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1.  PREFACE

	 India’s economic growth, the envy of the world, has benefitted millions of people in terms of access 
to better quality food. Raising healthy food crops without toxic pesticidal residues is a major challenge for 
the Indian farmers of today. The Indian Council of Agricultural Research (ICAR) under its dynamic leader 
and visionary Dr. Mangala Rai, the Director General (ICAR) and Secretary (DARE) has been extending 
unflinching of support to the Project Directorate of Biological Control (PDBC) for undertaking frontier 
areas of research for developing biological control strategies. The scientists of the institute along with their 
active partners in the All India Co-Ordinated Research Project on Biological Control (AICRP on BC) spread 
over the entire country undertook need-based and focused research to address the all important demand for 
raising crops in a sustainable and eco-friendly manner using biocontrol technologies. 

The taking over by Prof. Swapan Kumar Datta, a world renowned scientist as the Dy. Director General 
(Crop Sciences), ICAR has injected fresh enthusiasm and encouragement in our minds. We value the committed 
involvement of Dr. T. P. Rajendran the Asst. Director General (Plant Protection), ICAR in the activities 
of the PDBC.

While we are proud of the achievements of the PDBC, we have accepted the mammoth task of steering 
the metamorphosis of the Project Directorate into the National Bureau of Agriculturally Important Insects 
(NBAII). The major mandate of the Bureau would be harnessing the biodiversity of insects, mites and other 
arthropods of agricultural importance for enhancing the productivity of crops and thereby improving the 
livelihood of the farmers. I am grateful to Dr. Mangala Rai our Director General for trusting us with this great 
task.

I am grateful to all the scientists whose contributions find a place in this annual report. Dr. B.S.Bhumannavar, 
Dr. Chandish R. Ballal and Dr. S. Sriram made excellent contributions in compiling and editing this annual 
report.

We look forward to facing the challenges of ensuring the growth of the newly formed National Bureau 
of Agriculturally Important Insects, into a world class Bureau to serve the stake holders involved in the food  
production particularly the farmers of India. At this juncture we would like to place on record our appreciation 
for our senior colleagues of the PDBC like Dr. S. P. Singh, former Project Director, Dr. P. L. Tandon, Dr. K. 
Narayanan, Dr. N. S. Rao, Dr. S. S. Hussaini and Mr. Biswas, Principal scientists who have retired in the 
recent past for their research contributions in the field of biological control.

The NBAII would keep its door open for Collaboration, Linkages, Partnerships and Co-operation in the 
task of harnessing the power of insects for the growth of Indian Agriculture.

R. J. Rabindra
 Project Director

Project Directorate of Biological Control 
& 

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

A comprehensive research programme undertaken 
at the National Bureau of Agriculturally Important 
Insects (Formerly Project Directorate of Biological 
Control) as well as 10 state Agricultural Universities 
(SAUs) and six Indian Council of Agricultural 
Research (ICAR)-based centres besides many 
voluntary centres under All-India Co-ordinated 
Research Project (AICRP) on Biological Control 
during the year 2008-09 to develop biocontrol-based 
technologies for the eco-friendly management of 
key pests, diseases of crops, nematodes and weeds. 
Emerging issues like eco-friendly management of 
mealy pests on Bt cotton, papaya mealy bug 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 2008-09 have been carried 
out successfully and the results are summarized 
hereunder. 

Basic research

Project Directorate of Biological Control, 
Bangalore

Biosystematics

 The genus Synona Pope of the world was 
revised. The most commonly found coccinellid 
species in India, Synona melanopepla (Mulsant), 
was found to be a valid species. Lemnia (Synia) 
martini Iablokoff-Khnzorian, L. melanoptera 
Iablokoff-Khnzorian and S. rougeti (Mulsant) were 
synonymised with S. melanopepla. The species 
commonly found in peninsular India, which has 
been hitherto misidentified as S. rougeti, was found 
to be a new species and described as S. obscura 
Poorani, Slipinski & Booth. Four genera, namely, 
Scymnodes Blackburn, Apolinus Pope & Lawrence, 
Rhynchortalia Crotch and Cryptolaemus Mulsant, 
were revised.

Calvia albida Bielawski was recorded from 
Tripura. Two indeterminate species of Ortalia 
were recorded from Western ghats region, Kerala. 
Pseudaspidimerus infuscatus Poorani was collected 
from Kerala, which constitutes a new distribution 
record for this species. Keys were constructed for 
the subfamilies, tribes, and genera of Sticholotidinae 
and Scymninae (Coccinellidae) of the Indian region. 
Several digital photographs of common species of 
coccinellids were generated during this period. 

Trichogramma spp. Collected from the eggs 
of an unidentified lepidopteran and chrysopid 
appears to be a new species. Two populations of 
Trichogrammatoidea collected from an unidentified 
lepidopteran looking similar to Trichogrammatoidea 
robusta failed to interbreed indicating that the two 
populations are closed related species. Uscona 
femoralis has been successfully cultured on the 
eggs of Callasobruchus maculates in the laboratory 
and maximum adult emergence was obtained when 
maintained at 25° C.

Introduction of natural enemies

For the biological suppression of Leptocybe 
invasa, an invasive species of gall wasp of eucalyptus, 
two parasitoids namely Quadrastichus mendeli and 
Selitrichodes kryceri were imported from Israel.  
Spalgis epius, a lepidopteran predator is actively 
feeding and checking the spread of the papaya mealy 
bug, Paracoccus marginatus which has become very 
serious on papaya, teak, cotton, okra, mulberry and 
hibiscus in Tamilnadu.

Rearing and evaluation of natural enemies

In a net house evaluation, the anthocorid 
Blaptostethes pallescens @ 20 nymphs per 
plant at weekly interval against chilli mite 
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Polyphagotarsonemus latus resulted in the reduction 
of per cent curled leaves from 81.8 to 6%. Release 
of B. pallescens @ 20/plant at weekly interval, four 
times on potted bean plants in net house,  resulted 
in about 40% reduction of adults. Release of B. 
pallescens adults at a ratio of 1:5 against cotton 
mealybugs provided maximum mortality (93.3%).

In a laboratory experiment, females of Orius 
tantillus laid significantly highest (45%) number of 
eggs when beans, pollen and host (Sitotroga) eggs 
were provided.  In a second trial O. tantillus females 
laid the highest percentage of eggs (47.7%) on bean 
pieces with stalk.

	 Field observations on sugarcane woolly 
aphid predators revealed that Micromus timidus 
has completely replaced M. igorotus in and around 
Bangalore but M. igorotus is still a dominant species 
in Pune and Coimbatore. M. igorotus larvae fed on 
significantly higher number of woolly aphids as 
compared to M. timidus. A new oviposition cage has 
been developed to maximize the harvest of eggs of 
M. timidus.

A rearing method for Brumoides suturalis on 
Sitotroga cerealella eggs was developed. The 
beetle produced significantly higher number of eggs 
(204.62 eggs per female) on S. cerealella eggs than 
on mealybugs (160.09 eggs per female). 

The results on host preference by trichogramma 
egg parasitoids indicated that eggs of C. cephalonica 
was the most preferred (mean 89.7% parasitism), 
followed by Chilo partellus (mean 60.5% parasitism) 
and eri silk worm eggs were least preferred. 
Irrespective of host egg from which parasitoids were 
collected, trichogrammatids prefer to parasitise C. 
cephalonica eggs. 

Molecular characterisation of entomophagous 
insects

The size of the ITS-2 rDNA PCR products varied 
from 550 – 600bp in the eight Trichogramma species 
used in the study. Based on this size variation, three 
groups could be distinguished: Group I included T. 
cacoeciae with base pair of 600bp; Group II included 
T. semblidis and T. embryophagum (Germany) 

with base pair of 575bp and Group III included T. 
corbudensis, T. evanescens, T.   embryophagum, 
T. pretiosum, T. pretiosum (USA) with base pair of 
550bp. 

The size of the wsp and FtsZ PCR (Wolbachia- 
specific) products varied from 550– 600bp and 700-
750bp, respectively in the six Trichogramma species 
used in the study. It was confirmed that T. cacoeciae 
and T. embryophagum (Germany) did not contain 
wolbachia.

Curing of wolbachia symbiont with antibiotic 
rifampsin and tetracycline revealed that in five 
infected species, the percent females were reduced 
to 23.3 - 70.0% from 100 per cent.

Bio-diversity of natural enemies

Populations of Cryptolaemus montrouzieri 
collected from Delhi, Coimbatore, Shimoga and Pune 
varied in their susceptibility to chemical pesticides 
and temperature.

Goniozus nephantidis population collected from 
Tamilnadu (Erode district) was superior in terms 
of pupation (80.2%) and adult emergence (92.4%) 
compared to Andhra Pradesh (West Godavari district) 
(74.2 and 86.4%, respectively). 

Partial sequences of ITS-2 region in Karnataka, 
Kerala and Andhra Pradesh G. nephantidis 
populations revealed two GC repeats between 127 & 
132 bp and between 462 & 467 bp.  

The Cotesia flavipes population from Hoshiarpur 
had the highest number of cocoons formed (63.2) 
and number of adults emerged (37.4) followed by 
the population from Dindigul (Tamilnadu) and 
Devaganahalli (Karnataka). Aurangabad population 
was female-biased compared to others. 

Estimation of genetic variability, diversity and 
geographic lineage between different populations 
of C. flavipes was assessed by RAPD assay.  
Aurangabad and Devaganahalli populations were 
grouped proximate with a high similarity coefficient 
of 66 per cent while the population from Delhi and 
Dindigul had 63% and 52% homology respectively. 
Bangalore, Bagalkot and Hyderabad populations 
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were grouped distinct from the others with a low 
similarity coefficient of 24, 26 and 36% homology 
respectively.  

Fungal antagonists

The shelf life of talc-based Trichoderma harzianum 
conidia derived from Solid State Fermentation (SSF) 
was 14 months with recovery of CFUs above x 106 
in normal packing while in vacuum packing it was 
12 months. 

A method of drying for extending the shelf life of 
conidia based formulations of T. harzianum derived 
from SSF up to 15 months has been developed. 
A method of prolonging the shelf life of liquid 
fermentation-derived talc-based formulations of T. 
harzianum has been developed.

In a pot culture evaluation of bacterial antagonists 
against Alternaria solani infection in tomato, Bacillus 
sp. B-23 isolate showed 26.2% reduction of blight 
disease. 

In a field evaluation of Trichoderma isolates 
against A. solani infection in tomato, the lowest 
post treatment index of 18.4 was observed with T. 
harzianum (TH-7 isolate) which when compared with 
the PDI of control plants showed 62.6% reduction.

Isolation, characterization and toxicity of 
indigenous Bacillus thuringiensis strains

Eight indigenous isolates of Bt were probed with 
Cry1and Cry4 universal primers. None of them was 
specific to Cry1 gene. However with Cry4 primer, 
it was observed that isolate 1 and 2 showed PCR 
products of 230bp and the third isolate showed PCR 
products of 300bp. These 3 isolates could be related 
to cry 4 genes.

PCR analysis of PDBC strains resulted in products 
of the cry IIIA genes ranging from 652 to 769 bp. A 
strain that produced an unexpected 350 bp product 
which might harbour a unique cry IIIA gene has also 
been identified.

Field evaluation of Bt isolates against redgram 
pod borer revealed that 1.5% spray of PDBC-

BT1 reduced the damage to pods significantly and 
increased the number of healthy pods.

Endophytic bacteria

Four species of endophytic bacteria were isolated 
from healthy pigeonpea plants. Three were Gram 
positive and one was Gram negative. Two of the 
isolates showed 40 to 48% inhibition of Sclerotium 
rolfsii under in vitro conditions on Tryptic Soya 
Agar.

Thirty bacterial isolates were tested for seedling 
growth promotion in Petri plates using Chickpea 
seeds. Highest root length of 15cm was observed 
with the isolate GR-3 ARU-B and the highest shoot 
length of 10.5cm was observed with the isolate GR-4 
RAU-A. Good growth promotion was also exhibited 
by CK-23, CK-4, H-8, CK-10, GR-4 RAU-A, ND-
1and GR-3 ARU-B. 

Studies on shelf life of Pseudomonas fluorescens 
(PDBC-AB2) in powder-based talc formulations 
amended with nutrients revealed that addition of 
2% peptone or 2% tryptone supplemented with 2% 
glycerol enhanced the shelf life of P. fluorescens to 
180 days with highest population of log 7.48 cfu/gm. 

Pathogens of phytophagous mites

 Long term storage studies revealed that the 
pellets of Hirsutella thompsonii could be stored in 
sterile water under refrigerated condition for more 
than three years. Three sprays of H. thompsonii 
(mycelia) with adjuvant (Glycerol 0.5%) at 15 days 
interval resulted in lowest nut grading index of 1.97 
± 0.13 (1-10% damage)

Biocontrol of plant parasitic nematodes

It was observed that laterite, alluvial, loamy sand 
and peat soils except black cotton soil were suitable 
for root growth, nematode infection and effective 
parasitisation of the egg masses by Paecilomyces 
lilacinus and Pochonia chlamydosporia. 

In pot culture studies it was revealed that brinjal 
(purple long) having higher root volume and root hair 
recorded higher root-knot nematode infection, egg 
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masses and fungal parasitisation of the egg masses 
as compared to tomato and cotton 45 days after the 
treatment. 

Paecilomyces lilacinus and P. chlamydosporia 
obtained from solid state fermentation and formulated 
with talc exhibited better shelf life (spore viability) and 
bioefficacy (infectivity to egg masses) against root-
knot nematodes compared to that produced in broth. 
Chlamydospore production by P. chlamydosporia 
was highest in solid state production than in liquid 
production.

A combination of  50%  moisture content (mc) 
and aw at saturation was ideal for conidiospore 
production in  P. lilacinus on bran, while a MC of 
20-23% and saturated aw was ideal on rice grain. 
Identification of an ideal combination of MC and aw 
were more critical than an optimum level of MC or 
aw for conidiospore production.

Integrated use of talc formulations of antagonistic 
fungi (P. chlamydosporia and P. lilacinus) with crop-
soil sterilization (formaldehyde) in capsicum and 
tomato in polyhouses at Denkinkotai, Hosur reduced 
the incidence of nematode-root wilt disease complex 
by 64% in treated beds compared to untreated beds. 

A field experiment in nursery beds at CTRI, 
Hunsur, revealed that treatment with P. lilacinus, G. 
fasciculatum and neem cake or P. lilacinus, Glomus 
fasciculatum and vermicompost yielded healthier 
seedlings with significantly lower gall index (root 
infection). 

EPN against white grubs

Screening of 4 isolates of entomopathogenic 
nematodes viz., Heterorhabditis bacteriophora, 
H. indica 13.3, H. indica Ashoka, Steinernema 
carpocapsae Sc11 and S. glaseri in manure as 
medium for efficacy against second and third 
instar G. versicolor grubs indicated that all the four 
nematodes caused mortality of grubs in 60-72 hrs up 
to a depth of 3 inches. A new isolate of Steinernema 
was obtained from diseased grub collected from 
Devanahalli.

At constant dose of 1000 IJs/100cc column, 
aqueous formulations of S. carpocapsae, S. riobrave, 

H. indica 13.31 and H. indica 6.71 caused mortality 
of scarabid and rhinoceros grubs in 72 and 96 hrs of 
application at a depth of 15 cm.

Evaluation of different organic amendments 
on bio-efficacy of EPN against white grubs S. 
carpocapsae, S. riobrave, H. indica 13.31 and H. 
Indica 6.71 in aqueous suspensions @ 1000 Ijs/100cc 
column) applied to farm compost, urban, compost, 
vermicompost, vermiculite and coir pith in column 
assay caused mortality of scarabaeid and Oryctes 
grubs in 72 to 120 hrs of application at a depth of 15 
cm while in coir pith grub mortality was observed 
between 96 to 120 hrs.

AICRP on Biological Control of Crop Pests and 
Weeds

Effect of temperature, pH and moisture on 
Trichoderma and Pseudomonas

Out of ten isolates of Trichoderma harzianum 
studied, isolate Th-10, Th-4, Th-12, and Th-31 
grew faster, however isolate Th-43 and Th-28 
could grow even at 10°C. Out of ten isolates of 
Pseudomonas fluorescens, isolates Pf-31, Pf-28 
andPf-27 had excellent growth at 30°C as compared 
to other isolates. All the isolates of Trichoderma and 
Pseudomonas could grow faster at pH 7.  Isolate Th-
38 was found to be the best in growth and sporulation 
and gave highest colony count of 20 x 104 CFU/g in 
air dried FYM with 30% moisture.  Similar results 
were obtained with ten isolates of Pseudomonas.

Biological control of plant diseases

A large scale field demonstration on Lentil variety 
PL-5, seed treatment with mixed formulation of T. 
harzianum PBAT-43 and P. fluorescens PBAP-28 (10 
g/kg) along with the vermicompost pre-colonized with 
the same bioagent (1 kg of the formulated bioagent 
per 100 kg of vermicompost) was the most effective 
in controlling root rot and wilt and increasing the 
yield. In a similar large scale field demonstration, 
the seed treatment (10g/kg), two sprays (10g/l) and 
application of enriched FYM resulted in higher 
seedlings/m2 (32), lower intensity of root rot and wilt 
(25%) and higher green pod yield (87.5 kg/ha) in 
green pea (GBPUA & T).



Annual Report
2008-2009

18
Project directorate of biological control

Thirteen members of the Tarai Organic Farmers 
Association adopted the BIPM package (FYM 
colonized with mixed formulation of Trichoderma 
harzianum + Pseudomonas fluorescens (@ 5 to 10 
tons/ha) or use of vermicompost colonized with 
Pseudomonas fluorescens (@ 5 to 10 q/ha), Seed 
treatment/ biopriming with mixed formulation of 
TH + PsF (@ 10g/kg seed), Need-based spray of 
TH+PsF (@ 10 g/l) in patches infected with sheath 
blight) for successfully controlling bacterial leaf 
blight and brown plant hopper in organic rice in 600 
acres (GBPUA & T).

Significantly highest seed germination and yield 
was recorded in BIPM package (solarization of  
nursery soil; seed treatment with mixed formulation  
of T. harzianum PBAT-43 and P. fluorescens  
PBAP-28 @ 10g/kg seed; Seedling root dip in 
mixed formulation of T. harzianum PBAT-43 and P. 
fluorescens PBAP-28 @ 10g/l; Use of vermicompost 
colonized with T. harzianum PBAT-43 and P. 
fluorescens PBAP-28; 2-3 sprays of mixed formulation 
of T. harzianum PBAT-43 and P. fluorescens PBAP-
28 @ 10g/l; 1-2 sprays of soluneem)  in cabbage, 
capsicum, brinjal and pea under low input system in 
Uttarkhand hills (GBPUA & T).

Significantly least (5.40%) incidence of chickpea 
wilt and blight diseases was noticed in the treatment 
of seeds treated with T. harzianum + application 
of FYM enriched with Trichoderma over other 
treatments tried. The former treatment also produced 
significantly highest (1246.5 kg/ha) grain yield than 
the remaining treatments (AAU-Anand). 

Pathogens for the management of fruit rot

In mango Dusheri, the lowest per cent fruit surface 
rotten 2 and 4 days after treatment was in isolate I-4 
(0.0  and 3.3%), and Bt 4D4 (0.2 and 5.4%) which 
was significantly lower than the control. In mango 
Chausa, the lowest per cent fruit surface rotten 2 days 
after treatment was in isolate I-2 (0.2%) and Bt 4D4 
(1.7 %). Isolate I-4 also resulted in lowest per cent 
fruit infection in mango Dusheri (0.0%) and Mango 
Chausa (4.2%) 2 days after treatment. The next best 
isolate was Bt 4D4 recording 4.2% fruit infection in 

mango Dusheri, whereas isolate I-2 recorded 16.6% 
fruit infection in mango Chausa (PAU).

In Papaya, Pseudomonas strain 27 performed 
excellent recording only 1% fruit area infected 2 days 
after treatment and the progressive fruit area infected 
10 days after the treatment was only 12.2%. The next 
best treatment was Pseudomonas strain 3 recording 
1.1 per cent fruit area infection 2 days after treatment 
in papaya (AAU-Anand).

Biological control of plant parasitic nematodes

Field experiment conducted to evaluate the 
antagonistic fungi against the reniform nematode 
Rotylenchulus reniformis in redgram (var. BDN2) at 
Anand revealed that significantly higher yield (1250 
kg/ha) was recorded in plots treated with combination 
of T. harzianum and P. chlamydosporia. Plots treated 
with either T. harzianum or P. chlamydosporia alone 
performed equally in terms of grain yield (AAU- 
Anand).

Results of the experiment conducted to evaluate 
the antagonistic fungi against the reniform nematode 
in redgram (var. Vipula) in Kharif 2008 at Rahuri 
revealed that combined application of T. harzianum 
@ 5 kg/ha and P. chlamydosporia @ 20 kg/ha was 
the most effective in reducing the reniform nematode 
female population (15.6) and increased the yield of 
redgram 1750 kg/ha). 

Field evaluation of P. lilacinus and P. 
chlamydosporia @ 20kg/ha each against the root 
knot nematode, Meloidogyne incognita in tomato 
(Cv. Pusa Ruby) revealed a significant difference in 
the plants treated with P. lilacinus which exhibited 
good impact on egg mass parasitisation compared 
to P. chlamydosporia after 45 DAP of crop, but at 
harvest both the treatments were found to be at par in 
their efficacy (AAU-Anand).    

On six year old sweet orange plants, P. lilacinus @ 
20kg/ha talc formulation containing 108 spores/g was 
found to be effective in reducing the citrus nematode 
population (41.3%) and number of females in roots 
(34.6%) and increased yield of sweet orange by 
19.56% (MPKV-Rahuri).
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In a pomegranate (var. Sinduri) orchard, nematode 
population extracted after 6 months from the samples 
of 200 cm3 soil and 5g roots revealed least number 
of nematodes (14) in plants treated with P. lilacinus 
+ mustard cake. Least Root Knot Index (RKI) was 
also recorded in P. lilacinus + mustard cake (1.0) 
followed by P. chlamydosporia along with mustard 
cake (1.1) (AAU-Anand). 

Biological suppression of crop pests

Sugarcane

A field demonstration on the effectiveness of 
T. chilonis against the plassy borer was carried 
out in a farmer’s field on Co BLN 9605 variety at 
Halowagaon in Golaghat district over an area of 10 
ha. Nine releases of T. chilonis @ 50,000/ha/release 
at 10 days interval from July second week to October 
first week, 2008 resulted in significant reduction of 
infested cane and higher cane yield (84,450 kg/ha) 
(AAU-Jorhat).

The incidence of early shoot borer was significantly 
reduced by 8 releases of T. chilonis @ 50,000/ha at 
10 days interval at village Gohawar and Chachrari in 
Punjab in 100 ha area. The mean parasitism of eggs 
of C. infuscatellus in T. chilonis release plot was 
51.2%. The yield was enhanced significantly (PAU).

The incidence of top borer was significantly 
reduced by 8 releases of temperature-tolerant strain 
of T. japonicum @ 50,000/ha at 10 days interval in 
Rawalpindi village in Punjab. The mean parasitism 
of eggs of S. excerptalis in T. japonicum release plot 
was 23.6%. The yield was enhanced significantly 
(PAU).

Twelve releases of T. chilonis @ 50,000/ha at 10 
days interval in 40 ha area at village Paddi Khalsa in 
Punjab reduced the stalk borer incidence to 5.6 per 
cent. The per cent parasitisation in release fields was 
high (55.6%) as compared to control (4.9 %) (PAU).

The incidence of internode borer was significantly 
reduced by eight releases of T. chilonis @ 1,00,000/
ha at 10 days interval during September to November 
on variety Co 86032 in 8 ha area. Significantly higher 

yield (1,15,200 kg/ha) was recorded in parasitoid 
release plots compared to control (TNAU).

Field demonstration of T. chilonis (TTS and SAS 
strains) against internode borer (INB) on sugarcane 
revealed that six releases @ 1 lakh/ha/release found 
effective in reducing the pest incidence and intensity 
in sugarcane (MPKV).

Field evaluation of T. chilonis @ 2.5 lakh/ha 
against internode borer revealed that the incidence of 
INB was 52.4% in release plot compared to 74.8% in 
control. The yield in released plot was significantly 
higher at 153400 kg/ha than control and there was 
29.95% reduction in the INB incidence and 13.29% 
increase in yields in parasitoid-released plots 
compared to control plots (SBI).

In two field trials conducted in farmers fields to 
assess the efficacy of T. chilonis, continuous release 
of T. chilonis resulted in lowest intensity of damage 
by the INB (2.1%), dead hearts (8.9%) and highest 
yield (2,02,060 kg/ha) as compared to six releases 
and control (SBI).

Trichogramma chilonis release (@ 50,000 /ha from 
July to October at 10 days interval) plots recorded 
lowest internode borer incidence (5.6%) compared 
to Cotesia flavipes (@ 500 gravid females/ha from 
July to November at 7 days interval) or Tetrastichus 
howardi (5000 adults/ha at monthly interval from July 
to November). But C. flavipes release plots recorded 
lowest incidence of stalk borer (5.6%) followed by T. 
howardi and T. chilonis. Highest yield of 60,710 kg/
ha was recorded in T. chilonis release plots (IISR).

The field survey in Tamilnadu, Maharashtra 
and Assam revealed very negligible incidence of 
sugarcane woolly aphid during 2008. The pest 
had been successfully controlled by the biocontrol 
agents.

Bt cotton 

In Andhra Pradesh, field experiments revealed that 
the mean square and boll damage was significantly 
less and the yield was higher in Bt cotton with BIPM 
practices as compared to farmers practice and local 
check. The cost:benefit ratio was 1:1.81 in BIPM 
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package compared to 1:1.03 in farmers’ practice. 
Higher egg parasitism and higher coccinellids and 
spiders were recorded in BIPM package compared to 
farmers practice (ANGRAU).

In Gujarat, results of a field experiment revealed 
that incidence of aphids, leafhopper and whiteflies 
was relatively lower in BIPM package compared 
to farmers’ practice. BIPM package recorded lower 
percentage of damage to buds, green bolls and locule 
by Earias and pink bollworm whereas these figures 
in farmers’ practice were significantly higher. The 
number of C. carnea, coccinellids, Geocoris bugs 
and spiders per 25 plants in BIPM package were 
17.3, 54.8, 12.0 and 16.0 whereas the corresponding 
figures in farmers’ practice were 11.0, 37.8, 4.0 and 
9.3. There was 32.17% increase in seed cotton yield 
in BIPM package over farmers’ practice (AAU-
Anand). 

Field demonstration of BIPM package on Bt cotton 
in Punjab revealed that the number of predators on 
the cotton plants in BIPM package was higher than 
those in farmers’ practice, however the number of 
leaf hoppers were higher in farmers practice. There 
was no significant difference in seed cotton yield in 
BIPM package and farmers’ practice (PAU).

In Tamilnadu, BIPM package on Bt cotton 
recorded significantly low population of leafhoppers, 
aphids, thrips and whiteflies and the bollworms 
Earias and H. armigera.  A higher seed cotton yield 
of 2169 kg/ha was recorded in Bt. BIPM field with 
a cost benefit ratio of 1 :1.9 whereas a significantly 
lower seed cotton yield (1894 kg/ha) was recorded in 
Bt. farmers practice field (TNAU).

A large scale field demonstration in Maharashtra 
revealed that the population of aphids, leaf hopper, 
mealy bug and thrips was higher in BIPM package 
than farmers practice, but the bollworm damage was 
lower and the seed cotton yield was significantly 
higher (2420 kg/ha). The infestation of H. armigera 
and P. gossypiella was very low (MPKV). 

At Raichur, field demonstration indicated that 
sucking pest population was more or less similar 
in both BIPM and farmers practice plot. Highest 
net profit (Rs 59925/ha) was realized in BIPM plot 
compared to farmers practice plot (UAS-Raichur)

Multi-location trials in Maharashtra revealed that 
3-4 releases of Trichogrammatoidea bactrae against 
the pink bollworm in BIPM package significantly 
reduced the boll damage over farmers practice. 
Significantly higher seed cotton yield (1689 kg/
ha) was realized in BIPM package compared to 
farmers practice (1432 kg/ha) and control (987 kg/
ha) (MPKV).

In Gujarat, release of Tr. bactrae resulted in lower 
boll and locule damage as compared to farmers’ 
practice and untreated control. Significantly higher 
seed cotton yield (2022 kg/ha) was realized in BIPM 
package compared to farmers practice (1789 kg/ha) 
and control (1508 kg/ha). 

In Maharashtra, Punjab and Gujarat, habitat 
manipulation by growing cowpea and marigold along 
with cotton in rainfed areas resulted in significantly 
higher yield as compared to farmers practice. Habitat 
management plot also recorded higher population 
of C. carnea, coccinellids and spiders. Natural 
parasitism by T. chilonis was also higher in habitat 
management as compared to in BIPM and farmers’ 
practice.

Release of C. montrouzieri @ 1500 beetles /ha 
at 15 days interval beetles brought down the mealy 
bug population from 153.4 to 80.4 per 5 cm twig of 
cotton plants which was on par with farmers practice 
of chemical application.

Tobacco 

Application of SlNPV suspension with pH 7 
recorded the lowest seedling damage by S. litura, 7 
days after application indicating greater NPV action. 
SlNPV with pH 5 and 9 recorded relatively more 
seedling damage indicating lesser NPV activity. 
Application of SlNPV @ 1.5 x 1012 PIB/ha was found 
very effective for the management of Spodoptera in 
nurseries.

SlNPV strains collected from Rajhamundry and 
Jeelugumilli were highly virulent recording lowest 
number of larvae/ plant as well as leaf damage, 7 
days after the spray. The highest green leaf yield 
(15272 kg/ha) was realized in Rajahmundry strain of 
SlNPV followed by Jeelugumilli. PDBC strain of Bt 
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at 1:10 dilution was very effective against stem borer 
of tobacco, Scrobipalpa heliopa. 

Pulses

In Tamilnadu, field trials on pigeonpea indicated 
lower incidence of pod borers, pod damage by H. 
armigera and M. testulalis, higher pod yield and 
higher CB ratio in BIPM package than the farmers 
practice. Similar results were obtained in another 
field trial conducted at Ammapettai village (Dt. 
Erode) and the cost benefit ratio in BIPM module 
was 1:1.79 and in farmers practice 1:1.30 (TNAU). 
Field demonstrations of BIPM package on pigeonpea 
in Andhra Pradesh revealed lower incidence of pod 
borers and higher yield in BIPM module than farmers’ 
practice (ANGRAU).

In Gujarat, in a field trial on pigeonpea variety 
BDN-2, there was no significant difference in plant 
stand and number of H. armigera larvae between 
BIPM and farmers practice, However, signficantly 
lowest pod damage by H. armigera and higher 
grain yield were  recorded in BIPM practice (AAU-
Anand). 

Field application of HaNPV @ 1.5 x 1012 POB/ha 
+ 0.5% crude sugar + 0.1% teepol had significantly 
reduced the number of larvae per 5 twigs and also 
pod damage by H. armigera on pigeonpea in Gujarat. 
(AAU-Anand). 

Application of  HaNPV at 0.375 x 1012 POB/ha 
significantly reduced the population of H. armigera 
and realised higher yield of Dolichos lablab in 
Andhra Pradesh (ANGRAU).

Rice

Validation of biointensive pest management 
practice (seed treatment with P. fluorescens @ 8 g/
kg of seeds/ seedling dip in 2% suspension of P. 
fluorescens,  B. bassiana 1013 spores/ha against 
sucking pests; bird perches at 10/ha; T. japonicum @ 1 
lakh/ha on occurrence of leaf folder or stem borer; Bt 
at 2 kg/ha, 2-4 sprays depending on pest occurrence; 
P. fluorescens spray against foliar diseases and need-
based or spot application of botanicals) in 10 ha rice 

variety Jyothi in Kerala revealed that BIPM package 
registered significantly low incidence of dead heart, 
white earhead and leaf folder damage compared 
to farmers practice. The population of spiders and 
coccinellids as well as grain yield and net returns 
were significantly higher in BIPM plots as compared 
to farmers practice. In Kerala multi-location 
demonstrations on biointensive pest management 
(BIPM) practices (use of disease resistant variety; 
seed treatment with P. fluorescens @ 8g/kg seed ; 
FYM @ 5 t/ha; B. bassiana @ 1013 spores/ha against 
sucking pests; bird perches at 10/ha; release of T. 
japonicum @ 1 lakh/ha on occurrence of pests; spray 
of P. fluorescens against foliar diseases.) in organic 
rice revealed that the population of coccinellids and 
spiders were relatively higher in organic farming as 
compared to conventional practice. There was no 
significant difference in dead hearts incidence during 
kharif, however dead hearts were lower in organic 
package during rabi (KAU).

 In Assam, the BIPM field demonstration on 10 ha 
plot of Mahsuri variety in the farmers’ field revealed 
that the populations of GLH, damage by stem borer 
and leaf folder were much lower in the BIPM package 
compared to the farmers’ practice. Higher grain yield 
was obtained in the BIPM package than the farmers 
practice and BIPM package realized net return of Rs. 
8,550 over farmers’ practice. Validation of BIPM 
practice on 10 ha organic rice resulted in lesser 
incidence of GLH, leaf folder damage and dead heart 
incidence in Assam. Even though the grain yield was 
highest in conventional method, the net return Rs. 
4506 was higher in BIPM (AAU-Jorhat).

Validation of BIPM practice on rice in farmers 
field in Punjab revealed that there was no significant 
difference in leaf folder damage and dead hearts 
in BIPM plots and farmers practice. The BIPM 
package was as effective as farmer’s practice of 
application of chemical pesticides. In Punjab two 
field demonstrations on the use of BIPM package 
on organic rice revealed no significant difference in 
yield, however higher net returns of Rs. 1,12,798/
ha was realized in BIPM package compared farmers 
practice (Rs. 98,188/ha) (PAU). 
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Maize

In a field trial application of Heterorhabditis 
indica @ 2 billion IJ/ha could result in significantly 
lowest larvae of Agrotis ipsilon per 10 plants and 
lowest per cent plant damage and highest grain yield 
(SKUAS&T – Jammu).

Castor

Validation of BIPM package (release of Telenomus 
remus @ 1,00,000/ha, release of T. achaeae @ 
1,00,000/ha, spray of SlNPV@ 1.5 x 1012 POB/
ha + 0.5% crude sugar, spray of Dipel @ 0.5 l/ha 
for Achaeae janata and Dichocrocis punctiferalis) 
revealed lower incidence of S. litura, A. janata and D. 
punctiferalis in BIPM package. Lesser insect damage 
and higher yield was recorded in BIPM package than 
farmers practice (ANGRAU).

Groundnut 

In a field trial in Tamilnadu, 3-4 releases of T. 
chilonis @ 1,00,000/ha at 10 days interval, Bt @ 1 
kg/ha at 60 and 75 DAS and NSKE 5 % spray  were 
as effective as endosulfan and Bt spray  in controlling 
the leaf-miner larval population and damage and 
increasing the yield (TNAU).

Coconut

Four releases of Goniozus nephantidis adults 
@ 10/palm or sequential release of Cardiastethus 
exiguous, 50 /palm or sequential release of 
Trichogramma embryophagum @ 1000/palm could 
control the larvae of Opisina arenosella in Kerala 
(KAU).

In a field demonstration, use of baculovirus, M. 
anisopliae and pheromone trap for the management 
of Oryctes resulted in reduction of leaf and spindle 
damage and cent mortality of O. rhinoceros grubs in 
cow dung pits treated with M. anisopliae (KAU & 
CPCRI).

Laboratory evaluation of EPN revealed that the 
local isolate of H. indicus was found to be more 
virulent than H. bacteriophora. It was observed that 
a dose of 400 IJ of H. bacteriophora and H. indicus 

produced 63% mortality of red palm weevil grubs in 
96 hours (CPCRI).

Tropical fruits

Off-season spraying of Metarhizium anisopliae 
@ 1 x 107 spores/ml on the trunk during the month 
of November and one spray during flowering period 
reduced the hopper incidence on mango (IIHR). In 
Tamilnadu, application of Verticillium lecanii @ 
1 x 109 spores/ml on tree trunk during off-season 
and one spray on shoots reduced hopper numbers 
significantly (TNAU).

Release of T. chilonis six times at weekly interval 
starting from June through improved method proved 
effective in suppression of  the fruit borer Deudorix 
isocrates (SKUAS & T- Jammu).

A total of 14 fungicides approved for use in 
grape vine pest management were found safe to 
Cryptolaemous montrouzieri (NRC Grapes, Pune).

The papaya mealy bug Paracoccus marginatus 
was very serious on papaya, bhendi, cotton, teak, 
nerium, wild mulberry, sunflower, redgram, sweet 
potato, jatropa, guava, tomato, ber, coccinea, chillies, 
brinjal and tapioca in Tamil nadu. The different 
natural enemies recorded on papaya mealy bug were 
the predators C. montrouzieri, Spalgis epius, Scymnus 
coccivora, Brumoides suturalis  and the parasitoid 
Cladiscodes sacchari (TNAU).

Temperate fruits

	 Good control of apple stem borer (Aeolesthes 
sarta) was achieved by the application of M. 
anisopliae @ 1013 spores/ml and B. bassiana @ 1x108 
spores/ml (SKUAS & T).

In a field trial it was found that B. bassiana or M. 
anisopliae or V. lecanii @ 1x107 conidia/ml failed to 
control the apple woolly aphid at Solan (YUPUH & 
F).

Two releases of T. embryophagum (3rd week 
of May and last week of July) @ 4000 adults/tree 
could effectively reduce fruit damage in apple by the 
codling moth (SKUAST-Srinagar). 
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Vegetables crops

Six releases Trichogramma brassicae @ 1 lakh/
ha resulted in reduction of diamond back moth 
incidence and increased the cabbage yield in Assam 
(AAU-Jorhat). 

Three releases of T. brassicae @ 1 lakh/
ha at weekly interval resulted in less larvae of 
diamond back moth per plant and increased the 
yield of cauliflower with cost benefit ratio of 1: 
2.2 in Tamilnadu (TNAU).

Weekly releases of T. brassicae @ 1 lakh/ha six 
times resulted in significant protection of cauliflower 
from damage by Plutella xyllostella recording 
significantly higher yield and net return.  It was 
better than the prevailing farmers’ practices of 2-3 
application of conventional insecticides (SKUAS & 
T- Jammu). 

Six releases of T. chilonis resulted in lower Pieris 
brassicae larval density of 1.9 per plant and higher 
egg parasitisation of 10.4% (SKUAS & T-Jammu).

In a field experiment application of B. bassiana @ 
1x108 spores/ml resulted in 60.0 % larval mortality 
of P. brassicae and was on par with M. anisopliae 
(56.3%), and mineral oil (63.3%). (SKUAS & T).

A biocontrol package consisting of sprays of T. 
brassicae @1 lakh /ha/release (6 releases),  sprays of 
B. bassiana @ 1 x 109 spores/ml, S. carpocapsae @ 
1 billion Ij/ha, Neem soap 4% , Dipel @ 1 ml/l and 
M. anisopliae @ 1 x 109 spores/ml  was as effective 
as  spinosad @ 0.7ml/l against P. xylostella (IIHR).

In Punjab, validation of different biocontrol 
methods against the brinjal shoot and fruit borer, 
revealed that minimum fruit damage 20.3 % was 
recorded in Bt. @ 2.0 kg/ha which was on par with 
EPN @ 2 billion/ha and triazophos. Significantly 
higher yield was realized in Bt.  @2.0 kg/ha which 
was on par with triazophos application (PAU).

