern kheti 1
March, 2006 pp 38.

Brar. K.S.., Virk, 1.5. and Shenhmar, Maininder
2005, Kamad de  hanikark kirean di
sarvpakhi - vevontbandi.  Kheti  Dunivan
Apk 37 September 10, 2005 pp 3.
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Kaur, Sanehdeep., Deol, G.S. and Brar, K.S. 20035,

Surajmukhi  De  Kirhian Dee Sarvpaki
Roktham., Changi Kheti d2); 15,

Virk. J.S., Kaur, R. and Brar, K.S. 2005. Jhone de
kivean di sarvpakhi  roktham. Modern
Kheti, pp. 35-37.

Virk, 1.S., Kaur, R. and Brar, K.S. 2005. Jhone de
kirean di sarvpakhi voktham. Fag Bani, p.

A
(Hh  TNAU, Coimbatore

Sathiah. N. 2005. Establishment of Biopesticide
Production Unit for Helicoverpa armigera
Nuclear Polyhedrosis Virus Manufacture.
Technology  Document.  Tamil  Nadu
Agricultural University, Coimbatore.

Sathiah, N., Balagurunathan. R., Rajasekaran. B.,
Palaniswamy, S. and Santharam, G. 2005.
Sugarcane woolly aphid: 4 new pest of
Sugarcane (in Tamil), Vadarum Veghanmal,
pp.8-12,

(4) Scientific Reviews
(a) PDBC, Bangalore

Hussaini. S. 8. 2005, Potential of entomapathogenic
nematodes in integrated  pest management.
pp.254-260. In:  [Integrated  Pest
Management: Principles and Applications
Vol I: Principles (Eds. Amerika Singh, O.P.
Sharma, and D.K. Garg). CBS Publishers
and Distributors, New Delhi.

Hussaini, S. S 2005, Formulations of
entomopathogenic nematodes.  pp.159-167.
In: Microbtal Biopesticide Formularions
and Application (Eds. R.J, Rabindra, S.S.

Hussaini and B. Ramanujam). Project
Directorate of Biological Control, Bangalore,

(dy YSPUH&F, Solan

Sood, A. 2005. Biorational approaches to vegetable
pest suppression. pp. 238-242. In: Advances
in  Biorational Approaches to  Pest
Management (Eds. B.S. Chillar, K.K.
Dahiya and J.S. Rana). Compendium of
Advanced Training., 8-28 November 2003,
Centre of Advanced Studies in Entomology.
CCSHALU., Hisar.

Sood, A., Sharma, K. C.. Sood, M. and Verma, J.
S. 2005,  Sviphid Predators and Insect
Pests Associated with Medicinal Plants in
Himachal  Pradesi. Department  of
Entomology & Apiculture, Dr. Y. S. Parmar
University of Horticulture & Forestry, Solan.

(e) PAU, Ludhiana

Shenhmar, M., Brar, K.S. and Singh. Jagmohan.
2005, Advances in Biocontrol of Sugarcane
borers in Punjab. pp. 155-164, In: Advances
in Indian Entomology: Productivity anf
Health (Ed. S.C. Goel). U.F. Zoological
Society, Muzaffarnagar.

() TNAU, Coimbatore

Subramanian. S.. Rabindra, R.J.. Palaniswamy, S.,
and Sathiah, N. 2005. Susceptibility of
different instars of Spodoptera lintra (F) to
its granulosis virus and vertical transmission
of virus. pp. 163-171. In: Green Pesticides
Jor Insect Pest Mawnagement (BEds. S,
Ignacimuthu and S Jayaraj). Narosa
Publishing House. New Delhi.
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12. LIST OF APPROVED ONGOING PROJECTS

I

Bangalore

Basic Research
Project Directorate of Biological Control,
Biosystematic  studies on  predatory

11.

coccinellids

Development of identification kevs for
important families of insect parasitoids and
predators

Biosystematic studies on Indian Tachinidae

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

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

Development of novel mass production,
storage and packing techmiques for
Cryptolaemus  montrouzieri

Mass production and evaluation of Micromus
sp.

Studies on biclogical control of sugarcane
woolly aphid

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

Host derived kairomones lo
efficiency of natural enemies

enhance the

Development and evaluation of improved
strains of trichogrammatids. Cheilomenes
sexmaculare  and  Chrysoperla  carnea
tolerant to insecticides, temperature and high
host searching ability

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

14,

17.

18.

19.

20.

21.

23,

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

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 ltwra n tomato

Identification of effective entomofungal
pathogens for the management of sugarcane
woolly aphid and their evaluation
Identification of pathogens of phytophagous
miles and assessment of their potential in
microbial control

Identification of Trichederma isolates with
cnhanced biocontrol potential

Efficient formulations of frichoderma sp.
and entomofungal pathogens with prolonged
shelf-life

[solation, characterization and toxicity testing
of indigenous Bacillus thuringiensis strains
against lepidopterous pests

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

Biological suppression of plant parasitic
nematodes exploiting antagonistic fungi and
bacteria in specific cropping systems
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 a data base on  microbial

biocontrol agents
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Other sources

1. Commercialization of bioagent mass-
production technologies in intensive cotton
districts (TMC MM 3.3, Cotton Technology
Mission: DAC)

2. Evolving and testing superior strains of
Steinernema sp. and Heterorhabditis sp.
against Spodopiera liwra in field (ICAR-
Cess)

3 Tsolation, purification and characterization of
novel insecticidal toxins from Photorhabdus
luminescens and  Xenorhabdus spp. of
hacteria from entomopathogenic nematodes
(DBT)

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

5 Classical biological control of Mikania
micrantha  with  Puecinia  spegazzinii
(DFID, UK)

6. Development of commercial formulation of

antagonistic fungi (Paecilomyees lilacinus
and  Verticillivm  clilamvdosporium)  for
biological control of Meloidogyne incognita
and Rotylenchulus reniformis (ICAR-Cess
fund)

Indian Agricultural Research Institute, New
Delhi

1. Basic studies and maintenance ol Bacilfus
thuringiensis strains

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

Applied Research

I BIOLOGICAL CONTROL OF PLANT
DISEASES & NEMATODES USING
ANTAGONISTIC ORGANISMS

Testing of bicefficacy of il based and talc based
formulations of biocontrol agents against
foliar diseases (Rice : GBPUA & T, PAU &
AAU (1) : Tomato:GBPUA & T, AAU (A);
Pea: GBPUA & T & PAU).

fri vitre compatibility between entomopathogens

and  fungal and bacterial antagonists,
(GBPUA &T and PDBC).

Relative efficacy of mycoparastic and systemic
resistance inducing strains of Trichoderma
against soil borne and foliar diseases when
applied through seed and soil (GBPUA & T).

Large scale field-testing of Trichoderma at
farmers” field (GBPUA & T).

Shelf-life of Trichoderma and Psendomonas
formulations (GBPUA & T and PDBC).

Biological control of plant parasitic nematode,
Meloidogyne spp. in tobacco nurseries
{CTRI, Hunsur Station).

Biological control of pigeonpea cyst nematodes and
disease complex (AAI, AAU (A), and
TNAU).

Evaluation of Trichoderma spp. against soil borne
and foliar diseases in groundnut (AAU (A)).

Biological control of root knot and other plant
parasitic nematodes in citrus (AAU (A)).

Biological control of cyst nematodes in potato
(Regional Station CPRI. Ooty).

Biological control of post-harvest fruitrot in Mango,
Guava and Papaya using yeasts (PDBC,
AAU (A) and GBPUA & T).

11 BIOLOGICAL SUPPRESSION OF
SUGARCANE PESTS

Bio-intensive pest management practices for
sugarcane scales (CCSHAU & ISR

Maintenance  and  supply  of  Epiricania
melanoleuca for use against Pyrifla
perpusilla (IISR, PAU & CCSHAU).

Field evaluation of Trichogramma chilonis against
Plassey Borer (AAL (1))

Demonstration on  the use of T chilonis
(temperature tolerant strain) against early
shoot borer at 2 locauons (PAU & NCIPM)

Biological suppression of white grubs using FYM

enriched with bassiana
(GBUA&T)

Beauwveria

Biological suppression of sugarcane woolly aphid

Population dynamics of SWA and its natural enemies
(TNAU, AAU (1), ANGRAU, CCSHAU)
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Biology of predators - Dipha aphidivora (TNAU
and MPKV)

Micromus igorotus (PDBC)

Predatory potential: Dipha aphidivera (TNAUY);
Micromus igorotus (PDBC)

Mass production of predators in shade net/
laboratory: Dipha aphidivera (MPKV, SBI.

ANGRAL  and AAU (A);  Micromus
igorotus (PDBC. TNAU, ANGRAU and
AAL (AW

Alternate host rearing of the predators (PDBC)

Effect of Agronomic Practices on incidence of
SWA (TNAU. MPKV, SBI and ANGRALU)

Field release and evaluationa: Dipha aphidivora
(AAU (A) and TNAUY Micromis igorors
(AAU (A} and SBI}

Interaction  between Dipha aphidivora  and
Micromus igorots (TNAU. PDBC and
ANGRALD

Field demonstration of biocontrol wusing D.
aphidivora  and M. igorojus  (TNAU,
MPRKYV, 5BIL, AAU (J), ANGRAU, AAL (A)
and PDBC)

Development of IPM strategy (TNAU, SBI. 1ISR,
AAU (A}, ANGRAU and NCIPM)

Colonization of Encarsia flavoscurellum (TNAU,
[ISR, AAU (I). ANGRAU, AAU (A))

Monitoring and forecasting of SWA (TNAU. SBL
[ISR and ANGRAL)

Yield loss assessment (SBI and IISR)

HI  BIOLOGICAL  SUPPRESSION OF
COTTON PESTS

BIPM for Bt cotton (ANGRAU, AAU(A), TNAU,
MPKY and UAS. Dharwad)

Natural enemy complex of all pests including
bollworms Spedoptera, sap sucking pests
and other bugs in Br & non-B1 cotton varieties
& hybrids (at least two each for the Zone)
(ANGRAU, AAU (A), TNAU, UAS (D) and
PAU)

Enhancement of Natural Enemies Population in

cotton by habitat manipulation (PAU.
ANGRAU and AAU (A))

SUPPRESSION OF
TOBACCO PESTS

IV  BIOLOGICAL

Biological control of Spodoptera exigua in tobacco
nurseries with bio-pesticides (CTRI)

Validation of trap crop and border crop modules for
the management of lepidopteran pests on
tobacco (CTRI)

Studies on the efficacy of adjuvants in SI NPV /
HaNPV persistence and their impact on
tobacco quality (CTRIL)

V  BIOLOGICAL SUPPRESSION OF
PULSE CROP PESTS

Evaluation of DOR B against the Pod borers
(TNAU. ANGRAU, AAU (A) and UAS
(D))

Evaluation of BIPM package on soybean (CTRI
and NRCS)

VI  BIOLOGICAL
RICE PESTS

Evaluation of DOR 81 against Teal’ folder (KAU,
GBPUA&T, AAUN & PAUY

Validation of biointensive pest  management

practices in organic rice production (PAU,
KAU, AAU (J}, GBPUA &T and NCIPM)

SUPPRESSION OF

Validation of BIPM practices against pest complex
of rice (KAU)

VIl BIOLOGICAL  SUPPRESSION OF
OILSEED CROP PESTS

Identification of natural enemies of mustard saw fly
for use in biocontrol (AAU (A), PAU and
AAU (1)

Biological control of mustard sawfly (AAU (A) and
AAU (I}

VII BIOLOGICAL  SUPPRESSION OF
COCONUT PESTS

Evaluation of Trichegramma embryophaguwn,
Goniozus nephantidis and Cardiastethus
exiguus against Opisina arenosella (KAU
& CPCRI)

Establishment of Eriborus trochanieratus against
Opisina arenosella (PDBC and CPCRI)
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Validation of biological suppression of Orycies
rhinoceros in homestead garden (KAL)

IX BIOLOGICAL SUPPRESSION OF
TROPICAL FRUIT CROP PESTS

Population dynamics of soft green scale Coccus
viridiy and its natural enemies on sapota
(IIHR)

Evaluation of Verticilliurn lecanii against sapota
green scale Coceus viridis (1IHR)

Efficacy of different doses of Vertieillium lecanii
against mango hoppers (ITHR)

Biology of Isvndus Teros. a predator of mango
hoppers (ITHR}

Field evaluation of natural enemies against mango
hoppers (IIHR and CISH)

Biological suppression of pomello mealybug
Planococcus citri (ITHR)

Effect of off-season release of Cryptolaemus
montrouziert to suppress the mealybug on
custard apple on the main season (ITHR)

Safety of newer pesticide to  Cryptolaemus
montrouzieri (TTHR)