In a field trial at Assam, application of EPN @ 2 
billion/ha two times was most effective in reducing 
the brinjal shoot and fruit damage (17.8%) which was 
significantly superior to Bt and T. chilonis. Highest 

yield was recorded in EPN 2 billion/ha which was on 
par with endosulfan treatment (AAU-Jorhat).

Results of  field experiment on okra (variety 
Punjab 8) on  the management of fruit borer, Earias 
spp. revealed that significantly lowest fruit damage 
and highest yield was recorded in Bt. @ 2.0 kg/ha 
which was on par with application of decamethrin 
(PAU).  

A field experiment on the effiacy of  different 
biocontrol agents against A. craccivora revealed 
that lowest aphid count was recorded in V. lecanii 
(@1010 conidia/l) treated plant and it was on par 
with F. pallidoroseum, B. bassiana, M. anisopliae 
and quinalphos treatments. The highest yield was 
recorded in F. pallidoroseum treated plot followed 
by B. bassiana and V. lecanii (KAU).

Natural enemies of whiteflies

The survey revealed parasitisation of green house 
white fly by unidentified Encarsia sp., Encarsia 
sophia (= E. transvena) and Eretmocerus delhiensis. 
The unidentified Encarsia species was found only on 
cucumber plants, whereas E. sophia and Eretmocerus 
sp. were found parasitizing its host on bean, cucumber 
and tomato (YSPUH & F).

Biological control of white grubs in potato

Soil application of M. anisopliae @ 6g/m2 against 
white grubs resulted in low potato tuber damage 
(23.2%) followed by B. brongniartii at same dosage 
(28.3%) which was better than control (53.1%) 

Polyhouse crop pests

Five releases of Blaptostethus pallescens @20 per 
plant at weekly interval reduced Tetranychus urticae 
population significantly on carnation in polyhouse 
(MPKV).

Weed control

There was a reduction of 18.0% plant height, 
5.8% number of branches, 12.9% number of panicles, 
5.1% capitula and 6.3% seeds due to the formation of 
gall on chromolaena weed by Cecidochares connexa 
at Kerala (KAU).
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Human resource development

Dr. R. J. Rabindra, Project Director attended a 
executive development programme in agricultural 
research management from 23.09.2008 to 27.09.2008 
at NAARM, Hyderabad. Dr. Deepa Bhagat, Scientist 
(SS) attended a) nanotechnology based training and 
meetings/discussions from 03.04.2008 to 06.04.2008 
at CIFE, Mumbai and b) Computer training programme 
on Rajbhasha from 18.08.2008 to 22.08.2008 at 
CPRI, Bangalore-560 003. Dr. K. Veenakumari & Dr. 
B. Ramanujam Principal Scientists attended training 
programme on “Mainstreaming Gender Concerns 
in Agriculture and allied Sectors from 05.08.2008 
to 09.08.2008 at UAS, GKVK, Hebbal, Bangalore 
560 024. Dr. B. Ramanujam, Dr. S. Sriram, Dr. K. 
Veenakumari attended ICAR-training-cum-workshop 
on IP and Technology Management from 30.10.2008 
to 01.11.2008 at CTCRI, Trivandrum.  Ms. R. Gandhi 
Gracy attended training programme on perspectives 
and current trends in bioinformatics from 09.02.2009 
to 15.02.2009 at CCMB, Hyderabad & Application 
of GIS in plant biodiversity and horticulture from 
5.02.2009 to 06.03.2009 at IISR, Calicut.

Dr. M. Nagesh, Dr. Prashanth Mohanraj, Dr. 
B. Ramanujam, Dr. G. Sivakumar and Dr. K. 
Veenakumari attended training programme on 
GPS/GIS/Open source software from 16.02.2009 
to 22.02.2009 at AINP on Agriculture Ornithology, 
ANGRAU, Hyderabad. Dr. T. Venkatesan attended 
training programme on Management of intellectual 
property rights in biotechnology from 08.01.2009 to 
09.01.2009 at Hotel Atria, Palace Road, Bangalore 

560 001. Dr. R. Rangeshwaran attended training 
programme on MDP on PME of agricultural research 
and development projects from 09.03.2009 to 
13.03.2009 at NAARM, Hyderabad.

B. Amarnath, Assistant Administrative Officer 
attended a training on a)“Records management for 
Right to Information from 28.07.2008 to 31.07.2008 
at ISTM, New Delhi, b) National residential 
convention on reservation policy of Govt. of India 
for Liaison Officers for Sc/St/OBC from 08.09.2008 
to 10.09.2008 at Hotel Parkview, Sector-24, 
Chandigarh, c)Technical and Administrative support 
for consortia based research in Agriculture from 
17.11.2008 to 26.11.2008 at MANAGE, Hyderabad  
and d) Training on Knowledge management from 
02.03.2009 to 03.03.2009 at ISTM, New Delhi.

Revenue generation

Revenue of Rs. 12.33 lakh was generated during 
2008-09 by the project directorate, which included 
sale of natural enemies, sale of technical bulletins, 
training fee, consultancy charges, quality testing 
fee, project work for PG students, registration for 
biocontrol work group meeting and rental charges 
for hostel.

Publications

Sixty six research papers were published in 
scientific journals, six papers were presented during 
symposia/ seminars/ workshops, one book chapter 
and seven popular articles/ technical and extension 
bulletins were published.
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4.     INTRODUCTION  

Brief History 

The All India Co-ordinated Research Project on 
Biological Control of Crop Pests and Weeds was 
initiated in 1977 under the aegis of the Indian Council 
of Agricultural Research, New Delhi, with funds 
from the Department of Science and Technology, 
Government of India. Within two years (1979), 
the ICAR included the project under its research 
activities with full financial support. Recognition 
of the importance of biological control came during 
the VIII plan with the up-gradation of the centre 
to the present Project Directorate of Biological 
Control with headquarters at Bangalore. The Project 
Directorate started functioning on 19th October 
1993. The AICRP started with 13 centres initially 
and has now 16 centres, all functioning under the 
Project Directorate.

Past achievements

Basic Research

Ninety-one exotic natural enemies (NEs) have ãã

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

Two aphelinid parasitoids of South American ãã

origin were fortuitously introduced against 
Aleurodicus dispersus. Encarsia guadeloupae, 

introduced from Lakshadweep has colonized 
in peninsular India, displacing the earlier 
introduced Encarsia  sp. nr. meritoria.

Trichogramma brassicaeãã , an egg parasitoid, 
introduced from Canada was successfully 
quarantined and found suitable for biological 
control of Plutella xylostella on cole crops.

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

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

The weevils, ãã Neochetina bruchi and N. 
eichhorniae, and the hydrophilic mite, 
Orthogalumma terebrantis (Origin: Argentina), 
introduced in 1982 and colonized in 1983 on 
stands of water hyacinth, have established in 15 
states. Savings on labour alone is Rs. 1120 per 
ha of weed mat.

The chrysomelid beetle, ãã Zygogramma bicolorata  
(Origin: Mexico), introduced and colonized in 
1983 on stands of parthenium, has established in 
all the states and Union Territories suppressing 
parthenium growth during rainy season.

The stem gallfly, ãã Cecidochares connexa, 
was introduced from Indonesia in 2002 and 
successfully field released and established on 
Chromolaena odorata in Karnataka, Assam, 
Tamil Nadu and Kerala and is suppressing the 
growth of C. odorataa and is spreading from the 
release spot.
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Puccinia spegazziniiãã , the rust fungus specific to 
Mikania micrantha imported from CABI, UK in 
2003 was successfully quarantined in NBPGR, 
New Delhi and open field releases were made 
in Kerala and Assam where the establishment is 
being monitored.

Biosystematic studies were carried out on 275 ãã

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 ãã

common Indian species of Chilocorus is hosted 
on the internet.

Aphids of Karnatakaãã . URL: www.aphidweb.com 
(compendium on the aphid fauna of Karnataka 
covering 67 species, covering diagnostic and 
other information such as host plants and 
natural enemies with photographs and other 
illustrations). 

Aphids of Karnataka - Web photo album on ãã

Picasaweb (the largest of its kind with 1160 
digital photographs of aphids of Karnataka). 
URL: http://picasaweb.google.com/home

Biological control of sugarcane pyrilla has been ãã

achieved within the country by the redistribution 
of Epiricania melanoleuca, a parasite of Pyrilla 
perpusilla.

Breeding techniques for 46 host insects ãã

standardized including rearing on semi-synthetic 
diet and cost of production has been worked 
out. 

Improved laboratory techniques were developed ãã

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 ãã Telenomus cards in 
ventilated plastic boxes fixed with polystyrene 
strips (with slits) has been standardized. 

Sitotroga cerealellaãã  eggs proved to be the most 
suitable for rearing Orius tantillus and Corcyra 
cephalonica eggs for Blaptostethus pallescens. 

Aãã  beef liver-based semi-synthetic diet has been 
evolved for Chrysoperla carnea to facilitate its 
large-scale production and use.

Toddy palm leaf powder-based artificial diet ãã

was developed for rearing Opisina arenosella  

The Coccinellid predators, ãã Cryptolaemus 
montrouzieri, Cheilomenes sexmaculata and 
Chilocorus nigrita were successfully mass-
produced on semi-synthetic diets.

A new multi-cellular acrylic larval rearing ãã

unit devised for efficient and economic mass 
production of Helicoverpa armigera and 
Spodoptera litura for commercial production of 
host-specific parasitoids and NPV. 

The sugarcane woolly aphid, ãã Ceratovacuna 
lanigera was successfully controlled by the 
release of predators, Micromus igorotus and 
Dipha aphidivora, and parasitoid, Encarsia 
flavoscutellum in Karnataka, Anndhra Pradesh, 
Maharashtra and Tamil Nadu.

A novel technique of modified atmosphere ãã

packing of Corcyra cephalonica eggs followed 
by low temperature storage at 8±1°C has been 
developed to extend the shelf life. 

Tritrophic interaction studies between the egg ãã

parasitoid, Trichogramma chilonis, bollworm 
H. armigera and cotton, chickpea, pigeonpea, 
sunflower and tomato genotypes have helped in 
identifying biocontrol-friendly genotypes.

Suitable low temperatures for short-term storage ãã

of trichogrammatids, Eucelatoria bryani, 
Carcelia illota, Allorhogas pyralophagus, 
Copidosoma koehleri, Hyposoter didymator, 
Cotesia marginiventris, Leptomastix dactylopii, 
Sturmiopsis inferens, and Pareuchaetes 
pseudoinsulata have been determined.

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

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

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

Different pesticides have been screened against ãã

37 natural enemies for identifying the relatively 
safe ones to be used in a biological control-
based integrated approach.

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

Acid hydrolyzed L-tryptophan increased the ãã

oviposition by C. carnea on cotton.

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

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

New species and strains of entomopathogenic ãã

nematodes (EPN), namely, Steinernema abbasi, 
S. tami, S. carpocapsae, S.bicornutum and 
Heterorhabditis indica have been recorded.

Suitable media for mass multiplication of EPN ãã

were identified. S. carpocapsae @ 1.25-5 
billion/ha proved effective against the brinjal 
shoot and fruit borer, Leucinodes orbonalis. 
Talc-based and alginate-capsule formulations 
of S. carpocapsae and H. indica were effective 
against S. litura in tobacco. A sponge formulation 
was found suitable for transport retaining 90% 
viability of Steinernema spp. for 3-4 months 
and 85% viability of Heterorhabditis spp. for 2 
months.

An easy and rapid technique to screen antagonistic ãã

fungi against plant parasitic nematodes has 

been devised to identify efficient strains. The 
antagonistic fungus, Paecilomyces lilacinus was 
found effective against Meloidogyne incognita 
and Rotylenchulus reniformis in red laterite soils 
and Pochonia chlamydosporia was effective in 
sandy loam soil.

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

Bacillus thuringiensisãã  isolate PDBC-BT1 
caused 100% mortality of first instars of Plutella 
xylostella, Chilo partellus and Sesamia inferens. 
B. thuringiensis isolate PDBC-BNGBT 1 caused 
complete mortality of Helicoverpa armigera.

`PDBC-INFOBASE’ giving information about ãã

bioagents, their use and availability in public and 
private sector in the country; and ‘BIOCOT”, 
giving information about biocontrol measures 
for cotton pests and a CD version of the software 
“Helico-info” were developed.

The software on “Vegetable crop pests,” has ãã

been developed in MS-Access. It gives the users 
information on important pests and their natural 
enemy complex, distribution and IPM options 
of vegetable crops like Brinjal, Beans, Cabbage, 
Cow pea, Tomato and Potato. 

Applied Research

Eight releases of ãã T. 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 borers.

Beauveria bassianaãã , B. brongniarti and 
Metarhizium anisopliae were mass cultured 
and utilized effectively against sugarcane white 
grubs.

Encarsia flavoscutellum, Micromus igorotus ãã

and Dipha aphidivora effectively controlled the 
sugarcane woolly aphid.
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Application of ãã Heterorhabditis indica @ 2.0 
billion IJs/ha resulted in minimum population 
of white grubs in sugarcane.  

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

Biocontrol-based IPM modules consisting of use ãã
of moderately resistant variety, T. viride as seed 
treatment, release of T. japonicum @ 50,000/
ha/week (6 releases), spray of Pseudomonas 
fluorescens, need-based insecticidal application 
and use of bird perches (10/ha) controlled the 
rice stem borer and increased the grain and net 
profit.

IPM module comprising of need-based use ãã
of oxydemeton methyl (0.03%), releases of 
C. carnea, T. chilonis and spray of HaNPV 
controlled the sucking pests and boll worms 
and increased the yields of seed cotton and 
conserved natural enemies.

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

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

Release of ãã Telenomus remus @ 100,000/ha and 
three sprays of SlNPV @ 1.5 x 1012 POBs/ha 
along with 0.5% crude sugar as adjuvant against 
S. litura in soybean resulted in 17% higher yield 
than in chemical control.   

Integration of ãã T. remus and NSKE for the 
management of S. litura and C. carnea and 
Nomuraea rileyi (@ 1013 spores/ha) for the 
management of Helicoverpa armigera on 
tobacco were effective. The cost-benefit ratio for 
BIPM was better (1:2.74) than that for chemical 
control (1:1.52).

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

Inundative releases of parasitoids ãã Goniozus 
nephantidis and Brachymeria nosatoi, against 
Opisina arenosella on coconut, coinciding the 

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

Adult release of ãã G. nephantidis on trunk was as 
good as release on crown for the control of O. 
arenosella on coconut

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

Cryptolaemus montrouzieriãã  has effectively 
suppressed Planococcus citri on citrus and 
grapes, Pulvinaria psidii, Ferrisia virgata on 
guava, Maconellicoccus hirsutus on grapes and 
Rastrococcus iceryoides on mango.

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

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

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

Trichogramma brassicaeãã  and Bt were found 
effective against Plutella xylostella.

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

Copidosoma koehleriãã  and Bt were found 
effective against potato tuber moth in country 
stores.

Mandate

Project Directorate of Biological Control, 
Bangalore

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

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

 Demonstration of usefulness of biocontrol in 
IPM in farmers’ fields

Organisational set-up 
With a view to fulfil the mandate effectively and 

efficiently, the Project Directorate is functioning 
with specialized laboratories for Biosystematics, 
Introduction and Quarantine, Mass Production, 
Pathology, Entomophagous Insect Behaviour studies, 
Biotechnology and a Co‑ordination, Documentation 
and Training Cell (Fig. 1).

Financial statement (2008-09) (Rs.in lakhs)

Project Directorate of Biological Control, Ban-
galore

	 Head	 Plan	 Non-plan	 Total

Pay & allowances	 00.00	 265.00	 265.00
TA	 05.00	 04.00	 09.00
Other charges including  
equipment-Lib.	 159.95	 30.75	 190.70
Information Technology	 01.00	  -	 1.00
Vehicle	 5.80	 05.80	 11.60
Works/petty works	 76.75	 16.00	 92.75
HRD	 02.00	 -	 02.00
OTA	 -	 0.03	 0.03
Total	 250.50	 321.58	 572.08

AICRP Centres (ICAR share only) expenditure 
(2008-09)

Name of the centre	 Expenditure 
	 (Rs. in lakhs)

AAU, Anand	 33.00
AAU, Jorhat	 27.60
ANGRAU, Hyderabad	 23.70
Dr.YSPUH&F, Nauni, Solan	 21.45
GBPUA&T, Pantnagar	 17.12
KAU, Thrissur	 24.40
MPKV, Pune	 27.60
PAU, Ludhiana	 27.20
SKUAS&T, Srinagar	 25.55
TNAU, Coimbatore	 27.06
PC Cell, Bangalore	 88.79
Total	  343.57

ICAR Institute-based centres (CPCRI, Kayangulam; 
CTRI, Rajahmundry; IARI, New Delhi; IIHR, 
Bangalore; IISR, Lucknow and SBI, Coimbatore) 
did not maintain separate budget accounts since the 
Project has been merged with Non-Plan



Annual Report
2008-2009

30
Project directorate of biological control

Project
Directorate

Committees
sERVICES 

AND 
ADMINISTRATION

RESEARCH 
AND 

TRAINING

biotechnology 
laboratory

technical cell establishment research 
Monitoring cell

management 
committee

research 
advisory 

committee

institute 
research 
council

Joint staff 
council

purchase and  
price fixation  

committee

farm management

women welfare cell

estate

security

administration  
and accounts

stores 
and purchase

library

aris

farm section

design section

Documentation 
cell

insect 
behaviour 
laboratory

Pathology 
laboratory

Mass 
production 
laboratory

biosystematics 
and 

introduction 
laboratory

post graduate 
education

Sbi 
coimbatore

iISr, Lucknow

iihr 
Bangalore

iari 
new delhi

ctri 
rajahmundry

icar centres sau centres
aau, jorhat

gau anand

gbpua & T Pantnagar

mpau pune

pau ludhiana

skuas & t. srinagar

tnau, coimbatore

Dr. yspuh & f, Solan

cpcri 
kayangulam

training and 
consultancy unit

Financial  
coordination of  

AICRP on honey bees and  
Net work Project on  

Ornithology Acarology  
and White grubs

AICRP- 
BIOCONTROL 

AND 
CO-ORDINATING 

CELL

Hindi committee

itm & itmu

vigilance cell

ipr cell

rti cell

grievance cell

publication  
committee

Fir. 1. The Organisation Chart of PDBC



Annual Report
2008-2009

31
Project directorate of biological control

5. RESEARCH ACHIEVEMENTS

5.1. 	 Project Directorate of Biological 
Control, Bangalore

5.1.1.	 Biosystematics

5.1.1.1.	 Taxonomic studies on lesser 
known coccinellidae of the Indian 
subcontinent

(a)	 Taxonomic revisions and new taxa 
described

The male genitalia of Stictobura melanaria and 
Synonychimorpha immaculata Poorani were recorded 
for the first time. The genus Synona Pope of the world 
was revised. The most commonly found species in 
India, S. melanopepla (Mulsant), was found to be 
a valid species. Lemnia (Synia) martini Iablokoff-
Khnzorian, L. melanoptera Iablokoff-Khnzorian 
and S. rougeti (Mulsant) were synonymised with 
S. melanopepla (Fig.2.). The species commonly 
found in peninsular India, which has been hitherto 
misidentified as S. rougeti, was found to be a new 
species and described as S. obscura Poorani, Slipinski 
& Booth. Two species, Synona philippinensis Poorani 

et al. from the Philippines and S. consanguinea 
Poorani et al. from China and Vietnam were described 
as new. The type species of Synona, S. melanaria 
(Mulsant), was based on a female specimen and 
hence, its identity was uncertain. The locality of 
the type species was clarified and a lectotype was 
designated for the type species. Synona seminigra 
(Weise), Coccinella cassidoides Montrouzier and 
Harmonia anthracina Iablokoff-Khnzorian were 
synonymised with S. melanaria and Coelophora 
vidua Mulsant was synonymised with C. inaequalis 
(F.). Four genera, namely, Scymnodes Blackburn, 
Apolinus Pope & Lawrence, Rhynchortalia Crotch 
and Cryptolaemus Mulsant were revised.

(b)	 Updation of checklist with 
nomenclatural changes and new 
records

Distribution and biological data for the species 
of the Indian subcontinent were updated. Calvia 
albida Bielawski was recorded from Tripura. Two 
indeterminate species of Ortalia were recorded from 
Western ghats region in Kerala. Pseudaspidimerus 

Fig. 2. Indian species of Synona: 1, 2. S. melanopepla (Mulsant); 3. S. obscura Poorani et al.
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infuscatus Poorani was collected from Kerala, 
which constitutes a new distribution record for this 
species. Coccinella nepalensis was removed from 
the checklist of the fauna of the Indian subcontinent 
as it is based on a wrong locality label and a junior 
synonym. 

(c)	 Studies on coccinellids in other 
collections

	 Primary type material and other specimens 
of coccinellids in the Australian National Insect 
Collection (ANIC), CSIRO Entomology, Canberra, 
were studied, with particular reference to the fauna 
of the Australasian region. 

(d)	 Development of interactive keys to 
the genera of Coccinellidae of the 
Indian region 

Keys were constructed for the subfamilies, 
tribes, and genera of Sticholotidinae and Scymninae 
(Coccinellidae) of the Indian region. 

(e)	 Maintenance of website on 
Coccinellidae of the Indian region

The website on the Coccinellidae of the Indian 
subcontinent which is being regularly updated 
gets 15-75 hits per day. The website, “Aphids of 
Karnataka” (URL: www.aphidweb.com),is regularly 
updated. Factsheets on important aphidophagous 
coccinellids were included in the website with 
diagnostic characters and other details, besides colour 
photographs to facilitate easy field identification.

5.1.1.2.	 Biosystematics studies on egg 
parasitoids

Trichogramma spp. Uscana spp. were collected 
from lepidopterous eggs and bruchid eggs. Seventeen 
species of Trichogramma and two species of Uscana 
are currently being maintained. Crossing experiments 
between morphologically similar populations of 
Trichogrammatoidea robusta indicate that they are 
two species. Egg parasitoids were collected from 
insect eggs belonging to different insect orders. 
Maximum occurrence of parasitism was from orders 
Heteroptera and Lepidoptera followed by Dictyoptera 
and Arachnida.

5.1.2.	 Introduction and studies on natural 
enemies of some new exotic insect 
pests and weeds

The Chromolaena gallfly, Cecidochares connexa 
has established on chromolaena weed at GKVK 
campus and at Tataguni village near Bangalore and 
has dispersed to over more than 2 km. Ormyrus sp., 
a species of parasitoid is found attacking the gallfly 
and the parasitism ranged from 38.0 to 41.4% from 
February to April and less than 10% during other 
months. The summer burning of the weed greatly 
impacted the gallfly emergence.

For the biological suppression of Leptocybe 
invasa, an invasive species of gall wasp of 
eucalyptus, two parasitoids namely Quadrastichus 
mendeli and Selitrichodes kryceri were imported 
from Israel and being quarantine screened. Spalgis 
epius, a lepidopteran predator is actively feeding and 
checking the spread of papaya mealy bug, Paracoccus 
marginatus which has become a very serious pest on 
papaya, teak, cotton, okra, mulberry and hibiscus.

5.1.3.	 Biology and mass production of 
predators

(a)	 Studies on anthocorids

(i)	 Production of anthocorid predators
In Orius tantillus, maximum fecundity was 

recorded when bean pieces with stalks were provided 
as oviposition substrates (Fig. 3) and additionally 
pollen and Sitotroga eggs are also provided in the 
ovipositional containers.  

Fig. 3.	 Ovipositional preference of O. tantillus 
(B: Bean; P: Pollen; E: Eggs)

B+P+E
45%a

B 
8.87b

B+P
26.6ab

B+E
19.5b
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(ii)	 Effect of continuous production of 
Orius tantillus and Orius maxidentex

Field collected O. tantillus and O. maxidentex were 
continuously reared in the laboratory on Sitotroga 
cerealella eggs and the generation wise increase/
decrease in progeny production was recorded. The 
increase in the first generation was very high in the 
case of both anthocorids. In progeny production, 
there was reduction in the second generation due to 
the sudden change from the field to the laboratory 
conditions and the alternate prey provided (Fig. 4). 
In O. tantillus, there was a reduction in progeny 
production from the XIth generation. While in the 
case of O. maxidentex, from the VIth generation 
itself there was a continuous decrease till the XIIIth 
generation (except for a slight increase in the XIth 
generation). The number of progeny per female was 
observed to be 4/female in the case of field collected 
O. maxidentex, while the corresponding figure for 
O. tantillus was 8.28. This experiment indicated 
that O. tantillus is more amenable to laboratory 
multiplication.

(iii)	 Cost of production of Cardiastethus 
exiguus

	 The cost of production of Cardiastethus 
exiguus was worked out to be Rs. 8 for 100 nymphs 
(@ Rs 26/- per cc of C. cephalonica eggs and 
including cost of other facilities). 

(iv)	 Evaluation of anthocorids  

Releases of Blaptostethes pallescens @ 20 
nymphs per plant at weekly intervals for 13 weeks 
against chilli mite Polyphagotarsonemus latus 
resulted in 72% reduction in total drying of plants in 
comparison to control plants. 

Four releases of B. pallescens nymphs @ 20/plant 
against spider mites on bean plants resulted in 56 % 
reduction in the mite population per leaf in treated 
plants in comparison to control. However, even in 
the treated plants mite population was as high as 63 
per leaf indicating that releases should be initiated 
earlier. 

(v)	 Evaluation of anthocorids against 
cotton mealy bug

In a laboratory trial, 45.5 crawlers emerged from 
one cotton mealy bug ovisac (Table 1.). When B. 
pallescens nymph or adult was released against the 
ovisac, 10.5 and 3.67 crawlers respectively emerged.  
B. pallescens nymphs and adults and 1: 5 and 1: 
10 predator (nymph): pest ratio and 1.5 in case of 
adult anthocorid appeared to be the optimum ratio 
for obtaining maximum pest mortality (Table 2.). 
The experiment clearly indicated that B. pallescens 
nymphs and adults are potential predators of cotton 
mealy bug ovisacs and crawlers.

Fig. 4. Effect of continuous production of Orius tantillus and Orius maxidentex
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(vi)	 Field evaluation of anthocorid against 
onion thrips.

A field experiment was undertaken at Attur Farm 
for the evaluation of B. pallescens against Thrips 
tabaci infesting onion var. Arka kalyan. Pre-release 
thrips population per plant was almost similar in the 
control and treatment. B. pallescens nymphs were 
released @ 10 per plant at 10 days’ intervals on 
the treatment plants. After two releases there was a 
significant reduction in the thrips population in the 
treated plants (Fig. 5). On an average, 2 anthocorids 
were observed per plant in the released plot. The 
yield obtained from the treatment plot was 1.11 kg/
sqm, while in the control it was 0.85 kg/sqm.

(b)	 Studies on Micromus igorotus and M. 
timidus

(i)	 Life table studies 
Regular field surveys have indicated that M. 

timidus has completely replaced M. igorotus  as a 

predator of sugarcane woolly aphids in and around 
Bangalore, while M. igorotus is still a dominant 
species in Pune and Coimbatore. 

Both M. igorotus and M. timidus adults fed 
on significantly higher number of A. craccivora 
as compared to C. lanigera. M. timidus fed on 
significantly higher number of A. craccivora than 
M. igorotus, while M. igorotus fed on significantly 
higher number of C. lanigera than M. timidus. M. 
timidus survived for significantly longer duration 
on A. craccivora as compared to M. igorotus, also 
fecundity of M. timidus was higher on A. craccivora 
as compared to M. igorotus (Table 3).

The fecundity parameters like gross reproductive 
rate, net reproductive rate and mean length of 
generation were higher in M. timidus, while the 
innate capacity and finite rate of increase were higher 
in M. igorotus (Table 4.).  Life table studies indicated 
that the immature stage mortality in M. timidus was 
49 per cent. Survival index was maximum in case of 
third instar larva and life expectancy value decreased 
with the age indicating type III survivorship curve.

(ii)	 Mass production of Micromus 
timidus	

An oviposition cage was designed and it was 
possible to harvest 28,866 M. timidus eggs per 
oviposition cage per month. A total of 2,02,062 eggs 
could be harvested per month if seven oviposition 
cages with 20 pairs in each are maintained.

(c) 	 Production of Cryptolaemus 
montrouzieri

A total of 19 generations of C. montrouzieri were 
reared on S. cerealella eggs with a larval survival 
of 46.66 per cent. When adults were reared on S. 

Table 1. Evaluation of B. pallescens against cotton 
mealybug ovisacs/neonates

No Treatments No. of crawlers 
emerged

1 Release of  
B. pallescens nymph 10.50a

2 Release of  
B. pallescens adult 3.67a

3 Control 45.50b

CD at 5% 27.77

Table 2. Evaluation of B. pallescens against cotton 
mealybug crawlers

Treatments Predator: 
pest ratios

Per cent 
mortality

B. pallescens nymph

1:5 86.67ab

1:10 80.00ab

1:15 52.00bc

1:20 44.52c

B. pallescens adult

1:5 93.30a

1:10 70.00b

1:15 68.86b

1:20 51.67bc

Control - 29.87d

CD at 5% 19.25

Fig. 5.	 Evaluation of B. pallescens against onion 
thrips
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Table 3.	 Feeding potential and reproductive parameters of M. igorotus and M. timidus on Ceratovacuna 
lanigera and Aphis craccivora

Parameter
Micromus igorotus Micromus timidus

C. lanigera A. craccivora C. lanigera A. craccivora

Feeding potential (No./adult) 649.00 1695.30 598.89 1919.82

Pre-oviposition period (days) 4.30 5.20 5.10 5.13

Adult longevity (days) 39.06 47.00 26.98 59.01

Fecundity (Eggs/female) 964.20 1028.40 922.10 1443.30

Feeding potential of different instars

1st instar 41.60 63.80 29.23 68.61

2nd instar 115.00 112.70 106.02 129.81

3rd instar 354.70 283.00 316.07 332.08

Total feeding by all the instars 511.30 459.50 451.30 530.50

Table 4.	 Growth rate statistics of Micromus igorotus and Micromus timidus on Aphis craccivora

Micromus igorotus Micromus timidus

Gross reproductive rate 106.13 124.61

Net reproductive rate 66.52 88.40

Mean length of generation 33.89 39.45

Innate capacity for increase 0.124 0.119

Finite rate of increase 1.33 1.29

Weekly multiplication of population 7.36 6.15

Hypothetical F2 females 4424.51 7815.09

Doubling time 2.43 2.66

cerealella eggs, the average fecundity was 119.20 
eggs per female.

(d)	 Production of Brumoides suturalis on 
S. cerealella eggs

The adult longevity of Brumoides suturalis was 
significantly shorter (38.60 days) on S. cerealella 
eggs as compared with that on mealy bugs (49.00 
days), while the fecundity was significantly higher 
(204.62 eggs per female) than that on mealybugs 
(160.09 eggs per female) (Table 5). The per cent 
mortality of eggs, larvae and pupae of B. suturalis 
when reared on S. cerealella eggs was 18.36, 17.50 
and 18.18, respectively.

Table 5.	 Biological parameters of Brumoides 
suturalis on Sitotroga eggs and 
mealybugs

Parameter Sitotroga 
eggs Mealybugs

Larval period (days) 14.64 11.68

Pupal period (days) 6.03 6.28

Adult longevity 
(days) 38.60 49.00

Fecundity (eggs/
female) 204.62 160.09
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(e) 	 Effect of UV radiated eggs of S. 
cerealella on survival of different 
stages of B. suturalis and C. 
montrouzieri.

There was higher mortality of immature stages  
of C. montrouzieri and B. suturalis when UV  
radiated eggs of S. cerealella were provided as 
feeding (Table 6).

5.1.4.	 Behavioural studies
(a)	 Effect of extracts of different rice 

varieties on the parasitization 
efficiency of Trichogramma chilonis 
and T. japonicum.

Maximum parasitism by Trichogramma chilonis 
was recorded in the treatment with methanol extract 
of rice variety Kadamba (66.57 %) followed by Jaya 
(54.40%), MTU-1010 (49.80 %), KMT-148 (48.53%), 
KCP-1 (46.71%) and Basmati-370 (44.97%). 

Highest percentage parasitization by 
Trichogramma japonicum was in the treatment with 
methanol extract of rice variety CTH-1 (48.52%) 
followed by rice variety 9 (48.24%), VIT -5204 
(45.18 %), CTH-3 (43.63%), Vilirajamundi (43.5%) 
and IR-30864 (40.57%) 

(b)	 Electroantennogram studies
Highest response of Oxya nitidula, was recorded 

in the treatment with honey and chloroform extract of 
rice var. TN1, of Leptocorisa acuta  and Ischnojoppa 
luleator with hexane extract of the same variety 
and of cricket with chloroform extract of the same 
variety. Acetone extract of variety PTB recorded 
lowest response from L. acuta and methnol extract 

Table 6.	 Effect on fresh and UV radiated eggs of Sitotroga cerealella on survival of immature stages and 
fecundity of two predators

Mortality/Fecundity
Cryptolaemus montrouzieri Brumoides suturalis

Fresh eggs UV radiated eggs Fresh eggs UV radiated eggs

Larval mortality 23.33 28.57 15.19 17.50

Pupal mortality 13.04 26.00 18.18 50.00

Total mortality 33.33 52.85 31.02 58.75

Fecundity 162.60 102.00 204.62 92.13

of same variety recorded lower response from cricket 
while acetone extract of TN1 and methanol extract of 
Triguna elicited minimum response from O. nitidula 
and I. luleator, respectively. 

5.1.5.	 Biological and molecular 
characterization of inter and 
intra specific variation in 
Trichogrammatids

(a)	 Host preference of Trichogramma 
spp. collected from different crops

Maximum parasitism by Trichogramma chilonis 
populations collected from rice, tomato, cabbage, 
capsicum and sugarcane was observed on eggs of 
C. cephalonica (mean 89.7%), followed by those of 
C. partellus (mean 60.5%), while eri silk worm eggs 
were least preferred (2.9%). 

Generally T. chilonis collected on rice prefers to 
parasites more eggs on rice. Irrespective of crops 
on which T. chilonis was collected, parasitism was 
highest on C. cephalonica eggs on sugarcane (30.8%) 
followed by rice (24.6%) and cotton (23.3%), while 
least parasitism was recorded on cabbage (14.0%). 

(b)	 Molecular characterization of 
various species and strains of 
trichogrammatids.

DNA was extracted from eight isofemale lines 
of  T. cacoeciae, T. corbudensis, T. evanescens, 
T.   embryophagum, T. pretiosum, T. semblidis 
(thelytokus species obtained from France), T. 
pretiosum (from USA), and T. embryophagum (from 
Germany). Based on the size of the ITS-2 rDNA 
PCR products, base pairs varied from 550bp – 600bp  
(Fig. 6). Based on this size variation, three groups 
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M	 1	  2	   3	 4	 5	 6	  7	 8	  9

Fig. 6.	 PCR amplified ITS-2 regions 
different trichogrammatids (Lanes: M, 
50bp DNA perfect ladder (Novagen); 1: T. 
cacoeciae (France); 2: T. corbudensis (France);  
3: T. evanescens (France); 4: T.   embryophagum 
(France) ; 5: T. pretiosum (France);  
6: T. pretiosum (USA); 7: T. semblidis (France); 8: T. 
embryophagum (Germany); 9: Negative

	 M	 1	  2	   3	 4	 5	 6	  7	 8	  9

Fig. 7.	 PCR amplified WSP regions different 
trichogrammatids (Lanes: M, 50bp DNA 
perfect ladder (Novagen); 1: T. cacoeciae 
(France); 2: T. corbudensis (France);  
3: T. evanescens (France); 4: T.   embryophagum 
(France) ; 5: T. pretiosum (France);  
6: T. pretiosum (USA); 7: T. semblidis (France); 
8: T. embryophagum (Germany); 9: Negative

could be distinguished: Group I included T. cacoeciae 
with base pair of 600bp; Group II included T. semblidis 
and T. embryophagum (Germany) with base pair of 
575bp and Group III included T. corbudensis, T. 
evanescens, T.   embryophagum, T. pretiosum and T. 
pretiosum (USA) with base pair of 550bp. 

(c) 	 Studies on wolbachia symbiont 
association with trichogrammatids

Freshly emerged adults of T. cacoeciae; T. 
corbudensis; T. evanescens; T.   embryophagum; 
T. pretiosum; T. pretiosum; T. semblidis and T. 
embryophagum (Germany) were used for the DNA 
extraction. 	 Based on the size of the wsp and 
FtsZ PCR products, base pairs varied from 550bp 
– 600bp and 700-750bp, respectively in the eight 
trichogrammatid species used in the study (Fig. 7 
and 8). It was confirmed that all these species except 
for T. cacoeciae and T. embryophagum (Germany) 
contained wolbachia.

(d)	 Horizontal transmission of 
wolbachia

Studies on horizontal transmission, carried out 
between wolbachia giver (T. brasiliense) and taker 
(T. achaeae and T. japonicum) indicated that per 
cent females in the parent was only 31.0 and 52.0% 
in T. achaeae and T. japonicum, respectively. After 

M	 1	  2	   3	 4	 5	 6	  7	 8	  9

Fig. 8.	 PCR amplified FTS Z regions different 
trichogrammatids (Lanes: M, 50bp DNA 
perfect ladder (Novagen); 1: T. cacoeciae 
(France); 2: T. corbudensis (France);  
3: T. evanescens (France); 4: T.   embryophagum 
(France) ; 5: T. pretiosum (France);  
6: T. pretiosum (USA); 7: T. semblidis (France); 
8: T. embryophagum (Germany); 9: Negative
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transmission studies for 20 generations, per cent 
females obtained was 79.0 and 72.0%, respectively 
indicating the possibility of wolbachia getting 
transmitted (Table 7).

(e)	 Curing of wolbachia

Curing of wolbachia infected species was carried 
out with two antibiotics viz. rifampsin and tetracycline 
on six species of Trichogramma. Studies carried out 
with rifampsin revealed that % females remained 
100.0% in T. cacoeciae, while in other species, % 
females ranged from 35.4 to 66.4 in different species 
after 20 generations. Mean fecundity decreased in 
all species except in T. semblidis and T. pretiosum 
(France) and remained almost the same in T. 
pretiosum (USA) after 20 generations of curing. 

Studies carried out with tetracycline too revealed 
that % females remained 100.0% in T. cacoeciae, 
while in other species it ranged from 52.1 to 83.2. 
Mean fecundity decreased in all species while it 
increased in T. semblidis (France) and remained 
almost the same in T. pretiosum (USA) after 20 
generations of curing (Table 8).

(f)	 Identification of yeast strain by ITS 
sequence analysis

	 ITS sequence analysis and a BLAST search 
revealed that yeast isolated from sesamum and rose 
had sequence similarities with their corresponding 
type strains Pichia anomala (GenBank Accession 
No. AY349442), those from tomato with those of the 
type strain of Candida apicola (GenBank Accession 

Table 7. Wolbachia transmission studies with trichogrammatids

Generation
% female in parent generation % females after in transmission

T. achaeae T. japonicum T. achaeae T. japonicum
F1 31.0 52.0 31.0 53.0
F5 35.0 55.0 65.0 55.0
F10 32.0 52.0 68.0 55.0
F15 30.0 50.0 75.0 68.0
F20 35.0 53.0 79.0 72.0
Mean 32.6 52.4 63.6 60.6

Table 8. Curing of wolbachia infection with different antibiotics in various trichogrammatids

Species
Parent

Refampsin Tetracycline

F5 F20 F5 F20

%♀ MF %♀ MF %♀ MF %♀ MF %♀ MF

T. cacoeciae 100.0 36.2 100.0 27.9 100.0 23.0 100.0 27.6 100.0 31.2

T. corbudensis 98.1 55.3 52.0 28.5 35.4 20.6 84.7 24.3 78.5 33.2

T. embryophagum 100.0 64.2 51.3 36.9 50.5 38.6 100.0 36.8 70.5 38.6

T. evanescens 90.0 83.3 67.3 23.1 60.5 30.5 62.1 33.6 60.5 40.5

T. pretiosum (France) 88.7 28.4 71.1 31.4 48.9 49.9 86.9 41.9 83.2 36.3

T. semblidis 98.6 36.5 66.6 27.3 66.4 48.4 66.6 30.7 59.6 48.6

T. pretiosum (USA) 100.0 37.2 56.0 35.8 35.6 23.9 74.0 36.9 52.1 37.8

F5-F20 = generations; %♀ = per cent females;  MF = mean fecundity
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Nos. EU926481). The endosymbiotic yeast associated 
with T. chilonis obtained from sesamum, rose and 
tomato were identified as Pichia anomala Tcy1 strain 
(GenBank Accession No. FJ224365), P. anomala 
Tcy2 strain (GenBank Accession No. FJ599744) and 
Candida apicola Tcy3 strain (GenBank Accession 
No. FJ713025) respectively. 

(g) 	 Fitness
	 When laboratory reared T. achaeae and T. 

japonicum were fed with yeast extract mixed with 
honey there was a significant increase in female 
progeny production (Fig. 9).     

5.1.6.	 Selection of superior strains of C. 
carnea and C. montrouzieri from 
different agro-ecosystems and their 
molecular characterization.

(a)	 Selection of superior strains of 
C. carnea from different agro-
ecosystems

Chrysoperla carnea populations from Sirsa 
showed highest tolerance (LC50=9983.7 ppm), 
followed by Delhi (4006.7 ppm) and Coimbatore 
(1233.47 ppm) populations to imidacloprid (Fig.10).

Maximum tolerance to high temperature (32º C) 
was observed in Sri Ganganagar population (63.2%) 
followed by Nagpur (14.0%) and Sirsa (12.0%) 
populations. Delhi and Coimbatore populations 
showed highest host searching efficiency (Fig. 11).
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Fig. 9.	 Per cent females after feeding yeast 
for 10 generations to T. achaeae and T. 
japonicum 
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Fig.10.	 Tolerance of different populations of C. 
carnea to imidacloprid
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Fig 11.	 Host searching efficiency of C. carnea 
collected from different locations in India
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Fig. 12	 Susceptibility of different populations of 
C. montrouzieri to imidacloprid

(b)	 Selection of superior strains of 
Cryptolaemus montrouzieri from 
different agro-ecosystems 

Cryptolaemus montrouzieri populations collected 
from Delhi was observed to be superior with respect 
to its response to imadacloprid and based on the 
highest LC50 value (Fig.12). Predatory efficiency was 
observed to be superior in Bangalore population of 
C. montrouzieri.
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(c)	 Isozyme studies in C. carnea (group) 
populations 

Isozyme studies revealed that there is a variation 
in the activity of AchE, esterase as GST activity in 
the different C. carnea populations. ITA-2 region 
of Guntur and Sriganganagar populations were 
characterized as the base pairs were 527 bp and 537 
bp, respectively (Table 9. & Fig. 13).

emergence (92.4%) compared to Andhra Pradesh 
population (74.2 and 86.4%, respectively). 

The biological parameters of Karnataka 
populations of G. nephantidis were evaluated at 
260 C, 320 C and 360 C for over twelve generations 
and 32°C was observed to be the most congenial 
temperature (Table 10).

Table 9. 	 Aetylcholine esterase  (AchE), esterase and GST  activity  in different populations of C. carnea 
adult

Name of the 
strain

AChE activity (μmol 
min-1 mg-1 protein)

Esterase activity (n mol of 
p-nitro phenol formed min-1 

individual 1)

GST activity (μmol 
CDNB) min-1 mg-1  

protein
SIRSA 2.100441 38 3.3
Gujarat 2.121949 32 2.2
Punjab 2.138787 35 2.3
PDBC 2.400368 23 1.5

Fig 13.	 PCR amplified ITS-2 region from different 
Chrysoperla  populations  {Lanes: M, 50bp 
DNA perfect ladder  (Fermentos)}         

	 M	 1	  2	   3	 4	 5		 -ve

5.1.7. Selection of superior strains of 
certain parasitoids and their 
characterization

(a)	 Selection of superior strains of 
Goniozus nephantidis 		

The Tamilnadu population of G. nephantidis 
was superior in terms of pupation (80.2%) and adult 

Table 10. Biological attributes of Goniozus 
nephantidis  (Karnataka population) 
at higher temperatures

Biological 
parameters 26± 1°C 32± 1°C 36± 1°C

Fecundity (No. 
of eggs/female) 47.2 54.6 35.2

Parasitising 
efficiency (%)
(No. of larvae 
parasitised /
female)

7.2 8.1 5.2

Percentage 
pupation
(cocoons 
formed)

74.2 83.4 62.4

Percent adult 
emergence 70.2 82..8 56.2

Adult longevity 45.1 52.6 35.2

Sex ratio (Male: 
Female) 1:2.2 1:2.5 1:0.5

Total 
Developmental 
period  (days)

12.8 11.2 10.2

* Mean of 12  generations – Karnataka population.
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(b)	 Molecular characterization of G. 
nephantidis based on ITS sequence 
and RAPD

PCR of ITS-2 region for the Andhra Pradesh, 
Kerala and Karnataka populations of G. nephantidis 
showed polymorphism in the region of the genome. 
DNA sequence analysis of the ITS-2 showed intra-
species divergence. Intra species variations among 
the Karnataka and Kerala populations were minimal 
(Fig. 14). The sequences for the ITS-2 region for 
Karnataka, Kerala and Andhra Pradesh populations 
were submitted to GenBank with Accession numbers 
EU016231, EU719071 and EU719072. 

to assess the homology or otherwise. PCR using 
COI-F and COI-R primers amplified a product of 
approximately 550 bp, which was similar for all the 
four populations (Fig. 15). The multiple alignment 
performed for four populations and one population 
from GenBank Accession number DQ 538818 
revealed a size range from 402 bp (Bangalore) to 420 
bp (DQ538818) of the partial COI gene sequences 
analyzed for the five different populations. RAPD 
assays and cluster analysis indicated that populations 
from Aurangabad and Devanahalli had similarity 
coefficient of 66%, Delhi and Dindigul 63%,  
while those from Bagalkot and Hyderabad were 
distinct.

(c)	 Evaluation of Biological attributes of 
Cotesia flavipes

Nine geographical populations of Cotesia flavipes 
were studied. The biological attributes of C. flavipes 
population from Hoshiarpur was observed to be 
superior with respect to cocoon production and adult 
emergence. The Aurangabad population was superior 
with respect to female progeny production.

(d)	 Molecular characterization and 
genetic variability of Cotesia flavipes 

Using the PCR, partial sequences of the COI for 
the different populations of C. flavipes were amplified 

Fig. 14. RAPD profile of G. nephantidis populations 
using 11 random primers. In each gel, three 
primers C15, C16, C18 for each of the three 
populations are shown, along with a size 
standard.  (Lanes: M, 100bp DNA ladder); 1, 
4 & 7 - Karnataka; 2, 5 & 8 - Kerala; 3, 6 & 
9 - Andhra Pradesh.

	 M	 1	  2	   3	 4

550 bp

Fig. 15.	 Amplified PCR product of COI gene. 
Lane 1. 1 kb DNA ladder, C. flavipes from 
(lane 2, Bangalore; lane 3, Hyderabad; 
lane 4, Delhi; lane 5, Shimla)

5.1.8.	 Studies on insect pathogens
5.1.8.1.	 Efficient formulations of Trichoderma 

sp. and entomofungal pathogens with 
prolonged shelf life 

(a)	 Extended shelf life of SSF based 
formulations of Trichoderma 
harzianum

The shelf life of talc formulations of T. harzianum 
derived from Solid State Fermentation (SSF) was 14 
months with recovery of CFUs above x 106 in normal 
packing and in vacuum packing it was 12 months 
(Fig.16).  
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(b)	 Effect of different methods of drying 
on shelf life of T. harzianum derived 
from SSF

Shelf life of conidia based formulations of T. 
harzianum derived from SSF could be extended by 

selected drying methods up to 15 months after which 
the recovery of CFUs per g was less than 106. The 
bioefficacy of these formulations were tested using 
fusarium wilt of tomato as  the host-pathogen system.  
With the Fusarium lycopersici inoculation alone the 
% tomato fusarial wilt incidence was 69% while in T. 
harzianum treated plants it was ranging from 13.11% 
to 65% (Table 11). In formulations with modified 
packing process, forced drying increased the shelf 
life up to 18 months, after which the population was 
less than 106 CFUs g-1. 

(c)	 Effect of combinations of different 
treatments like addition of chitin and 
glycerol with heat shock on the shelf 
life of T. harzianum 

Addition of 0.2% colloidal chitin along with  
6% glycerol resulted in prolonged shelf life of  
liquid ferementation derived talc-based formulations 
of T. harzianum compared to addition of glycerol 
alone at 6% concentration.  The CFUs recovery was 
above 106 even at 17th month in these formulations 
derived from liquid medium amended with 6% 
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Fig.16. Shelf life of T. harzianum in SSF based 
formulations (Log of CFUs/g)

Table 11. 	Growth parameters and per cent wilt infection in plants treated with talc formulations of  
T. harzianum (derived from SSF and subjected to different drying processes) in bioefficacy test 
with pathogen (Fusarium lycopersici) inoculation

Treatments Shoot length Root length Shoot weight Root weight % wilt 
infection

Pathogen 15.64 3.29 0.40 0.8g 69.14

RTE 1 Nor 17.40 7.24 48g 14g 13.11

RTE 2 Nor 14.20 5.62 19g 3g 43.70

RTE 3 Nor 12.15 3.34 19g 4g 13.11

RTE 4 Nor 12.08 3.24 9g 2g 56.81

RTE 5 Nor 12.05 4.55 19g 3g 30.59

RTE 1 Vac 18.92 8.25 42g 7g 30.59

RTE 2 Vac 21.16 5.17 48g 6g 26.22

RTE 3 Vac 16.39 5.47 32g 4g 30.59

RTE 4 Vac 13.42 3.48 12g 2g 48.07

RTE 5 Vac 10.05 3.95 3g 1g 65.55

(Nor- Normal packing; Vac- Vacuum packing)
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glycerol and 0.2% colloidal chitin with or without 
heat shock.  

In bioefficacy tests, in Fusarium lycopersici 
inoculated plants, the wilt incidence was 72% while 
in treated plants (T. harzianum talc-based formulation 
derived by addition of colloidal chitin with 6% 
glycerol) it varied from 0 to 30.59% (Table 12). 

5.1.8.2. 	Entomofungal pathogens 
(a)	 Effect of humectant, polyvinyl 

pyrrolidone (PVP) on shelf life of B. 
bassiana, M. anisopliae and V. lecanii

Shelf life of talc formulations of B. bassiana, 
M. anisopliae and V. lecanii prepared by adding 
polyvinyl pyrrolidine (PVP), a humectant to the 
production medium ranged from 5-6 months  
and was on par with the shelf life of the talc 
formulations prepared from the biomass devoid of 
humectant.

(b)	 Biological control of Alternaria leaf 
blight of tomato 

(i)	 Evaluation of bacterial antagonists 
against A. solani in tomato seedlings 
(Pot culture studies)

Pseudomonas fluroscens (Pf-19), Bacillus subtilis 
and Bacillus isolates isolated from phylloplane of 
tomato plants (B-3, B-4, B-10, B-14, B-15, B-16, 
B-20 and B-23) were tested against leaf blight of 
tomato caused by Alternaria solani under glasshouse 
conditions. Bacterial suspensions of the test 
isolates at the dose of 2x106/CFUs L-1 and the spore 
suspensions of A. solani at spore dose of 1x104spores/ 
ml were sprayed on the foliage of tomato seedlings 
simultaneously. Mancozeb (as Indofil M 45) at 3.0 g 
L-1  along with A. solani spray served as fungicidal 
check and control plants were sprayed with sterile 
distilled water along with A. solani spray. The lowest 
post-treatment disease index (PDI) of 33.8 was 
recorded in Bacillus sp. B-23 whereas P. fluroscens-

Table 12.	 Growth parameters and % of wilt infection in plants treated with talc formulations of  
T. harzianum (derived with different combination of amendments in production medium) in 
bioefficacy test with pathogen (Fusarium lycopersici) inoculation.

Treatments Intervention in 
fermentation

Shoot 
length

Root 
length

Shoot 
weight

Root 
weight

% wilt 
infection

PATHOGEN 15.64 3.29 8.00 0.40 72.11

CTE1 C 19.08 8.36 35.00 1.00 17.48

CTE2 C +HS 16.30 6.80 31.00 1.00 0.00

CTE3 3%G 18.30 6.14 36.00 1.00 4.37

CTE4 3%G +HS 19.07 7.90 39.00 2.00 17.48

CTE5 6%G 15.88 5.63 20.00 5.00 8.74

CTE6 6%G +HS 16.22 4.97 16.00 2.00 17.48

CTE7 3%G +CC 18.81 11.00 54.00 14.00 4.37

CTE8 3%G +HS +CC 14.40 5.55 18.00 2.00 21.85

CTE9 6%G +CC 17.17 5.55 20.00 5.00 30.59

CTE10 6%G +HS +CC 14.35 4.21 10.00 2.00 34.96

CTE11 CC 23.13 6.82 30.00 4.00 8.74

CTE12 CC +HS 15.10 6.57 20.00 2.00 30.59
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Pf-19 and Bacillus sp.B-10 record next lowest PDI 
of 34.3 and 34.8 respectively (Fig. 17). The highest 
PDI of 45.8 was observed in the control plants.

(ii)	 Evaluation of Trichoderma isolates 
against A. solani in tomato (Field 
trials)

A field experiment was conducted to evaluate 
four promising isolates of Trichoderma sp. against 
leaf blight disease of tomato caused by A. solani 
at Chinthamani during kharif season of 2008. Talc 
formulations of Trichoderma isolates were prepared 
containing 2x106 CFUs g-1and applied as seedling 
dip during transplantation and foliar sprays after 15, 
30 and 45 days after transplantation. Mancozeb (as 
Indofil M 45) at 3.0 gL-1served as fungicidal check 
and applied as seedling dip during transplantation 
and foliar sprays after 15, 30 and 45 days after 
transplantation. In control plot, seedlings were  
dipped in water during transplantation and water 
sprays were given after 15, 30 and 45 days after 
transplantation. 

Among the four isolates of Trichoderma sp. 
tested, the lowest PDI of 18.4 was observed with T. 
harzianum (TH-7 isolate) which when compared with 
the PDI of control plants showed 62.6% reduction. T. 
viride (TV-115 isolate), T. pseudokoningii (Tpk) and 
T. harzianum (Th-8 isolate) showed next lowest PDI 
of 22.7, 23.1 and 23.8, respectively (Fig. 18).

5.1.8.3.	 Isolation, characterization and 
toxicity test of indigenous Bacillus 
thuringiensis strains against 
lepidopterous pests

(a)	 Molecular characterization of 
indigenous Bt

Eight indigenous isolates of Bt were probed with 
Cry1and Cry4 universal primers. None of them were 
specific to Cry1 gene. However with Cry4 primer, 
isolates 1 and 2 showed PCR product of 230bp and 
the third isolate showed PCR product of 300bp. 
These 3 isolates could be related to cry 4 genes.

Three Bt isolates toxic to Plutella xylostella 
were probed with CRY1 universal primer but none 
of them were positive for cry1 gene. Three isolates 
were subsequently probed with cry4 specific primer 
and one isolate showed band corresponding to 300bp 
which could be harbouring cry4 gene. 	

PCR analysis with the samples PDBC-BT-
1,PDBC-BT-2, PDBC-BNGT-3,CK-4,CK-12,VK-
1,HD-1 for amplification of Cry I gene with the 
standard molecular weight molecular weight marker 
was performed. Cry IIIA primer pairs were used to 
detect the strains. The expected size of PCR products 
of the cry IIIA genes range from 652 to 769 bp. In 
this analysis rapid cell lysates were used as the DNA 
samples this allowed us to analyze several sample at 
the same time and reduced the possibility of sample 
contamination. We identified a strain that produced an 
unexpected 350 bp (shown in Fig 19) product when 
it was assayed with the primer mixture, suggesting 
that this strain may harbour a unique Cry IIIA gene.

b)	 SDS-PAGE analysis of crystal 
protein

SDS-PAGE analysis was done for the protein in 
samples from Bt isolates and the molecular weights 
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Fig. 17. Efficacy of bacterial antagonists on the 
infection of A. solani in tomato seedlings
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Fig. 18.	 Effect of Trichoderma isolates on the 
incidence of leaf blight of A. solani on 
tomato
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of protein bands were estimated for different isolates 
(Table 13 and Fig. 20).

(c) 	 Evaluation of formulation of PDBC-
BT1 and BNGT1. 

Field evaluation of three indigenous Bt isolates 
namely PDBC-BT1, PDBC-BT2 and PDBC-
BNGT1 was done against redgram pod borer. The 
isolates were compared with HD-1 standard and 
insecticide spray. The protein concentrations in the 
test organisms ranged between 400 to 800 µg/ml and 

these were tested with four different concentrations 
of 0.5, 1.0. 1.5 and 2.0%. Ten replications were 
used to assess the treatments. Three sprays of the 
diluted liquid cultures were given at pod initiation, 
pod emergence and pod bearing stages at 15 day 
intervals. The highest pod number per plant (98.7) 
was recorded in plants having 1.5% spray of  
PDBC-BT1 and the lowest (46.5) was in treatment 
with 1% spray of PDBC-BT1. 

The per cent pod damage was also estimated based 
on the mean number of pods damaged. The highest 
pod damage of 44.18% was recorded in untreated 
control and the lowest (3.5%) in plants treated with 
2% HD-1 spray (Fig. 21). Low pod damage was also 
observed in other treatments viz., 4.25% (PDBC-
BT2), 4.41% (PDBC-BT1) and 4.91% (BNGT1). 
The results showed that 2% spray of the tested  
Bt strains could significantly reduce pod damage 
(Fig. 21).

Fig.19.  Molecular Characterization by PCR analysis 
of Bacillus thuringiensis strains by using cry 
III primers.

L-1      L-2     L-3     L-4     L-5     L-6     L-7     M

Fig. 20.	 Protein profile for the crystal protein of 
Bt isolates by SDS-PAGE

Table 13.	 Molecular weights of proteins  resolved 
by  SDS-PAGE from  different isolates

Bt Isolates
Molecular weights 

determined by  
SDS-PAGE

PDBC-BT-1 (L-7) 116, 44,38,35 and 23 Kda
PDBC-BT-2(L-6) 116, 54,50,38,25 Kda
BNGT-3 (L-5) 54, 38, 37,25Kda
CK-4(L-4) 40,38,35,28 Kda
CK-12(L-3) 95, 63, 41,38,35,33 Kda
VK-1(L-2) 116, 48,38,35,28 Kda
HD-1(L-1) 66, 38,36,32,13 Kda

Treatments

PDBC-BT1 PDBC-BT2 PDBC-BNGT1 HD-1

(Protein Concentration @ 400 µg/ml)%
 o

f P
od

s 
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Fig. 21.	Field evaluation of indigenous Bt strains 
against redgram pod borer
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5.1.8.4.	 Isolation and characterization of 
plant growth promoting endophytic 
bacteria and development of 
improved formulations                                        

(a)	 Culture collection of plant beneficial 
bacteria at PDBC

Four endophytic bacteria were isolated from 
healthy pigeon pea plants. Three were Gram positive 
and one was Gram negative. Ninety four Pseudomonas 
isolates (from rhizosphere) were added to the culture 
collection of PDBC. The four endophytes were tested 
for inhibition of Sclerotium rolfsii in vitro on Tryptic 
Soya Agar. Two of the isolates showed 40 to 48% 
inhibition. The isolates are being identified through 
Biolog identification system.		

(b)	 Plant growth promotion and 
rhizosphere competence of 
endophytic/rhizospheric bacteria 

Thirty bacterial isolates were tested for seedling 
growth promotion in Petri plates using chickpea 
seeds. Among the tested isolates twenty showed 
growth promoting ability in terms of root and shoot 
length. Highest root length of 15cm was observed 
with the isolate GR-3 RAU-B and the highest shoot 
length of 10.5cm was observed with the isolate GR-4 
RAU-A. Good growth promotion was also exhibited 
by CK-23, CK-4, H-8, CK-10, GR-4 RAU-A, ND-
1and GR-3 RAU-B. All the twenty isolates showed 
growth promotion of more than 20% in terms of root 
and shoot length when seedling growth was observed 
7 days after germination. 

Fig.22.	 Healthy redgram pods in HD-1 treatment       

(c)	 Shelf life studies of powder based 
formulations of Gram negative 
bacteria.

Studies on shelf life of Pseudomonas fluorescens 
(PDBC-AB2) in powder based talc formulations 
amended with nutrients was conducted for 240 days. 
At 180 days highest population of log 7.48 CFUs g-1 
was observed with formulations amended 2% peptone 
+ 2% glycerol and at 240 days the population declined. 
High CFU of log 4.10 to 4.20 CFUs g-1 was observed in 
treatments amended with 2% tryptone or 2% peptone 
supplemented with 2% glycerol.   It was concluded 
that 2% peptone or 2% tryptone supplemented with 
2% glycerol enhanced the shelf life of P. fluorescens) 
(Fig. 23).    

Fig. 23. 	Effect of different nutrient amendments on 
the shelf life of Pseudomonas flulorescens

180 Days

Treatments
	 T1	 T2	 T3	 T4	 T5	 T6	 T7	 T8	 T9	T10	 T11	T12	T13	 T14

210 Days

240 Days

T1= 1% peptone + 1% glycerol
T2= 2% peptone + 2% glycerol
T3= 1% peptone
T4= 2% peptone
T5= 1% Yeast extract + glycerol
T6= Yeast extract + 2% glycerol
T7= 1% Yeast extract

T8= 2% Yeast extract
T9= 1% Tryptone + 1% glycerol
T10= 2% Tryptone + 2% glycerol
T11= 1% % Tryptone
T12= 2% Tryptone
T13= talc + cmc + CaC03
T14= Talc alone

(d)	 Shelf life studies of powder based 
formulations of Gram positive 
bacteria.

The shelf life of Gram positive spore forming 
Bacillus sp. (MTCC 6535) was evaluated in powder 
based formulations that were amended with nutrients. 
At 180 days highest population of log 9.90 CFU 
g-1 was observed with 1 or 2% yeast extract + 1 or 
2% glycerol. Equal  population was also noticed in 
treatments having 2% tryptone + 2% glycerol. At 210 
days population remained stable and again highest 
population of log 9.90 cfu/gm was observed again in 
2% yeast extract + 2% glycerol the same population 
was also seen in treatments having 1 or 2% yeast 
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extract + 1 or 2% glycerol and 1 or 2% tryptone + 1 
or 2% glycerol. At 240 days there was slow decline 
in population in all treatments and high cfu of 9.30 to 
9.38 per gm was noticed in yeast extract or tryptone 
treatments. It was concluded that yeast extract or 
tryptone supplemented with glycerol enhanced shelf 
life of Bacillus sp.

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

(a)	 Storage of Hirsutella thompsonii 
pellets  

Long term storage studies revealed that the pellets 
of Hirsutella thompsonii could be stored in sterile 
water under refrigerated condition for more than 
three years. 

(b)	 Evaluation of Hirsutella thompsonii 
along with adjuvants against coconut 
mite

Field evaluation of H. thompsonii against coconut 
mite was undertaken at Huskuru farm in Karnataka. 
Three sprays of H. thompsonii (mycelia) with 
adjuvant (glycerol 0.5%) at 15 days interval resulted 

in lowest nut grading index of 1.97 ± 0.13 (1-10% 
damage) (Table 14). The fungal formulations applied 
with or without glycerol brought about significant 
reduction in the pre-harvest nut damage through 
timely killing of the post-treatment population of 
the coconut mite. All the fungal treatments were on 
par with the chemical and superior to control in the 
tagged bunch 1 (F = 14.31; df = 5, 66; P < 0.0001), 
tagged bunch 2 (F = 11.54; df = 5, 66; P < 0.0001) as 
well as in the mean of the two tagged bunches (F = 
25.46; df = 5, 66; P < 0.0001) 

All the fungal treatments outperformed the 
chemical (Triazophos) in terms of reducing the nut 
damage at the pre-harvest stage. Among all, the 
mycelial formulation of H. thompsonii in combination 
with glycerol (0.5%) was the best with a mean score 
of 1.97, which was less than half of the control score 
(4.09)

(c)	 Endophytic fungi/bacteria associated 
with Mikania micrantha

More than 20 sporulating species of phylloplane 
mycoflora from leaf tissues of M. micrantha, 
were found to be capable of causing disease-
like symptoms when re-inoculated. The genera, 
Alternaria, Cercospora, Colletotrichum and Phoma 
from symptomatic tissues of greenhouse-grown 

Table 14.	 Pre-harvest nut damage grades from the second-round field evaluation of new formulations 
of H. thompsonii [MF(Ag)66 ex Kerala] against A. guerreronis on coconut at Huskuru, 
Bangalore Rural district, Karnataka

Treatments

Pre-harvest nut damage grades
Tagged
bunch 1

(2nd bunch)

Tagged
bunch 2

(3rd bunch)
Mean

H. thompsonii (Mycelia) (1%) + glycerol 
(0.5%) 1.91 ± 0.20a 2.03 ± 0.24a 1.97 ± 0.13a

H. thompsonii (Mycelia) (1%) 2.23 ± 0.23a 1.99 ± 0.20a 2.11 ± 0.13a

H. thompsonii (Mycelia + conidia) (1%) + 
glycerol (0.5%) 1.93 ± 0.20a 2.08 ± 0.28a 2.00 ± 0.17a

H. thompsonii (Mycelia + conidia) (1%) 2.10 ± 0.24a 2.16 ± 0.25a 2.13 ± 0.21a

Triazophos 
(Trifos 40) (0.2%) 2.48 ± 0.23a 2.19 ± 0.30a 2.34 ± 0.17a

Control 4.05 ± 0.19b 4.12 ± 0.16b 4.09 ± 0.14b

Means in each column followed by the same letter did not differ significantly at P< 0.05, Tukey’s HSD.
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M. micrantha from Andaman and Nicobar Islands 
produced characteristic, original symptoms while 
proving Koch’s postulates. The field-collected 
Karnataka population of M. micrantha was found to 
be susceptible to foliage diseases by species under 
the genera Alternaria, Cercospora, Colletotrichum, 
Dreschslera and Phoma. In stems and roots, 
species of Aspergillus, Penicillium, Fusarium, 
Lasiodiplodia, Phoma and Rhizoctonia were found 
to have domination over several other genera. These 
results suggest that the endophyte composition of M. 
micrantha is heterogeneous on several levels.

5.1.8.6.	 Nematode-derived fungi and bacteria 
for exploitation in agriculture.

(a)	 Suitability of soil types on the 
pathogenicity of P. lilacinus and P. 
chlamydosporia against root-knot 
nematode of tomato

 	 It was observed that laterite, alluvial, loamy 
sand and mountain soils except black cotton soil 
were suitable for root growth, nematode infection 
and effective parasitization of the egg masses by 
P. lilacinus and P. chlamydosporia. Mountain soils 

recorded highest fungal propagules followed by 
red laterite soils and least was in black cotton soils 
(Table 15). P. lilacinus recorded higher cfus, root 
colonization and egg mass parasitization in soils 
with comparatively higher organic carbon at all the 
pH categories.

(b)	 Effect of plant root density on the 
nematode infection  

In pot culture studies it was revealed that brinjal 
(purple long) having higher root volume and root hair 
recorded higher root-knot nematode infection, egg 
masses and fungal parasitisation of the egg masses 
as compared to tomato and cotton 45 days after the 
treatment (Table 16).

(c)	 Improvisation of mass production, 
formulation and delivery systems 
of Paecilomyces lilacinus and P. 
chlamydosporia

(i)	 Influence of production media and 
method

Paecilomyces lilacinus and P. chlamydosporia 
obtained from solid state fermentation and formulated 
on talc exhibited better shelf life (spore viability) and 

Table 15.	Effect of soil types on the pathogenicity of antagonistic fungi (P. lilacinus  and P. chlamydosporia) 
against root-knot nematode on tomato in glass house

Soil type
Organic 
carbon 

(%)
pH

Tomato (60 days old)
Egg mass 

parasitization 
(%)

Fungal 
propagules/

10g soil
Healthy 

root wt (g) RKI* RKI** PL PC PL PC

Red laterite 0.62 6.8 6.8 3.2 2.4 52 46 1226 688

Alluvial 0.65 6.7 7.4 3.6 2.5 54 44 1112 744

Loamy sand 0.58 7.6 5.4 3.4 3.0 38 51 998 692

Black cotton soil 0.55 8.7 4.4 2.5 2.5 8 3 238 146
Sulya mountain 
soil 3.6 4.6 8.6 3.6 2.0 62 58 1486 922

F-test - - - - - HS HS HS HS

CD(P=0.01) - - - - - 4.4 6.2 45.4 33.6

*RKI-Root-knot index in untreated root-knot nematode infected plants; 
** RKI-Root-knot index in root-knot nematode infected plants treated with PL or VC.
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bioefficacy (infectivity to egg masses) against root-
knot nematodes compared to that produced in broth. 
Chlamydospore production by P. chlamydosporia 
was highest in solid state production than in liquid 
production.

(ii)	 Influence of initial moisture content 
of solid substrates on conidial 
biomass of Paecilomyces lilacinus 
(Thom) Samson for solid state 
mass production and down-stream 
processing

The interrelationships between initial water 
content (WC), moisture content (MC) and water 
activity (aw) and the effect of initial proportion 
of water in the solid substrates (maize, rice and 
wheat bran and rice grain) and conidial biomass 
and quality of conidia of Paecilomyces lilacinus 
PDBC PL55 were examined. With the increase in 
initial proportion of water content in bran, the MC 
and aw recorded an increase. At a water proportion 
of 0.75:1.00 (v/w) and above in maize, rice and 
wheat bran, the water activity recorded saturation 
(1.00), while MC ranged between 41.90-47.55%. An 
initial proportion of water at 1.00:1.00, the MC was 
observed to be 49.19 to 50.58 %. Mycelial growth and 
conidiospore production at initial moisture content 

of upto 0.50:1.00 in maize, wheat and rice bran were 
very low and non significant. An increment of WC 
in rice bran to 0.75:1.00 significantly increased the 
conidiospore production to >108 g-1 substrate and to 
109-1010 conidiospores g-1 bran at a WC of 1.00:1.00 
(Fig. 24). There was a sharp decline in P. lilacinus 
spore production in all the 3 bran at a WC of 1.25:1.00. 
Increase in substrate WC recorded an increase in 
MC and aw of conidiospores on all substrates but 
did not affect the spore viability. A combination of 
MC at 49-50% and aw at saturation (1.00) was ideal 

Table 16.	 Effect of host root pattern on nematode infection of roots and pathogenicity of P. lilacinus 
against root-knot nematodes

Tomato Egg plant Cotton

Root 
weight

J2/g 
root RGI Root 

weight
J2/g 
root RGI Root 

weight
J2/g 
root RGI

3.0 - 3.3 4.8 22 0.6 4.9 32 0.8 3.0 14 0.2

4.0 - 4.5 6.5 38 1.4 7.2 52 1.8 4.6 28 0.8

5.0 - 5.4 7.8 62 2.5 8.6 78 3.0 6.4 44 1.4

6.0 - 6.3 9.1 84 3.0 10.0 98 3.6 8.2 62 2.0

7.0 - 7.2 10.4 96 3.8 12.2 122 4.0 9.4 76 2.5

F-test - HS HS HS HS HS - HS Hs

CD 
(P=0.01) - 2.80 0.053 1.60 3.6 0.072 - 3.99 0.058

- 5.721 0.164 5.02 9.242 0.214 - 11.221 0.168
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Figure 24.	 Influence of initial water content (WC) 
on moisture content (MC), water 
activity (aw) and spore production 
of P. lilacinus PDBC PL55 g-1 on rice 
grain.
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for conidiospore production of P. lilacinus on bran, 
while a MC of 20-23% and saturated aw was ideal on 
rice grain. Identification of an ideal combination of 
MC and aw was more critical than an optimum level 
of MC or aw for conidiospore production. 

(d)	 Field evaluation of talc formulations 
of Paecilomyces lilacinus and P. 
chlamydosporia.

Integrated use of talc formulations of antagonistic 
fungi with crop-soil sterilization (formaldehyde) in 
capsicum and tomato in polyhouses at Denkinkotai, 
Hosur reduced the incidence of nematode-root wilt 
disease complex by 64% in treated beds compared 
to untreated beds. Infection of egg masses in treated 
beds was 56% and infective juveniles were recorded 
to be in the range of 78 to 134 per 100cc soil in 
treated beds. 

(e)	 Biological control of root knot 
nematode in FCV tobacco nurseries

In a field experiment in nursery beds at CTRS, 
Hunsur, it was revealed that the treatments P. 
lilacinus, G. fasciculatum and neem cake or P. 
lilacinus, G. fasciculatum and vermicompost yielded 
healthier seedlings with significantly lower gall index 
(root infection). Seedlings that received treatments 
exhibited no significant leaf yield differences over 
untreated seedlings except seedling mortality in 
nursery (Table 17).

(f)	 EPN against white grubs
Surveys for white grubs and associated EPN in 

potato and groundnut cropped areas and in dung 
pits resulted in recording Oryctes rhinoceros and 
Gametis versicolor in chickballapur area. Screening 
of 4 isolates of EPN, viz., H. indica 13.3, H. indica 
Ashoka, S. carpocapsae Sc11 and S. glaseri (in 

Table  17.	 Evaluation of antagonistic fungi against root-knot nematode on FCV tobacco (Pooled data of 
2006-07 and 2007-08).

Treatments

Total 
healthy 

transplants 
count

Root knot 
Index

( 0 - 5 scale)
At 60 DAS

No. of 
egg mass 

/g root

Total
cured leaf 

yield
(kg/h)

T1 Glomus fasciculatum (VAM)  
@ 10 g / m2 483.0 2.72 17.4 1306.5

T2 Paecilomyces lilacinus (PDBC strain) 
@ 100 g / m2 598.1 2.09 13.5 1279.8

T3 Carbofuran
@ 50 g / m2 611.0 2.05 11.7 1295.2

T4 Neem Cake
@ 1 kg / m2 532.5 2.30 15.5 1273.2

T5 Vermicompost
@ 1 kg / m2 500.7 2.36 16.2 1297.8

T6 T1 + T4 551.2 2.39 15.5 1315.1
T7 T1 + T5 524.7 2.51 16.0 1288.0
T8 T2 + T4 612.7 1.89 12.1 1287.2
T9 T2 + T5 614.0 1.89 12.2 1285.7
T10 T1 + T2 + T4 613.0 1.87 12.4 1328.7
T11 T1 + T2 + T5 595.5 1.92 12.7 1275.7
T12 Un Treated Check 455.7 3.86 19.7 1270.0

S.E.M 3.44 0.03 0.28 23.43
CD at 5% 9.54 0.08 0.77 NS
CV % 1.75 3.52 5.38 4.46
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manure as medium) for efficacy against second and 
third instar grubs indicated that all the four nematodes 
caused mortality to grubs in 60-72 h up to a depth of 
3 inches. A new isolate of Steinernema was obtained 
from a diseased grub collected from Devanahalli.

Surveys for white grub associated EPN in potato, 
cabbage, cauliflower, and groundnut areas and in 
dung pits resulted in Anomala and rhinoceros species 
of white grubs. Preliminary screening of 4 isolates of 
EPN viz., Heterorhabditis indica (13.31), H. indica 
(6.71) Steinernema carpocapsae (Sc 11) and S. 
riobrave using soil method for efficacy against late 
instars of rhinoceros grubs, resulted in grub mortality 
due to S. riobrave in 7-10 days up to a depth of 6 
inches.

(g)	 Bar coding of PDBC isolates of EPN
ITS and ribosomal genes of 10 EPN isolates 

were amplified using specific primers and RFLP and 
RAPD of genomic DNA from these EPN isolates 
were carried out using REs and random primers. A 
comparison of the nucleotide sequences of the COI 
gene (DNA bar coding) revealed that the sequences 
of Heterorhabitis and Steinernema apparently 
differed between the two reproductive forms, and 
a high homology within each reproductive form. 
These genetic characterizations (DNA bar coding) 
strongly support the similarities and dissimilarities 
revealed by some morphological characters and 
morphometrics in correspondent isolates, making 
them a reliable tool to catalogue the EPN diversity 
and also to examine check the label claims in EPN 
formulations.

(h)	 Performance of PDBC isolates of 
EPN 

(i) 	 Influence of depth of compost on 
infectivity of EPN to scarabid and 
Oryctess grubs 

At a constant dose of 1000 IJs/100cc column 
aqueous formulations of S. carpocapsae, S. riobrave, 
H. indica 13.31 and H. indica 6.71 caused mortality 
to scarabaeid and rhinoceros grubs in 72 and 96 hrs 
of application at a depth of 15 cm, while H. indica 
13.31 and H. indica 6.71 caused grub mortality in 96 
to 120 hrs at same depth. 

(ii)	 Evaluation of different organic 
amendments on bioefficacy of EPN 
against whitegrubs 

Steinernema carpocapsae, S. riobrave, H. indica 
13.31 and H. Indica 6.71 in aqueous suspensions @ 
1000 Ijs/100cc column) applied to farm compost, 
urban compost, vermicompost, vermiculite and coir 
pith in column assay caused mortality to scarabid 
and Oryctes grubs in 72 to 120 hrs of application at a 
depth of 15 cm while in coir pith grub mortality was 
observed between 96 to 120 hrs.

(iii)	 Screening of EPN isolates in soil 
columns for efficacy against white 
grubs

Preliminary screening of 4 isolates of EPN viz., 
H. indica (13.31), H. indica (6.71) S. carpocapsae 
(Sc 11) and S. riobrave using soil column method for 
efficacy against 2nd and 3rd instar grubs indicated that 
all the four nematodes caused mortality to scarabaeid 
grubs of G. versicolor in 60-72 hrs up to a depth of 3 
inches, while grub mortality in late instar Rhinoceros 
beetle was recorded due to S. riobrave in 7 days up to 
a depth of 6 inches at 100 IJs/100cc soil, and 10 days 
due the other three nematodes. 

(iv) 	 Dose response assay of S. carpocapsae, 
S. riobrave, H. indica 13.31 and H. 
indica 6.71 against G. versicolor grubs 
at 48 hrs

 	 LD50 values of 1.2 cm scarabid grubs in 
100cc of manure mix (Manure + soil at 1:1 v/v) in 
aqueous formulation were 1820, 1980, 1860 and 
1660, respectively, for the four nematodes. 

5.2. 	 AICRP ON BIOLOGICAL 
CONTROL OF CROP PESTS AND 
WEEDS

5.2.1.	 Biological control of plant diseases 
and nematodes using antagonistic 
organisms 

GBPUAT

(a)	 Temperature effect on isolates of 
Trichoderma and Pseudomonas 

Antagonistic activity of ten isolates of Trichoderma 
from rhizosphere of different plant species at different 
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altitudes was evaluated at different temperature 
ranging from 10 to 40°C. Out of ten isolates, isolate 
Th-10, Th-4,Th-12, and Th-31 grew faster at 30°C, 
however isolate Th-43 and Th-28 could grow even 
at 10°C, Th-4 and Th-31 at 15°C. At 35 and 40°C 
growth of several isolates was reduced. Out of ten 
isolates of Pseudomonas fluorescens, isolates Pf-
31, Pf-28 and Pf-27 had excellent growth at 30°C as 
compared to other isolates. 