Effect of commonly used pesticides in the flowering
stage on the reduviid predator Isyndus  heros
(ITHR)

Efficacy of the aphelinid parasitoid Encarsia
guadeloupae in the suppression of spiraling
whitelly under glass house condition (IIHR)

Studies on the natural enemies of thrips on
pomegranate, mango and grapes (ITHR)

Evaluation of B formulations against leal miner on
acid lime and pomello (ITHR)

Impact of naturally occurring predators in the
suppression of amla aphid, Schoutedenia emblica
(ITHR)

Demonstration  on  the performance of
Australian  ladybird  beetle  Cryptolaemus
montrouzieri in the suppression of grape mealybug
(IIHR)

Mass rearing of Encarsia guadeloupae on
spiralling whitefly (IIHR)

Collection and identification of the natural
enemies of sapota seed borer, Trymalitis margarias
and mango frait fly Bactrocera dorsalis (IIHR)

Survey and biocontrol of Guava fruit borer
Conogethes punctiferalis  (RARS, UAS (D)
Raichur)

XBIOLOGICAL SUPPRESSION OF
TEMPERATE FRUIT CROP PESTS

Development of bio-intensive IPM for San Jose
Scale, Quadraspidiotus  perniciosus 1n
apple ecosystem. (SKUAS & T and Dr.
YSPUH & F)

Field evaluation of mass released Trichogramma
embryvophagn against the codling moth,
Cydia pomonella on apple (SKUAS & T)

Evaluation of fungal pathogens against wooly aphids
(Dr.YSPUH & F) and mites (SKUAS & T)
on apple

Mass production of predatory mites (Dr.YSPUH &
F)

Xl BIOLOGICAL SUPPRESSION OF
VEGETABLE CROP PESTS

Biological control of Diaphania indica infesting
gerkhins/cucurbits (ITHR )

Biological control of DBM on cabbage /cauliflower
(IIHR)

Biological control of cabbage web worm,
Crocidolomia binotalis (ITHR)

Evaluation of EPN against brinjal shoot and fruit
borer (ILHR, KAU. PALT}

Standardization of mass rearing of Thrips tebaci
(ITHR)

Feeding potential of Orius rantillus on chilli thrips
(IIHR)

Management of DBM on seed crop of cauliflower
using Diadegma fenestilalis (DrYSPUH &
F)

Microbial control of Trialewrodes vaporariorum
using fungal pathogen (DrYSPUH & F)

Evaluation of DOR Br against fruit borers of brinjal
and okra (KAU)

108 ™pygject Directorate of Bislogical Contral



Effectiveness of various microbial pesticides and a
summer  oil - against  Pieris  brassicae
(Lepidoptera:Pieridae) on  kale / Kool khol
(SKUAS & T and Dr.YSPUH & F)

Development of Bio-control based IPM module
against cabbage pests (SDAU)

Biological suppression of white grubs using FYM
enriched with Beaveauria bassiana and
Meidarhiziwum  anisoplice (GBPAU & T)

XII BIOLOGICAL SUPPRESSION OF
STORAGE PESTS

Evaluation of  Beauveria  bassiana  and
Meiarhizium  anisopliae  isolates  against
bruchids (Callosebruchus spp.) in green
gram in storage (PDBC & PAU)

XHI BIOLOGICAL  SUPPRESSION OF
PESTS IN TURF GRASS

Microbial contrel of white grubs in wrf (SKUAS & T)

XIV BIOLOGICAL

SUPPRESSION  OF
PESTS IN POLYHOUSES

Biological control of thrips. aphids and mites in
polyhouses (MPKV, KAU, PDBC and
NCIPM)

Survey for pest problems: Monthly visits to three
selected polyhouses to document the pest
problems

Evaluation of fungal pathogens for the control of
sucking pests (crops: capsicum/tomatofrose)

XV  BIOLOGICAL  SUPPRESSION OF

WEEDS

] Survey for the natural enemies of Cyperus
rotwndus (KAU, TNAU, AAU (Al AAU
(1), PAU and NRCWS)

13. CONSULTANCY, PATENTS, COMMERCIALIZATION

OF TECHNOLOGY

® EAG and GC-MS analysis for samples received from various organizations

a Quality test for biopesticides

® Bioassay of Br proteins against lepidopterous pests

@ In vitro evaluation of phenolics, flavonoids and maize leal extracts for toxicity to Chilo partelins
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14. MEETINGS HELD AND SIGNIFICANT DECISIONS

MADE

Tenth Research Advisory Committee Meeting
held on 18 - 19 Auvgust 2005

i

1

110

Organic farming is gaining importance and
bioagents being important component, efforts
need to be made to identify pest-wise
biocontrol agents, which can be used cost-
effectively for eco-friendly management of
pests and diseases,

Studies on plant growth promoting biocontrol
agents may be further strengthened for use
in management of fungal and bacterial
pathogens.

Use of magnetic shaker method along with
fermentor may be tried for multiplication of
antagonists,

Hirsutella  thompsenii can be tried in
polyhouse conditions for the control of
phytophagous mites,

Research efforts may continue to identify
suitable biocontrol agent for the control of
coconut mile on priority basis as the coir
industry also indirectly depend on coconut
production.

Research on biocontrol of stored grain pests
may be initiated and these studies need to be
taken up in godowns and large storage bins.

Molecular techniques may be utilized in
biocontrol research as a tool to characierize
and map the genetic diversity of natural
enemies as well as their respective pests to
enhance hiocontrol.

More emphasis may be given for the
biological control of plant diseases and plant
parasitic nematodes.

Efforts are to be made for semi-automation
of production of biocontrol agents, A linkage
may be developed with Central Institte for

10h

Agricultural Engineering, Bhopal in production
units for mechanization.

Mass production technology for EPN has
been standardized and now efforts may be
made to transfer the technology to
commercial production units.

Feasibility of utilizing the Transfer of
Technology Units of Agricultural Universitics
may be explored for increasing the awareness
and up take of biocontrol technologies by the
farmers,

Efforts need to be made to take the services
of NGOs in popularizing biocontrol agents
particularly in promoting organic farming.

Commercialization of biocontrol agents need
to strengthened as it has been done in Br.

Front line demonstrations to be laid out on
priority basis through the AICRP centres
located at ICAR Institutions and State
Agricultural Universities.

Dataon impact on the utilization of biocontrol
agents in different cropping systems may be
collected.

Implication of basic and strategic research in
addition to the prioritics and issues of PDBC
may be looked into along with the latest IPR
issues.