(b)	 pH effect on isolates of Trichoderma 
and Pseudomonas

Ten isolates of Trichoderma were grown in PDA 
media and Pseudomonas isolates in Kings B media 
with pH ranging from 4 to 10. All the isolates of 
Trichoderma and Pseudomonas could grow faster at 
pH 7, but pH from 4-5 or 8-10 could not promote 
better growth of these isolates.

(c) 	 Moisture effect on growth of 
Trichoderma and Pseudomonas in 
oven-dried cow dung

Ten isolates of Trichoderma and Pseudomonas 
were grown in oven-dried cow dung with moisture 
levels ranging from 10 to 70 per cent. Most of the 
isolates had excellent growth at 30 per cent moisture 
level. Isolate Th-38 was found to be the best in growth 
and sporulation and gave highest colony count of 20 x 
104 CFU/g of air dried FYM followed by isolates Th-
43 and Th-12 at 30 % moisture level. Similar results 
were obtained with ten isolates of Pseudomonas. 
isolates Pf-3, Pf-4 and Pf-28 had maximum growth  
and gave highest colony count of 24 x 106 CFU/g of 
air dried FYM followed by isolate Pf-31 and Pf-18 at 
30 % moisture level.

(d)	 Biochemical characterization of 30 
Trichoderma isolates 

All isolates differed significantly in terms of 
utilization of cellulose and chitin. Isolate PB-11 used 
maximum cellulose (69.4%) with formation of clear 
zone followed by PB-29 (54.4%), whereas minimum 
cellulose was utilized by isolate PB-23 (24.3%) with 
no clear zone formation. Chitin was utilized maximum 
by PB-2 (75.4%) with clear zone formation. Isolate 
PB-29 was found to be best for utilization of both 
cellulose and chitin. Only one isolate (PB-6) was 
found to be the weakest for utilization of cellulose 
and chitin. 

5.2.2.	 Large scale field demonstration 
of biocontrol technologies in plant 
disease management

(a)	 Lentil: GBPUAT
A large scale field demonstration was conducted 

on Lentil var. PL-5 in the organic farming block of 
Seed Production Center of GBPUA&T, Pantnagar. 
Bioagents were applied as seed treatment (10g/kg) 
and spray (10g/l).  Two sprays were applied during the 
cropping season. For enrichment of vermicompost, 1 
kg of the formulated bioagent was used per 100 kg 
of vermicompost. The experiment was conducted in 
a randomized block design with three replications 
under natural infection conditions in plots which had 
a history of wilt and root rot. The size of the plot was 
5x6 m2.

The results revealed that seed treatment with 
formulated product of the mixed formulation of T. 
harzianum PBAT-43 and P. fluorescens PBAP-28 
along with the vermicompost pre-colonized with 
the same bioagents was the best treatment in terms 
of disease control followed by seed treatment with 
mixed formulation of T. harzianum PBAT-43 and P. 
fluorescens PBAP-28 and its spray. The least effective 
treatment in terms of disease control was seed 
treatment with T. harzianum PBAT-43 along with 
soluneem. Highest yield (876.6 kg/ha) was recorded 
with treatment which seed treatment with formulated 
product of the mixed formulation of T. harzianum 
PBAT-43 and P. fluorescens PBAP-28 along with the 
vermicompost pre-colonized with the same bioagent 
which was significantly more than control (253.1 kg/
ha) followed by seed treatment with T. harzianum 
PBAT-43 along with vermicompost added with the 
same bioagent.

(b)	 Pea: GBPUAT
Large scale field demonstration of biocontrol 

technologies was conducted on pea variety Arkil 
during Rabi 2008, at four farmer’s fields covering 
an area of eight acres. The bioagent treatments 
included seed treatment with mixed formulation of 
T. harzianum PBAT-43 and P. fluorescens PBAP-
27 @ 10 g/kg seed along with use of the same 
bioagents colonized FYM at the recommended dose 
followed by two sprays with mixed formulation of T. 
harzianum PBAT-43 and P. fluorescens PBAP-27@ 
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10g/l of bioagent.  In control plots farmers practice 
was followed which included seed treatment with 
Bavistin @2 g/kg of seed and normal FYM at the 
recommended dose followed by need based sprays 
of Bavistin at the recommended doses. The rust 
incidence was negligible in overall pea crop but 
Rhizoctonia root rot and wilt was quite significant. 

Seed treatment with bioagents resulted in 
considerably higher germination, reduced disease 
severity and higher green pod yield (Table 18). 
Although overall disease incidence was high in all the 
fields, it was significantly lower in bioagents treated 
plots. Farmers applying biocontrol strategies could 
sell their produce @ Rs. 67,500 per ha as compared 
to conventional farmers who could sell their produce 
@ Rs.45,000/ ha.

of vermicompost colonized with P. fluorescens 
(@ 5 to 10 q/ha). 

Seed treatment/ biopriming with mixed 2.	
formulation of TH + PsF (@ 10g/kg seed)

Need-based spray of TH+PsF (@ 10 g/l) in 3.	
patches infected with sheath blight

Above interventions suppressed most of the 
diseases under field conditions. During 2008, the 
incidence of sheath blight was negligible but there 
was an outbreak of bacterial leaf blight (BLB) and 
brown plant hopper (BPH) which caused heavy 
damage to the rice crop.  The above treatments of 
bioagents followed by the farmers along with need 
based application of neem oil (@1.5 l/ac) and cow 
urine (@20 l/ac) effectively suppressed both BLB 
and BPH in organically cultivated rice. During 2008, 
the average yield of organically cultivated Pusa-1121 
was 20.0 q/ha  and Taraori basmati was 17.5 q/ha 
and fetched a price of Rs 2800 and 3400 per quintal, 
respectively. 

(d)	 Chickpea: AAU-A
Large scale field demonstration was conducted in 

chickpea and the following treatments were applied:

T1 	:	 a.	 Seed treatment with T. harzianum (108 
spores/g of formulation) @ 8 g/kg seed.

		  b.	 Use of FYM colonized with T. harzianum 
(108 spores/g of formulation) @ 2X1012 
spores/ha. (Dose 5 t/ha)

T2 	:	 a.	 Seed treatment with T. harzianum (108 
spores/g of    formulation)   @   8 g/kg 
seed.

	  	 b.	 Use of vermicompost colonized with P. 
fluorescens @ 1.5 t/ha

T3	 :	 Farmer’s practices (Control)

The results revealed that there was no significant 
difference in per seed germination and percent pod 
borer damage between the treatments. Significantly 
least (5.40%) incidence of wilt and blight diseases 
was revealed in the treatment of seeds treated with 
T. harzianum + application of FYM enriched with 
Trichoderma over other treatments tried. The former 

Table 18:	 Large scale demonstration of effect 
of biocontrol agents on pea (Arkel) 
at farmers’ fields under organic 
cultivation

Treatments Mean 
seedlings/m2

Mean 
disease 
severity 

(%)

Green 
Pod 

Yield 
(kg/ha)

Biocontrol 
technology 32 25 87.5

Control 
(Farmers’ 
practices)

15 90 27.5

(c)	 Rice: GBPUAT
Large scale evaluation of biocontrol agents was 

done on organically cultivated rice cultivar Pusa-
1121, Taraori basmati and Pusa basmati-1. Thirteen 
members of the Tarai Organic Farmers Association 
along with several other farmers including members 
of Swatantrata Sangram Sainani Jaivik Krishi Samiti 
and members of Rishi Parashar Jaivik Krishi Shodh  
Samiti  from district Udham Singh Nagar have been 
using the following treatments for the management 
of diseases in organic rice in  more than 600 acre 
area: 

FYM colonized with mixed formulation of 1.	 T. 
harzianum + P. fluorescens (@ 5 to 10 t/ha) or use 
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treatment also produced significantly highest (1246.5 
kg/ha) grain yield than the remaining treatments 
(Table 19). All the parameters recorded during both 
the years exhibited a similar trend indicating the 
effectiveness of the treatments.

(e)	 Vegetables: GBPUAT
Large scale field demonstrations on biocontrol 

technologies under low input system in Uttarakhand 
hills was conducted. The BIPM package included: 
a) solarization of nursery soil; b) seed treatment 
with mixed formulation of T. harzianum PBAT-
43 and P. fluorescens PBAP-28 @ 10g/kg seed; c) 
seedling dip in mixed formulation of T. harzianum 
PBAT-43 and P. fluorescens PBAP-28 @ 10g/l; d) 
use of vermicompost colonized with T. harzianum 
PBAT-43 and P. fluorescens PBAP-28; e) 2-3 sprays 
of mixed formulation of T. harzianum PBAT-43 
and P. fluorescens PBAP-28 @ 10g/l; 1-2 sprays 
of soluneem which was compared with farmers’ 
practice. Significantly highest seed germination and 
highest yield was recorded in the BIPM package in 
cabbage, capsicum, brinjal and pea (Fig. 25).

5.2.3.	 Management of fruit rots in mango, 
papaya and guava

(a)	 Mango: PAU
Two isolates I-2 and I-4 obtained from PDBC 

along with local isolate J-3 along with control were 
evaluated for their efficacy against post harvest 
pathogen in mango. Observations were recorded 
from 2nd to 12th day at two days interval. The percent 
fruit infected by post harvest pathogen and surface 
area per cent rotten were recorded. 

In mango Dusheri, the lowest per cent fruit surface 
rotten 2 and 4 days after treatment was in isolate I-4 
(0.0 and 3.3%). In mango Chausa, the lowest per cent 
fruit surface rot 2 days after treatment was observed 
in isolate I-2 (0.2%).

Isolate I-4 also resulted in the lowest per cent 
fruit infection in mango Dusheri (0.0%) and Mango 
Chausa (4.2%) 2 days after treatment. Isolate I-2 
recorded 16.6% fruit infection in mango Chausa.

(b)	 Papaya: AAU-A

Fresh fruits were dipped in the suspension of two 
strains each of Trichoderma and Pseudomonas @ 2 
X 106 CFUs /ml and shade dried during the first year 
while sprays of respective treatments were made on 
the trees in orchard and the fruits were picked one 
day after the spray and brought to the laboratory for 
storage studies. Fruits were stored in cartons with 
holes and paddy straw lining inside. The pathogens 
that cause the infection were identified. Per cent 
fruits infected by post harvest pathogens were 
worked out. Per cent area of fruit surface infected 
by the pathogen (visual observations) was recorded. 
Number of fruits that have been infected in each 

Table 19.	 Evaluation of biocontrol agents against pod borers and diseases of chickpea (2007 and 2008 
pooled data)

Treatments Seed germination (%) Pod borer 
damage (%)

Disease incidence (%)
Yield (kg/ha)

Wilt Blight

T1 77.0a 2.3a 5.4c 5.4c 1,246.5a

T2 77.3a 2.5a 6.7b 6.3b 1,125.5b

T3 76.3a 3.6a 11.9a 12.6a 927.5c

Figures followed by the same letter in table are not significantly different from each other by DMRT (P=0.05)

Cabbage

Seed germination
(%) in BIPM

Seed germination
(%) in FP

Yield (q/ha) in 
BIPM

Yield (q/ha) in 
FP

Capsicum Brinjal Pea

Fig. 25.	 Impact of BIPM package on germination and 
yield of vegetables in Uttarakhand hills
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category were recorded. Average fruit surface area 
infected was calculated.

The results revealed that Pseudomonas strain 27 
performed excellent recording only 1% fruit area 
infected 2 days after treatment and the progressive 
fruit area infected 10 days after the treatment was only 
12.2%. The next best treatment was Pseudomonas 
strain 3 recording 1.1 per cent fruit area infection 2 
days after treatment.

5.2.4.	 Biological control of plant parasitic 
nematodes

(a)	 Redgram

(i)	 AAU, Anand
A field experiment was conducted on pigeonpea 

variety BDN2 on the biological control of plant 
parasitic cyst nematodes at farmers’ field at 
Jambusar (Dist-Bhuruch) during Kharif 2008. One 
kg of talc formulation of fungus was mixed with 
100kg of completely decomposed dry FYM. Water 

was sprinkled on the mixture to provide  sufficient 
moisture. FYM was covered with tarpaulin and left  
for 15 days with intermittent mixing. Presence 
of green coloured conidial growth on FYM was 
observed. Such FYM was used for the soil application. 
Agronomical and plant protection measures were 
followed as per University recommendation.

There was no difference with respect to 
plant height between the treatments. Combined 
application of T. harzianum + P. chlamydosporia 
exhibited significantly higher number of unhealthy 
(parasitized/ diseased) cysts in comparison to the rest 
of the treatments evaluated. Individual application 
of T. harzianum and P. chlamydosporia was equally 
effective and found to be statistically at par with each  
other, but significantly inferior to combined 
application of T. harzianum + P. chlamydosporia. 
Significantly higher yield was recorded in plots 
treated with combination of T. harzianum and 
P. chlamydosporia. Plots treated with either  
T. harzianum or P. chlamydosporia performed  
equally well in terms of grain yield (Table 20.).

Table 20.	 Effect of biocontrol agents and organic manures on Heterodera cajani in pigeonpea

Treatments
Plant 

Height 
(m)

Cyst 
Population
(H. cajani/ 
250 cc soil)

Eggs/  
juveniles/

cyst

Parasitised/ 
diseased/ 
unhealthy 

cysts

Grain 
Yield 

(kg/ha)

T. harzianum  @ 5.0 kg/ha talc 
formulation (108 spores/g) 0.8a 14 b 15b 51 bc 1078.70 ab

P. chlamydosporia @ 20kg/ha talc 
formulation (108 spores/g) 0.7a 17 b 15 b 52 bc 1110.80 a

T.  harzianum  + P. chlamydosporia 0.8a 14 b 11 b 72 a 1250.30 a

Carbofuran  @ 2.0 kg a.i./ha (100 g/m2) 0.7a 17 b 16 b 45c 911.00 bcd

Vermicompost (VC) @ 1 t/ha  (50 g/m2) 1.1a 16 b 15 b 51 bc 916.00 bc

Neem cake (NC) @ ½ t/ha 0.6a 17 b 16 b 59 ab 918.00 bc

VC+ Carbosulfan seed treatment  
@ 3% (W/W) 0.5a 17b 16 b 51 bc 917.00 bc

NC+ Carbosulfan seed treatment  
@ 3% (W/W) 0.7a 17 b 15 b 53 bc 916.00 bc

Carbosulfan seed treatment  
@ 3% (W/W) 0.5a 18 b 15 b 55bc 912.30 bc

Control 0.9a 118 a 19 b 13 d 757.00 e

Figures followed by the same letter in table are not significantly different from each other by DMRT (P=0.05)
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(ii)	 MPKV, Rahuri
Results of the experiment conducted to evaluate 

the antagonistic fungi against the reniform nematode 
Rotylenchulus reniformis in redgram (var. Vipula) 
in Kharif 2008 at Rahuri revealed that combined 
application of T. harzianum @ 5 kg/ha and P. 
chlamydosporia @ 20 kg/ha was the most effective in 
reducing the reniform nematode population (number 
of females) and increased the yield of pigeonpea 
(Table 21). The ICBR of the combined treatment 
worked out be 1: 1.92.

Table 21.	 Efficacy of bioagents against the 
reniform nematode in pigeonpea

Treatment

Nematode 
population/ 

200 cm3 
soil

No. of 
females/ 

5 g 
roots

Yield 
(kg/
ha)

T. harzianum 310.4 b 19.8 b 1,630 b

P. chlamydosporia 273.1 a 17.4 a 1,680 a

T. harzianum + 
P. chlamydosporia 220.9 a 15.6 a 1,750 a

Carbofuran 3G 282.0 a 18.6 b 1,650 a

Untreated control 560.0 c 25.6 c 1,290 c

Table 22.	 Efficacy of biotic agents against Meloidogyne incognita on tomato.

Treatments Egg mass/
root system

Parasitized 
egg mass/

root system  
(45 DAP)

Egg mass/
root system 
at harvest

Parasitized 
egg mass/

root system at 
harvest

Final 
nematode 
population 
at harvest

P. lilacinus @ 20 kg/ha 19.20 9.80 54.80 17.62 161.40
P. chlamydosporia @ 20kg/ha 26.80 11.80 72.00 18.80 185.00
Carbofuran 2kg ai/ha 9.00 0.00 32.80 0.00 116.00
Control 59.40 0.00 134.80 0.00 390.20

Table 23.	 Efficacy of bioagents on the citrus 
nematode

(b)	 Tomato: AAU- Anand
a field study was carried out to evaluate P. lilacinus 

and P. chlamydosporia @ 20 kg/ha each against 
the root knot nematode, Meloidogyne incognita in 
Tomato (Cv. Pusa Ruby) with Carbofuran @ 2kg ai/
ha as check. The average initial juvenile nematode 
population per 250 cc soil was 281.0 in the field. 

The results revealed a significant difference in the 
plants treated with P. lilacinus which exhibited good 

impact on egg mass parasitization compared to P. 
chlamydosporia  after 45 DAP of crop, but at harvest 
both the treatments were found to be at par in their 
efficacy (Table 22).    

(c)	 Citrus: MPKV, Rahuri 
The experiment was conducted at MPKV, Rahuri 

during Kharif 2008 on a 6 year old sweet orange with 
6 x 6 m spacing. The bioagents P. lilacinus @ 20 kg/
ha talc formulation (108 spores/g), P. chlamydosporia 
@ 20 kg/ha talc formulation (108 spores/g) and 
carbofuran 3G @ 1 kg ai/ha were applied in soil 
along with FYM and a basal dose of fertilizers.

P. lilacinus @ 20kg/ha talc formulation containing 
108 spores/g was found to be effective in reducing 
the citrus nematode population (41.3%) and number 
of females in roots (34.6%) and increased 19.56% 
yield of sweet orange with 1:9.53 ICBR (Table 23).

(d)	 Pomegranate: AAU-Anand
A field experiment was conducted in pomegranate 

(var. Sinduri) orchard in farmers field to evaluate 
the biocontrol agents against cyst nematode. Plant 

Treatment
Nematode 

population/ 
200 cm3 soil

females/ 
5 g roots

Yield
(kg/
ha)

ICBR

P. lilacinus 364.0 a 12.0 a 1600 a 1: 9.53

P. chlamydosporia  404.0 a 13.6 a 1500 c 1: 5.85

Carbofuran 3G 392.0 a 13.4 a 1570 b 1: 6.48

Untreated control 700.0 b 24.2 b 1340 d -

In a column means followed by similar letter are not different statistically 
(P=0.05) by D.M.R.T.
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height and plant canopy measured before impose of 
treatments revealed non-significant results suggesting 
homogeneity in different plots. Nematode population 
extracted after 6 months from the samples of 200 cm3 
soil and 5g roots revealed least number of nematodes 
was found in plants treated with P. lilacinus  
+ mustard cake. Least Root Knot Index (RKI) was 
also recorded in P. lilacinus + mustard cake followed 
by P. chlamydosporia along with mustard cake  
(Table 24). 

5.2.5.	 Biological suppression of sugarcane 
pests

(i)	 Demonstration of Trichogramma 
chilonis against the plassey borer 
Chilo tumidicostalis

AAU-Jorhat

Large scale demonstration of effectiveness of 
T. chilonis against the plassy borer was carried 
out in a farmer’s field on Co BLN 9605 variety at 
Halowagaon in Golaghat district over an area of 10 
ha. Nine releases of T. chilonis were made @ 50,000/
ha/release at 10 days interval from July second week 
to October first week, 2008. The release of T. chilonis 
resulted in significantly reduced infested cane and 

Table 24.	 Effect of Biocontrol agents and organic manures on plant growth parameters and Root Knot 
nematode population in pomegranate

Treatment Nematode count / 200 
cm3 soil+ 5 g roots*

Saprozooic Count / 200 
cm3 soil+ 5 g roots*

Root knot 
index

P. lilacinus @ 100g/Plant (T1) 1,698 d 2,512 d 1.67 bc

P. chlamydosporia @ 100g/Plant (T2) 316 e 1,778 g 1.9 abc

Mustard Cake alone @ 2.0 T/ha (may 
vary with the crop age) (T3) 26 f 10,965 a 1.3 bc

FYM alone @ 2.5 T/ha (may vary 
with the crop age) (T4) 1950 cd 2,570 c 1.8 bc

T1 + T3 14 h 1,950 f 1.0 c

T2 + T3 18 g 1,585 h 1.1cd

T1 + T4 4,571 a 2,692 b 2.0 b

T2 + T4 1,905 cd 1,778 g 3.2 a

Carbofuran 2.0 kg ai/ha 3,802a 1,023 j 1.6 bcd

Phorate 10 G 2,754 b 1,349 i 1.9 bc

Control 2,399 bc 2,042 e 3.2 a

Fig. 26.	 Evaluation of Trichogramma chilonis 
against plassey borer

higher cane yield (84,450 kg/ha) than in farmers’ 
practice. (fig.26)

Biocontrol

Yield (t/ha)Post-treatment 
infested cane (%)

Pre-treatment 
infested cane (%)

ControlFarmers practice

(ii)	 Demonstration on the use of T. chilonis 
(temperature-tolerant strain) against 
the early shoot.

PAU
Large scale field demonstration of T. chilonis 

against the early shoot borer C. infuscatellus was 
carried out at villages Gohawar (Distt. Jalandhar) 
and Chachrari (Distt. Kapurthala) and the results 
compared with chemical control. The plot size 
was 100 ha and the parasitoid, T. chilonis was 
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released 8 times at 10 days interval during April to 
June @ 50,000 per ha. In chemical control, cartap 
hydrochloride (Padan 4G) @ 25 kg/ha was applied 
45 days after planting.

The incidence of early shoot borer was significantly 
reduced by T. chilonis release (Table 25). The mean 
parasitism of eggs of C. infuscatellus in T. chilonis 
release plot was 51.2%. The yield was significantly 
higher with a cost:benefit ratio of 1:13.8.

Scirpophaga excerptalis was carried out at villages 
Rawalpindi (Distt. Kapurthala) and Mehli (Distt. 
Jalandhar) and the results compared with chemical 
control. The parasitoid, T. japonicum was released 
8 times at 10 days interval during April to June @ 
50,000 per ha. In chemical control, phorate (Thimet 
10G) @ 30 kg/ha was applied during the last week 
of June.

When T. japonicum was released, the incidence 
of top borer was significantly reduced,  the mean 
parasitism was 23.6% and the yield was enhanced 
significantly with a cost:benefit ratio of 1:10.7  
(Table 26).

Table 25.	 Demonstration of T. chilonis 
(temperature-tolerant strain) against 
C. infuscatellus at village Nangal 
Khera (Distt. Jalandhar) and Paddi 
Khalsa (Distt. Kapurthala) during 
2007.

Treatments

Incidence  
of C. 

infuscatellus 
(%)

Parasit-
ism (%)

Yield
(kg/ha)

Cost: 
Benefit 
ratio

T. chilonis 
(temperature 
tolerant strain)

4.6 a 51.2a 69,000 a 1: 13.8

Chemical 
control (Padan 
@25kg/ha)

4.5 a 4.2 c
70,150 a 1: 6.2

Control 12.4 b 7.7 b 64,000 b

Means followed by the same letter in a column are not significantly 
different (P=0.05)

SBI

Evaluation of T. chilonis against shoot borers 
showed that the dead heart incidence was 
significantly reduced after the release of the 
parasitoid resulting in more number of healthy 
shoots. The per cent parasitism and parasitoid 
emergence showed that effective dispersal up 
to 10 m in 48 hrs and 25 m in 72 h could be 
achieved. Beyond 72 hrs there was seldom any 
movement in cards beyond 10m in any direction. 
Dispersal did not vary with the direction. 

(iii)	 Demonstration on the use of 
temperature tolerant strain of T. 
japonicum against top borer

PAU

Large scale field demonstration of temperature 
tolerant strain of T. japonicum against the top borer, 

Table 26.	 Demonstration of T. japonicum 
(temperature-tolerant strain) against 
S. excerptalis at village Rawalpindi 
(Distt. Kapurthala) and Mehli (Distt. 
Jalandhar) during 2008.

Treatments

Incidence 
of S. 

excerptalis 
(%)

Parasitism 
(%)

Yield
(kg/ha)

Cost: 
Benefit 
ratio

T japonicum 
(temperature 
tolerant strain)

7.4 a 23.6a
72,230 a 1: 10.7

Chemical 
control 
(Thimet 10G 
@ 30 kg/ha)

6.9 a 2.4 b
73,100 a 1: 3.7

Control 15.6 b 2.6 b 68,330 b

(iv)	 Demonstration of T. chilonis against 
stalk borer

PAU

A large scale field demonstration on efficacy of 
T. chilonis for the management of Chilo auricilius 
was conducted over an area of 40 ha at village 
Paddi Khalsa (Dist. Kapurthala). T. chilonis was 
released 12 times at 10 days interval during July  
to October @ 50,000 per ha. The incidence of  
stalk borer was significantly lower (5.6%) in the 
release field in comparison to control (12.8%). 
The percent parasitisation was significantly higher 
in release fields (55.6%) as compared to control  
(4.9 %). 
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(v)	 Demonstration on the use of T. chilonis 
against internode borer (INB)

TNAU

Large scale field demonstration of T. chilonis 
against the internode borer was carried out at four 
locations on variety Co 86032 in 8 ha area and the 
results compared with control. The parasitoid, T. 
chilonis was released 8 times at 10 days interval 
during September to November @ 1,00,000 per ha. 
The incidence of internode borer was significantly 
reduced by T. chilonis release. The mean incidence of 
inernode borer in parasitoid release plot was 12.1% 
and the intensity of damage was 2.9% which was 
significantly lower as compared to control (22.0% 
and 10.0%, respectively). Significantly higher yield 
(1,15,200 kg/ha) was recorded in parasitoid release 
plots compared to control.

MPKV

Field demonstration of T. chilonis (TTS and 
SAS strains) against internode borer on sugarcane 
revealed that six releases @ 1 lakh/ha/release found 
effective in reducing the pest incidence and intensity 
in sugarcane.

SBI

Field evaluation of T. chilonis against internode 
borer was done in combination with INB 
Pheromone. T. chilonis was released @ 12.5 cc per 
hectare. Release of T. chilonis either alone or in 
combination of pheromone significantly reduced 
INB incidence and increased the yields compared to 
control (Table 27).

Field evaluation of T. chilonis @ 12.5 cc per 
hectare against internode borer revealed that 

the incidence of INB was 52.4% in release plot 
compared to 74.8% in control. The yield in released 
plot was significantly higher (1,53,400 kg/ha)  than 
control and there was a 29.95% reduction in the INB 
incidence and 13.29% increase in yields in parasitoid 
released plots compared to control plots.

Two field trials were conducted in farmers fields 
to compare the effect of six releases and continuous 
release of T. chilonis. Continuous release of T. 
chilonis has resulted in lowest incidence (41.3%), 
intensity of damage (2.1%), dead hearts (8.9%) and 
highest yield (2,02,060 kg/ha) as compared to six 
releases and control.

(vi)	 Bio-intensive management of stalk 
borer, Chilo auricilius and internode 
borer, Chilo sacchariphagus indicus

IISR

A field trial was conducted at IISR research farm 
on sugarcane variety CoLk8102. The treatments 
were: a) release of T. chilonis @ 50,000 /ha from 
July to October at 10 days interval, b) release of 
Cotesia flavipes @ 500 gravid females/ha from July 
to November at 7 days interval and c) release of 
Tetrastichus howardi @ 5000 adults/ha at monthly 
interval from July to November. 

Table 27.	Evaluation of T. chilonis in combination 
with pheromone against internode borer

Treatment
Incidence 

of INB 
(%)

Intensity 
of INB 

(%)

Yield 
(kg/ha)

T. chilonis 43.68a 2.34a 1,38,100a

Pheromone 52.2a 2.68a 1,27,900b

T. chilonis + 
pheromone 44.4a 2.42a 1,35,300a

Control 63.23b 4.15b 1,21,620c

Table 28.	 Evaluation of six and continuous releases 
of T. chilonis against internode borer

Treatment
Incidence 

of INB 
(%)

Incidence 
of stalk 
borer 
(%)

Yield 
(kg/ha)

T. chilonis- 5.6a 13.4b 60,710a

Cotesia flavipes 7.5a 5.6a 51,440b

Tetrastichus 
howardi 9.7b 10.9b 46,990cd

Removal of 
dry leaves, late 
shoots and water 
shoots

7.8b 13.4c 50,110bc

T. c + C. f + T. 
h. + removal of 
dry leaves, late 
shoots and water 
shoots

7.6b 11.0b 48,840bc

Control 12.7d 17.3d 43,840d
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T. chilonis release plots recorded lowest internode 
borer incidence (5.6%) compared to C. flavipes or 
T. howardi released fields, but C. flavipes release 
plots recorded lowest incidence of stalk borer (5.6%) 
followed by T. howardi and T. chilonis. Highest yield 
was recorded in T. chilonis release plots (Table 28).

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

TNAU

The field survey in 17 districts of Tamilnadu 
revealed a drastic reduction (below 3%) in the 
incidence of SWA during 2008-09. This low 
incidence of SWA was attributed to the activity of 
Dipha, Micromus and Syrphids.

MPKV

The survey was conducted in eight districts of 
Western Maharashtra and two districts of marathwada 
region. The incidence of SWA was below 1.85% 
during 2008-09.

SBI

Seven major sugar mills conducted the field 
survey and it was revelaed that the incidence of SWA 
was either nil or negligible.

AAU- Jorhat

The field survey during 2008-09 in Assam 
revealed that the maximum incidence of SWA was 
during September (4.9%) and nil in February. The 
highest population of D. aphidivora (8.5/leaf), 
Micromus (7.2/leaf) and syrphids (4.9/leaf) was 
recorded during September.

(viii)	 Biological control of termites

IISR

(a)	 Evaluation of Metarhizium anisopliae 
against termites

A field experiment was conducted at IISR research 
farm on variety CoLk 8102. Metarhizium anisopliae 
strains (1,2,3,4) supplied by PDBC Bangalore was 
mixed with soil and applied in furrows at the time 
of planting. The strain 4 of M. anisopliae recorded 
germination of 18.2% which was superior to  
control (13.8%) and inferior to chemical treatment 
(23.33%).

(b)	 Evaluation of entomopathogenic 
nematode (EPN) against termite

On var. CoLk 8102, the talk-based formulations 
of entomopathogenic nematodes applied in furrow at 
time of planting. The germination was recorded in 
each row after 45 days of planting. Soil application 
of Heterorhabditis indica PDBC-EN 13.31 @ 2.5 b/
ha resulted in a germination percentage of 21.3%, 
which was superior to control (17.3%) and inferior 
to chlorpyriphos (25.1%).

5.2.6.	 Biological suppression of cotton 
pests

(i)	 Demonstration of bio-Intensive Pest 
Management in Bt cotton

Multi-location demonstrations were conducted 
during the year 2008-09 to evaluate the biocontrol 
based-IPM (BIPM) package for the management of 
pests and disease in Bt cotton. Two modules were 
tested – Bt cotton with BIPM module and Bt cotton 
with farmers’ practice.

PAU

The experiment on demonstration of BIPM of 
Bt cotton was conducted at Vander Jatana (Distt. 
Faridkot) on RCH 134 Bt cotton over an area of 10 
acres during 2008. It was compared with farmers’ 
practice (Two sprays of imidacloprid @ 100 ml/ ha 
and endosulfan @ 2.5 l/ ha). 

The number of predators per three leaves was higher 
in BIPM package while the leaf hoppers were lower 
in BIPM in comparison to farmers’ practice. Seed 
cotton yield in BIPM package and farmers’ practice 
were on par (Table 29).

Table 29.	 Impact of BIPM in Bt cotton (Vander 
Jatana, Punjab)

Treatments

Sucking pests / 
 3 leaves

Predators/ 
3 leaves

Seed 
cotton 
yield

(kg/ha)
Leaf 

hopper Whitefly Buds

BIPM 1.3 b 3.9 b 0.4 2,380
Farmer’s 
practice 1.5 a 3.5 a 0.3 2,400

Means followed by the same alphabet in a column are not 
significantly different (P=0.05)
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Table 31.	 Impact of BIPM module on Bt cotton 
(Kothapalli, Andhra Pradesh)

Parameters
Bt 

cotton + 
BIPM

Bt 
cotton + 
Farmer’s 
practice

Check

Aphids/ 3 leaves 5.7a 7.2b 9.3c

Thrips/3 leaves 12.3a 16.7b 21.4c

Leaf hoppers/3 
leaves 12.2a 17.2b 21.1c

White flies/3 leaves 0.2 0.3 0.2
Mean square 
damage (%) 0.5 0.72 0.6

Mean bolls  
damage (%) 0.81 0.62 0.8

Seed cottonl yield 
(kg/ha) 1,823a 1,757a 1,053b

CBR 1:1.81 1:1.27 1:1.09
Egg parasitism (%) 3.1a 1.6b 3.4a

Coccinellids/50 
plants 12.8a 2.6c 12.1b

Spiders/50 plants 3.4b 2.0c 5.2a

Table 30. Impact of BIPM in Bt cotton (Shardapura, Andhra Pradesh)

Treatments
Sucking pests / 15 leaves Damage by bollworms (%) Seed cotton 

yield
(kg/ha)Aphid Leaf 

hopper Whitefly Buds Green 
bolls

Locules
Earias BW

BIPM 7.9 b 2.1 b 1.0 b 3.0 b 2.3 b 2.5 b 1.4 b 3,114 a

Farmer’s practice 19.8 a 3.6 a 1.9 a 5.5 a 5.1 a 3.9 a 2.5 a 2,356 b

Means followed by the same alphabet in a column are not significantly different (P=0.05)

AAU (Anand)

The experiment was laid out in a farmer’s field 
at Shardapura village on one hectare Ankur 155 
Bt cotton during Kharif 2008. Incidence of aphids, 
leafhopper and whiteflies and percentage damage 
to buds, green bolls and locule by Earias and pink 
bollworm were lower in BIPM module compared 
to farmers’ practice (Table 30). The seed cotton 
yield was significantly higher compared to farmers’ 
practice. There was 32.17% increase in seed cotton 
yield and an increase in predatory population in 
BIPM package in comparison to farmers’ practice.

ANGRAU

Data from the experiment laid out in a farmers’ field 
at Kothapalli Village during Kharif 2008 showed that 
the mean square and boll damage was significantly 
less and the yield was higher in Bt cotton with BIPM 
module as compared to farmers practice and local 
check (Table 31). The cost:benefit ratio was 1:1.81 
in BIPM package compared to 1:1.03 in farmers’ 
practice. Higher egg parasitism and coccinellid and 
spider population were recorded in BIPM package 
compared to farmers practice.

TNAU

BIPM package on Bt cotton recorded significantly 
low population of leafhoppers, aphids, thrips and 
whiteflies, low bollworm damage by Earias sp. and 

H. armigera and higher seed cotton yield with a cost 
benefit ratio of 1 :1.9 in Bt in comparison to farmers’ 
practice (Table 32).

MPKV 
A large scale field demonstration was conducted 

in a farmers’ field at village Ambapur, Dist. Dhule at 

Table 32. Impact of BIPM in Bt Cotton during 2008 (Chinnakanur, Tamilnadu)

Treatments

Population of Sucking pests /5 plants Boll damage (%)
Seed cotton 

yield
(kg/ha)

Leaf 
hoppers
(60 days)

Aphids
(75 days)

Thrips
(90 days)

Whiteflies
(105 days) Earias sp. H. armigera

BIPM 22.1a 3.3a 3.0a 4.6 a 1.1a 1.9a 2,169a

Farmer’s practice 38.6b 21.2 b 11.4b 11.8b 3.4b 3.9b 1,894b

Means followed by the same alphabet in a column are not significantly different (P=0.05)
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Table 33. Impact of BIPM on Bt cotton (Ambapur, Maharashtra)

Treatment
Sucking pests population / 3 leaves Bollworm 

damage (%)
(E. vitella)

Seed cotton 
yield (kg/

ha)Aphid Leaf 
hopper Thrip Whitefly Mealy bug

BIPM package 12.0 19.0 1.8 1.7 12.0 0.4 2,420
Farmers’ practice 4.0 8.2 0.3 2.2 1.8 1.0 2,030

BIPM

Green boll 
damage (%)

Locule boll 
damage (%)

Seed cotton 
yield (q/ha)

Larvae/plant

ControlFarmers practice

Fig. 27.	 Efficacy of Trichogramma bactrae against 
pink boll worm

Maharashtra over 4 ha on Bt cotton Rashi 2. Though 
the population of aphids, leaf hopper, mealy bug  
and thirps was higher in BIPM package than  
farmers practice, the bollworm damage was lower 
and the seed cotton yield was significantly higher 
(Table 33). 

UAS- Raichur

Demonstration of Bio intensive Pest Management 
in Bt cotton was conducted at Dinni village of Raichur 
taluk over an area of 10 ha in farmers field during 
2008-09 Kharif season. The results clearly indicated 
that sucking pest population was on par in BIPM and 
farmers practice plot. Highest net profit (Rs 59,925/
ha) was realised in BIPM plot compared to farmers 
practice plot.

(ii)	 Bio-intensive management of pink 
boll worm, Pectinophora gossypiella 
on cotton

Multi-location trials were conducted to evaluate 
the efficacy of Trichogrammatoidea bactrae against 
the pink bollworm (PBW) P. gossypiella. The 
parasitoids were released 3-4 times @ 1,50,000 
adults/ha per week synchronizing with appearance 
of pink bollworms. 

ANGRAU

The experiment was conducted during Kharif, 
2008 at College farm, Rajendranagar. The pink 
bollworm population and boll damage were lower 
in BIPM plot compared to farmers’ practice plot and 
untreated control. Seed cotton yield was significantly 
higher in BIPM package (1689 kg/ha) compared to 
farmers practice (1432 kg/ha) and control (987 kg/
ha). 

AAU (Anand)

The experiment was conducted at Anand during 
Kharif, 2008 on H-10 cotton. Significantly lower pink 
bollworm larval population, lower boll and locule 

damage were recorded in BIPM package plots over 
the untreated control (Fig. 27). Significantly higher 
seed cotton yield (2,022 kg/ha) was realized in BIPM 
package compared to farmers practice (1,789 kg/ha) 
and control (1,508 kg/ha). 

TNAU 

The experiment was conducted on Bt cotton at 
Coimbatore. Release of Tr. bactrae @ 1.5 lakhs/ 
ha four times at weekly interval starting from 
80 days after germination was found effective 
in reducing the larval population of PBW, its 
damage to bolls and locules and in increasing 
the seed cotton yield (Table 34).

Table 34.	 Efficacy of T. bactrae on incidence of 
PBW in Bt cotton in Coimbatore

Treatment Larvae/ 
plant

% Damage to Seed cotton 
yield  

(kg/ha)Bolls Locules

Release of   
T. bactrae 
 + BIPM

5.4a 14.1 a 8.6 a 1,721 a

Farmer’s 
practice 9.4b 20.2 b 14.4 b 1,563 b

Untreated 
control 14.3c 25.7 c 19.9 c 1,319 c

Means followed by the same alphabet in a column are not 
significantly different (P=0.05)
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MPKV 

The experiment was conducted on RCH-2 cotton 
at Rahuri. Release of Tr. bactrae @ 1.5 lakhs/ ha 
three times at weekly intervals starting from 80 days 
after germination, was found effective in reducing 
the larval population of PBW and its damage to 
bolls and locules and increasing the seed cotton yield 
(Table 35).

Treatment Larvae/ 
plant

% Damage to Seed 
cotton 
yield  

(kg/ha)
Bolls Locules

Release of   
Tr. bactrae   
+ BIPM

1.5a 15.4 a 16.6 a 1,730 a

Farmer’s practice 2.1b 12.8 a 15.6 a 1,930 a

Untreated control 4.8c 25.4 b 33.2 b 1,080 b

Table 35.	 Efficacy of T. bactrae on incidence of PBW 
in Bt cotton (Rahuri, Maharashtra)

Means followed by the same alphabet in a column are not 
significantly different (P=0.05)

(iii) 	 Enhancement of natural enemy 
population in cotton by habitat 
manipulation

Rainfed cotton

Multi-location experiments were conducted 
during the year 2007-08 to enhance the natural 
enemy population by habitat manipulation in rainfed 
cotton. The following modules were tested in PAU 
and ANGRAU:

M1:	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 grown 
all-round the plot as border crop. Eight releases 

of T. chilonis @1,50,000/ha made at weekly 
intervals from July to October.

M2:	BIPM practice: Twelve releases of T. chilonis 
@1,50,000/ha at weekly intervals from July to 
October. Need based NPV sprays against H. 
armigera and S. litura.

M3:	Insecticidal control: One spray of imidacloprid 
200SL @100ml/ha for the control of cotton 
leaf hoppers, one spray of deltamethrin 2.8EC  
@ 11.2 g a.i./ha and second of endosulfan 35 
EC @ 87.5 g a.i./ha against spotted bollworm 
(Earias sp.).

ANGRAU

Results of the experiment at College farm, 
Rajendranagar during Kharif 2008-09 showed that 
the population of aphids, leaf hoppers and whitefly 
and square and boll damage were lower in habitat 
managed plots compared to BIPM and Insecticidal 
spray plots. Habitat management plot recorded 
significantly higher natural enemy population and 
yield as compared to BIPM  and farmers practice 
(Table 36).

AAU (Anand)

The experiment was conducted in the agronomy 
farm, Anand during Kharif, 2008 on H-10 cotton 
with. The following three modules were tested:

M1:	Treatment of cotton seeds with Trichoderma @ 
5 g/kg seeds + cotton interspersed with Cassia 
occidentalis (6:1) + planting of maize and zinnia 
@ 10 % plants + one release of T. chilonis @ 
1.5 lakh/ha with the oviposition by Catopsilia 
pyranthe on C. occidentalis + one release of 
5000 larvae of C. carnea coinciding with the 
appearance of aphids.

Table 36. Impact of habitat manipulation on cotton pest complex (Warangal, Andhra Pradesh)

Crop Module
Sucking pests/3 leaves % Damage by boll worms Seed cotton 

yield (kg/h)Aphids Leaf hoppers White fly Square Boll Locule

Habitat management 6.1a 13.7a 0.7 0.61 0.93 0.63 1,253a

BIPM 8.3b 18.5b 0.5 0.83 0.76 0.87 1,052b

Insecticidal spray 10.7c 23.8c 0.4 0.78 0.89 0.89 1,158a

Means followed by the same alphabet in a column are not significantly different (P=0.05)
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M2:	Treatment of cotton seeds with Trichoderma 
@ 5 g/kg seeds + cotton interspersed with C. 
occidentalis (6:1) + sowing/ planting of maize 
and zinnia @ 10 % plants.

M3:	Insecticidal Control (University recommended 
insecticides)

M4:	Untreated Control

The results revealed that the lowest number of 
aphids, leaf hoppers and whitefly, lower damage to 
buds, green bolls and locules and highest yield of 
seed cotton was recorded in M1 module (Table 37). 
The habitat manipulation plot also recorded a higher 
predatory population and parasitism by T. chilonis.

PAU

The experiment on enhancement of natural 
enemy population in Bt cotton (LH 2076) by habitat 
manipulation was conducted at the Entomological 
Farm, PAU, Ludhiana. Leaf hopper and whitefly 
populations and spotted bollworm incidence were 
significantly lower in the insecticidal control plot as 
compared to habitat management and BIPM plots. 
Habitat managed plot recorded a yield which was on 
par with that of BIPM plots (Table 38).

Table 37. Impact of habitat manipulation on insect pests and yield of cotton at Anand

Treatments

Sucking pests / 15 leaves Damage by bollworms (%)
Seed cotton 
yield(kg/ha)Aphid Leafhopper Whitefly Buds Green bolls

Locules
Earias BW

M1 4.0 c 2.0 c 1.0 c 3.7 c 2.1 c 2.6 c 1.3 c 2,458 a

M2 5.1 b 2.9 b 1.2 bc 4.6 c 3.7 b 2.8 bc 1.6 c 2,236 a

M3 4.9 b 2.9 b 1.3 b 5.0 b 3.6 b 3.9 ab 2.4 b 2,055 ab

M4 7.1 a 4.5 a 2.1 a 7.3 a 5.4 a 4.1 a 4.6 a 1,777 b

Means followed by the same alphabet in a column are not significantly different (P=0.05)

Table 38.	 Enhancement of natural enemy population in cotton by habitat manipulation in Punjab 
during 2008.

Treatments
Leaf 

hoppers / 3 
leaves

White fly 
/ 3 leaves

Fruiting bodies 
damage by 

Earias sp. (%)

Green boll 
damage (%)

Natural 
enemies** 
per plant

Seed cotton 
yield 

(kg/ha)

Habitat Management 1.1b 1.5b 9.8c 6.6 b 1.5 990 b

BIPM 1.5c 1.4 ab 7.1b 6.2 b 1.2 940 b

Insecticidal control 0.9 a 1.2 a 3.4a 0.5a 0.2 1,120 a

Means followed by the same alphabet in a column are not significantly different (P=0.05)
**Natural enemies included Chrysoperla sp., Zelus sp., Geocoris sp. and spiders

MPKV
The trial was laid out on the research farm of the 

Agricultural College, Pune on Kanaka cotton. The 
following three modules were tested. 

M1:	Four paired rows of cotton interspersed with one 
paired row of cowpea (var. C-9) and one row 
of marigold, paired row of maize as border crop 
around the plot, release of C. carnea @ 5,000 
larvae/ ha synchronizing with appearance of 
sucking pests, release of T. chilonis @ 1.5 lakh 
adults/ ha /week coinciding with egg laying of 
boll worm

M2:	Cotton without intercrop/ border crop (with 
BIPM practice)

M3: 	Farmers’ practice

The treatments with intercrops and BIPM practices 
were significantly more effective than farmers’ 
practice in reducing the sucking pest population, 
boll worm damage and increasing natural enemy 
population and yield of seed cotton. In M1 besides 
seed cotton yield additional returns were obtained 
from cowpea and marigold (Tables 39). The habitat 
manipulated plot recorded higher population of 
chrysopids and coccinellids and the ICBR worked 
out be 1: 1.46.
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(iv)	 Identification of natural enemies of 
mealybugs on cotton and evaluation 
of potential natural enemies

TNAU

A field trial was conducted at a farmers’ field 
in Puthur village. Two releases of C. montrouzieri 
beetles were made @ 1500/ha at 15 days interval. 
Release of C. montrouzieri beetles brought down 
the mealybug population from 153.4 to 80.4 per 5 
cm twig which was on par with farmers practice of 
chemical application and significantly superior to 
untreated control. 

5.2.7.	 Biological suppression of tobacco 
pests

(i)	 Studies on the influence of 
water quality on the efficacy of 
entomopathogens against tobacco 
pests

CTRI

SlNPV suspension with pH 7 recorded the lowest 
seedling damage by S. litura 7 days after application 
indicating greater NPV action. SlNPV with pH 5 

and 9 recorded relatively more seedling damage 
indicating lesser NPV activity. Seventy two hours 
after application, the mortality of larvae was highest 
in SlNPV with pH 7, 6 and 8. Lowest mortality was 
noticed in control (water spray) followed by SlNPV 
applied at pH 5 (Table 40).

It was concluded that to obtain satisfactory 
control of S. litura in tobacco nurseries using SlNPV, 
the optimum pH of spray solution is 7. The pH below 
6 or above 8 is detrimental to the performance of 
SlNPV under field conditions.

(ii)	 Comparative study of virulence of 
different isolates of SlNPV in tobacco, 
soybean and chilly ecosystem. 

CTRI

Spodoptera litura cultures from tobacco nurseries 
were obtained from Jeelugumilli (West Godavari), 
Guntur, Rajahmundry (East Godavari), Nandyal 
(Kurnool) and Jeddangi (East Godavari) and  
NPV extracted from the diseased larvae from  
different populations. The different NPV isolates 
were tested on S. litura infesting tobacco transplanted 
crop. 

Sl NPV strain collected from Rajhamundry and 
Jeelugumilli were highly virulent recording lowest 
number of larvae/ plant, lowest leaf damage and 
highest green leaf yield (Table 41).

(iii)	 Studies on Biological control options 
for suppression of tobacco stem borer 
Scrobipalpa heliopa (Lepidoptera: 
Gelichidae)

CTRI

A laboratory experiment was conducted to 
evaluate the efficacy of B. thuringiensis against 
the stem borer, S. heliopa on tobacoo. On stem, 

Table 39. Impact of crop habitat manipulation on sucking pest complex and yield of cotton (Pune)

Module
Pest population / 3 leaves Green boll damage (%) Locule 

damage (%)
Seed cotton 
yield (kg/ha)Aphid Leaf hopper Thrip Whitefly E. vitella

M1 26.9 a 4.2 a 17.5 a 2.7 a 4.4a 5.3 a 1,750 a

M2 25.7a 3.8 a 22.7 b 2.5 a 5.4 b 6.8 b 1,810 a

M3 35.3 b 5.8 b 28.0 c 4.3 b 8.7 c 8.4 c 1,510 b

Means followed by the same alphabet in a column are not significantly different (P=0.05)

Table 40. Effect of water quality (pH) on SlNPV

pH
Seedlings 

damage after 
7 days (%)

Larval mortality 
days after
3 7

5 14.12b 48.25b 100
6 10.12ab 61.25a 100
7 9.12a 66.25a 100
8 11.62ab 58.75ab 100
9 19.50c 48.75b 100
Control
(water spray) 31.00d

Means followed by the same letter in a column are not 
significantly different (P=0.05%)	
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Table 42.	 Effect of Bt (PDBC) on tobacco 
stemborer.

Treatments (Bt 
dilution)

Larval mortality (%)
On stem On veins

1:10 67.08a 36.66a

1:100 46.66b 26.66b

1:103 35.55c 16.66c

1:104 22.21d 13.33cd

1:105 18.88d 6.66de

1:106 13.33d 4.44e

Control (water spray) 9.99e 6.66de

Means followed by the same letter in a column are 
not significantly different (P=0.05%)

Table 43.	Efficacy BIPM module against pod borer 
complex in pigeon pea in Tamil Nadu

Observations BIPM 
package

Farmers 
practice

Pre treatment lar-
val population /10 
plants) 

H. armigera 22.4 29.2

M. testulalis 10.1 9.2

Post treatment 
larval population 
/10 plants) (167 
DAS)

H. armigera 6.2a 18.5b

M. testulalis 3.0a 8.9b

Pod damage (%) 7.7a 16.1b

Yield (kg/ha) 714a 543b

Cost Benefit Ratio 1:1.98 1:1.27
Means followed by the same letter in a column are not 
significantly different (P=0.05%)

Table 41.	 Efficacy of different isolates of SlNPV 
on Spodoptera litura.

Treatments
(SlNPV 
Strains)

Number of 
larvae/plant 
after 7 days

Leaf 
damage (%)
After 7 days

Green leaf 
yield  

(kg/ha)
Jeelugumilli 3.40a 4.16a 14,714.3a

Guntur 6.25c 8.44b 13,040.8a

Rajahmundry 2.50a 4.10a 15,272.1a

Nandyal 6.50c 11.65b 13,040.8a

Jeddangi 4.25b 6.75a 14,850.3a

Control
(water spray) 6.15c 18.67c 10,462.6b

Means followed by the same letter in a column are not 
significantly different (P=0.05%)

highest larval mortality was observed at dilutions 
1:10 followed by 1:102 and 103. Least mortality 
was observed in treatments 1:104 to 1:106 but 
they were superior to control (Table 42). On 
veins, significantly highest larval mortality was 
obtained in case of dilutions 1:10 followed by 
1:102 and 103. Lowest mortality was observed at 
dilutions 104, 105, 106 and control (water spray).  
It was concluded that 1:10 is the best dilution for 
Bt against stem borer.

5.2.8.	 Biological suppression of pulse crop 
pests

(i)	 Demonstration of biocontrol of pests 
and diseases of pigeonpea

The BIPM package included: a) Seed treatment 
with Trichoderma @ 6g/kg of seeds; b) soil 
application of Pochonia chlamydosporia @ 20kg/

ha and Trichoderma harzianum 5 kg/ha (108 spores/g 
of formulation) at the time of sowing; c) NSKE 
5% spray based on appearance of blister beetle or 
borers at flowering stage; d) application of HaNPV 
@ 1.5x 1012 POB/ha along with 0.5 % crude sugar 
and 0.1% Teepol if Helicoverpa armigera is seen in 
early larval instars stages. Sprays may be repeated 
as per need. Hand-picking and destruction of full-
grown larvae; e) monitoring for other borers like the 
blue butterflies, plume moths and Maruca testulalis. 
Repeat spray of NSKE 5% or Bt formulation @ 2 kg/
ha as per need and f) maize as intercrop (one in 10 
rows of pigeonpea as bird perches).

TNAU

Field trial was conducted in one hectare area in 
farmers’ field at Nathegoundenpudur village and in 
the BIPM package lower incidence of pod borers,pod 
damage by H. armigera and M. testulalis, higher pod 
yield and higher CB ratio was recorded (Table 43). 
Similar results were obtained in another In a field trial 
conducted at Ammapettai village (Dt. Erode) BIPM 
module proved to be superior with a cost benefit ratio 
of 1:1.79 while in farmers practice it was 1:1.30.

ANGRAU

Field demonstration of BIPM package for pests and 
diseases of pigeonpea was conducted during kharif 
2008 at Sangamukurdu village. Lower incidence of 
pod borers and higher yield were recorded in BIPM 
module in comparison to farmers’ practice (Fig. 28).
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AAU- Anand

A field trial was conducted in model farm, Baroda 
during kharif 2008 on pigeonpea variety BDN-2. 
Local recommendation included seed treatment with 
T. viride @ 1.0 kg/12 kg seeds, three sprays of 5% 
NSKE and farmers practice included seed treatement 
with carbendazium @ 0.1% w/w and application of 
endosulfan (0.07%) and monocrotophos (0.04%).

There was no significant difference in plant stand 
and number of H. armigera larvae per 5 twigs. 
However, signficantly lowest pod damage by H. 
armigera was recorded in BIPM practice as also 
higher yield compared to local recommendation and 
farmers practice (Table 44).

BIPM

Pre-treatment larvae/10 plants Post-treatment larvae/10 plants

Pod damage by H. a (%) Pod damage by pod wasp (%)

Pod damage by fly (%) yield (q/ha)

Farmers practice

Fig. 28	 Impact of BIPM module on the pod borer 
complex in pigeonpea in AP

Table 44.	 Impact of BIPM practices on pest and 
diseases of pigeonpea in Anand

Observations BIPM

Local 
recom-
menda-

tion

Farmers 
practice

Plant stand/10 sq.m 25.6a 24.6a 25.6a

Number of H. armigera 
larvae/5 twigs 1.6a 2.1a 2.5a

Pod damage by H. armigera 
(%) 4.4c 6.7b 12.6a

No. of blue butterfly larve/5 
twigs 3.0a 3.4a 3.8a

Incidence of wilt (%) 1.1a 1.3a 1.4b

Pod damage 
(%)

H. armigera 5.6c 7.8b 10.1a

E. atmosa 4.2a 3.9a 4.1a

M. obtusa 13.6a 13.8a 13.9a

Grain yield 
(kg/ha) 1,189a 1,042b 911c

Means followed by the same letter in a column are not 
significantly different (P=0.05%)

(ii)	 Evauation of HaNPV against 
Helicoverpa armigera on pigeonpea

AAU- Anand

A field trial was conducted at the Agronomy farm, 
Anand during Kharif 2008. The treatment included 
spraying of HaNPV @ 1.5 x 1012 POB/ha + 0.5% 
crude sugar + 0.1% teepol which was compared 
with untreated control. Application of HaNPV had 
significantly reduced the number of larvae per 5 twigs 
and also pod damage by H. armigera (Table 45).

Table 45.	 Impact of BIPM practices on pest and 
diseases of pigeonpea in Anand

Observations NPV Control
Number of H. armigera larvae/5 
twigs 1.7a 2.8b

Pod damage by H. armigera (%) 5.8a 147b

No. of pod fly M. obtusa 
larve/100 pods 27.4a 28.0a

Pod damage by pod fly M. obtusa 
(%) 40.0a 42.0b

Pod damage (%)
H. armigera 5.9c 10.6b

E. atomosa 4.6a 4.5a

M. obtusa 13.5a 14.4a

Grain yield 
(kg/ha) 1,313a 982b

Means followed by the same letter in a column are not 
significantly different (P=0.05%)

(iii)	 Microbial control of H. armigera, 
Adisura atkinsoni on Dolichos lablab

ANGRAU
A field trial was conducted at the College farm 

Hyderabad during Rabi, 2008-09 on local variety of 
lablab. The treatments included HaNPV at 0.375 x 
1012 POB, 0.75 x 1012 POB and 1.5 x 1012 POB per 
hectare, Bt @ 1.0 kg/ha, NSKE 5%, Nomuraea rileyi 
@ 1.5 x 1013 conidia/ha with insecticidal check. 
The results revealed that the plots treated with Ha 
NPV @ 1.5 X 1012 POBs/ha fared well both in terms 
of reduction in the pest population and extent of 
damage. The yield obtained was comparable with the 
insecticidal treatment indicating that application of 
Ha NPV @ 1.5 X 1012 POBs/ha is a viable alternative 
to insecticides in field bean.
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(iv)	 Evaluation of EPN (Heterorhabditis 
sp.) against lepidopteran pod borers 
of pigeonpea

ANGRAU

EPN (Heterorhabditis sp.) was evaluated during 
Kharif 2008-09 at College farm, Rajendranagar at  
dosages of 0.5, 1 and 1.5 billion nematodes/ha. The 
results revealed that spray application of 1.0 and 1.5 
billion nematodes/ha resulted in better suppression 
of pod borer complex. However the yield differences 
were not significant (Table 46).	

against foliar diseases and (g) need-based or spot 
application of botanicals. 

KAU

The demonstration was laid out on 10 ha area at 
Koorkkenchery Panchayat on variety Jyothi during 
Rabi 2008. BIPM package registered significantly 
low incidence of dead heart, white earhead and leaf 
folder damage compared to farmers practice. The 
populations of spiders and coccinellids, grain yield 
and net returns were significantly higher in BIPM 
package compared to farmers practice (Fig. 29).

AAU-Jorhat 

The demonstration was conducted on a 10 ha 
plot of Mahsuri rice variety in the farmers’ field at 
Barokuri gaon, Teok, (Dist: Jorhat) during Kharif 
2008. The results revealed that the population of 
GLH and damage by stem borer and leaf folder were 
much lower in the BIPM package compared to the 
farmers’ practice. Higher grain yield and net returns 
were recorded in the BIPM package in comparison to 
farmers’ practice (Table 47).   

PAU

A demonstration of biocontrol-based IPM of rice 
was carried out at three locations viz., Machaki Mal 

Table 46.	 Effect of Heterorhabditis on the 
incidence of H. armigera and yield of 
pigeonpea in AP

EPN dosages
(billion/ha)

Larvae/
plant

Pod damage 
(%)

Yield*
(kg/ha)

0.5 9.8b 16.60b 1,501
1.0 3.80a 11.00a 1,511
1.5 3.80a 11.00a 1,692
Control 19.00c 22.20c 1,249

Means followed by the same letter in a column are not 
significantly different (P=0.05)
*Differences between the means not significant

5.2.9.	 Biological suppression of rice pests

(i)	 Large-scale demonstration of IPM 
for rice pests and diseases in the 
farmers’ field 

Large-scale demonstration trials on IPM for rice 
were laid out. The IPM package included (a) seed 
treatment with P. fluorescens @ 8 g/kg of seeds/ 
seedling dip in 2% solution (b) B. bassiana @ 1013 
spores/ha against sucking pests, (c) bird perches at 
10/ha (d) T. japonicum @ 1 lakh/ha on occurrence of 
leaf folder or stem borer (e) Bt @ 2 kg/ha, 2-4 sprays 
depending on pest occurrence (f) P. fluorescens spray 

BIPM

Yield (kg/ha) Value (Rs.) Net returns (Rs.)Cost of treatment (Rs.)

Farmers practice

Fig. 29.	 Impact of IPM on rice pests and diseases 
(Koorkkenchery, Kerala)

Table 47.	 Demonstration of IPM in farmers’ rice fields (Kharif, 2008) (Barokuri, Jorhat)

Treatment GLH/hill
(7 DAT)

Dead 
Heart (%)
(60 DAT)

White ear
(%)

Leaf folder 
damage (%)

Grain 
yield 

(kg/ha)

Net return over 
farmers practice

(Rs./ha)

IPM Package 4.13 5.00 4.43 4.21 3,247 8,550

Farmers’ practice 6.04 6.55 7.38 6.31 2,990
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Singh, Vander Jatana and Chail on variety Basmati – 
1121 over an area of 5 acres each. In farmers’ practice 
two applications of cartap hydrochloride (Padan 4G) 
were given @ 25kg/ha, at 40 and 60 DAT.

The data revealed that there was no significant 
difference in leaf folder damage and dead hearts 
of BIPM and farmers’ practice plots. The  BIPM 
package was as effective as application of chemical 
pesticides (Table 48).

(variety Jyothi) during kharif and rabi of 2008-09 
at agricultural farm, Mannuthy. BIPM package was 
followed. Organic farming treatment included green 
manuring with Dhaincha (Sesbania aculeata), 7 
releases of T. chilonis and T. japonicum each @ 1 
lkah/ha/week starting from 30 DAT. Recommended 
package consisted application of inorganic fertilizers, 
one spray of monocrotophos and 4 releases of T. 
chilonis and T. japonicum @1 lakh/ha/week starting 
from 30 DAT.  

The results revealed that the population of 
coccinellids and spiders were relatively higher in 
organic farming as compared to the conventional 
practice. There was no significant difference in 
dead hearts incidence during kharif, however dead 
hearts were low in organic package during rabi. 
Damage due to earhead bug was significantly lower 
in organic practice during kharif. The grain yield 
was significantly higher in conventional practice 
compared to organic practice during rabi (Table 49). 
The net return in organic rice was significantly higher 
at Rs. 23,000 compared to conventional practice  
(Rs. 16,606).

AAU-Jorhat 

The field experiment was conducted on 10 ha 
plot in the farmers field during kharif, 2008 on the 
rice variety was Mahsuri. The BIPM practice was 
compared with conventional and farmers practice.

The incidence of GLH, leaf folder damage  
and dead heart incidence were lower in BIPM  
as well as conventional method compared to  
farmer’s practice. Grain yield was highest in 

Table 48. Efficacy of BIPM on pests of rice 
(Basmati 1121) in farmers’ field during 
2008. (Punjab)

Treatments
Leaf folder 

damage
(%)

Dead 
hearts
(%)

White 
ears
(%)

Yield 
(kg/
ha)

BIPM 0.6 0.3 2.2 4,370

Farmers practice 0.4 0.2 1.4 4,420

(ii)	 Validation of BIPM practices in 
organic rice production 

Multi-locational demonstrations on BIPM 
practices in organic rice were conducted during 
2008-09. The BIPM package consisted of (a) use 
of disease resistant variety (b) seed treatment with 
P. fluorescens @ 8g/kg seed (c) FYM @ 5 t/ha (d) 
B. bassiana @ 1013 spores/ha against sucking pests 
(e) bird perches at 10/ha (f) release of T. japonicum 
@ 1 lakh/ha on occurrence of pests (g) spray of P. 
fluorescens against foliar diseases.

KAU

Biointensive pest management package was 
demonstrated over an area of 2 ha of organic rice 

Table 49.	Impact of organic farming on the pests of rice (cv.Jyothi) in Thrissur, Kerala

Parameter
Kharif Rabi

Organic Conventional Organic Conventional
Dead hearts (%) 2.2 2.2 2.3 2.8
Leaf folder incidence (%) 1.3 1.0 1.4 1.4
Leaf hopper/hill 1.7 1.4 1.0 0.7
Coccinellids/hill 0.2 0.02 0.4 0.04
Spiders/hill 0.5 0.1 0.6 0.08
Ear bug damaged earheads/sq. m 2.4 4.9 0.9 0.4
Organic carbon content (%) 0.9 0.5 0.5 0.4
Grain yield (kg/ha) 3,299 3,203 3,723 4,089
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conventional method, while net return was higher in 
BIPM (table 50).

PAU

The experiment was carried out at Fatehpur village 
on organic rice production on Basmati rice var. 1121. 
In organic farming, application of FYM @ 5 t/ha was 
done. Bird perches were erected @10 perches/ha. 
Hopper population was negligible and so B. bassiana 
was not applied. T. chilonis and T. japonicum  
were released each @1, 00,000/ha/week, 6 times 
starting 30 DAT. In the conventional practices 
nutritional requirement was met with inorganic 
recommended fertilizers and one application  
each of cartap hydrochloride 4G @ 25 kg/ha and 
imidacloprid 17.8 @ 100 ml/ha to curtail the insect 
menace.

In both the treatments, the incidence of leaf  
folder and stem borers was less than 2% indicating 
that both the methods were effective. There  
was no significant difference in yield in organic 
practice and farmers practice, however higher  
net returns was realized in organic package (Table 
51).

Table 50.	 Validation of BIPM package in organic 
rice (Cv.Mahsuri) in Assam

Parameter
Package

BIPM/
Organic

Conven-
tional

Farmers 
practice

GLH/hill 3.11c 4.49b 7.45a

Leaf folder damage 
(&) 4.85b 4.64c 7.07a

Dead hearts (%) 5.26b 4.15c 8.65a

Yield of grain (kg/ha) 3,145b 3,368a 2,789c

Net return (Rs/ha) 9,350 4,800

Means followed by similar letter in horizontal column are 
not statistically different (P=0.05) by L.S.D.

Table 51.	 Validation of BIPM package in organic 
rice in Punjab

Treatments
Leaf 

folder
(%)

Dead 
hearts
(%)

White 
ears
(%)

Yield
(kg/
ha)

Organic practices 0.7 0.6 2.0 4,190

Farmers practice 0.1 0.4 1.3 4,260

5.2.10.	 Biological suppression of pests of 
maize

	 Evaluation of Entomopathogenic 
nematodes (EPN) against Agrotis 
ipsilon on maize

SKUAST- Jammu

A field trial was conducted for the evaluation 
EPN for the biological control of A. ipsilon on 
maize during 2008. Steinernema carposapsae and 
Heterorhabditis indica were applied at 1 and 2 billion 
juveniles per hectare and compared with control. The 
results revealed that application of H. indica resulted 
in significant reduction in A. ipsilon larval population 
and plant damage and highest grain yield (Fig. 30).

Larval Population/ 
10 plants

Damaged  
plants (%)

Yield (q/ha)

ControlH. indica 2b/ha

H. indica 1b/haS. carpocapsae S. carpocapsae 2b/ha

Fig. 30.	 Impact of EPN against Agrotis ipsilon on 
maize

5.2.11. 	 Biological suppression of oilseed crop 
pests

(i)	 Evaluation of BIPM package for 
castor pests

ANGRAU

BIPM package was evaluated for management of 
pests of castor during 2008-09 at Mahaboobnagar. 
The BIPM package consisted of release of Telenomus 
remus @ 1,00,000/ha, release of T. achaeae @ 
1,00,000/ha, spray of SlNPV@ 1.5 x 1012 POB/ha 
+ 0.5% crude sugar and spray of Dipel @ 0.5 l/ha 
for Achaeae janata and Dichocrocis punctiferalis. 
The results revealed lower incidence of S. litura, 
A. janata and D. punctiferalis, lesser insect damage 
and higher yield in BIPM package in comparison to 
farmers practice.
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(ii)	 Biological suppression of Uroleucon 
carthami in non-spiny safflower 

ANGRAU

A field trial was conducted during rabi 2008 at the 
College farm, Rajendranagar on non-spiny safflower 
variety. The treatments included two release of 
Chrysoperla carnea @ 6000/ha, NSKE 5%, V. lecani 
@ 1x 1013 conidia/ha , B. bassiana @ 1x 1013 conidia/
ha, M. anisopliae @ 1x 1013 conidia/ha, Bt @ 1.0 kg/
ha, chemical check and untreated control.

The results indicated that there was no significant 
difference between the treatments with respect to 
aphid population after treatment imposition. This 
can be attributed to heavy incidence of aphids during 
the season. Yield data showed that Bt treated plots 
recorded higher yields but were on par with NSKE 
(Table 52).    

treatments included 3-4 release of T. chilonis @ 
1,00,000/ha at 10 days interval, Bt @ 1 kg/ha at 
60 and 75 DAS, NSKE 5 %, chemical check and 
untreated control. The results indicated that though 
the leaf-miner larval population and per cent damage 
was lower in endosulfan and Bt spray, there were no 
significant difference in the yield (Fig. 31).

Table 52.	 Biological suppression of Uroleucon 
carthami in non-spiny safflower 
varieties

Treatment

Mean  aphid 
population/10 plants Yield 

(kg/ha)Pre-treat-
ment count

Post-treat-
ment count

Chrysoperla 
carnea @ 6000/
ha –releases

3,371.67 2,344.67 211.64c

NSKE  5% spray 3,466.33 2,707.30 444.44ab

Verticillium 
lecanii @ 1X 1013 
conidia/ha

3,138.33 1,971.30 222.22c

Beauveria 
bassiana @ 1X 
1013 conidia/ha

4,673.33 2,320.67 222.22c

Metarrhizium 
anisopliae @ 1X 
1013 conidia/ha

4,255.00 2,196.67 306.88bc

B t @ 1.0 kg/ha 4,563.33 2,171.67 592.60a

Insecticidal check 3,050.00 1,998.33 306.88c

Untreated check 3,917.33 2,649.00 243.39c

CD NS NS 176.72

(iii)	 Biological control of groundnut leaf 
miner

TNAU

A field trial was conducted in farmers’ field 
at Nathegoundenpudur on variety TMV 7. The 

Larvae/ 
10 plants

T. chilonis release

Endosulfan 750 ml.ha Untreated control

Bt spray NSKE 5%

Yield (q/ha)Per cent leaf-Miner 
damage (%)

Fig. 31.	 Effect of T. chilonis, Bt and NSKE against 
groundnut leaf-miner at Tamil Nadu

(iv)	 Laboratory evaluation of 
trichogrammatids against the 
mustard sawfly

AAU- Jorhat

The laboratory experiment indicated that 
trichogrammatids were ineffective against mustard 
sawfly.

5.2.12.	 Biological suppression of coconut 
pests

(a)	 Large scale validation on biocontrol of 
coconut leaf caterpillar O. arenosella

KAU

The experiment was carried out at 
Ganesamungalam area in Thrissur district. The 
treatments included: (a) four releases of Goniozus 
nephantidis adults @ 10/palm (b) sequential release 
of C. exiguus & G. nephantidis. (c) sequential release 
of T. embryophagum and G. nephantidis and (d) three 
release of Cardiastethus exiguus nymphs @ 50/palm 
and (e) two releases of T. embryophagum adults @ 
1000/palm at 5 days interval

The natural parasitism was above 10% in all the 
treatments including control before the treatments 
were imposed. Incidence of O. arenosella was very 
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low, however least number of larvae was recorded on 
G. nephantidis released palms (Table 53).

(c)	 Management of Oryctes through 
integration of Green muscardine 
fungus (GMF), Oryctes Baculovirus 
(OBV) and attractant-baited 
pheromone traps 	

CPCRI

Large area field management of Oryctes rhinoceros 
through integrated biocontrol methods was conducted 
in 10 ha plot at Kattanam. Pre-treatment observations 
on incidence and site occupancy of the pest were 
recorded during April, 2008. Two pheromone traps 
were installed and beetle catches were recorded 
at regular intervals. Four breeding sites in the 
experimental area were treated with M. anisopliae @ 
5 x 1011 spores/m2. A total of 48 virus infected beetles 
were released in the area. Post-treatment observations 
showed a reduction of 36.3% in leaf damage, 42% 
reduction in pest incidence and 72.2% reduction in 
spindle damage over a period of 10 months. The 
breeding sites treated with M. anisopliae were free of 
pest stages during post-treatment period. An average, 
25-30 beetles/trap/month were collected during peak 
adult emergence period of May-August.

(d)	 Studies on natural enemies of red 
palm weevil

CPCRI

Field survey on grubs, pupae and adult red palm 
weevil revealed that no pathogen was associated 
with these stages in nature. Laboratory evaluation 
of EPN against red palm weevil revealed that the 
local isolate of H. indicus was more virulent than H. 

Table 53.	 Impact of parasitoid release on Opisina 
arenosella

Treatments Larvae/ 10 
leaf lets

G. nephantidis adults @ 10/palm 0.04c

Sequential release of C. exiguus & G. 
nephantidis 0.1bc

Sequential release of T. 
embryophagum & G. nephantidis 0.1bc

C. exiguus numphs @ 50/palm 0.3bc

T. embryophagum adults @ 1000/palm 0.3b

Untreated control 0.5a

(b)	 Large area demonstration of Oryctes 
rhinoceros management using 
Metarhizium anisopliae var. major 
and baculovirus

KAU

The demonstration was carried out by applying 
M. anisopliae (at a spore concentration of 5 x 1011) in 
cowdung pits at three locations in Ollukkara village 
in Thrissur district. There was cent per cent mortality 
of O. rhinoceros grubs in cow dung pits treated with 
M. anisopliae (Fig. 32 and Table 54).

Table 54.	 Efficacy of Metarrhizium anisopliae var. 
major on Oryctes rhinoceros.

Locations

Post-treatment number of 
diseased grubs + pupae per m3 

in pits
1 2 3

Location I 8 9 6
Location II 14 7 3
Location III 4 8 4

Oryctes baculovirus-treated beetles were released 
in the field @ 10/ha.  Observations were recorded 
on rhinoceros beetle damage from 15 palms before 
the release of OBV treated beetles and at six months 
intervals after the release. The incidence of rhinoceros 
beetle was negligible after the treatment imposition.

Fig.32.	 Metarhizium infected grubs of Oryctes at 
KAU
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population, which was significantly superior to 
biocontrol agents.

(ii)	 Biological suppression of anar 
butterfly on wild pomegranate

SKUAS&T (Jammu)

	 The experiment was conducted on wild 
pomegranate. Six releases of Trichogramma 
chilonis starting from end June at weekly intervals 
was effective in suppression of anar butterfly  and 
reduction in fruit damage (Fig. 34).

(iii)	 Relative toxicity of some chemical 
insecticides to Cryptolaemus 
montrouzieri 

NRC Grapes, Pune

A total of 14 fungicides were tested for their 
relative toxicity to C. montrouzieri. The fungicides 

bacteriophora and H. indicus. It was observed that at 
least 400 IJs of H. bacteriophora and H. indicus are 
required to induce 63% mortality of red palm weevil 
grubs in 96 hours. 

5.2.13.	 Biological suppression of pests of 
tropical fruits

(i)	 Evaluation of biological control 
agents against mango hoppers

IIHR

 Field evaluation of entomopathogens was carried 
out against mango hoppers on variety Alphonso. The 
treatments included: Off-season spraying of T-1 M. 
anisopliae @ 1 x 109 spores/ml; T-2 M. anisopliae 
@ 1 x 107 spores/ml; T-3 Verticilium lecanii @ 
1x109 spores / ml; T-4 Imidacloprid 0.3 ml/l and T-5 
Untreated control. Two sprays were applied at weekly 
intervals on the trunk during off-season (November). 
Mango hoppers were not found during off-season 
on the tree trunk. However, observations on the 
incidence of mango hoppers at flowering indicated 
lowest hopper number per panicle in insecticidal 
spray followed by M. anisopliae treatment (Fig. 33)

Fruit damage (%)

T-1 T-2 T-3 T-4 T-5

TNAU

A field experiment was laid out in Paiyur in 
Dharmapuri district on Neelum mango in a 7 
year old plantation. Among the biocontrol agents 
tested, application of M. anisopliae @ 1xl07 or V. 
lecani @ 1xl09 spores/ml on tree trunk during off 
season and at flowering recorded the lowest mango  
hopper population which was superior to control 
(Table 55). However, one spray of imidacloprid @ 
0.3 ml/l during off season followed by one spray 
at flowering period recorded the lowest hopper 

Fig. 33.	Evaluation of entomopathogens against 
mango hoppers at IIHR

Table 55.	 Efficacy of entomofungal pathogens 
against the mango leaf hopper 
(Unjavelampatti, Tamil Nadu)

Treatments

Mango hopper/ 
inflorescence

Pre-
treatment

Post-
treatment

M. anisopliae @ 1xl07 
on tree trunk during off 
season + at flowering

41.2 18.8b

M. anisopliae @ 1xl07 
on tree trunk during off 
season

39.8 23.4c

V. lecanii @ 1xl09   on tree 
trunk during off season + 
at flowering

42.5 18.7b

V. lecanii @ 1xl09   on tree 
trunk during off season 33.9 22.9c

One spray of imidacloprid 
@ 0.3 ml/lit during off 
season

33.9 17.6b

One spray of imidacloprid 
@ 0.3 ml/lit during off 
season + 1 Spray at 
flowering period

46.5 10.3a

Control 40.4 33.1d

Means followed by a common letter in a column are not 
significantly different by DMRT
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tested were Propineb (Antracol), Copper hydroxide 
(Kocide 101), Cymoxanil + Mancozeb (Curzate), 
Dimethomorph (Acrobat), Penconazole (Topas), 
azoxystrobin (Amistar), Potassium bi carbonate, 
kitazine, fenamidone + mancozeb (Secure), 
myclobutanil (Systhane), Iprodion (Rovral), 
flusilazole (Nustar), Fenarimol (Rubigan) and 
Difenconazole (Score). All the tested fungicides 
were non-toxic to C. montrouzieri.

(iv)	 Survey and record of natural enemies 
of pests of papaya mealy bug and 
mango thrips

(a)	 Papaya: TNAU
The papaya mealy bug Paracoccus marginatus 

was very serious on papaya, bhendi, cotton, teak, 
nerium, wild mulberry, sunflower, redgram, sweet 
potato, jatropa, guava, tomato, ber, coccinea, chillies, 
brinjal and tapioca in Tamil nadu. The different 
natural enemies recorded on papaya mealy bug were 
C. montrouzieri, Spalgis epius, Scymnus coccivora, 
Cladiscodes sacchari and Brumoides suturalis.

(b)	 Mango: NAU
The field survey revealed that incidence of 

mango thrips, Scirtothrips mangiferae was noticed 
throughout the observation period except from 31st 
std. week (30 July-5 Aug.) to 41st std. week (8-14 
Oct.). The thrips population was more active during 
flowering and fruit formation stages i.e. from 48th 
std. week (26 Nov.-2 Dec.) to 13th std. week (26 
Mar.-1April).  The population reached its peak of 
15.1 thrips/ twig during 13th std. week followed by 
10.7 thrips/ twig during 6th std. week. Chrysoperla 

Fruit damage (%)

control plant Trichogramma release plant

Fig. 34.	Effect of improved release of Trichogramma 
chilonis on pomegranate fruit borer

sp. was the only predator recorded during the thrips 
infestation period. 