Information on the safety of fungal biocontrol
agents may be compiled and a brief note may
be submitted to the Assistant Director General
(Plant Protection), TCAR, New Delhi.

A proposal may be sent to the Council for a
short visit of ene or two scientists from
PDBC to biocontrol production units in
Switzerland for getting first hand information
on mechanization of mass production, packing,
storage and transport of biocontrol agents.

Project Directorate of Biological Controf
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19.  One field visit can be organized for the RAC
Members to see the impact of usage of
biocontrol agents against insect pests and
diseases.

Interactive meeting

Interactive meeting with Zonal Coordinators
on utilisation and demonstration on the efficacy of
potent natural enemies in different crop ecosystem
under various agro-climatic zones on 28-01-2006.

Imstitute Research Council Meeting held on
6 April 2005

The Institute Reseach Council Meeting was
held on & April 2005 under the Chairmanship of Dr.
R.J.Rabindra,. Project Director, in the presence of
Dr. O.P.Dubey, Assistant Director General (PP),
ICAR. New Delhi. The following staff members
attended the meeting.

Dr. R.1.Rabindra. Project Director welcomed
all and stressed the need for monitoring and
evaluation of the research programmes to meet the
10" Plan objectives and to reach the goal as per
Perspective Plan (Vision 2025). The specific
objective is to translate the effective biocontrol
agents/technologies for adoption by stake-holders
and the end-users-farmers.

The scientists then presenied the results of
the research projects and after each presentation
detailed discussions followed, The specific
recommendations/comments  for laking  further
action are as follows:

Biosystematic  studies  on  predatory

coccinellids - Dr. 1. Poorani

Biosystematic studies on Indian Tachinidae -
Dr. 5. Ramani

Introduction and studies on exotic natural
enemies of some important crop pests and weeds
- Dr. B.S. Bhumannavar

Development of interactive identification key
for important families of insect parasitoids and
predators - Dr. J. Poorani

Rearing and evaluation of natural enemies
with special reference to scelionid, braconid,
ichneumonid and anthocorid groups - Dr C.R.
Ballal

Development of mass production techniques
for dipteran (Diptera: Cecidomyiidae) and acarine
(Arachnida: Acarina) predators for use in biological
control programmes) - Dr. Prashant Mohanraj

Mass production and evaluation of Micromus
sp Development of novel mass production, storage
and packaging techniques for Cryprolaemus
montrouzieri - Mr. Sunil Joshi

Development and use of insect viruses lor
the management of major pest complex of
cruciferous crops - D K. Narayanan

Development of improved formulations of
NPV for management of Helicoverpa armigera
and  Spodoptera  litura in tomato - Dr. K.
Veenakumari

Evaluation of fungal pathogens against thrips
on onion and garlic - Dr. B. Ramanujam

Identification of effective entomofungal
pathogens for the management of sugarcane woolly
aphid and their evaluation - Dr. B. Ramanujam

Identification of Trichoderma isolates with
enhanced biocontrol potential - Dr. S, Sriram

Efficient formulations of Trichoderma sp.
and entfomofungal pathogens with prolonged shell-
life - Dr. 5. Sriram

Mass production, formulation and field testing
of entomopathogenic nematodes against important
lepidopteran pests - D 8.8, Hussani

Biological suppression of plant parasitic
nematodes exploiting antagonistic fungi and bacteria
n specific cropping systems - Dr. M. Nagesh

Identification of pathogens of phytophagous
mites and assessment of their potential in microbial
control - Dr. P. Sreerama Kumar

Herbivore induced plant synomones and their
utilization in enhancement of the efficiency of
natural enemies - Dr. P.L. Tandon

Host derived kairomones to enhance the
efficiency of natural enemies - Dr. N,
Bakthavatsalam

Development and evaluation of improved
strains  of  trichogrammatids,  Cheilomenes
sexmaculata and Chrysoperla carnea tolerant to
insecticides, temperature and high host searching
ability - Dr. S.K. Jalali
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Development and formulation of artificial
diets for the rearing of coccinellids and anthocorids
- Dr. T. Venkatesan

Development and evaluation of artificial diets
for Opisina arenosella and Plutella xylostella and
studies on host-parasitoid interrelations - Dr. K.S.
Murthy

Software development for identifying and
suggesting biosuppression measures for different
crop pests using personal computer - Dr. S.R.
Biswas

Development of national information system
on biological suppression of crop pests - Mr. 8.R.
Biswas

Developing a data base on  microbial
biocontrel agents - Ms. M. Pratheepa

Technical and Documentation Cell - Dr. N.
5. Rao

Dr. O.P.Dubey in his special remarks
appreciated the good work done by the scientists
of PDBC in the past and suggested that the tempo
should be maintained if not accelerated for bringing
out cost-effective technologies.

Institute Management Committee Meetings

The Chairman welcomed all the Members to
the Thirteenth Management Committee held on 4"
May 2006 at the PDBC, Bangalore.

After a brief introductory remarks and
progress made by the Project Director, the agenda
itlems were taken up for discussion.

The Administrative, Finance & Accounts
matters were discussed. The expenditure incurred
under Plan and Non-Plan during 2005-00 and the

expenditure incurred up to 31.3.2006 were
discussed. The revenue realized during 2005-06
was presented. It was suggested to clarify the
revenue under the revised estimate for the year
2005-06.

The Action taken on the recommendation of
XIT Management Committee meeting held on 11"
August 2005 at PDBC. Bangalore was  presented
for the kind information of the Management
Committee.

I. Action taken report of 12" Management
Committee Meeting
1.  Farm Development :

Additional of Rs. 150 lakhs for farm work like
Toad, street lights, compound wall, irrigation facilities,
drainage channels and other miscellaneous items

Action taken : Projected in the revised EFC
submitted to TCAR

2. Equipment :
Inclusion of following equipment in the revised
EFC:
Incubator shaker costing Rs.5.00 lakhs
Table top centrifuge costing Rs.4.50 lakhs
Other smaller equipment based on need
Action taken : As per the advise of ADG

{PIM), ICAR these items are to be proposed in the
next plan EFC

Recommendation : The committee adopted
the action taken report of the 12" Management
Committee Meeting. The change of equipment is
shown below :

Existing items Proposed equipment Action taken
Video conference unit costing Rs.5, 00,000 Laboratory furniture Purchased
Beta scintillation unit Vacuum sealing unit Opened the LC

Bubble diet making machine | Unable to procure

Ultrasonicator Water aclivity meter Orders placed
Deep freezer —20° Purchased
CFC Free refrigerator Under process
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[1.  Agenda items for recommendation by
IMC

a) Renovation of existing Nematology
building  costing  Rs.29.443  lakhs
proposed under Non-Plan under the head
Special Repairs and Maintenance — AA
and ES — Ratification

In anticipation of post-facto approval of the
IMC, administrative approval and expenditure
sanetion was accorded for an amount of Rs.29.443
lakhs 10 the CPWD for the repairs and renovation
of the Nematology biocontrol building by
replacement of the asbestos roof with RCC roof on
pillars, since the amount had o be deposited with

the CPWD before 31.3.2006. Since the amount
exceeds Rs. 25.00 lakhs over and above the powers
of the Project Director, the ratification of the IMC
is sought.

The details of estimates received from
CPWD is appended as Annexure I.

Recommendation:

After detailed discussion, the committee
has ratified the renovation of existing Nematology
building costing Rs.29.443 lakhs as per the estimate
provided by the CPWD.

b)  Proposal for replacement of certain equipment

Replacement of equipment in place of condemned equipment

Existing equipment To he replaced with Approximate Instification
cost (Rs.)

Netwark electronic Personal computer LOCLOO0 This is needed for carrying out network and

typewriter — 2 Nos AICRP Coordination work and library for
database

HAL Telex machine Fax machine 15000 Telex machine is not used at present and
needs to be replaced with fax machine for the
technical cell as much correspondence is made
with the AICRP centers

LCD Projector— LCD projector 400,000 Existing LCD projectors are outdated and

) spares are not available so they have to be

2 Nos, P . . :
replaced with new LCD projectors for regular
training programmes and meetings

Laboratory oven Laboratory oven 40000 These are needed for pathological work

Autoclave Autoclave 50,000

Rotary shaker Orribital shaker 75,000

Tulaman balance Electronic balance 25,000 For regular weighing of diet ingredients and
culture media components

Image analysis New image analysis 500,000 This is needed for taking digital pictures and

system attached to system attached to other pictures of nematodes

microscope microscope

Table top autoclave New Table top For regular sterilization work in EPN laboratory

autoclave

ups UPS 50,000 For back-up for important equipments in EPN
lab

Binocular microscope New Stereczoom 2,00.000 For identification of trichogrammatids

microscope

Environmental Environmental 400,000 For developing temperature tolerant strains of

chamberNew chamber parasitoids

Colour monitor for New Colour monitor 000 For library

compuger for computer
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Recommendation:

After detailed discussion, the committee has
recommended for replacement of equipments in
place of condemned equipments subject to condition
that these items are to be condemned by a duly
constituted committee. For environmental chambers,
the committee suggested to find out the possibilities
of repairing the item by exploiting the local expertise
available. It was also suggested that replacement
of colour monitor can be explored through buy-back
scheme.

¢)  Consultancy charges for the experts
under the consultancy project DOW Agro
Sciences, Mumbai

Recommendation:

After detailed discussions, the committee
agreed for payment of consultancy charges subject
to the recommendations of the Consultancy
Processing Cell of the Institute.

d)  Proposal for additional sanction under
different item of work under Farm
Development as well as equipment.

At the time of submission of EFC proposal,
the U.A.S., Bangalore had agreed to spare 10 acres

of land for developing the farm for PDBC and an
allocation of Rs. 100 lakhs was approved under the
X Plan EFC for farm development, However,
subsequently the university has handed over 25
acres of land on lease to the PDBC. Additional
sanction is sought for the following items of work.

Farm development:

5. |Item of work Sanctioned | Additional
No in X plan | sanction
required
L |Rain water harvesting 6.00 2965
system, central road &
Drainage channels
2. |Street lights 150 850
3. |Compound wall & road 14.50 11,75
4. | Glasshouse (3x%5 m) 500 1520
5. | Construction of 11.31 730
Farm Office. Store Room
and Field Laboratories
Recommendation

After detailed discussion. the commitiee has
recommended for the additional sanction under
works and equipment.
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15. PARTICIPATION OF SCIENTISTS IN CONFERENCES,
MEETINGS, WORKSHOPS, SYMPOSIA, ETC. IN INDIA

AND ABROAD

Project Directorate of Biological Control,

Bangalore

Dr. R. J. Rabindra attended:

“Workshop on  Sugarcane Woolly  Aphid -
Harmonizing various research programmes
for focussed efforts on development of
successful strategies”. from 4-3 April 2003,

“Workshop on Management of Change in AICRPs
20057 held from 16-18 May 20035 at NASC
Auditorium, New Delhi and presented a
paper on “Strategies for commercialization of
product and technology™ on 17 May 2005.

“Workshop on Biocontrol of the weed Mikania in
Kerala” held at KFRI. Peechi on 24
November 2005.

“Workshop on biecontrol of Mikania™ held at AAL,
Jorhat, on 28 November 2005,

“Brainstorming Session on Organic Farming™ held
at IIVR, Varanasi on 2 February 2006,

“Brainstorming Session on Uzi Fly Management™
sponsored by CSRTI and organized at PDBC
on 10 February 2006.

“Workshop on Early Warning Systems for Forest
Invasive Species™ held at KFRI, Peechi, on
22 February 2006and reviewed the progress
of work of Mikania project at KFRI, on 23
February 2006,

“Pathways out of Poverty” held at Cambridge, UK
from 22- 23 September 2005,

“Conference on Soil Biology™ and delivered a
lecture on “Soil biology and biological control”
al Tanjore on 5 October 2005, Visited
National Research Centre on Banana,

Tiruchirapalli on 6 October 2005 and discussed
the biological control of banana pests and
diseases with the scientists

“Conference on Post-Tsunami Plant Protection in
Andaman & Nicobar Islands™ held at CARI,
Port Blair, on 15 October 2005 and presented
a paper entitled “Biological control of crop
pests and diseases — prospects and future”
during the conference.

“International Grain Legume Conference™ held at
New Delhi on 20 October 2005. In the
alternoon held discussions with the following
officials at the ICAR. Director (Finance) for
release of additional TA grant. ADG (PP)
release of grants relating to expenditure in
respect of AICRP and AINP projects. ADG
{PIM) on revision of EFC proposals discussed
Mikania project at the NBPGR, New Delhi.

“International Conference on Biotechnology for
Sustainable Agriculture and Agro-industry™
held on 11 March 2006 at Hyderabad and
presented a paper entitled “Biotechnology
and biological control.”