5.2.14.	 Biological suppression pests of 
temperate fruits

(i)	 Evaluation of some microbial 
pesticides against the apple stem 
borer (Aeolesthes sarta)

SKUAS&T (Srinagar) 
The experiment was carried out in the apple 

orchard at Shalimar during 2008. The treatments 
evaluated were B. bassiana @ 1x108 spores/ml, M. 
anisopliae @ 1013 spores/ml, neem, and dichlorvos. 
The results revealed that higher mortality was 
obtained in B. bassiana treatment followed by M. 
anisopliae, however both were inferior to dichlorvos 
(Table 56).

Table 56.	Evaluation of microbial pesticides 
against the apple stem borer (Aeolesthes 
sarta)

Treatment Mean mortality 
(%) (21 DAT)

B. bassiana @ 1x108 spore/ml 50.0c

M. anisopliae @ 1013 spores/ml 44.0d

Neem (1.0%) 60.2b

Dichlorvos 88.0a

Control 0.0e

Means followed by a common letter in a column are not 
significantly different by DMRT

(ii)	 Evaluation of microbial pathogens 
against the woolly apple aphid, 
Eriosoma lanigerum

YSPUH & F 

A field trial was conducted in an apple orchard 
during 2008. The treatments evaluated were B. 
bassiana @ 1x107 conidia/ml, M. anisopliae @ 107 

conidia/ml, V. lecanii @107 conidia/ml, Chlorpyriphos 
0.04% and control. The treatments were repeated 
20 days after the first application. There was no 
significant differences in the aphid colony size in 
the treatments and control, indicating that the fungal 
pathogens are not effective in the suppression of the 
woolly apple aphid. 
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(iii)	 Field evaluation of Trichogramma 
embryophagum against codling moth

SKUAST-Srinagar

A field trial was conducted during May to 
September, 2008 in four apple orchards located at 
Mangmore, Karkichoo, Hardass and Shanigund 
at Kargil. T. embryophagum was released twice @ 
4000 adults/tree. Post- release observations revealed  
that there was a significant reduction in fruit  
damage in all the treated plots compared to control 
plot (Table 57).

which one round of Bt @ 1 kg /ha and neem 
oil 3.0% were applied at weekly intervals 
as common sprays except in plots receiving 
chemical insecticides (Farmers’ practice). Data 
on larval population and yield indicated that 
both the parasitoids were equally effective in 
controlling the pest (Table 58). However, T. 
brassicae treatment had a higher cost-benefit 
ratio based on the marginally higher yield.

Table 57.	 Impact of T. embryophagum on apple 
fruit damage

Location Fruit 
damage (%)

Mangmore 39.8a

Kirkichoo 43.6ab

Hardass 37.1a

Untreated control (Shanigund) 60.7c

5.2.15.	 Biological suppression of pests of 
vegetables

(i)	 Field evaluation of Trichogramma 
brassicae against Plutella xylostella 
on cabbage/cauliflower	

Multi-location trials were conducted to evaluate 
T. brassicae against P. xylostella on cabbage/ 
cauliflower. The treatments consisted of (a) 6 releases 
of T. brassicae @ 1 lakh/ha (b) 6 releases of T. 
chilonis @ 1 lakh/ha (c) farmers practice (chemical 
spray).

AAU (Jorhat)

The experiment was conducted in a farmers’ 
field (Fig. 35). Maximum yield was recorded in T. 
brassicae treated plot compared to T. chilonis treated 
plot. Farmers practice recorded lowest yield. (Fig. 
36).

TNAU 

An experiment was carried out at Iruttupallam 
near Thondamuthur for the management of P. 
xylostella on cauliflower. The parasitoids were 
released thrice at weekly intervals, following 

Fig. 35.	 Trichogramma brassicae released plot at 
Jorhat

T. brassicae

Larvae/plant Leaf damage (%) Yield (t/ha)

T. chilonis Farmers practice

Fig. 36.	Efficacy of Trichogramma brassicae 
against Plutella xylostella on cabbage

Table 58. 	Comparative efficacy of T. chilonis and 
T. brassicae against DBM in cauliflower 
(Iruttupallam, Tamil Nadu)

Treatment Larvae/ 
plant

Parasitism 
through 
retrieval 

(%)

Yield of 
marketable 
heads (kg/

ha)

Cost: 
benefit 
Ratio

T. brassicae 1.6 a 22.4 a 19,200a 1:2.2
T. chilonis 1.4 a 13.1 b 18,000a 1:1.9
Farmer’s 
Practice 4.1 b 0.0 c 15,300b

Means followed by a common letter in a column are not significantly 
different by DMRT (P=0.05)
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SKUAS&T -Jammu

Six weekly releases of T. brassicae @ 1 lakh/
ha on cauliflower resulted in a significant reduction 
in damage by P xylostella recording significantly 
higher yield and net return with a C:B ratio of 
1:9.50. This treatment was superior to the prevailing 
farmers’ practices of 2-3 applications of conventional 
insecticides (Table 59).

(ii)	 Bio-suppression of Pieris brassicae

(a)	 Evaluation of Trichogramma brassicae 
against Pieris brassicae 

SKUAS&T-Srinagar

Laboratory evaluation of T. chilonis, T. brassicae 
and T. kashmirica (local strain) against eggs of P. 
brassicae revealed that the percent parasitism by T. 
chilonis was 18.5 ± 11.8, 10.9 ± 8.0 by T. brassicae 
and nil parasitism in the case of T. kashmirica. 

A field trial was conducted to evaluate T. chilonis 
against P. brassicae. Six releases of T. chilonis 
resulted in a lower larval population of 1.9 per plant 
and a higher egg parasitisation of 10.4% at the end 
of six releases.

(b)	 Effectiveness of various microbial 
pesticides and a summer oil against 
P. brassicae on  Knol khol

SKUAS&T-Srinagar

The field experiment on evaluation of various 
microbials and oils against P. brassicae on knol khol 
was carried out in the farm of Division of Entomology, 
SKUAST-K during 2008. The treatments consisted 
of B. bassiana @ 1x108 spore/ml, M. anisopliae 
@ 108 spores/ha, D.C.Tron Plus @ 0.75%, and 

an insecticide dichlorvos @ 0.05% and untreated 
control (Check). Application of B. bassiana resulted 
in 60.0 % larval mortality and this treatment was 
on par with M. anisopliae (56.3%), and oil (63.3%) 
treatments. However, D.C.Tron Plus proved to be 
phytotoxic. A cost benefit ratio was 1: 6 (dichlorvos), 
1:5.9 (D.C.Trion), 1: 4.78(B. Bassiana) and 1:4.68 
(M. anisopliae).

(iii) 	 Evaluation of T. brassicae and Bt 
against DBM infesting cabbage

IIHR

A field experiment was carried out at Bangalore 
to evaluate the efficacy of various biological control 
agents in controlling DBM on cabbage var. Unnati 
during 2008-09. The treatments consisted of (a) T. 
brassicae @1 lakh /ha/release (6 releases) (b) B. 
bassiana @ 1 x 109 spores/ml (c) S. carpocapsae @ 
1 billion Ij/ha (d) Neem soap 4% (e) Dipel @ 1 ml/l 
and M. anisopliae @ 1 x 109 spores/ml (f) spinosad 
@ 0.7ml/l and an untreated check was maintained. 

The results indicated that there was no significant 
difference in the number of larvae per plant eight 
weeks after the treatment. However the yield in T. 
brassicae treatment plot was 64,800 kg/ha compared 
to control 27,570 kg/ha.

MPUAT-Udaipur

A field experiment was laid out to test the efficacy 
of bicontrol agents against P. xylostella infesting 
cabbage. The biopesticides were applied at weekly 
interval after 20 DAP. Lowest numbers of larvae were 
recorded in DOR Bt treatment, which was superior 
to release of T. brassicae and spray of B. bassiana. 
Among the biocontrol agents, Bt treatment recorded 
the highest yield and highest net returns (Table 60).

Table 59.	 Field evaluation of T. brassicae and T. chilonis against Plutella xylostella on cauliflower 
(Jammu)

Treatment
No. of 
larvae/
plant

Leaf 
infestation/ 

m2

Egg  
parasitism 

(%)

Yield
(kg/ha)

Net Profit
(Rs/ha)

Profit over 
control 
(Rs/ha)

C:B 
ratio

T. brassicae  4.9a 21.2a 42.6c 24,120a 1,23,500 15,500 1:9.50
T. chilonis 6.1ab 27.0b 31.3b 23,130b 1,14,500 10,550 1:4.75
Farmers’ Practice 8.5b 34.3b 2.47a 22,540b 1,09,000 7,600 1:1.25
Control 16.4c 46.5c 5.25a 21,020c 1,04,000

Means followed by a common letter in a column are not significantly different by DMRT (P=0.05)
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(iv)	 Evaluation of Trichogramma chilonis, 
EPN and Bt against fruit borer of 
brinjal and Okra

(a)	 Brinjal
PAU

A field trial was conducted at entomological farm, 
PAU, Ludhiana on brinjal to evaluate the efficacy of 
biocontrol agents against shoot and fruit borer. Fruit 
damage was maximum (20.3%) in Halt treatment (@ 
2.0 kg/ha) which was on par with EPN @ 2 billion 
ijs/ha and triazophos. Significantly higher yield was 
also recorded in the treatment with Halt, which was 
on par with triazophos application (Table 61).

biocontrol agents against brinjal shoot and fruit 
borer. Two sprays of Bt and EPN were applied at 10 
days intervals, six releases of T. chilonis were made 
at weekly intervals and three sprays of endosulfan at 
15 days intervals. Application of EPN @ 2 billion ijs/
ha. was most effective in reducing the fruit damage 
(17.8%), which was significantly superior to Bt and 
T. chilonis treatments. Highest yield was recorded in 
the treatment with EPN @ 2 billion ijs/h, which on 
par with endosulfan treatment (Table 62).

Table 60. Evaluation of bioagents against lepidopteran pests of cabbage (Udaipur)

Treatments No. of 
larvae/plant

Yield
(kg /ha)

Value of 
yield/ha (Rs)

Cost of
treatments (Rs/ha)

Net return  
(Rs/ha)

C:B 
ratio

T. brassicae @ 1 lakh/ha/
release  (6 releases) 1.43 c 51,280d 2,06,400 1,320 2,05,080 1:1.3

B. bassiana (1x108 spores/ml) 1.59 d 39,510c 1,97,550 2,040 1,95,510 1:1.24
DOR Bt 1 kg/ha 1.05 b 65,750f 3,28,750 7,440 3,21,310 1:2.04
NSP 4% 1.43 c 60,210e 3,01,050 2,640 2,98,410 1:1.89
Spinosad 0.75 ml/l 0.75 a 71,810g 3,59,050 22,000 3,37,050 1:2.28
S. carpocapsae 1.57 d 35,260b 1,76,300 2,440 1,73,860 1:1.12
Control 2.73c 31,550a 1,57,750 - 1,57,750

Means followed by a common letter in a column are not significantly different by DMRT (P=0.05)

Table 61.	Effect of biocontrol agents on brinjal fruit 
borer, Leucinodes orbonalis (Punjab)

Treatments Fruit 
damage (%)

Yield 
(kg/ha)

Halt @ 2.0 kg/ha 20.3 a 35,300 a

Halt @ 1.5 kg/ha 23.4 ab 33,820 ab

T. chilonis @ 50,000/ha 29.5 c 30,140 c

EPN @ 2 billion ijs/ha 24.2ab 32,350 bc

EPN @ 1 billion ijs/ha 29.0 c 32,350 bc

Triazophos 40 EC @ 1250 
ml/ha 20.3a 35,600a

Control 38.9 d 26,470d

Means followed by a common letter in a column are not 
significantly different by DMRT (P=0.05)

Table 62.	 Effect of biocontrol agents on brinjal 
fruit borer, Leucinodes orbonalis 
(Assam)

Treatments Fruit 
damage (%)

Yield 
(kg/ha)

Bt @ 2.0 kg/ha 19.9 b 11,750 a

EPN @ 1 billion ijs/ha 22.8 a 11,050 c

EPN @ 2 billion ijs/ha 17.8 c 12,625 a

T. chilonis @ 50,000/ha 22.8a 11,700 b

Endosulfan 5 EC @ 300 
a.i./ha 14.2 d 12,775 a

Control 34.9 e 6,132d

Means followed by a common letter in a column are not 
significantly different by DMRT (P=0.05)

(b)	 Okra 
PAU 

The field experiment was conducted on okra 
variety Punjab 8 for the management of fruit  
borer, Earias spp. Significantly lowest fruit  
damage and highest yield were recorded in Halt 
@ 2.0 kg/ha which was on par with application of 

AAU- Jorhat

A field experiment was conducted in a farmers’ 
field at Alengmora village to evaluate EPN and other 
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Decis (Table 63). In all the treatments, significantly 
higher yield was recorded in comparison to control. 
However, the biocontrol treatments were inferior to 
Halt @ 2 kg/ha treatment.

Table 63.	 Effect of biocontrol agents on fruit 
borer, Earias spp in okra (Punjab)

Treatments Fruit damage 
(%)

Marketable 
yield (kg/ha)

Halt @ 2.0 kg/ha 9.9 a 13,150 ab

Halt @ 1.5 kg/ha 14.4 b 12,500 bc

T. chilonis @ 50,000/ha 17.9 c 10,010 d

EPN @ 2 billion ijs/ha 14.9b 12,150 c

EPN @ 1 billion/ ijsha 18.0 c 9,450 d

Decis 2.8 EC (Deltame-
thrin @ 400 ml/ha 9.2a 13,550a

Control 27.6 d 7,750 e

Means followed by a common letter in a column are not 
significantly different by DMRT (P=0.05)

Encarsia sophia (= E. transvena) and Eretmocerus 
delhiensis. The unidentified Encarsia sp. was found 
only on cucumber plants, whereas E. sophia and 
Eretmocerus sp. were found parasitizing  GHWF on 
bean, cucumber and tomato.

5.2.16.	 Biological suppression of white grubs 
in potato

YSPUH&F

Efficacy of M. anisopliae, B. bassiana and B. 
brongniartii each at 107, 108 and 109 conidia/ml and 
EPNs- S. feltiae and H. bacteriophora at 4 x 109 
IJs/ha were tested against third instar of Brahmina 
coriacea. Maximum mortality was obtained with B. 
brongniartii (22.2%) and S. feltiae (33.3%).

A field trial was laid out at the Agriculture 
Department Potato Farm, Kedadhar (Sirmaur 
district).  The treatments were B. brongniartii and 
M. anisopliae formulations at 109 conidia/g. Each 
formulation was evaluated at 2,4 and 6 g/m2 and 
compared with chemical check (2g/m2 Phorate 10G) 
and untreated control. 

	 Tuber damage (on weight basis) was least in 
the treatment with M. anisopliae @ 6 g/m2 (23.2%) 
followed by B. brongniartii at the same dosage 
(28.3%), which were superior to control (53.1%), but 
inferior to Phorate (9.3%) (Table 65).

Table 64.	Effect of entomopathogenic fungi against 
Aphis craccivora on cowpea (KAU)

Treatments

Pre-
treatment 

aphid 
number

Post-
treatment 

aphid 
number

Yield 
(kg/ha)

Fumoroseus 
pallidoroseum  
(6.5 x 106 spores/ml)

49.0 0.8 bc 4,516 a

B. bassiana  
(010 conidia/l ) 37.5 0.8 bc 4,359 a

Verticillium lecanii 
(1010 conidia/l) 36.7 0.1 c 4,194 a

M. anisopliae (1010 

conidia/l) 50.9 0.2c 4,097 a

H. thompsonii (10g/l) 23.0 1.3 bc 3,778 a

Quinalphos (0.05%) 43.7 2.2b 3,134a

Control 28.3 42.5 a 1,185 b

Means followed by a common letter in a column are not 
significantly different by DMRT (P=0.05)

(v)	 Evaluation of entomofungal 
pathogens against Aphis craccivora 
in cowpea

KAU

Laboratory evaluation of different dilutions of 
Hirsutella thompsonii and Metarhizium anisopliae 
was done against A. craccivora. H. thompsonii 
caused higher aphid mortality ranging from 24.0 to 
100% at different dilutions of 103 to 108. LC50 value 
for H. thompsonii (2.18 x 104) was lesser than the 
LC50 value of M. anisopliae (7.5 x 106).

Field evaluation of different entomopathogenic 
fungi was conducted against A. craccivora on cowpea 
variety Kanakamony at College farm Vellanikkara. 
Lowest aphid count was recorded in V. lecanii 
treatment, which was on par with F. pallidoroseum, B. 
bassiana, M. anisopliae and quinalphos treatments. 
The highest yield was recorded in F. pallidoroseum 
treated plot followed by B. bassiana and V. lecanii 
(Table 64).

(vi)	 Survey of natural enemies of 
greenhouse whiteflies (GHWF)

YSPUH&F

The survey revealed parasitisation of green 
house white fly by unidentified Encarsia sp., 
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5.2.17.	 Biological suppression of polyhouse 
crop pests

	 Evaluation of anthocorid predator, 
Blaptostethus pallescens against spider 
mites on carnation in polyhouses 

MPKV

A trial was laid out at commercial Hi-Tech 
Floriculture Project, Agricultural College, Pune 
on carnation cv. Gold strike. Five releases of B. 
pallescens were made @10 and 20 adults/plant. 
Five releases of anthocorid predators @ 20 per plant 
at weekly intervals reduced the mite population 
significantly. This treatment was superior to control, 
but inferior to Abamectin treatment (Table 66).

Table 65.	Efficacy of entomofungi against white 
grubs of potato at Keradhar, Sirmaur

Treatments
Tuber damage (%)

Number 
basis

Weight 
basis

M anisopliae 2g/m2 33.8c 34.0c

M anisopliae 4g/m2 32.7c 33.9c

M anisopliae 6g/m2 23.1b 23.2b

B. brongniartii 2g/m2 35.2c 37.0c

B. brongniartii 4g/m2 32.6c 35.4c

B. brongniartii 6g/m2 26.4bc 28.3bc

Phorate 10G 10.2a 9.3a

Control 50.4d 53.1d

Table 66.	 Effectiveness of anthocorid predator 
B. pallescens against spider mites 
on carnation in polyhouse in 
Maharashtra

Treatment
Mites number per 

3 leaves 7 days 
after release

Release of 10 anthocorids/plant 61.80 c

Release of 20 anthocorids/plant 44.52 b

Abamectin 0.5 ml/lit spray 24.96 a

Untreated control 130.96 d

5.2.18.	 Biological suppression of weeds

	 Biocontrol of Chromolaena odorata 
utilising Cecidochares connexa

KAU

The gall fly received from PDBC, Bangalore 
was field released. The plants on which the gall fly 
oviposited was tagged and considered as treated 
and other plants as control. The height, number of 
branches, panicles, capitula and seeds on galled 
and non-galled plants were recorded. Plant height 
was reduced to an extent of 30.4% on the galled 
plants. There was also a reduction of 5.8% branches, 
12.9% panicles per plant, 5.1% capitula per panicle  
and 6.3% seeds per capitula, due to gall formation 
(Table 67).

Table 67. 	Impact of gall formation on the growth 
parameters of Chromolaena plant

Growth 
parameter

Control 
plant

Galled 
plant

Per cent 
decrease 

over control

Plant height 
(mm) 30 days 
after oviposition

2.3 1.6 30.4

Plant height 
(mm) 60 days 
after oviposition

2.9 2.4 18.0

Mean number of 
branches 8.6 8.1 5.8

Mean number 
of panicles per 
plant

14.7 12.8 12.9

Mean number 
of capitula per 
panicle

23.6 22.4 5.1

Mean number 
of seeds per 
capitula

26.1 24.4 6.3
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6.	 TECHNOLOGY ASSESSED, TRANSFERRED AND 
MATERIALS DEVELOPED

Technology developed and transferred

PAU, Ludhiana - The incidence of early shoot borer 
and top borer was significantly reduced by 8 releases 
of T. chilonis @ 50,000/ha at 10 days interval at 
village Gohawar and Chachrari in Punjab in 100 ha 
area. The mean parasitism of eggs of C. infuscatellus 
in T. chilonis release plot was 51.2% and the yield 
was enhanced significantly with a cost:benefit ratio 
of 1:13.8.

TNAU, Coimbatore - BIPM package on Bt cotton 
recorded significantly low population of leafhoppers, 
aphids, thrips and whiteflies. The bollworm damage 
by Earias and H. armigera was also low in BIPM 
package on Bt cotton. A higher seed cotton yield of 
2,169 kg / ha. was recorded in Bt. BIPM field with 
a cost benefit ratio of 1 :1.9, whereas a significantly 
lower seed cotton yield (1,894 kg/ha) was recorded 
in Bt farmers practice field.

CTRI, Rajhamundry - SlNPV suspension with 
pH 7 recorded the lowest seedling damage by S. 
litura, 7 days after application indicating greater 
NPV action. SlNPV with pH 5 and 9 recorded 
relatively more seedling damage indicating lesser 
NPV activity. Application of SlNPV @ 1.5 x 1012 
PIB/ha was found very effective for the management 
of Spodoptera in nurseries.

KAU, Thrissur - Validation of biointensive 
pest management practice (seed treatment with P. 
fluorescens @ 8 g/kg of seeds/ seedling dip in 2% 
solution; B. bassiana @1013 spores/ha against sucking 
pests; bird perches at 10/ha; T. japonicum @ 1 lakh/
ha on occurrence of leaf folder or stem borer; Bt at 
2 kg/ha- 2-4 sprays depending on pest occurrence; 
P. fluorescens spray against foliar diseases and need-

based or spot application of botanicals) in 10 ha rice 
variety Jyothi in Kerala revealed that BIPM package 
registered significantly low incidence of dead heart, 
white earhead and leaf folder damage compared 
to farmers practice. The population of spiders and 
coccinellids, grain yield and net returns were higher 
in BIPM package compared to farmers practice.

DNA sequences generated and deposited

Jalali, S. K., Venkatesan, T., Sriram, S. and 
Rajeshwari, R. 2008. Pichia anomala strain 
Tcy1 18S ribosomal RNA gene, partial 
sequence; internal transcribed spacer 1, 
5.8S ribosomal RNA gene, and internal 
transcribed spacer 2, complete sequence; 
and 28S ribosomal RNA gene, partial 
sequence, 579bp. GenBank Accession No. 
FJ224365.

Jalali, S. K., Venkatesan, T., Sriram, S., Rajeshwari, 
R. and Mahiba Helen, S. 2008. Pichia 
anomala strain Tcy2 18S ribosomal RNA 
gene, partial sequence; internal transcribed 
spacer 1, 5.8S ribosomal RNA gene, and 
internal transcribed spacer 2, complete 
sequence; and 28S ribosomal RNA 
gene, partial sequence, 573bp. GenBank 
Accession No. FJ599744.

Jalali, S. K., Rajeshwari, R., Sriram, S., 
Venkatesan, T. and Mahiba Helen, 
S. 2009. Candida cf. apicola Tcy3 
internal transcribed spacer 1, partial 
  sequence; 5.8S ribosomal RNA 
gene and internal transcribed spacer 
 2, complete sequence; and 28S ribosomal 
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RNA gene, partial sequence. 443bp. 
GenBank Accession No.  FJ713025.

Khushboo, S., Venkatesan, T., Rajeshwari, R., Jalali, 
S.K., Murthy, K.S., Ashok kumar, G. and 
Joshi, S. 2008. Cheilomenes sexmaculata 
cytochrome oxidase subunit I (COI) 
gene, partial cds; mitochondrial (517 bp). 
GenBank Acc. No. FJ154102.

Srinivasa Murthy, S. K. Jalali, T. Venkatesan. 2008. 
Sequences of ITS-2 region from Karnataka, 
Kerala and Andhra Pradesh submitted to 

Gen Bank with Accession Number EU 
016231, 719071 and 719072, respectively.

Venkatesan,T., Jalali, S. K., Sriram,S., Srinivasa 
Murthy, K., Rajeshwari, R., Lalitha,Y. and 
Mahiba Helen, S. Pichia anomala isolate 
Csy1 18S ribosomal RNA gene, partial     
sequence; internal transcribed spacer 1 
and 5.8S ribosomal RNA gene, complete 
sequence; and internal transcribed spacer 
2, partial sequence GenBank Acc. No. 
FJ605112). 
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7.     EDUCATION AND TRAINING

Name Training programme Duration Place

Deepa Bhagat Nanotechnology based training and 
meetings/discussions

03.04.2008 to 
06.04.2008 CIFE, Mumbai

B. Amarnath Training on “Records management for 
Right to Information”

28.07.2008 to 
31.07.2008 ISTM, New Delhi

K. Veenakumari 
B. Ramanujam

Training programme on “Mainstreaming 
Gender Concerns in Agriculture and allied 
Sectors

05.08.2008 to 
09.08.2008

UAS, GKVK, 
Hebbal,  
Bangalore 560 024.

Deepa Bhagat Computer training programme on 
Rajbhasha 

18.08.2008 to 
22.08.2008

CPRI,  
Bangalore-560 003.

B. Amarnath
National residential convention on 
reservation policy of Govt. of India for 
Liaison Officers for Sc/St/OBC

08.09.2008 to 
10.09.2008

Hotel Parkview, 
Sector-24, 
Chandigarh

R.J.Rabindra Executive development programme in 
agricultural research management

23.09.2008 to 
27.09.2008 NAARM, Hyderabad

B. Ramanujam 
R. Sriram 
K. Veenakumari

ICAR-training-cum-workshop on IP and 
Technology Management 

30.10.2008 to 
01.11.2008 CTCRI, Trivandrum

B. Amarnath Technical and Administrative support for 
consortia based research in Agriculture

17.11.2008 to 
26.11.2008

MANAGE, 
Hyderabad

Ms. R.Gandhi Gracy Perspectives and current trends in 
bioinformatics

09.02.2009 to 
15.02.2009 CCMB, Hyderabad

Ms. R.Gandhi Gracy Application of GIS in plant biodiversity 
and horticulture

25.02.2009 to 
06.03.2009 IISR, Calicut

M. Nagesh 
Prashanth Mohanraj B. 
Ramanujam 
G. Sivakumar 
K. Veenakumari

Training programme on GPS/GIS/Open 
source software 

16.02.2009 to 
22.02.2009

AINP on Agriculture 
Ornithology, 
ANGRAU, 
Hyderabad

T. Venkatesan Management of intellectual property rights 
in biotechnology

08.01.2009 to 
09.01.2009

Hotel Atria, 
Palace Road, 
Bangalore 560 001.

B. Amarnath Training on Knowledge management 02.03.2009 to 
03.03.2009 ISTM, New Delhi

R. Rangeshwaran MDP on PME of agricultural research and 
development projects

09.03.2009 to 
13.03.2009 NAARM, Hyderabad
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8.    AWARDS AND RECOGNITIONS

PDBC: Bangalore

Dr R.J.Rabindra	

D	 ICAR representative on the Board of 
Management of University of Agricultural 
Sciences, Bangalore 2006-09.

D 	 Nominated as nominee of DG, ICAR as the 
expert member on the Assessment Committee 
for DPC of scientists under Career Advancement 
Scheme in the discipline of Entomology of NRC 
for Sorghum, Rajendranagar, Hyderabad.

D Assessment Committee Member at ASRB 
New Delhi in the discipline of Agricultural 
Entomology as per ASRB letter No.2(1)/2008-
Assess.Cell dated 18th September, 2008.

D 	 Member of the Selection Committee at UAS, 
Bangalore for the post of Director of Instructions 
(Agri.), Agricultural College, Mandya.

D	 Nominated as a Chairman of the Assessment 
Committee for interviewing the screened-
in scientists at Bangalore on 21st and 22nd 
November, 2008 at The Central Silk Board.

Dr A. N.Shylesha

D 	 Secretary , Society for Biocontrol Advancement, 
Bangalore.

Dr.S.K.Jalali

D 	 Chief Editor, Journal of Biological Control.

Dr.K.Srinivasa Murthy 

D 	 Treasurer, Society for Biocontrol Advancement, 
Bangalore.

Dr. T. Venkatesan

D 	 Recognised as a guide for PG studies by Mysore 
University	

ANGRAU

Dr.S. J. Rahman

D 	 Received “Meritorious Research Scientist 
Award” from the hands of His Excellency Sri 
N.D.Tiwari, Governor of Andhra Pradesh during 
the Annual Convocation held on 5.6.2008.

GBPUA&T, Pantnagar

D 	 Dr. J. Kumar selected as Vice-President of Indian 
Society of Plant Pathologists for 2009-2011.

IIHR, Bangalore

Dr. A. Krishnamoorthy
D 	 Referee for the Indian Journal of Agricultural 

Sciences. 
D 	 External referee to evaluate two DBT project 

proposals.
D 	 Secretary for Association for Pest Management 

in Horticultural Crop Ecosystems (AAPMHE) 
till 16th June 2008.

D 	 President for Association for Pest Management 
in Horticultural Crop Ecosystems (AAPMHE) 
from 17th June 2008 onwards.

D 	 Chief Editor of Journal of Horticultural 
Sciences, Society for Promotion of Horticulture, 
Bangalore. 

D 	 Acted as Chairman, Price Fixation Committee 
from 1/4/2008 to 31/3/2009.

Dr,Ganga Visalakshy

D 	 Referee for the Journals: Journal of Biological 
Control, Biopesticides International, Biocontrol 
Science and Technology, Review of projects 
related to Biological control, Dept. of Sericulture, 
Karnataka. 

D 	 Joint secretary for Association for Pest 
Management in Horticultural Crop Ecosystems 
(AAPMHE) from 17th June 2008.    
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9.	 LINKAGES AND COLLABORATION IN INDIA  
AND ABROAD INCLUDING EXTERNAL 
PROJECTS

Research Projects funded by lateral sources 
operating at Project Directorate of Biological 
Control, Bangalore

NAIP

Effect of abiotic stresses on the natural enemies of crop 
pests: Trichogramma, Chrysoperla, Trichoderma and 
Pseudomonas and mechanism of tolerance to these 
stresses (Collaborating centres -  DOR, CRIDA,Vittal 
Mallya Science Research Foundation, Bangalore and 
Mysore University).

DBT 

Development of invert-emulsion formulation of 
Trichoderma harzianum and prolonged shelf- life 
and enhanced biocontrol potential.

Development of a strain of Trichogramma  
chilonis tolerant to newer insecticides and high 
temperature.

ICAR Cess-Fund

Network project of biosystematics.

Development, validation, utilization and/
or commercialization of biopesticides and 
bioinoculants. 

AMAAS (ICAR)

Microbial control of insect pests – II.
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10.	 AICRP / COORDINATION UNIT / NATIONAL 
CENTRES

With a view to fulfill the mandate under PDBC and AICRP on BC effectively and efficiently, the Project 
Directorate is functioning with the following ICAR Institute-based and State Agricultural University-based 
centres.

Headquarters

Project Directorate of Biological Control, Bangalore	 Basic research

ICAR Institute-based centers

Central Tobacco Research Institute, Rajahmundry	 Tobacco, soybean

CPCRI Regional Centre, Kayangulam	 Coconut

Indian Agricultural Research Institute, New Delhi	 Basic research

Indian Institute of Horticultural Research, Bangalore	 Fruits and vegetables

Indian Institute of Sugarcane Research, Lucknow	 Sugarcane

Sugarcane Breeding Institute, Coimbatore	 Sugarcane

State Agricultural University-based centres

Acharya N.G. Ranga Agricultural University, Hyderabad	 Sugarcane, cotton and vegetables

Anand Agricultural University, Anand	 Cotton, pulses, oilseeds, vegetables and weeds

Assam Agricultural University, Jorhat	 Sugarcane, pulses, rice and weeds

Dr. Y. S. Parmar University of Horticulture and Forestry, 	 Fruits, vegetables and weeds 
Solan							     

Govind Ballabh Pant University of Agriculture  
and Technology, Pantnagar	 Plant disease antagonists

Kerala Agricultural University, Thrissur	 Rice, coconut, weeds, fruits and coconut

Mahatma Phule Krishi Vidyapeeth, Pune	 Sugarcane, cotton, soybean and guava

Punjab Agricultural University, Ludhiana	 Sugarcane, cotton, oilseeds, tomato, rice  
	 and weeds
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Sher-E-Kashmir University of Agricultural Sciences & 
Technology, Srinagar	 Temperate fruits and vegetables

Tamil Nadu Agricultural University, Coimbatore	 Sugarcane, cotton, pulses and tomato

Voluntary centres

Chaudhary Charan Singh Haryana Agricultural  
University, Hisar	 Sugarcane 

College of Agriculture, Kolhapur	 White grubs, Weeds

Mahatma Phule University of Agriculture and Technology	 Vegetables

National Research Centre for Soybean, Indore	 Soybean

National Research Centre for weed Science, Jabalpur	 Weeds

Navasari Agricultural University	 Sugarcane, Coconut

S.D. Agricultural University	 Vegetables

University of Agricultural Sciences, Bangalore	 Cotton, pigeonpea

University of Agricultural Sciences, Dharwad	 Cotton, chickpea

Vasantdada Sugar Institute, Pune	 Sugarcane
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11.     LIST OF PUBLICATIONS

Research papers published in refereed 
scientific journals

PDBC, Bangalore

Ali Mehrvar, Rabindra, R. J., Veenakumari, K. and 
Narabenchi, G. B. 2008. Evaluation of 
adjuvants for increased efficacy of Hear 
HPV against Helicoverpa armigera using 
suntest machine. Journal of Biological 
Science, 8(3): 534-541.

 Ankita Gupta and Poorani, J. 2008. New distribution 
and host records of Chalcidoidea (Insecta: 
Hymenoptera) from various parts of India. 
Checklist, 4(4): 410–414.

Ankita Gupta and Poorani, J. 2008. New distribution 
and host records of Chalcidoidea 
(Hymenoptera) from India. Journal of 
Biological Control, 22: 261-266.

Ankita Gupta and Poorani, J. 2008. A new species 
of Gonatocerus Nees (Hymenoptera: 
Chalcidoidea: Mymaridae) from Karnataka, 
India. Biosystematica, 2(1): 59-62.

Ankita Gupta and Poorani, J. 2008. New record of 
Comperiella indica Ayyar (Hymenoptera: 
Encyrtidae) from Coccus viridis (Green) 
(Hemiptera: Coccidae). Bugs ‘R’ All, 16: 
15-16.

Ankita Gupta, Naveenkumar, V. and Poorani, J. 2008. 
New record of Psyllaephagus phylloplectae 
Sushil & Khan (Hymenoptera: Chalcidoidea: 
Encyrtidae) from Karnataka, with notes on 
its taxonomy and host, Megatrioza hirsuta 

(Crawford) (Hemiptera: Triozidae). Journal 
of Threatened Taxa, 1(3): 174-176.

Poorani, J., Slipinski, A. and Booth, R. 2008. A 
revision of Synona Pope (Coleoptera: 
Coccinellidae: Coccinellini). Annales 
Zoologici, 58: 579-594.

Rangeshwaran, R., Sreerama Kumar, P. and Raj. J. 
2008. Identification of endophytic bacteria 
in chickpea and their effect on plant growth. 
Journal of Biological Control, 22 (1):  
13-23.

Rangeshwaran, R., Sreerama Kumar, P. and Raj. J. 
2008. Resistance and susceptibility pattern 
of chickpea (Cicer arietinum L) endophytic 
bacteria to antibiotics. Journal of Biological 
Control, 22 (2): 393-403.

Srinivasa Murthy, K., Veenakumari, K., Jalali, S. K. 
and Rajeshwari, R. 2008. Establishment of 
new cell lines from Helicoverpa armigera 
and Spodoptera litura. Annuals of Plant 
Protection Science, 16(1): 211-214.

Srinivasa Murthy, K., Jalali, S. K.,  Venkatesan, T. 
and Rajeshwari, R.  2008. Preliminary 
studies on the establishment of new cell 
lines from Helicoverpa armigera Hubner 
and Spodoptera litura Fabricius (Noctuidae: 
Lepidoptera). Annals of Plant Protection 
Sciences, 16 (1): 42-43.

Srinivasa Murthy, K., Rajeshwari, R., Jalali, S. K. 
and Venkatesan, T. 2008. Influence of 
Temperature on biological parameters 
of Goniozus nephantidis Muesebeck, a 
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promising parasitoid of the coconut black 
headed caterpillar Opisina arenosella 
Walker. Entomon, 33 (3): 195-199.

Srinivasa Murthy, K., Jalali, S. K., Venkatesan, T. and 
Rajeshwari, R.  2009. Comparative biology 
of different populations of Cotesia flavipes 
(Cameron) (Hymenoptera: Braconidae). 
Journal of Insect Science, 22 (1): 51-54.

Veenakumari, K. and Prashanth Mohanraj, 2007. 
Additions to the coccinellid fauna of the 
Andaman Islands and the biology of the 
endemic Chilocorus coelosimilis Kapur, 
1966 (Coleoptera: Coccinellidae). Journal 
of Bombay Natural History Society, 104 (2): 
234-237.

Veenakumari, K., Ramani, S. and Rabindra, R. 
J. 2008. Additions to the natural enemy 
complex of the red hairy caterpillar Amsacta 
albistriga (Walker) (Lepidoptera: Arctidae), 
Journal of Biological Control, 22(10): 203-
204.

Veenakumari, K. and Prashanth Mohanraj 2009. 
A note on the entomofauna of mangrove 
associates in the Andaman islands (Indian 
Ocean: India). Journal of Natural History 
(London), 43(13-16): 807-824.

Veenakumari, K., Rabindra, R. J., Srinivasa Naik, 
C. D. and Shubha, M. R. 2008. Efficacy of 
nucleopolyhedrovirus against Spilarctia 
obliqua (Walker) on mulberry. Journal of 
Biological Control, 22(10): 209-212.

Venkatesan, T., Prasanth Mohanraj, Jalali, S. K., 
Murthy, K. S., Rabindra, R. J. and Lakhsmi, 
B. L. 2008. A semi-synthetic diet for the 
rearing of Dipha aphidivora, an important 
predator of sugarcane woolly aphid. 
Biocontrol Science and Technology, 18(3): 
319-323.

Venkatesan, T.  Poorani, J., Jalali, S. K., 
Srinivasamurthy, K., Ashok Kumar, G., 
Lalitha, Y. and Rajeshwari, R. 2008. 
Confirmation of the occurrence of 
Chrysoperla sillemi (Esben-Petersen) 

(Neuroptera: Chrysopidae) in India.  Journal 
of Biological Control, 22(1): 143-147.

Venkatesan, T., Ballal, C.R. and Rabindra, R.J. 
2008. Biological control of coconut black 
headed caterpillar, Opisina arenosella using 
Goniozus nephantidis and Cardiastethus 
exiguus. Technical Bulletin No. 39, Project 
Directorate of Biological Control, Bangalore-
560024, 14 pp.

AAU, Anand

Adilakshmi, A., Korat, D. M. and Vaishnav, P. 
R. 2008. Bio-efficacy of some botanical 
insecticides against pests of okra. Karnataka 
Journal of Agricultural Science, 21(2): 290-
292.

Adilakshmi, A., Korat, D. M. and Vaishnav, P. 
R. 2008. Effect of organic manures and 
inorganic fertilizers on insect pests infesting 
okra. Karnataka Journal of Agricultural 
Science, 21(2): 287-289.

Bhatt, N. A., Patel, A. R. and Jani, J. J. 2008. Bio-
efficacy of Spodoptera litura nuclear   
polyhedrosis virus against leaf eating 
caterpillar in bidi tobacco nursery. Research 
on Crops, 9(2): 476-477.  

Dalwadi, M. M., Korat, D. M. and Tank, B. D. 2008. 
Bio-efficacy of some botanical insecticides 
against major insect pests of Indian bean, 
Lablab purpureus L. Karnataka  Journal of 
Agricultural Science, 21(2): 295-296.

Jani, J. J., Patel, H. H., Patel, D. J. and Darji, 
V. B. 2008. Isolation of native Bacillus 
thuringiensis from the agricultural soil of 
Kheda District of Gujarat State. Research on 
Crops, 9(2): 456-463. 

Korat, D. M. and Dola Chakraborty. 2008. Progress in 
work of genetic improvement of parasitoids 
and predators in India. Green Farming, 1(9): 
44-46.

Korat, D. M., Dola Chakraborty and M. R. Dabhi. 
2008. Role of bio-control in relation to food 
production of cash crops. Green Farming, 
2(1): 58-60.
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Patel, M. C., Chauhan, N. B. and Korat, D. M. 2007.  
Development of technique to measure 
attitude of farmers toward Integrated 
Pest Management. Karnataka Journal of 
Agricultural Science, 20(4): 876-877.

Patel, M. C., Chauhan, N. B. and Korat, D. M. 2007. 
Consequence of farmers’ attributes on their 
attitude toward Integrated Pest Management 
strategy. Karnataka Journal of Agricultural 
Science, 20(4): 797-799.

Patel, V. J., Dodia, J. F., Korat, D. M., Mehta, A. M. 
and Pathak, A. R. 2008. Reaction of some 
promising genotypes of rice to leaf folder 
incidence and yield potential in middle 
Gujarat. Insect Environ., 14(2): 81-85.

Tank, B. D., Korat, D. M. and Dabhi, M. R. 2008. 
Seasonal abundance of Cheilomenas 
sexmaculata (Fab) in middle Gujarat 
condition. Karnataka Journal of Agricultural 
Science, 21(3): 453-455.

AAU, Jorhat

Borkakoti, R.N., A. Basit and Hazarika, L.K. 2008. 
Some aspects of bionomics of mottled water 
hyacinth weevil, Neochetina eichhorniae 
Warmer (Coleoptera:Curculionidae). 
Pestology, 32(12): 41-45.

CTRI, Rajahmundry

Gunneswara Rao, S., Venkateswarlu, P., Prasad, J. 
V., Siva Raju, K., Singh S. P. and Naik, P. 
K. 2008. Tobacco type mediated  effects 
on the development of pink aphid Myzus 
nicotianae Blackman and its predator, 
Chrysoperla carnea (Stephens) (Neuroptera; 
Chrysopidae). Journal of Biological Control, 
22(1): 155-162.

GBPUA&T, Pantnagar

Negi, Y., Garg, S. K. and Kumar, J. 2008.  Plant 
growth promoting and biocontrol activities 
of cold-tolerant Pseudomonas fluorescens 
isolates against root rot of pea. Indian 
Phytopathology, 61(4): 461-470. 

IIHR, Bangalore

Ganga Visalakshy, P. N., Jayanth, K. P., Ghosh, S. K. 
and Chaudhary, M. 2008. Post introductory 
risk assessment studies on Zygogramma 
bicolorata (Coleoptera: Chrysomelidae), 
a classical biological control agent of 
Parthenium hysterophorus (Asteraceae) in 
India. Biocontrol Science and Technology, 
18 (10):1083 – 1086. 

Ganga Visalakshy, P. N. 2008. Effect of age of the host 
plant on the performance of Ceutorhynchus 
portulacae Marshal (Coleoptera: 
Curculionidae), a herbivore of Portulaca 
oleracea,Entomon 33(2): 139-142

Gopalakrishna Pillai, K., Krishnamoorthy, A. and 
Ganga Visalakshy, P. N. 2009. First report 
of hyperparasitoids of Anagyrus dactylopii 
(Howard) from India.  Journal of Biological 
Control, 9(2): 

Mani, M. Ganga Visalakshy, P. N. and Krishnamoorthy, 
A. 2008. Role of Coccophagus sp. in the 
suppression of the soft green scale Coccus 
viridis Green (Hompoptera: Coccidae) on 
sapota  Biocontrol  Science and Technology, 
18: 721-725.

Mani, M. and Krishnamoorthy, A. 2008. Biological 
suppression of the mealy bugs Planococcus 
citri (Risso), Ferrisia virgata (Ckll.) and 
Nipaecoccus viridis (Newstead) on pummello 
with Cryptolaemus montrouzieri Mulsant in 
India.  Journal of Biological Control, 21(1): 
169 – 172

Mani, M. and Krishnamoorthy, A. 2008. Biological 
suppression of the aphid Schoutedenia 
emblica (Patel & Kulkarni) on gooseberry 
Emblica officinalis Gaertn. Entomon, 32(3): 
227 –229.

Mani, M. and Krishnamoorthy, A. 2008. Field efficacy 
of Australian ladybird beetle Cryptolaemus 
montrouzieri Mulsant in the suppression  
of Maconellicoccus hirsuts (Green) on  
sapota.  Journal of Biological Control, 22(2): 
471- 473.
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Mani, M. and Krishnamoorthy, A. 2008. Evaluation 
of Australian ladybird beetle Cryptolaemus 
montrouzieri Mulsant against green shield 
scale Chloropulvinaria psidii (Maskell) 
on some medicinal plants. Journal of 
Horticultural Science, 3(2): 176-179.

IISR, Lucknow

Baitha, A. 2007. Spatial variation in population size 
of egg stages and their parasitoids of Pyrilla 
perpusilla. Egg Parasitoid News, 18: 19.

Baitha, A. and Srivastava, D. C. 2007. Parasitising 
efficiency of sugarcane adapted wild  
strain of Trichogramma chilonis Ishii in 
successive generations. Egg Parasitoid 
News, 18: 19.

KAU, Thrissur

Lyla K. R., Sheena and Bhaskar, H. 2008. Biology 
and feeding preference of the coccinellid 
predator Coccinella transversalis Fab. Insect 
Environment, 14(2): 75-76.

MPKV, Pune

Kulye, M. S. and D. S. Pokharkar. 2009. Evaluation 
of two species of entomopathogenic 
fungi against white grub, Holotrichia 
consanguinea (Blanchard) infesting potato, 
Solanum tuberosum (Linn.) in Maharashtra. 
Journal of Biological Control, 23(1): 1-4.

PAU, Ludhiana

Dhawan, A. K. Sharma, M., Jindal, V. and Kumar, 
R 2008. Estimation of losses due to insect 
pests in Bt cotton. Indian Journal of Ecology, 
35(1): 77-81.

Hari, N. S. and Mahal, M. S. 2008. Sub-lethal 
influences of insecticides on oviposition 
preference of Helicoverpa armigera 
(Hubner) (Lepidoptera: Noctuidae) on cotton 
and its relation to altered plant morphology. 
Int. J. Pest Mgmt. 54(2): 181-187.

Hari, N.S. and Mahal, M. S. 2008. Effect of sub-lethal 
applications of different insecticides on egg 

laying preference by Helicoverpa armigera 
(Hub.) on cotton. Pesticides Research 
Journal, 20(1): 95-98.

Jindal, V. and Dhaliwal, G. S. 2009. Elucidating 
resistance in cotton genotypes to whitefly, 
Bemisia tabaci by population dynamics 
studies. Phytoparasitica (online published, 
DOI 10.1007/s12600-009-0026-7)

Joshi, N, Virk, J. S, Brar, K. S. and Shenhmar, M. 
2008. Evaluation of DOR-Bt, a Bacillus 
thuringiensis Berlin formulation against 
Helicoverpa armigera (Hubner) in chickpea. 
Journal of Insect Science, 21(3): 307-309.

Kaur, P. and Shenhmar, M. 2008. Feeding potential 
of Zygogramma bicolorata Pallister on 
Parthenium hysterophorus (Linnaeus). 
Journal of Insect Science, 21(4): 403-404.

Kaur, R, Virk, J. S and Joshi, N. 2008. Bioefficacy of 
DOR-Bt,a Bacillus thuringiensis formulation 
against rice leaf folder, Cnaphalocrocis 
medinalis (Guenee) in Punjab, Journal of 
Biological Control, 22(2): 475-477.

Kaur, R., Virk, J. S., Shenhmar, M. and Brar, K. 
S. 2008.  Effectiveness of Trichogramma 
chilonis Ishii against Chilo auricilius 
Dudgeon of sugarcane in Punjab.  Journal of 
Insect Science, 21(4): 385-88.

Sarao, P. S. and Mahal, M. S. 2008. Comparative 
efficacy of insecticides against major insect 
pests of rice in Punjab.  Pesticide Research 
Journal, 20(1): 52-58.

Sarao, P. S. and Mahal, M. S. 2008. Effect of 
transplanting date on the incidence of insect 
pests of rice.  Journal of Insect Science, 
21(1): 34-39.

 Sarao, P. S. and Mahal, M. S. 2008. Incidence 
of insect pests of rice agro-ecosystem 
at different levels of nitrogen in Punjab.  
Journal of Insect Science, 21(2): 127-132.

Sarao, P. S., Mahal, M. S. and Dey, D. 2008. 
Diversity of natural enemy fauna in rice 
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agroecosystem in relation to different levels 
of nitrogen.  Journal of Biological Control, 
22(1): 125-130.

Sarao, P. S., Mahal, M. S. and Singla, N. 2008. Effect 
of date of transplanting on natural enemy 
fauna of rice in Punjab.  Entomology and 
Ecology, 26(2): 579-583.

TNAU, Coimbatore

Karuppuchamy, P., Kannan, M., Kalyanasundaram, 
M. and Sivasubramanian, P. 2009. Pest 
management in vegetable crops. Hi tech 
Horticulture, 14-18.

Papers presented in symposia/ seminar/ 
workshops 

PDBC, Bangalore

Ballal, C. R. and Joshi, S. 2008. Mass Production 
protocols for potential biological control 
agents. pp. 78-85, In Proceedings of 
UGC Refresher Course on Organic Pest 
Control (January 21 to February 10, 
2008), Department of Entomology, Faculty 
of Agriculture, Annamalai University, 
Annamalai Nagar 608 002.  

Ballal, C. R. and Joshi, S. 2009. Potential parasitoids 
and predators and their use in pest 
suppression in agricultural crops. pp. 19-20 
In Abstracts - National Conference: Applied 
Entomology – Impact of global Warming 
on the incidence and management of insect 
pests in Agriculture (Compiled and Edited 
by Bhardwaj, S. C., Ameta O. P. and Ashok 
Kumar). Organised by Entomlogy Research 
Association, Udaipur, 5th to 7th March, 2009 
at MPUA&T, Udaipur, 222 pp.

Rajendran, T. P. and Ballal, C. R. 2008. Biopesticides 
in the management of Indian Agricultural 
Pests In National Symposium on Sustainable 
Crop Protection – Bio-pesticide strategies.

Rabindra, R. J., Ballal, C. R. and Joshi, S. 2009. 
Climate change and Biological Control. 
In National Symposium on Non-Chemical 

Insect Pest Management, 5th to 6th February, 
2009 at the Entomology Research Institute, 
Loyola College, Chennai. 

YSPUAH&F, Solan

Gupta, P. R.  2008.  Integrated Insect Pest 
Management, pp. 68-82.  In:  Apple- Latest 
Development Trends and Challenges in 
India.  National Seminar-cum-Exhibition on 
Apple, September 26-28, 2008, organized 
by UHF, Nauni, Apple Growers Association 
of India and National Horticulture Board, 
Gurgaon, held at Dr. Y. S. Parmar University 
of Horticulture & Forestry, Nauni, Solan

Book chapter/Scientific Reviews

YSPUAH&F, Solan

Gupta, P. R.  2008.  Integrated pest management 
approach against pests of commercial 
vegetable crops.  pp. 153-158.  In:  Breeding 
and Seed Production of Vegetable Crops (eds. 
Korla, B. N., Dohroo, N. P., Ramesh Kumar 
and Kuldeep Thakur).  Compendium of 
Centre of Advanced Studies in Horticulture 
(Vegetables), Dept. of Vegetable Science, 
UHF, Nauni, Solan, training held from 
August 5-25, 2008.

TNAU, Coimbatore

Jeyarani, S. Karuppuchamy, P. and Sathiah, N. 
2008. Interaction between the egg larval 
parasitoid, Chelonus blackburni and 
nucleopolyhedrovirus in Helicoverpa 
armigera (Hubner). In “Recent trends in insect 
pest management” Eds. Dr. Ignacimuthu, S. 
and Jayaraj, S. Elite publishing House Pvt. 
Ltd., New Delhi pp. 126- 130.

Popular article /Technical /Extension 
Bulletins/Reports

PDBC, Bangalore

Ballal, C. R. 2009. Role of Women in popularisation 
and adoption of Bio-control technology. pp. 
63 – 70 In Women in Agriculture and Rural 
Development. Eds. Shakunthala Sridhara, 
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Nagachaitanya, B., Chakravarthy, A. K., 
Nagamani, M. K. and Prabhakara Shetty, 
T. K., New India Publishing Agency, New 
Delhi.   

Ballal, C. R., Sunil Joshi, Venkatesan, T., Nagesh, M. 
and Rabindra, R. J. (Eds.) Annual Report of 
AICRP on Biological Control of Crop Pests 
and weeds for the period 2007-08. Compiled 
and Edited by. 254 pp.

Ballal, C. R. Rabindra, R. J., Sunil Joshi, Venkatesan, 
T. and Nagesh, M. (Eds.) Proceedings of the 
XVII Biocontrol Workers’ Group Meeting, 
Compiled and Edited by Technical Document 
No. 60, PDBC, 107 pp.

Ballal, C, R., Ramanujam, B. and Joshi, S. 2009. 
Annual Report of the TMC MM1 3.3 Project 
on “Development, validation, utilization 

and/or commercialization of bio-pesticides 
and bio-inoculants” for the period 2008-09. 

Prashanth Mohanraj and Veenakumari, K. 2008. 
Candle in the wind. Deccan Herald, 
27.4.2008.

Rajendran, T. P. and Ballal, C. R. 2009. Biopesticides 
in the management of Indian Agricultural 
Pests pp. 19-40 In Sustainable Crop 
Protection – Bio-pesticide strategies. Eds: 
Koul O., Dhaliwal, G. S. and Kaul, V. K., 
Kalyani Publishers, 326 pp.

Venkatesan T., Ballal, C. R. and Rabindra, R. J. 
2008. Biological control of Coconut Black-
Headed Caterpillar Opisina arenosella using 
Goniozus nephantidis and Cardiastethus 
exiguus Technical Bulletin No. 39, Project 
Directorate of Biological Control, Bangalore, 
14 pp. 
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12.	 LIST OF APPROVED ONGOING PROJECTS/ 
EXPERIMENTS

I	  Basic research

Project Directorate of Biological Control, 
Bangalore

Taxonomic studies on lesser known Coccinellidae 1.	
of the Indian Subcontinent

Biosystematics of2.	  Trichogramma and 
Trichogrammatoidea

Introduction and studies on natural enemies of 3.	
some new exotic insect pests and weeds

Interaction within the natural enemy guilds of4.	  
Ceratovacuna langera and Maconellicoccus 
hirsutus

Development of production protocols and 5.	
evaluation of anthocorid predators

Mass production and field evaluation of 6.	
Micromus sp.

Development of novel mass production, storage, 7.	
and packaging techniques for C. montrouzieri

Conservation of natural enemies of Rice pests 8.	
through habitat manipulation techniques

Attractants for natural enemies of rice pests for 9.	
use in the conservation of natural enemies

Selection of superior strain of10.	  Chrysoperla 
carnea and Cryptolaemus montrouzieri from 
different agro-ecosystems and their molecular 
characterization

Selection of superior strains of certain parasitoids 11.	
and their characterization

In12.	  vitro cloning of NPV for genetic 
improvement

Inter and Intra specific variation in egg parasitoids, 13.	
storage and their molecular characterization

Identification of pathogens of phytophagous 14.	
mites and assessment of their potential in 
microbial control

Identification of 15.	 Trichoderma isolates with 
enhanced biocontrol potential

Efficient formulations of16.	  Trichoderma sp. and 
entomofungal pathogens with prolonged shelf-
life

Isolation, characterization and toxicity of 17.	
indigenous Bacillus thuringiensis strains against 
lepidopterous pests

Isolation and characterization of plant growth 18.	
promoting endophytic bacteria and development 
of improved formulations

Biological control of19.	  Alternaria leaf blight of 
tomato

Long term management of red hairy caterpillar 20.	
(Amsacta albistriga) by creating Epizootics of 
Nuclear polyhedrosis virus

Effect of different edaphic factors on EPN 21.	
activity and refinement of packaging for EPN 
formulations

Data base on entomopathogenic nematodes22.	

Indian Agricultural Research Institute, New 
Delhi
1.	 Isolation, characterisation and evaluation of 

potential Bt isolates
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II	 BIOLOGICAL CONTROL OF PLANT 
DISEASES AND NEMATODES USING 
ANTAGONISTIC ORGANISMS 

In vitro1.	  and Green house testing, screening 
of available isolates of antagonists for their 
tolerance to abiotic stresses (i.e. cold, drought, 
salinity) under invitro conditions and their 
performance under rain-fed conditions of hills 
and plains (normal & Usar soils) (GBPUAT)

Field evaluation of promising strains under rain-2.	
fed conditions (GBPUA&T)

Management of wilt disease complex in tomato 3.	
(TNAU)

Large scale field demonstration of biocontrol 4.	
technologies in field (GBPUA&T, PAU, 
AAU-A)

Development of non-chemical methods based 5.	
management strategy for minimizing post harvest 
losses in mango, litchi and guava (GBPUA&T)

To evaluate the potential of selected agents in the 6.	
management of fruit rot in mango, papaya and 
guava (PAU, AAU-A, GBPUA & T, ANGRAU, 
MPKV)

	 A.	 Isolation and identification of the potential 
biocontrol agents (especially yeasts) for the 
management of post harvest losses.

		  (GBPUA&T : with Trichoderma and 
Pseudomonas, not yeast, (on papaya, 
mango, guava); AAU-A (on papaya); PAU 
(on mango), ANGRAU (on mango); MPKV 
(on mango)

	 B.	 Evaluation of the biocontrol potential of 
selected bioagents

Biological control of plant parasitic namatodes7.	

	 (A linkage programme with AICRP on plant 
parasitic nematodes)

	 A	 Biological control of pigeonpea cyst 
nematodes and disease complex in redgram 
(AAU-A, TNAU, CS Azad UAT, Kanpur; 
MPKV, Rahuri)

	 B.	 Biological control of plant parasitic 
nematodes on vegetables and fruits     
(tomato & pomegranate)

		  Tomato: AAU-J, CSKHPKVV, Palampur; 
BCKVV, Kalyani, CCSHAU, Hisar, UAS, 
Bangalore. Pomegranate: UAS, Bangalore, 
AAU-A; Citrus: MPKV, Rahuri

	 C.	 Biological control of nematodes infesting 
carnation in polyhouses (UAS, Bangalore)

III.	 BIOLOGICAL SUPPRESSION OF 
SUGARCANE PESTS 

Demonstration of 1.	 Trichogramma chilonis 
against the Plassey borer Chilo tumidicostalis 
(AAU-J)

Demonstration on the use of 2.	 T. chilonis 
(temperature tolerant strain) against early shoot 
borer (PAU, CCSHAU) 

Large scale demonstration of 3.	 T. chilonis against 
stalk borer in collaboration with sugar mills of 
the state. (PAU, CCSHAU)

Demonstration on the use of temperature tolerant 4.	
strain of T. japonicum against top borer (PAU, 
IISR) 

Evaluation of 5.	 T. chilonis against sugarcane 
internode borer (TNAU, Coimbatore and 
Cuddalore), Sugarcane Research Station, 
Sankeshwar, UAS-B, UAS-D, MPKV, SBI, 
VSI) 

To study the influence of plant structural 6.	
complexity on the behavior of T. chilonis (SBI)

Field evaluation of 7.	 T. chilonis in combination 
with pheromones for stalk borer, Chilo auricilius 
management (CCSHAU)

To standardize group rearing of the host for mass 8.	
production of GV of C. infuscatellus (SBI)

To collect GV isolates from different factory 9.	
zones and assess the virulence of GV isolates on 
Chilo infuscatellus (SBI)

Survey and surveillance of sugarcane woolly 10.	
aphid and its major natural enemies (SBI, 
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ANGRAU, MPKV, UAS-D, Raichur, UAS-B, 
Sugarcane Federation, Chengalpattu)	

Studies on 11.	 Encarsia flavoscutellulm (SBI, 
AAU-J, TNAU, VSI, MPKV & NAU)

Bio-intensive management of stalk borer,12.	 Chilo 
auricilius Dudgeon and internode borer,Chilo 
sacchariphagus indicus (Kapur) (IISR)

Evaluation of 13.	 Metarhizium anisopliae and 
EPNs against termites (IISR, SBI and VSI & 
CCSHAU)

Termite control with Entomopathogenic 14.	
Nematodes (IISR, PDBC,VSI)

IV.	 BIOLOGICAL SUPPRESSION OF 
COTTON PESTS

Demonstration of bio-Intensive Pest Management 1.	
(BIPM) in Bt cotton (ANGRAU, AAU-A , PAU, 
MPKV, TNAU, UAS-D, Raichur)  

Bio-intensive pest management of pink boll 2.	
worm, Pectinophora gossypiella on cotton 
(MPKV, ANGRAU, TNAU, AAU-A)

Enhancement of natural enemies population in 3.	
cotton by habitat manipulation in rainfed cotton 
(PAU, ANGRAU, AAU-A, MPKV)

Identification of natural enemies of mealy bugs 4.	
on cotton and evaluation of potential natural 
enemies (AAU-A, ANGRAU, MPKV, TNAU)

V.	 BIOLOGICAL SUPPRESSION OF 
TOBACCO PESTS

Studies on the influence of water quality on the 1.	
efficacy of entomopathogens against tobacco 
pests. (CTRI) 

Comparative study of virulence of different 2.	
isolates of Spodoptera litura NPV in tobacco, 
soybean and chilly ecosystem. (CTRI) 

Studies on Biological  control  options for 3.	
suppression of tobacco stem borer  Scrobipalpa 
heliopa Low ( Lepidoptera, Gelichidae) (CTRI)

Standardization of mass multiplication of 4.	
Spodoptera exigua and SeNPV (CTRI)   

Bio-efficacy of some microbial insecticides 5.	
against Spodoptera litura in tobacco nursery. 
(AAU, Anand)

Popularization of Biocontrol Techniques in 6.	
farmers fields (CTRI).

VI.	 BIOLOGICAL SUPPRESSION RICE 
PESTS

Large-scale demonstration of IPM for rice pests 1.	
and diseases in the farmer’s field (KAU, AAU-J, 
PAU)

Validation of biointensive pest management 2.	
practices in organic rice production (PAU, KAU, 
AAU-J)

VII. 	BIOLOGICAL SUPPRESSION OF PESTS 
OF MAIZE

Control of cutworm 1.	 Agrotis ipsilon on maize 
with EPN (SKUAS & T-J)

VIII.	 BIOLOGICAL SUPPRESSION OF PULSE 
CROP PESTS 

Demonstration of biocontrol of pests and 1.	
diseases of Pigeonpea (TNAU, ANGRAU & 
AAU-A)

Demonstration of biological control of seed/2.	
soil borne disease of chickpea and H. armigera 
(PAU)

Fixing economic threshold level for NPV 3.	
application for the control of Helicoverpa 
armigera on chickpea (TNAU, PAU, AAU-A)

Impact of bio-suppression of 4.	 H. armigera on 
the incidence of other lepidopteran and borer 
species of pigeonpea (AAU-A)

Survey for natural enemies of pigeonpea pod 5.	
wasp, Tanaostigmodes cajaninae and pod fly, 
Melanagromyza obtusa (ANGRAU) 

Evaluation of EPN (6.	 Heterorhabditis sp.) against 
lepidopteran pod borers (ANGRAU) 

Microbial control of 7.	 H. armigera and Adisura 
atkinsoni on Dolichos lablab  (ANGRAU)
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Large sc8.	 ale demonstration of BIPM on chickpea 
(NCIPM)

VIII.	 BIOLOGICAL SUPPRESSION OF 
OILSEED CROP PESTS 

Evaluation of BIPM package for castor pests 1.	
(ANGRAU)

Laboratory evaluation of Trichogrammatids 2.	
against castor capsule borer (ANGRAU)

Biological suppression of Uroleucon carthami 3.	
in non spiny safflower varieties   (ANGRAU)

Biological control of groundnut leaf miner 4.	
(TNAU)

Evaluation of Trichogrammatids against the 5.	
mustard sawfly (AAU-J)

IX.	 BIOLOGICAL SUPPRESSION OF 
COCONUT & CASHEW PESTS

Monitoring the incidence of 1.	 Opisina in Kerala 
and collection of geographic populations 
of braconid parasitoids of coconut black 
headed caterpillar and evaluation of efficiency 
(CPCRI)

Large scale validation on biocontrol of coconut 2.	
leaf caterpillar Opisina arenosella in Kerala 
(KAU) 

Large area demonstration of 3.	 Oryctes rhinoceros 
management using Metarrhizium anisopliae 
var. major and baculovirus in Kerala (KAU, 
CPCRI)

Large area demonstration of integrated biocontrol 4.	
technology against Oryctes rhinoceros (CPCRI)

Studies on natural enemies of red palm weevil 5.	
(CPCRI)

X.	 BIOLOGICAL SUPPRESSION OF PESTS 
IN TROPICAL FRUITS

Evaluation of biological control agents against 1.	
mango hoppers (IIHR, MPKV, TNAU)

Demonstration on biological suppression of 2.	
pink mealy bugs, M. hirsutus on custard apple, 
grapes (MPKV)

Survey and record of natural enemies of thrips 3.	
on pomegranate, grapes (MPKV) and mango 
(NAU)

Effect of off-season release of 4.	 Cryptolaemus 
montrouzieri to suppress the mealy bug in the 
main season on custard apple (ANGRAU)

 XI.	 BIOLOGICAL SUPPRESSION OF PESTS 
OF TEMPERATE FRUITS

Survey for identification of suitable natural 1.	
enemies of codling moth (SKUAS & T -S)

Field evaluation of 2.	 Trichogramma 
embryophagum against the codling moth, Cydia 
pomonella on apple (SKUAS&T- S)

Evaluation of some microbial pesticides against 3.	
tree stem borer (Aeolesthes sata) (SKUAS&T, 
YSPUH & F)

Evaluation of fungal pathogens against the apple 4.	
woolly aphid (Eriosoma lanigerum) on apple 
(YSPUH & F).

Laboratory evaluation of some bioagents against 5.	
the root borer Dorysthenes hugelii as pest of 
apple (YSPUH&F)

Studies on the predators of phytophagous mites 6.	
on apple and beans (YSPUH&F)

XII.	 BIOLOGICAL SUPPRESSION OF PESTS 
OF VEGETABLE CROPS 

Field evaluation of 1.	 Trichogramma brassicae 
against Plutella xylostella  on cabbage/cauliflower  
(AAU-J, MPKV, TNAU, SKUAS&T)

Laboratory evaluation of different species of 2.	
Trichogramma against Pieris brassicae on 
cabbage/cauliflower (SKUAS&T)

Field evaluation of 3.	 Trichogramma chilonis (local 
strain) against Pieris brassicae on cabbage/
cauliflower (SKUAS & T-S)

Demonstration of biocontrol based IPM module 4.	
against cabbage pests (SDAU)

Evaluation of 5.	 Trichogramma brassicae, B. 
bassiana and S. carpocapsae against lepidopteran 
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pests of cruciferous crops (cabbage) (IIHR, 
MPUAT)

Evaluation of  6.	 Trichogramma chilonis, EPN and 
Bt. against fruit borer of brinjal  and Okra (PAU, 
AAU-J and MPUAT)

Evaluation of 7.	 T. chilonis, EPN and Bt against 
fruit borer of okra (UAS-D, Raichur)

Demonstration of Biological Control of Tomato 8.	
fruit borer Helicoverpa armigera  (PAU)

Adaptive trials on IPM in tomato (GBPUA & 9.	
T)

Biocontrol of 10.	 Aphis craccivora in cowpea using 
entomofungal pathogens. (KAU)

Demonstration of Potato Tuber Moth suppression 11.	
by releasing Copidosoma koehleri (MPKV, 
AAU-J)

Effectiveness of various microbial pesticides 12.	
and a summer oil against Pieris brassicae  on  
kale / Knol khol. (SKUAS & T)

Biological control of cabbage aphids (13.	 Brevicoryne 
brassicae) (SKUAS & T-Srinagar)

Study on natural enemies of the serpentine 14.	
leaf miner, Liriomyza trifolii on tomato and 
their possible exploitation for its suppression 
(YSPUH&F)

Demonstration of bio-intensive package for the 15.	
pests of cole crops (YSPUH & F)

Biocontrol of greenhouse whiteflies (GHWF) on 16.	
beans/cucumber/tomato (YSPUH&F)

Mass multiplication and evaluation of predatory 17.	
mite against okra mite (UAS-D, Raichur)

XIII.	 BIOLOGICAL SUPPRESSION OF 
WHITE GRUBS

Biological suppression of white grubs 1.	

Potato and tomato (GBPUA&T, Ranichauri a)	
Centre)

Potato	 (YSPUH&F, MPKV)b)	

Sugarcanec)	

i)	 Leucopholis (COA, Kolhapur)

ii)	 Holotrichia (VSI, MPKV)

Mass Production of 2.	 B. brongniartii and B. 
bassiana using adult white grubs (MPKV, 
Kolhapur)

Suppression of Cardamom root grub, 3.	 Basilepta 
fulvicorne with Entomopathogenic Nematodes 
(Cardamom Researchs Station, Idukki)

XIV.	 BIOLOGICAL SUPPRESSION OF PESTS 
IN POLYHOUSES

Evaluation of biological control agents against 1.	
sucking pests of vegetables and ornamentals 
under polyhouse conditions (MPKV: Rose) 

Evaluation of anthocorid predator, 2.	 Blaptostethus 
pallescens against spider mites on carnation in 
polyhouses (KAU, MPKV, NBAII)

XV.	 BIOLOGICAL SUPPRESSION OF 
WEEDS 

A) Survey of natural enemies of 1.	 Cyperus 
rotundus (AAU-J)

B) Biocontrol of Cyperus rotundus (KAU)

Biocontrol of 2.	 Chromolaena odorata using 
Cecidochares connexa (KAU, AAU-J)

Monitoring of populations of 3.	 Cyrtobagous 
salviniae released in the Kolhapur lake (College 
of Agriculture, Kolhapur)

Investigations on the differential performance  4.	
of Cyrtobagous salviniae against Salvinia 
(KAU)

XVI.	 ESTABLISHMENT OF MASS 
PRODUCTION UNITS (AT ALL THE 
AICRP CENTRES)
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13.	 CONSULTANCY, PATENTS AND COMMER-
CIALISATION OF TECHNOLOGY

PDBC

D	 Quality testing of several biopesticides

D 	 EAG and GC-MS analysis for samples received from various organizations

D 	 Bioassay of Bt proteins against lepidopteran pests

D 	 Mass production and supply of trichogrammatids and coccinellids for biological control of various pests

D 	 Mass production and supply of Trichoderma, Pseudomonas, etc for management of plant diseases

D 	 Mass production and large scale supply of host insects like Corcyra cephalonica, Spodoptera litura, 
Helicoverpa armigera for research and commercial units

D 	 Mass production and supply of Goniozus nephantidis and Cardiastethus exiquus for the biological 
control of Opisina arenosella on coconut
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14. 	 MEETINGS HELD AND SIGNIFICANT DECI-
SION MADE

XIIth Research Advisory Committee Meeting 
held on 18th August, 2008

The twelfth Research Advisory Committee 
Meeting was held in the conference hall of the Project 
Directorate of Biological Control, Bangalore on 18th 
August 2008 under the chairmanship of Dr. A. N. 
Mukhopadhyaya. The other members who attended 
the meeting was Dr. T. P. Rajendran (ADG (PP)); Dr. 
B. S. Parmar;	 Dr. C. Manoharachary; Dr. D. J. 
Patel; Dr. C. A. Viraktamath; Dr. R. J. Rabindra		

Dr. R. J. Rabindra, Project Director welcomed 
the Chairman and the Members of the RAC and 
briefed them about the institute activities. He stressed 
the need for orienting the research programmes with 
a specific objective of bringing out the effective 
biocontrol agents/technologies for adoption by stake 
holders particularly the farmers. Emphasis was laid 
upon the need for harnessing the natural enemies and 
providing biocontrol inputs to the farmers’ field for 
sustainable agriculture. He summarized the salient 
achievements of research work done during 2007-
08, especially the large scale village level adoption 
of biocontrol of rice pests by the Adat Panchayat 
in Thrissur (Kerala) and the successful control of 
sugarcane woolly aphid in the states of Maharashtra, 
Karnataka and Tamil Nadu.  

Dr. A. N. Mukhopadhyay, Chairman RAC 
indicated that India, being one of the twelve mega-
biodiversity countries has rich reservoir of microbes 
and arthropods. Harnessing of natural enemies is 
crucial to develop and promote sustainable Bio-
Intensive Pest Management (BIPM) methods to 
increase the food production and to reduce the usage 
of chemical pesticides in the country. He emphasized 
on the need for availability of quality biocontrol 

products at low cost so that the farmers can afford it. 
Further he stressed the need for bio-village concept. 
The entire village can be adopted for demonstrating 
the BIPM methodologies. He complimented the 
PDBC scientists for quality research work in the 
field of biological control of crop pests and weeds. 
He advised the PDBC scientists to be focused and to 
bring out useful technologies for the welfare of the 
farmers.

The Chairman reviewed the action taken report on 
various recommendations made during the previous 
RAC held on 14th July, 2006. Then the laboratory 
chiefs made detailed presentations on the progress 
of work under the individual institute projects in the 
respective laboratories for the year 2007-08. The 
following recommendations emerged out of detailed 
discussions in several projects:

General remarks
The presentations in future should be 1.	
supplemented with photographs of lab/pot/ net 
house experiments
PDBC may make attempts to document the 2.	
feedback information from other institutes 
regarding the biocontrol agents received by 
them from PDBC.
Proposals for training of PDBC scientists in 3.	
international laboratories may be proposed to 
the ICAR.
Innovative approaches with an accountability 4.	
of outcome may be adopted in the research 
projects.
In future RACs research achievements under 5.	
externally funded projects may also be presented 
by the PIs. If necessary the RAC may be held for 
two days. 
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Whenever biocontrol agents are exchanged, a 6.	
material transfer agreement should be in place.
The experiments, where the results cannot be 7.	
taken to the field may be discontinued

A data base has to be created regarding the 8.	
number of cultures maintained at PDBC.
Scientists should ensure that there is no 9.	
duplication of their research work in other 
institutes (both ICAR and SAUs)
Evaluation through MTA (Material Transfer 10.	
Agreement)
While formulating the projects, scientists should 11.	
give importance to the emerging IPR issues
A summary of all the projects may be provided 12.	
to each RAC  member

Specific comments
A 1.	 Trichoderma harzianum formulation with two 
years of shelf life has been developed by the 
Division of Plant Pathology of IARI, New Delhi. 
PDBC may obtain the sample and validate the 
same.
The scientists working with microbial 2.	
formulations should compare the efficacy of 
products made by solid-state fermentation with 
those of liquid fermentation.
Storage studies with 3.	 Trichoderma formulation 
should be accompanied by a protocol for 
assessing the bioefficacy of the formulations.
Bt 4.	 cry genes may be characterized using PCR 
technique with cry specific primers, a status 
paper on molecular characterization of Bt may 
be prepared
Studies on the possibilities of biological control 5.	
of bacterial diseases of pomegranate may be 
initiated. Antagonistic activities of biocontrol 
organisms like Paecilomyces lilacinus, 
Penicillium lilacium, Psudomonas putida, 
Trichoderma virens and Bacillus spp. against 
Xanthomonas malvacearum punicae may be 
investigated.
Steinernema riobrevi 6.	 may be tried against root 
grubs  
An identification key for the entomopathogenic 7.	
nematodes may be prepared

While assessing the efficacy of entomopathogenic 8.	
nematodes against soil insects, soil factors like 
temperature, humidity, soil type, soil organic 
matter, soil poracity etc. may also be recorded.

 Institute Research Council Meeting held on 
19th August, 2008

The Institute Research Council Meeting of 
PDBC, Bangalore was held on 19th August, 2008 
under the Chairmanship of Dr. R. J. Rabindra, 
Project Director, PDBC. Dr. T. P. Rajendran, ADG 
(PP), ICAR New Delhi stressed on the need for new 
research approaches in the XI plan as the Project 
Directorate of Biological Control (PDBC) was being 
upgraded to the National Bureau of Agriculturally 
Important Insects (NBAII). He advised the scientists 
to continue the research work in the existing projects 
and to reorient their research to fit into the new 
mandates of NBAII. He emphasized that research 
should be initiated on new thrust areas such as soil 
dwelling insects, pollinators, aquatic insects and their 
respective roles in agriculture and vectors of plant 
diseases and plant vector relationship. The action 
taken report was reviewed and found satisfactory.

After detailed discussions on the presentations 
on the achievements as per the targets given in their 
respective projects following points emerged out as 
recommendations.

D	 Work has to be intensified in the taxonomy 
of trichogramma and core competence in the 
taxonomy of Trichogrammatids is expected to 
have been developed since it is more than two 
years after the start of the project. 

D 	 Efforts should be renewed for the import of 
natural enemies of the mealy bugs, Phenococcus 
solenopsis, Paracoccus marginatus and the 
psyllid Heteropsylla spinulosa, for the control 
of Mimosa diplotricha. 

D 	 A model for scaling up of production of B. 
pallescens may be developed. 

D 	 The studies on Micromus timidus has to be 
completed. 

D 	 The studies on rearing of C. montrouzieri on 
Sitotroga should be completed by March, 2009 
and RPF III to be submitted.
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D 	 The EPN project ‘Effect of different edaphic 
factors on EPN activity and refinement of 
packaging for EPN formulations’ should be 
concluded with suitable end use formulations 
for field adaption and RPF III be submitted. It 
was suggested that an efficient mass production 
technology for EPN should be developed in a 
new project. 

D 	 The project ‘Identification of pathogens of 
phytophagous mites and assessment of their 
potential in microbial control’ has to be closed 
on 30.6.2008 and RPF III to be submitted.  RPF 
I for a new project. 

D 	 The work on isolation, characterization and 
toxicity of indigenous Bacillus thuringiensis 
strains against lepidopteran pests should be 
strengthened. Performance of superior isolates 
should be validated in initial evaluation trials 
(IET) in other centres of the AICRP. Samples to 
be supplied along with bioassay protocols. 

D 	 The scientists should re-submit RPF-I 
incorporating the suggestions given by the 
Project Monitoring and Evaluation Cell

Institute Management Committee Meetings

XIV IMC meeting

The XIV IMC meeting was held on 23rd June, 
2008 at PDBC under the chairmanship of Dr. R. J. 
Rabindra, Project Director. The other members who 
attended the meeting were Dr. K. P. Jayanth, Dr. K. 
Prabhudas, Dr. M. Edward Raja, Dr. S. Prabhukumar 
and Mr. B. Amarnath. 