“National Conference on  Agrobiodiversity”
organized by Biodiversity Authority in India
at Chennai on 13 February 2006 and delivered
a lecture on “Biodiversity and biological
control.”

“Ninth Group Meeting of the AINP on Acarology™
held at PAU, Ludhiana, on 12 April 2005,

“Third Meeting of the Research Advisory
Committee” of Central Institute of Temperate
Horticulture, Srinagar, from 4-5 May 2005.

“Discussion meeting on the Classical biological

control  of  Mikania  micrantha  using
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Puccinia spegagzinii called by the Plant
Protection Adviser to the Govt, of India at
Shastri Bhavan, New Delhi on 15 June 20035,

“First meeting of the Expert Panel on Organic
Farming” held at National Centre of Organic
Farming (NCOF), Ghaziabad, on 27 June
2005.

“Salection committee meeting” held in the chamber
of the Chief Secretary, Chief Secretariat,
Goubert Avenue, Pondicherry as an JCAR
nominee, on 30 June 2005,

“First meeting on Human Resource Development in
Biotechnology” under the chairmanship of
DPDG (CS) at NBPGR, New Delhi, from 7-
8 July 2005 .

“First meeting of the working group IIT Integration
of basic, strategic, anticipatory and applied
research for the management of change in
AICRPs” under the chairmanship of DDG
(CS) at ICAR, Krishi Bhavan, New Delhi on
13 July 2005.

“Meeting on commercialization of products related
to parasites, predators and antagonists™ held
at the NCIPM, New Delhi, on 20 July 2005.

“IPM meet” organised by Plant Protection Advisor,
Government of India at New Delhi, on 26
July 2005,

“Fifth Meeting of the Task Force on Biopesticides
and Crop Management” held at Conference
Hall. The Energy and Resources Institute,
Habitar Centre, Lodi Road, New Delhi, on 22
August 2005,

“Twenty-second meeting” of the RAC of Central
Sericultural Research and Training Institute,
Mysore at Mysore from 24- 25 October 2005.

“Meeting of the Crop Science Division™ chaired by
the DDG (CS) at ICAR New Delhi, on 16
January 2006.

Dr. P. L. Tandon attended:

“Fourteenth Biocontrol Worker's Group Meeting”
at Sugarcane Breeding Institute, Coimbatore
from 21-23 June 2005 and Chaired the
Session.

“National Conference on [PR and Management of
Agricultural Research™ organized by the

ICAR and held at New Delhi, from 27-20
August 2005,

“Twentieth Meeting of ICAR Regional Committee
No. VIII™ at Chennai, on 23-24 December
2005.

“National Symposium on Biotechnology and Insect
Pest Management” held at Entomology
Research Institute, Loyola College, Chennai
from 2-3 February 2006, Chaired the session
on “Insect Resistance Transgenic Crops”
and also presented an invited Lead Paper on
“Biotechnology- a versatile tool in biological
control of crop pests using parasitoids and
predators.”

“The

=

Premier Workshop on The Right to
Information Act 20057 organized by the
Director, National Institute of Public
Administration at Bangalore, from 23-24
January 2006,

Dr. K. Veenakumari attended:

The summer school on “Recent Advances in
Agricultural Research Project Management”
held at NAARM, Hyderabad, from 5-25 May
2005,

Dr. R. Rangeshwaran attended:

The 21-day winter school on “Biointensive
Integrated Management of Insect Pests and
Disgases of Crops” held at the Directorate
of Qilseeds Research, Hyderabad from 9-29
November 2005. Delivered a lecture on the
topic “Role of endophytic bacteria in
biological control and induction of systemic
resistance” during the winter school,

Dr. P. Sreerama Kumar attended:

“Interactive meeting of the [CAR-CABI
collaborative project on Classical biclogical
control of Mikania micrantha with Puccinia
spegazziniic Implementation phase”™ at the
National Bureau of Plant Genetic Resources,
New Delhi, from 25-26 April 2005.

“Meeting to review the dossier on “Puccinia
spegazzinii  de  Toni  (Basidiomyceles:
Uredinales) a potential biological control
agent for Mikania micrantha Kunth. ex
H.B.K. (Asteraceae) in India” for the issue
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of limited field release of the rust pathogen
P spegazzinii”al Shastri Bhavan, New Delhi,
on 13 June 2005.

“Meeting o monitor the foreign-aided ICAR-CABI
collaborative project “Classical biological
control of Mikania micrantha with Puccinia
spegazzinii: Implementation phase™ at Krishi
Bhavan, New Delhi, on 16 June 2005,

“Meeting of the expert committee for assessing and
evaluating the impact of the programme on
eriophyid mite infestation in coconut™ held at
PDBC. on 2 August 2005,

“XIV Biocontrol Workers™ Group Meeting” at the
Sugarcane Breeding Institute, Coimbatore,
from 21-22 June 2003,

“Workshop on biocontrol of the weed Mikania
micrantha in Kerala” organized under the
DFID (UK }-funded ICAR-CABI
Collaborative project on Mikania micrantha
by the Kerala Forest Research Institute at
Peechi, Kerala on 24 November 2005,

“International Conference: Pathways out of
Poverty™ organized by the Association of
Applied Biologists (AAB) in conjunction with
the UK Department for International
Development’s externally managed resources
research  programmes at the Homerton
College, Cambridge, United Kingdom (UK).
22-23 September 2005,

“Second International Conference on Parthenium
Management” jointly organized by the
University of  Agricultural  Sciences
{Bangalore) and other organizations at
Bangalore, 5-7 December 2005,

“National Meet on Biopesticides in Sericulture-
Partnership Avenues”, a one-day workshop
organized by the Karnataka State Sericulture
Research  and  Development  Institute
(KSSRDI), Thalaghattapura. Bangalore on
18 January 2006.

Dr. M. Nagesh attended:

Seminar-cum-Workshop on “Capacity building
programme for Indian Agricultural Research,
Extension and Development Organizations in
Globalized Economy”™ held at NAARM,
Hyderabad, from 29-30 April 2005,

Sericulture

Meeting on
Biotechnology™ held at CSR&TI, Mysore.
from 23-24 May 2005

“Consultation

*Biennial Group Meeting of AICRP (Nematodes)*
held at KAU, Vellayani, Thirovananthapuram,
from 7-8 November 2005.

“National Seminar on Biotechnological management

of Nematode Pests and Scope of
Entomopathogenic Nematodes™ held at Sun
Agro Biotech Research Centre, Chennai

from 21-22 November 2005.

DBT reconstituted “Task Force Meeting on
Biopesticides™ held at the Habitat Center,
New Delhi, from 22-23 August 2003,

“Orientation on Non-Pesticidal Management™ at
Shri Hanumantharayva Educational  and
Charitable Saciety KVK,
Yagantipalh,Banaganapalle,  from  4-5
February 2006.

Dr. T. Venkatesan attended:

“Seminar-cum-workshop on Capacity Building
Programme for Indian Agriculiural Research,
Extension and Development Organizations in
Globalised Economy™ held at NAARM. from
19-20 April 2005.

“Third International Training Programme on
Molecular  Techniques  for Crop
Improvement™  organized by GKVK,
Bangalore and Krikhouse Trust, UK, at
GKVK, Bangalore. on 19 November 2003,

“Mid-term Review Meeting on Biological Control of
Coconut Black-headed Caterpillar, Opisina
areppsella”  organized by the Coconut
Development Board at Erode, on 27 August
2003.

Dr. K. Srinivasa Murthy attended:

“Capacity  Building in  Identification and
Management of Mite Pests of Crops”
organised by the Department of Entomology.
University of Agricultural Sciences, GKVK.
Bangalore, from 21 September - 11 October
2005.

“The Open Session on Marker Assisted Selection
in Plant Breeding” held at GKVEK, UAS,
Bangalore. on 19 November 2003, as part of
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the Third International Training Programme
on  Molecular Markers for  Crop
Improvement, Part II : Genetic Mapping”
held with the support of Kirkshore Trust, UK
and John Innes Centre, Morwich, UK.

“Waorkshop on Harmonizing Various Research

Programmes for Focused Efforts  on
Development of Successful Management
Strategies” held at PDBC. Bangalore, from
4-5 April 2005,

Dr. C. R. Ballal attended:

“Fourteenth Biocontrol Workers” Group Meeting”™

held at SBL. Coimbatore, from 21-22 June
20005,

“Stakeholders Workshop™ organised by NATP for

preparing the World Bank assisted NAIP
Project held at PDBC. Bangalore, on 6
September 2005,

“The National Convention on Knowledge-Driven

Visit

Agricultural Development: Management of
Change” held at IARL, New Delhi, from 24-
26 March 2006,

of Project Director to Centres

The Project Director visited different centres

of the All India Coordinated Project to review the

work,

to understand the difficulties and to resolve

problems faced in the implementation of the

118

programmes. The centres visited with dates are
given below

I

AICRP centre at PAU, Ludhiana, on 11 April
2003.

AICRP centre at College of Agriculture,
Pune, on 29 August 2005, Field released the
parasitoids at Pune on 30 August 2005,

AICRP centre at ANGRAU, Hyderabad,
from 8-9 November 20035, Delivered a
lecture on BIPM during winter scheol training
at DOR, Hyderabad. on Y November 2005,
AICRP centre at KAU, Thrissur, on 23
November 2005.

AICRFP centre at AAU, Jorhat, on 26-27
November 2005,

AICRP centre at Dr. YSPUH&F, Solan, on
17 January 2006,
AICRP centre at KAU, Thrissur on 21
February 2006, and held discussions on
production and submission of success story
of rice biocontrol,

AICRP centres at TNAU and SBI,
Coimbatore, from 24-25 Febryary 2006.
AICRP centre at AAU, Anand, on 13 March
2006,

AICRP centre at SKUAS&T, Srinagar, on 23
March 2006,

W= + 5
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16. WORKSHOPS, SEMINARS, SUMMER INSTITUTES,

FARMERS’ DAY, ETC.

Organized at PDBC

17. DISTINGUISHED VISITORS

Institute Management Committee meeting:
14 December 2005 & 25 April 2005,

Interactive Meeting with Zonal coordinators:
2% January 2006

XIV Biocontrol Workers' Group Meeting:
21 — 23 June 2005

Institute Research Council Meeting: 6 - 7
April 2005.

Eleventh Research Advisory Committee

meeting: 18 - 19 August 2005,

Symposium on Biological Control of Pests of
Horticultural Crops: New Thrusts.
Stakeholder Workshop organised by NATP
for preparing the worldbank assisted NAIP
Project on 6 September 2005 at PDBC.
Bangalore,

Celebrated

Anti-Terrorism Day on 21 May 2005
ICAR Foundation Day on 16 July 2005

Project Directorate of Biological Control,
Bangalore

Dr. Mangala Rai, Secretary. DARE & DG, ICAR,

N. Delhi visited PDBC on 1-05-2003

Dr. G. Kalloo, DDG (Hort. & CS) visited PDBC

on 20-11-2005
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18. PERSONNEL

Project Directorate of Biological Control, Bangalore
Dr.R.J.Rabindra
Dr.P.L.Tandon

Dr K Narayanan
Dr.N.S.Rao
Mr.S.R.Biswas
Dr.S.S.Hussaini
Dr.B.S . Bhumannavar
Dr.(Ms.)K. Veena Kumari
Dr.Prashanth Mohanraj
Dr.B.Ramanujam
Dr.N.Bakthavatsalam
Dr.S.Ramani
Dr.(Ms.)Chandish R.Ballal
Dr.M.Nagesh
Dr.S K. Jalali
Dr.T.Venkatesan
Dr.(Ms.)J Poorani
Dr.P.Sreerama Kumar
Dr. K Srinivasa Murthy
Mr.Sunil Joshi
Mr.R.Rangeshwaran
Ms.M Pratheepa

Project Director
Principal Scientist
Principal Scientist
Principal Scientist
Principal Scientist
Principal Scientist
Principal Scientist

Senior Scientist

Senior Scientist

Senior Scientist

Senior Scientis!

Senior Scientist

Senior Scientist

Senior Scientist

Senior Scientist

Senior Scientist

Senior Scientist

Senior Scientist

Senior Scientist

Scientist (8S)
Scientist (SS)
Scientist (S5)

Central Plantation Crops Research Institute, Regional Station, Kayangulam

Dr.(Ms.) Chandrika Mohan

Central Tobaceo Research Institute, Rajahmundry
Mr.S. Gunneswara Rao

Dr.P. Venkateswarlu

Indian Agricultural Research Institute, New Delhi
Dr.K.L.Srivastava

Indian Institute of Horticultural Research, Bangalore

Dr.M. Mani
Dr.A.Krishnamoorthy
Dr. (Ms)y P N. Ganga Visalakshy

Senior Scientist

Scientist (SG)
Scientist (S5)

Principal Scientist

Principal Scientist
Principal Scientist
Senior Scientist
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Indian Institute of Swvgarcane Research, Lucknow

Dr.Arun Baitha Scientist (SS)
Sugarcane Breeding Institute. Coimbatore

D). Srikanth Senior Scientist
Assam Agricultural University, Jorhat

Dr. A Basit Frincipal Scientist
DK Saikia Senior Scientist

Acharya N.G.Ranga Agricultural University, Hyderabad
Dr.A Ganeswara Rao Principal Scientist
Dr.S.J.Rahman Senior Scientist

Govind Ballabh Pant University of Agricultural Sciences & Technology, Pantnagar

Dr.U.S Singh Professor
Gujarat Agricultural University, Anand

Dr.D.N. Yadav Principal Research Scientist
Dr.B.H Patel Associate Research Scientist
Mr.J. ). Jani Assistant Research Scientist

Kerala Agricultural University, Thrissur

Dr.(Ms.) S.Pathummal Beevi Associate Professor
Dr.iMs.) K.R. Lyla Associate  Professor

Mahatma Phule Krishi Vidyapeeth, Pune

Dr.5.A.Ghorpade Entomologist
Dr.D.S.Pokharkar Assistant Entomologist

Punjab Agricultural University, Ludhiana

DS Maninder Senior Entomologist
Shri. Jagmohan Singh Assistant Entomologist
Dr. Neelam Joshi Assistant Microbiologist
Ms.Ramandeep Kaur Assistant Entomologist
Dr.J.8.Virk Assistant Entomologist

Sher-¢-Kashmir University of Agrieulture and Technology, Srinagar
Dr.Abdul Majeed Bhat Associate Professor
Tamil Nadu Agricultural University, Coimbatore

Dr.R.Balagurunathan Professor
Dv.N Sathiah Associate Professor

Y.5.Parmar University of Horticulture and Forestry, Nauni, Solan

Dr.P.R.Gupla Senior Entomologist
Dr.Anil Sood Assistant Entomologist
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19. INFRASTRUCTURAL DEVELOPMENT

Equipment

The laboratories were further strengthened
with the acquisition of Refrigerated microfuge.
dehumidifier (desiccant type). Walk-in chamber,
Potter spray tower. Double ended autoclave,
Incinerator, Vacuum filtration unit, work station for
establishing DNA laboratory, Hand held water
activity metre, Vacuum sealing machine,

Library

The library has a collection of 1.820 books,
1288 volumes of journals, 51 bulletins and several
miscellaneous publications including several reprints
on various aspects ol biological control. Twelve
foreign and fourteen Indian  Journals  were
subscribed, CD-ROM - abstracts upgraded up to
February, 2006. New CDs on Crop Protection
Compendium 2005 edition was procured

ARIS Cell

Norton Anti-virus software and Mcafee have
been upgraded to the latest version. A separate
server for Canoma mail has been established to
exchange the mails within PDBC, The statistical
software Systat version 110 and Map Info
Professional version 7.0 have been procured and
installed in the ARIS Cell.

National Insect Reference Collection

The PDBC has 3.495 anthentically identified
species belonging to 216 families under 16 orders.
The collection includes representatives of the orders
Hymenoptera, Coleoptera, Hemiptera, Orthoptera,
Strepsiptera, Thysanoptera, Neuroptera, Diptera,
Lepidoptera, etc., encompassing crop pests,
parasitoids and predators. The information is
available in the form of a catalogue.

Land & buildings

The Project Directorate of Biological Control,
Bangalore, has leased ten hectares of land in the
GK VK campus, University of Agricultural Sciences,
Bangalore, to conduct on-farm research and training
on biological control of crop pests. An amount of
Rs. 17241 lakhs has been deposited with CPWD,
Bangalore for construction of quarantine building
with glass house and net house, for addition of first
floor on pathology laboratory, for construction of a
glass house, for acoustic enclosure, raising of
compound wall and for development of the farm
(with farm office, stores, shed, field laboratories
bore wells, transformer. street lights, glass house,
compound wall with gate, barbed wire fencing.
road development, water tank and drainage
channel).

M
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20. EMPOWERMENT OF WOMEN

During 2005-06, the participation of women
in different training programmes was as follows.

| Institutional training programmes
conducted at PDBC, Bangalore

“Collection, preservation and identification of
insect bioagents™ from 01-12-2005 1o 07-
12-2005

Dr. (Ms.} Rabinder Kaur, Assistant Entomologist,
Department  of  Entomology.  Punjab
Agriculwral University, Ludhiana — 141 004,
Punjab

Ms. Ramanadeep Kaur, Assistant Entomologist.
Department  of  Entomology,  Punjab
Agriculural University, Ludhiana — 141 004

Dr. {Mrs.) Neerja Agrawal, Associate Professor,
Department,  of  Entomology, Chandra
Shekhar Azad Unwversity of Agriculture &
Technology, Kanpur — 208 002, Uttar Pradesh

“New Vistas in Trichogramma Research™ from
23-01-2006 to 28-01-2006.

Ms. Pallavi Rabhaji Palande, Junior Research
Assistant, Department of Entomology,
Mahatma Phule Krishi Vidyapeeth, Rahuri,

Ms. A. Anbuselvi, Research scholar, Ethiraj College
for Women, Chennai

“Antagonists for Plant disease control” from
20-02-2006 to 25-02-2006

Dr. (Mrs.) Rehumath Niza, T. J., Associate
Professor. Department of Plant Pathology,
College of Horticulture, Kerala Agricultural
University P. O.. Vellanikkara, Thrissur-680
656, Kerala

11 Tailor-made training programmes

“Mass production and quality control aspects
of entomopathogenic nematodes,
antagonists and trichogrammatids™ from
25-04-2006 1o 04-05-2006. Ms. Leepa
Abraham, Technical Assistant, POABS
Envirotech Pvi. Lid., Trivandrum

“Production of Trichogramma and Trichoderma®
from 09-01-2006 1w 18-01-2006, Ms.
Jayashree Hiremath, Agriculture Officer,
Parasite laboratory, Bailthongal, Dist, Belgaum

“Mass Production of Bioagents” from 19-05-
2005 1o 21-05-2005, Ms. A. P. Lucy, Deputy
Director & Mrs. P Sreeja. Agricultural
Officer, State Biocontrol Laboratory, Kerala
Agricultural University, Thrissur,

“Mass Production of Entomopathogenic Nematodes™
from 06-2005 to 31-06-2005
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