The committee recommended the following:

The institute screening committee can recommend 
the scientists applications for overseas International 
Conferences/training under HRD. Replacement 
of equipments like BOD incubator international; 
Cold light source (as a part of leica stereozoom); 
SLR camera Minolta 35 mm as a part of compound 
microscope Leica; Hewlett Packard scanjet 6300 cc 
1200 dpi flat bal. scanner; Hewlett Packard colour 
laserjet (600x600 dpi) Model No.4500; SWPC 486 
laser printer – Lasetjet 4+; Magnetic stirrer; Cordless 
keyboard Logitech, Computer with H. P. 2000 C 
Printer (Part of Electrophoresis unit); Computer 
monitor compact digital; One network electronic 

typewriter to be replaced by a computer as electronic 
typewriters are now obsolate. Approval for the 
extension of the authorized medical attendants Dr. P. 
V. Mahalakshmi and Dr. Vishwanath Patil for a further 
period of one year i.e. upto 31.03.2009. Approved a 
part-time medical officer (PTMO) in Hebbal campus 
of PDBC for one hour daily during the office hours 
as PDBC is having guest house and hostel facility 
where a lot of VIPs and students/research scholars are 
staying. Approved payment of consultancy charges 
under the project “Studies on Baseline Susceptibility 
of Corn Pests to Cry1AB Bacillus thuringiensis”.

XV IMC Meeting

The XV meeting was held on 10th February, 2009. 
The IMC recommended the proposal for payment of 
honorarium for the consultancy services undertaken 
by the staff members of the Institute under the 
following projects. a) “Bioefficacy with MON89034” 
sponsored by Monsanto India Ltd; b) Baseline 
susceptibility of Chilo partellus and Helicoverpa 
armigera to Bt 	proteins-  Kharif 2008”  sponsored 
by Monsanto India Ltd; c) “Baseline susceptibility 
and bio-efficacy with wide strike” sponsored by 
DOW Agro Sciences

The committee approved the proposal of entrusting 
the following works with UAS, Bangalore with 5% 
administrative charges.  

Name of the work Amount (Rs. 
in lakhs)

Live repository laboratories  62.67
Bitumen topping on main roads at 
farm  15.00

Staff rest room  10.02
Pavement for farm office, lab, net 
houses, polyhouses etc with pavers 
blocks

 10.00

Chain linked fencing  10.00
Lighted sign board for NBAII, 
monogram etc    5.00

Worker toilet at farm    5.00
Borewells    5.00
Kerbing of dividers on main road    4.40
Insectaries (AICRP Co-ordinating 
unit at NBAII)  58.00

Total 185.09
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The committee further mentioned that due to lack 
of sufficient space (particularly after losing some 
of the land to Bruhat Bangalore Mahanagara Palike 
(BBMP) for road widening), the Live Repository 
Laboratories can be constructed at the Attur Farm 
campus of PDBC.

The committee ratified the import of Millipore 
Water Purification System for Rs.6.21 lakh from 
France under Non-Plan during November 2008.

The Committee also approved the proposal for 
the procurement of imported items under XI Plan 
after following LC procedures.  The committee 
recommended that for all the costlier/ imported items, 
the Institute should go for AMC after the expiry of 
warranty period.  The committee also advised that 
the equipment purchased should be of use for all the 
Scientists of the Institute and sister units. A circular 
in this regard may be sent to all the neighboring 
ICAR institutes as well as UAS, GKVK campus for 
making the best use of the equipment. 

The committee approved the proposal to condemn 
the two Matador vehicles KA-04-4891 and KA-
04-4881 and the same to be replaced with Tavera/
Cheverolet (Jeep category).

The committee approved the extension of the 
authorized medical attendants Dr. P. V. Mahalakshmi 
and Dr. Vishwanath Patil for a further period of one 
year i.e. up to 31.03.2010 as the staff of PDBC need 
to avail medical facilities from time to time.

The committee approved the proposal for purchase 
of the following items of equipment costing less than 
Rs.5.00 lakh under the plan funds.

Stereo zoom microscope with 
digital camera, software & 
accessories

3.50 1

Deep Freezer 0.50 1
Gel doc system 4.75 1
SSCP gel electrophoresis unit 
with power pack 3.50 1

Environmental shaker with 
temperature control 3.00 1

Vacuum flash evaporator 2.00 2
Laminar flow (vertical model) 1.50 1
Automatic autoclave 2.00 1
Incubator shaker 4.50 3
Low speed shaker 1.00 1
BOD incubator 1.00 11
Electrophoresis unit(vertical and 
horizontal) with power pack 1.00 3

Pre-freezer for lyophilizer 4.80 1
Precision electronic balance 0.80 6
Laminar flow (horizontal 
model) 0.80 4

Moisture analyzer 1.50 2
Ice flaking machine 1.50 1
Transilluminators 1.10 2
Centrilutor 0.50 1
Microfuge 0.65 1
Gel rocker with double platform 0.70 1
Refrigerated table top 
Centrifuge 4.75 1

Horizontal & vertical gel 
electrophoresis with 2D System 3.00 1

Name
Approx.  
Unit cost 
Rs. in 
lakh *

Quantity

Phase Contrast Microscopes 3.00 2
Stereozoom Microscope 2.00 3
Thermal cycler 3.00 2
Portable field data processing 
unit with acces. 0.55 11

Digital camera 0.40 9
Video camera 0.50 3
TLC unit 1.00 1
Tissue grinder 1.00 2

Insect pins 0.60 Assorted 
sizes

Hydbridization oven 1.00 2

The committee approved the proposal for 
demolition of the old corcyra laboratory which is 
currently unfit for insect rearing or for scientific 
research.  In view of the additional laboratory space 
required for the expanded mandate of the newly 
proposed Bureau, the committee approved the 
proposal for construction of a new Insectary building 
in the site of the old Corcyra laboratory building.  

XVI IMC Meeting

The meeting was held on 21st March, 2009. The 
IMC recommended the following civil works to be 
executed costing more than 25 lakhs.  The estimates 
were provided by the CPWD and the vetting of the 
proposal by the Director (W) has been obtained.  As 
per the ICAR guidelines on works, the estimates 
amounting to more than Rs.50.00 lakhs and up 
to Rs.75.00 lakhs need the ratification from IMC.  
Considering the fact that both the estimate of works 
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listed at Sl.No.1 and 2 below have been technically 
vetted by Director (Works) and are approved items 
of works in the Institute’s EFC document, both are 
ratified by the IMC.

Name of the work Approved 
in EFC

Now proposed 
and vetted by 
Council

Repository building 
at Hebbal campus of 
NBAII

Rs.62.67 
lakhs Rs.72.28 lakhs

Insectory building at 
Attur campus at NBAII

Rs.58.00 
lakhs Rs.74.31 lakhs

Approval of change of equipment under Plan funds 
of XI plan EFC

Equipment originally 
proposed Equipment now proposed

Name 
of the 
equipment

Cost of the 
equipment

Name of the 
equipment

Cost of the 
equipment

Dehumidi-
fier

Rs.5.00  
lakh Microscope Rs.15.00  

lakh

Arthropod 
collection 
equipment 
kit

Rs.20.00  
lakh

Arthropod 
collection 
equipment kit

Rs.10.00  
lakh

Total Rs.25.00  
lakh Total Rs.25.00  

lakh

The IMC recommended the substitution of equipments 
listed at i) and ii) above in view of justification 
furnished by the Institute and the close functional 
relationship (lab equipments) between the approved 
equipment in the EFC and proposed substituted 
equipment.  Further, there is no additional liability of 
funds due to substitution of the originally proposed 
equipment with a new one.
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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
D	 Executive Development Programme at NAARM, 

Hyderabad from 23rd to 27th September, 2008.
D 	 Workshop on AICRP on white grubs at Regional 

Agricultural Research Station, Jaipur on 15th and 
16th October, 2008.

D 	 Launch Workshop of NAIP to be organized at 
CRIDA, Hyderabad on 28th and 29th November, 
2008.

D 	 International Workshop on DNA Barcoding 
organized by National Bureau of Fish Genetic 
Resources at NASC complex, New Delhi on 4th 
December, 2008.

D 	 AICRP on Honeybee Research & Training 
workshop at Pusa Samastipur, Patna on 18th and 
19th February, 2009.

D 	 National symposium on Non chemical insect 
pest management held on 5th February, 2009 at 
Loyola College, Chennai and presented a paper 
on climate change and biological control.

D 	 Directors’ Conference At NASC Complex, New 
Delhi on 15th and 16th January, 2009.

D 	 National Conference on “Biotechnological 
Approaches for Eco-Friendly Insect Pest 
Management and delivered a lecture entitled 
Endophytes in biological control” during the 
conference on 27th February, 2007 at Madras 
University, Chennai.

D 	 DPC meeting as one of the members at NRCS, 
Hyderabad on 5th May, 2008 as a nominee of 
DG, ICAR.

D 	 QRT meeting of the IIVR, Varanasi and drafted 
the QRT recommendations on 6th and 7th May, 
2008.

D 	 Discussion meeting on the biological control of 
gall insect of eucalyptus Leptocybe  organized 
by the IPMA, Hyderabad on 13th May, 2008.

D 	 Screening committee meeting at NAIP, New 
Delhi to screen the NAIP projects under basic 
and strategic research on 14th July, 2008.

D 	 Selection committee meeting at Acharya N. G. 
Ranga Agricultural University, Rajendranagar, 
Hyderabad on 12th August, 2008.

D 	 Research Coordination Committee Meeting 
of the Central Silk Board, Bangalore on 1st 
September, 2008.

D 	 EFC meeting On 10th September, 2008 chaired 
by the DG, ICAR.

D 	 Screening committee meeting at NAIP, New 
Delhi to screen the NAIP projects on IPM on 
16th September, 2008. 

D 	 Institute Management Committee Meeting on 
18th September, 2008 of NCIPM, New Delhi.

D 	 Discussion meeting on management of alien 
invasive species at the Centre for Advanced 
Studies, Madras University on 13th December, 
2008.

D 	 CIBRC meeting at Krishi Bhawan, New Delhi 
on 17th December, 2008.

D 	 Interactive meeting on 22nd December, 2008with 
the Director and scientists of Institute of Forest 
Genetics and Tree Breeding, Coimbatore on the 
management of eucalyptus gall wasp.
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D 	 Discussions with the entomologists of Sugarcane 
Breeding Institute on 23rd December, 2008 on 
the biological control of internode borer and 
preparation of status paper on the current status 
of sugarcane woolly aphid.

D 	 Discussion with the Member Secretary, Central 
Silk Board and Director, Central Sericultural 
Research and Training Institute campus at the 
Regional Station of Central Silk Board, Kolkata 
on 27th January, 2009 on the problem of papaya 
mealy bug on mulberry and possibility of 
developing a collaborative project for funding 
from Central Silk Board on the classical 
biological control of the mealy bug.

D 	 Meeting for discussion on eucalyptus gall 
wasp at the Institute of Forest Genetics and 
Tree Breeding at Coimbatore on 25th and 
26th February, 2009 to finalise the list of host 
plants for host specificity testing of gall wasp 
parasitoids.

Dr. J. Poorani attended
D 	 The review meeting of the Network Project on 

Insect Biosystematics held at MPUAT, Udaipur, 
on 19-20th February, 2008 and presented the 
report for PDBC centre.

D 	 The Biocontrol Workers group meeting held in 
Solan, YSPUHF, in May 2008 and presented the 
report on basic research carried out at PDBC on 
parasitoids and predators. 

Dr. K. Srinivasamurthy attended
D 	 The Launch Workshop of NAIP Project “ 

Effect of abiotic stresses on the natural enemies 
of crop pests: Trichogramma. Chrysoperla, 
Trichoderma, Pseudomonas and mechanism 
of tolerance to these stresses” held on 28th 
November, at CRIDA, Hyderabad.

D 	 The Consortium Advisory Committee meeting  
of the NAIP Project “ Effect of abiotic stresses on 
the natural enemies of crop pests: Trichogramma. 
Chrysoperla, Trichoderma, Pseudomonas and 
mechanism of tolerance to these stresses” held 
on 29th November, at CRIDA, Hyderabad.

Dr. Chandish R. Ballal attended
D 	 QRT meeting at PDBC 23rd to 24th April, 2008.

D 	 XVII Biocontrol Workers Group Meeting held 
on 29th to 30th May, 2008 at YSPUH&F, Solan, 
Chairperson of Documentation Committee; 
Presented the basic work done at PDBC; Acted 
as Rapporteur for the finalisation of Technical 
Programme and plenary session.

D 	 National Conference: Applied Entomology – 
Impact of global Warming on the incidence and 
management of insect pests in Agriculture at 
MPUA&T, Udaipur 5th to 7th March, 2009.

Dr. R. Rangeshwaran attended
D 	 The workshop on “Project Management and 

Evaluation in Agriculture and Livelihood 
Projects” held at National Institute of Rural 
Development, Hyderabad from 9th to 13th March 
2009.

D 	 The launch workshop organized by NAIP 
for the PDBC project titled “Effect of abiotic 
stresses on the natural enemies of crop pests: 
Trichogramma, Chrysoperla, Trichoderma and 
Pseudomonas and mechanism of tolerance to 
these stresses”  held at Hyderabad from 28th to 
29th November 2008. 

D 	 The Consortium Implementation Committee 
Meeting for the NAIP project titled “Effect 
of abiotic stresses on the natural enemies 
of crop pests: Trichogramma, Chrysoperla, 
Trichoderma and Pseudomonas and mechanism 
of tolerance to these stresses”, held at PDBC on 
6th January 2009. 

D 	 Attended the Consortium Implementation 
Committee Meeting for the NAIP project titled 
“Effect of abiotic stresses on the natural enemies 
of crop pests: Trichogramma, Chrysoperla, 
Trichoderma and Pseudomonas and mechanism 
of tolerance to these stresses”, held at PDBC on 
20.09. 2009. 

Dr. M. Nagesh attended
D 	 And presented the progress in biological control 

of plant parasitic nematodes and a technical 
program for multi-location trials (The Annual 
Group Meeting of AICRP on Plant Parasitic 
Nematodes with integrated approach for their 
control) at RCA, MPUAT, Udaipur on 16th 
December, 2008.
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D 	 The AINP training on GPS/GIS at ANGRAU, 
Hyderabad, between 16.2.09 and 22.2.09.

Dr. Deepa Bhagat attended
D 	 The second “Bangalore Nano- Nanotechnology 

in india’s Future” at Hotel Ashoka from 
11.12.2008 to 13.12.2008.

Dr. B. Ramanujam
D 	 Geographical indications (GI) Road Show 

on 03.12.2008 at Hotel Atria, Palace road, 
Bangalore on 03.12.2008.

Dr. A.N.Shyleasha attended
D 	 The two day workshop “Indo-US AKI workshop 

on SPS issues related to agriculture trade in 
Plant based commodities at NASC Complex, 
New Delhi-12 from 22-23 July, 2008.

AAU, Anand
Dr. D. M. Korat 
D 	 Expert in Krushi Darshan Phone in live 

program (Doordarshan Ahmedabad). (Two 
programmes).

D 	 Gave radio talk on Biocontrol in Pulse crops.
D 	 Provided technical guidance regarding 

Biological Control of crop pests was provided 
through lectures to the extension officers and 
farmers in various training programs organized 
by Directorate of Extension Education, AAU, 
Anand, State Department of Agriculture, Govt. 
of Gujarat and NGOs.

D 	 Gave lectures on role of Biocontrol agents in 
Insect Pest Management and IPM in Cereals, 
Pulses and Oilseeds crops.

D 	 Gave lecture on role of biological control of 
insect pests in Bt cotton (Surat).

Dr. B. H. Patel 
D 	 Gave T.V. talks through ETV Gujarati.
D 	 Was subject matter specialist in Video 

Conference Programs organized by SSK, AAU, 
Anand.

D 	 Participated in an exhibition in the Krishi mela 
organized by Uma Friends organization (UFO) 
at Umiyadham, Ganthila , Ta. Vanthali Di. 

Junagadh (from 18 -4-08 to 20-4-08).
D 	 Participated in an exhibition at Godhra (9-5-08) 

and Devgadh baria (19-6-08) on the occasion of 
Bhoomi Pujan under Vanbandhu Project.

AAU, Jorhat
Dr. A. Basit 
D 	 Provided advance course on Biological Control 

to P.G. students. 
D 	 Attended XVI Biocontrol workers Group 

Meeting held at ANGRAU, Hyderabad on 18th 
& 19th May 2007. 

D 	 Imparted training to the Agricultural Officers, 
State Department of Agriculture Govt. of 
Assam.

D 	 Organised a Field day on the impact of Biocontrol 
in organic farming in the management of rice 
pests was conducted at Burakuri Gaon, Teok, 
(Dist:Jorhat) on 21st November 2008. About 50 
farmers participated in the field day.

ANGRAU, Hyderabad
Dr S.J.Rahman 
D 	 Guided B.Sc.(Ag.), M.Sc.(Ag.) and 

Ph.D. students of College of Agriculture, 
Rajendranagar.

CTRI, Rajahmundry
Dr Gunneswara Rao
D 	 Imparted training to input dealers of Manage on 

8-2-2009 at CTRI, Rajahmundry on IPM.
D 	 Imparted training to tobacco farmers on IPM at 

Vadisaleru Village on 25-11-08.

GPUA&T, Pantnagar
Dr. J. Kumar 
D 	 Organized a 21 days national training on ‘Recent 

Advances  in Biological Control of Plant 
Diseases’  from March 20 to April 09, 2009 
wherein 20 scientists from various Universities 
covering 11 states of India  participated.

D 	 Organized a National Conference on Increasing 
Production and Productivity of Medicinal and 
Aromatic Plants through Traditional Practices 
from 18 -20 September 2008 at G. B. Pant 
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University of Agriculture and Technology, 
Pantnagar. 

Dr. N. W. Zaidi 
D 	 Visited the International Rice Research Institute 

(IRRI) Philippines, to serve as consultant 
at Dhaka, Bangladesh, to give her input on 
Biological seed treatment for development of 
a training module for the course on rice seed 
production for the farmers and seed producers 
which will be used for training of scientists, 
extension workers, governmental and non-
governmental organizations and farmers in 
South Asia including India.

IIHR, Bangalore
Dr. A. Krishnamoorthy
D 	 Gave lecture during the Special training 

course for officers of Department of 
Agriculture, Government of Kerala under 
National Horticultural Mission on Vegetable 
production Technology  – Gave lecture on use 
of Biopesticides  and biocontrol agents in the 
management of pests and diseases in vegetable 
crops  on 23/06/2008 at IIHR, Bangalore.

D 	 Gave lecture during the Special Training 
Programme being organized for the Officers of 
Department of Horticulture, Govt. of  Haryana 
on Advances in Production Technologies in 
Horticultural Crops held from 15 th  to 21st July 
2008.

D 	 Gave lecture during the Special Training course 
for  Programme Executive of Prasar Bharathi 
representing various states of the country 
on Advances in  Production Technology of 
Horticultural Crops, held from 23rd – 30th July  
2008. 

D 	 Gave lecture during the Special Training 
Programme for programme executives (2nd 
batch) of Prasar Bharathi representing various 
states of the country on Advances in Production 
Technology of Horticultural Crops, held from 
19 – 26 August 2008. 

D 	 Gave lecture during the Model Training course 
for Agri- Horticultural Officers, sponsored 
by Directorate of Extension, Ministry of 

Agriculture, GOI on Integrated Pest Management 
in Horticultural Crops (16/ 9/ 2008 to 23/9/2008) 
on16th September and gave lecture on Advances 
in Biocontrol of pests in Horticultural crops.

D 	 Gave lecture during the Model Training course 
for Agri- Horticultural Officers, sponsored by 
Directorate of Extension, Ministry of Agriculture, 
GOI on Advances in protection technology in 
Horticultural crops (18/ 11/ 2008 to 25/11/2008) 
on 21 November and gave lecture on Advances 
in Biocontrol of pests in Horticultural crops.

D 	 Gave lecture during the Special Training course 
for Horticultural Officers, sponsored by dept 
of Horticulture, Govt. of Andhara Pradesh  on  
Integrated Pest and Disease management  in 
Horticultural crops (10/ 02/ 2009 to 17/02/2009) 
on 16 Feb and gave lecture on Biological control 
of insect pests in Horticultural Crops.

D 	 Gave lecture during the Special Training 
course for Farmers of Chikkaballapura district 
sponsored by the dept. agriculture, Govt. 
of Karnataka on advances in Production 
technology of Horticultural Crops  (11/ 03/ 2009 
to 18/03/2009) on 17 March and gave lecture on 
Biological control of insect pests in Horticultural 
Crops

D 	 Attended XVII Biocontrol workers’ group 
meeting on biological control of crop pests 
and   weeds at Dr. Y. S. Parmar University of 
Horticulture and Forestry, Solan, HP, 29 -30 
May 2008.

D 	 Attended a group meeting on Bioinformatics in 
Plant Protection on 7th November 2008 at IIHR.

D 	 Attended National Conference on 
Biotechnological approaches for eco-friendly 
insect pest management held at University of 
Madras, Guindy campus, Chennai from Feb 27 
– 28, 2009.

Dr. P.N. Ganga Visalakshy
D 	 Gave a lecture on use of Biopesticides  and 

biocontrol agents in the management of pests 
and diseases in vegetable crops  on 23/06/2008 
at IIHR, Bangalore  during the Special training 
course for officers of Department of Agriculture, 
Govt. of Kerala under National Horticultural 
Mission on Vegetable production Technology.
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D 	 Was a resource person in the panel discussion 
on Integrated pest management in fruits, 
vegetables and ornamental crops in Advances in 
production of horticultural crops from 5-3-2009 
to 7-3-2009.

D 	 Presented the report for 2007-08 on biological 
control of weeds, polyhouse pests and white 
grubs during the XVII Biocontorl workers 
group meeting on biological control of crop 
pests and weeds at Dr.Y.S.Parmar University of 
Horticulture and Forestry, Solan, H.P from 29 to 
30-5-2008.

D 	 Attended the National conference on 
Biotechnological approaches for ecofriendly 
insect pest management, Feb. 27-28,2009, 
University of Madras.

D 	 Presented the progress report of the DBT funded 
project Development of biocontrol technology 
for mango hoppers in the  sixth task force 
meeting on biopesticides  of DBT. held at IICT, 
Hyderabad on June 26-27, 2008. 

D 	 Presented the project Developing an invert 
emulsion formulation of Metarhizium anisopliae, 
for thrips of horticultural importance during the 
7th task force meeting on bopesticides held by 
DBT on 29 to 30-12-2008 at Delhi for DBT 
funding.

D 	 Attended a group meeting on Bioinformatics in 
Plant Protection on 7th November 2008 at IIHR. 

KAU, Thrissur
Dr Babu Philip 
D 	 Provided one day training for the final year 

B.Sc (Ag.) students (Entomology Elective) of 
College of Horticulture, Vellanikkara on Mass 
production of biocontrol agents.

D 	 Guided PG students of Dept. of Entomology, 
College of Horticulture, Vellanikkara.

D 	 Arranged classes on the B. Sc zoology students 
of St. Josephs College, Alappuzha on 14th 
October, 2008 and M. Sc students of BCM 
College, Kottayam on 29th October, 08. 

D 	 Arranged classes on the students of Govt. 
V.H.S.S., Nadavarambu and Ramavarmapuram 
on 14th November, 08 and 11th December, 08 
respectively. 

Dr Lyla
D 	 Provided one day training for the final year 

B.Sc (Ag.) students (Entomology Elective) of 
College of Horticulture, Vellanikkara on Mass 
production of biocontrol agents.

D 	 Guided PG students of Dept. of Entomology, 
College of Horticulture, Vellanikkara

D 	 Arranged classes on the B. Sc zoology students 
of St. Josephs College, Alappuzha on 14th 
October, 2008 and M. Sc students of BCM 
College, Kottayam on 29th October, 08. 

D 	 Arranged classes on the students of Govt. 
V.H.S.S., Nadavarambu and Ramavarmapuram 
on 14th November, 08 and 11th December, 08 
respectively. 

D 	 Attended XVII Biocontrol workers group 
meeting held at Dr. Y.S. Parmar University of 
Horticulture and Forestry, Nauni, Solan on 29th 
and 30th May, 2008.

Dr. Pathummal Beevi
D 	 Attended XVII Biocontrol Workers Group 

Meeting held at Dr. Y.S. Parmar University of 
Horticulture and Forestry, Nauni, Solan on 29th 
and 30th May, 2008.

MPKV, Pune
Dr. D.S. Pokharkar 
D 	 PG course ENTO. 509, Biological Control 

during 2008-09.
D 	 Evaluated three theses submitted to Marathwada 

Agricultural University, Parbhani and one from 
Anand Agricultural University, Anand, Gujarat 
for award of M. Sc. (Agri.) degree.

D 	 Was examiner for UAS, Dharwad for setting 
question paper of course No. AET. 401, Crop 
Pests and Their  Management and evaluated the 
answer papers.

D 	 Provided lecture on ‘Biological suppression 
of pests of grape and mass production of 
Cryptolaemus montrouzieri’ to 30 trainees at 
MRDBS, Manjari, Pune on 12/7/2008.

D 	 Provided lectures on ‘Biological control of 
insect pests’ to 30 trainees from Department 
of Agriculture, Maharashtra State, Pune 
on11/11/2008.
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D 	 Provided lecture on ‘Mass production and use of 
bioagents for the control of crop pests in organic 
farming’ to a team of 18 farmers accompanied 
with Dr. Diliprao Deshmukh, Vice Precident, 
Maharashtra Organic farming Federation 
(MOFF), Pune and Shri. Ramesh Deshmukh, 
Regional Head, Dist. Buldhana on 06/12/2008.

D 	 Exhibits of bioagents displayed through RAEC 
in KISAN 2008, the International Agricultural 
Exhibition arranged at Moshi, Dist. Pune during 
December 17-21, 2008. 

D 	 Provided lecture on ‘Biological control of 
insect and mite pests’ to 35 trainees of State Dept. 
of Agriculture, Maharashtra State, RAMETI 
Training Centre, Pune on 19/03/2009.

D 	 Attended the Research Review Committee 
Meeting in Plant Protection- Agril. Entomology 
held at MPKV, Rahuri on 10th April 2008 and 
presented a research report as well as two 
recommendations on biological control. 

D 	 Research Finding Release Committee Meeting 
on 22nd April, 2008 and one recommendation 
on development of mass production technique 
of Dipha aphidivora, a predator on sugarcane 
woolly aphids in shade net was approved.

D 	 Attended the XVII Biocontrol Workers Group 
Meeting at Dr. YSPUH & F, Nauni, Solan (HP) 
on May 29-30, 2008.  

D 	 Attended the DBT Ad-hoc project on ‘In vitro 
production of NPV through insect cell culture’.

D 	 Attended the ‘Fourth Meeting on Strategies 
for the “Management Mealy bugs in Grapes” 
held at NRC for Grapes, Pune on 8th July 2008 
and presented the research and extension work 
carried out by this centre.

D 	 Attended the ‘Seminar on Roadmap of 
Biotechnological Research in Maharashtra’ held 
on 27th September 2008 at MPKV, Rahuri.

D 	 Attended the Research  Programme Planning 
Meeting held at MPKV, Rahuri on 3rd and 
4th February 2009 and presented the research 
programme for the year 2009-10.

Dr. R.V. Nakat 
D 	 Conducted PG course ENTO 510 – Techniqwues 

in Bioagents Production during 2008-9.

D 	 Conducted the Thesis viva-voce examination 
of PG student at Department of Entomology, 
MPKV, Rahuri on 21st October 2008.

D 	 Provided Lecture on ‘Mass production and use 
of bioagents for the control crop pests in organic 
farming’ to a team of 18 farmers accompanied 
with Dr. Diliprao Deshmukh, Vice Precident, 
Maharashtra Organic farming Federation 
(MOFF), Pune and Shri. Ramesh Deshmukh, 
Regional Head, Dist. Buldhana on 06/12/2008.

D 	 Attended the Research Review Committee 
Meeting in Plant Protection- Agril. Entomology 
held at MPKV, Rahuri on 10th April 2008 and 
presented a research report as well as two 
recommendations on biological control. 

D 	 Attended the VI DBT Task Force Meeting on 
Biopesticides held at IICT, Hyderabad during 
25-26th June, 2008. 

D 	 Attended the Fourth Meeting on Strategies for 
the Management Mealy bugs in Grapes’ held 
at NRC for Grapes, Pune on 8th July 2008 and 
presented the research and extension work 
carried out by this centre.

D 	 Attended the Research  Programme Planning 
Meeting held at MPKV, Rahuri on 3rd and 
4th February 2009 and presented the research 
programme for the year 2009-10.

 D 	 Attended the Central Zone Workshop on Mealy 
bugs on Cotton’ organized by NCIPM, New 
Delhi at Dr. PDKV,  Akola on 24th February 
2009.

IISR, Lucknow
Dr Arun Baitha
D 	 Provided information on “Bio-Control of 

Insect-Pests of Sugarcane” to Sugarcane 
Development Personnel on 19 th July, 2008 at 
IISR, Lucknow. 

D 	 Attended the XVII Bio-control Worker’s Group 
Meeting on Biological Control of Crop Pests and 
Weeds at Y.S.Parmar University of Horticulture 
and Forestry, Solan (H.P.) from 29.-30th May 
2008.

D 	 Attended the Seminar on “Awareness about 
intellectual property rights and its protection 
on 03.03.2009 at IISR, Lucknow, sponsored by 
Council of Science and Technology, U.P.
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SBI, Coimbatore
Dr N.Geetha
D 	 Served as a resource person for one batch of 

M.Sc (Sugarcane production) students (Contact 
classes) in 2008 and took classes for B.Sc (Ag) 
students.

D 	 Served as a resource person (Topic: “Recent 
advances in pest management in sugarcane”) in 
the training course on “Modern trends in pest 
management” during   13 to 15.2.09 conducted 
by Tamil Nadu Agricultural University.

CTRI, Rajahmundry
S. Gunneswara Rao 
D 	 Attended IRC meetings of CTRI, Rajahmundry 

during June 2008.
D 	 Participated in Rythu sadassu on 8-06-2008 

at Devarapalli village organized by Dept. of 
Agriculture, Govt. of Andhra Pradesh.	

TNAU, Coimbatore
Dr. M. Kalyanasundaram
D 	 Attended National Symposium on Non Chemical 

Insect Pest Management” at the Entomology 
Research Institute, Chennai on 5-6, February, 
2009.

PAU, Ludhiana
Dr M S Mahal
D 	 Attended the Research and Extension Specialists 

Workshop for Rabi crops August 11-12, 2008 at 
PAU, Ludhiana.

D 	 Attended the Kisan Mela at PAU, Ludhiana on 
March 19 –20, 2009.

D 	 Attended the course on “Recent techniques for 
taxonomic treatment of the order Lepidoptera” 
held in the Department of Entomology, PAU, 
Ludhiana from December 15-19, 2008. 

Dr Jaspal Singh Virk
D 	 Attended the Research and Extension Specialists 

Workshop for Rabi crops August 11-12, 2008 at 
PAU, Ludhiana.

D 	 Attended the XVII All India Biocontrol Worker’s 
group meeting held at Y S Parmar University of 

Horticulture & Forestry, Nauni (Solan) from 
May 28-29, 2008.

D 	 Attended the Kisan Mela at PAU, Ludhiana on 
March 19 –20, 2009.

D 	 Attended the course on “Recent techniques for 
taxonomic treatment of the order Lepidoptera” 
held at the Department of Entomology, PAU, 
Ludhiana from December 15-19, 2008. 

D 	 Attended the “Advances in Design and Analysis 
of Agricultural Experiments” held at IASRI, 
Pusa Institute, New Delhi from January 14 to 
February 3, 2009.

Dr Neelam Joshi 
D 	 Attended the Research and Extension Specialists 

Workshop for Rabi crops August 11-12, 2008 at 
PAU, Ludhiana.

D 	 Attended the XVII All India Biocontrol Worker’s 
group meeting held at Y S Parmar University of 
Horticulture & Forestry, Nauni (Solan) from 
May 28-29, 2008.

D 	 Attended the Kisan Mela at PAU, Ludhiana on 
March 19 –20, 2009.

D 	 Attended the course on “Recent techniques for 
taxonomic treatment of the order Lepidoptera” 
held at the Department of Entomology, PAU, 
Ludhiana from December 15-19, 2008. 

D 	 Attended the Winter School on “Immunological 
and Molecular techniques for Diagnosis of 
Infectious Diseases of Domestic animals 
and Poultry” from December 2-22, 2008 at 
Department of Microbiology, GADVASU, 
Ludhiana.

D 	 Attended the 12th Punjab Science Congress at 
PAU, Ludhiana on February 7-9, 2009.

Dr Naveen Aggarwal 
D 	 Attended the Research and Extension Specialists 

Workshop for Rabi crops August 11-12, 2008 at 
PAU, Ludhiana.

D 	 Attended the Kisan Mela at PAU, Ludhiana on 
March 19 –20, 2009.

D 	 Attended the course on “Recent techniques for 
taxonomic treatment of the order Lepidoptera” 
held at the Department of Entomology, PAU, 
Ludhiana from December 15-19, 2008. 
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D 	 Attended the Golden Jubilee Celebration of 
Indo-German Cooperation in Higher Education- 
Symposium on Education and Research in 
Sustainability at IIT, Madras on September 8-9, 
2008.

D 	 Attended the National Conference on Ecofriendly 
Approaches in Sustainable Agriculture and 
Horticulture Production at Amity University, 
Lucknow on November 28-30, 2008.

Dr Vikas Jindal
D	 Attended the Research and Extension Specialists 

Workshop for Rabi crops August 11-12, 2008 at 
PAU, Ludhiana.

D 	 Attended the course on “Recent techniques for 
taxonomic treatment of the order Lepidoptera” 
held at the Department of Entomology, PAU, 
Ludhiana from December 15-19, 2008. 

D 	 Attended the “Advances in Design and Analysis 
of Agricultural Experiments” held at IASRI, 
Pusa Institute, New Delhi from January 14 to 
February 3, 2009.

D 	 Attended the Workshop of All India Co-
ordinated Cotton Improvement Project at PAU, 
Ludhiana during April 9-11, 2008.

D 	 Participated in XXIII International Congress 
of Entomology held at Durban, South Africa 
during July 6-12, 2008.

D 	 Attended the Young Scientist Award Programme 
of Indian Science Congress Association at 
NEHU, Shillong, Meghalaya on October 17, 
2008.

Dr Rabinder Kaur 
D 	 Attended the Research and Extension Specialists 

Workshop for Rabi crops August 11-12, 2008 at 
PAU, Ludhiana.

D 	 Attended the XVII All India Biocontrol Worker’s 
group meeting held at Y S Parmar University of 

Horticulture & Forestry, Nauni (Solan) from 
May 28-29, 2008.

D 	 Attended the Kisan Mela at PAU, Ludhiana on 
March 19 –20, 2009.

D 	 Attended the course on“Recent techniques for 
taxonomic treatment of the order Lepidoptera” 
held at the Department of Entomology, PAU, 
Ludhiana from December 15-19, 2008. 

D 	 Attended the “Recent Advances in Pest 
Population Dynamics and its Monitoring 
Techniques” at Chowdhary Charan Singh 
Haryana Agricultural University, Hisar from 
February 17- March 9, 2009.

YSPUH&F, Solan
Dr P.R.Gupta & and  Dr Sharma 
D 	 Attended the VIII National Symposium on 

Emerging Trends of Researches in Insect 
Pest Management and Environment Safety, 
September 24-26, 2008, Haridwar, by The Uttar 
Pradesh Zoological Society, Muzaffarnagar; 
research paper authored by Sharma, A., U. 
Chauhan, P. R. Gupta & K. C. Sharma entitled 
“Effect of botanicals on two spotted spider 
mite, Tetranychus urticae (Koch) (Acari: 
Tetranychidae) on Sweet pepper, Capsicum 
annum” was presented by senior author.  
Abstract No. 65, pp. 43.

D 	 Attended the XVII Biocontrol Workers’ Group 
Meeting, held on May 29-30, 2008 at Dr. Y. S. 
Parmar University of Horticulture & Forestry, 
Nauni, Solan:  Attended by Dr. P. R Gupta, 
Dr. Usha Chauhan and Dr. P. L. Sharma of the 
Department.

D 	 Attended the National Seminar-cum-Exhibition 
on Apple, September 26-28, 2008, organized by 
UHF, Nauni, Apple Growers Association of India 
and National Horticulture Board, Gurgaon, held 
at Dr. Y. S. Parmar University of Horticulture & 
Forestry, Nauni, Solan.
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16.	 WORKSHOPS, SEMINARS, SUMMER INSTI-
TUTES, TRAINING, ETC.

Trainings conducted at PDBC
D 	 Mass production of Spodoptera litura from 27-06-2008 to 28-06-2008- for one person

D 	 Mass production of entomofungi, Bt, NPV, and S. litura and H. armigera from 19-06-2008 to 23-06-2008 
for one person.

D 	 Isolation, purification by column chromatography and structure elucidation from 20-06-2008 to 20-07-
2008 for one person.

D 	 Mass Production of Quality NPV from 22-09-2008 to 30-09-2008 for two persons.

D 	 Mass production of egg parasitoids, predators, NPV, Trichoderma and Pseudomonas from 20-10-2008 to 
25-10-2008 for 12 farmers sponsored by ATMA, Vellore.

D 	 Mass production of Ttrichogramma egg parasitoids, predators like lady bird beetle and chrysoperla, NPV, 
entomopathogenic fungi like Beauveria, antagonistic fungi like Trichoderma, B.t. from 17-11-2008 to 
25-11-2008 for three persons.

D 	 Mass production of NPV, Trichoderma spp., Metarhizium spp., Verticillium spp. and Pseudomonas 
flouorescens from 09-02-2009 to 12-02-2009 for two persons.

D 	 Mass production and quality control of Sl NPV from 04-03-2009 to 05-03-2009 for 11 persons from Agri. 
Dept. Maharashtra.

D 	 Mass production and quality aspects of Trichogramma, Trichoderma, NPV, Pseudomonas 
fluorescens,Beauveria bassiana including Nomuraea” from 16-03-2009 to 21-03-2009 for four persons 
from Agri. Dept., Karnataka.

Organized
D 	 Hindi Pakhwada 16-30 September, 2008.

D 	 Vigilance awareness week from 3-7 November, 2008.
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17.	 DISTINGUISHED VISITORS

PDBC, Bangalore

Mr. B.A.Coutinho, Additional Secretary and Financial 
Advisor, Department of Agricultural Research and 
Education, ICAR, Krishi Bhavan, New Delhi on 
7.6.2008.

Dr. V. V. Sadamate, Advisor (Agriculture), Planning 
Commission, Govt. of India, Yojana Bhawan, 
New Delhi-110 001 along with Sandeepa Kanitkar 
Chairman and Managing Director of Kanbiosy and 
E.M.Koshy 29/101 EE Apartments, AOFG India 
Delhi-110096 on 9.9.2008..

Dr. Abdullah Al Shagag, Dr. Mansour Al Baqshy, Dr. 
Sarni Al Sarouj, Dr. Yaseen All Abbad and Dr. Saud 
Alayeid from Date Palm Centre, Saudi Arabia visited 
PDBC on 25.10.2008.

AAU, Anand

D. M. Paranjape, Dept. of Agriculture, Goa on 
7.7.2008.

P.G. Majither,  Deputy Director of Agriculture on 
18.8.2208.

Tejal Manvar, NIOH, Ahmedabad on 13.10.2008.

Dr. V. J. Jadhav, BVC, Parel, Mumbai on 
13.10.2008.

Prof. B. V. Deore, Asstt. Residue Analyst, RPQS, 
Mumbai on 13.10.2008.

H. D. Vaghela, Deputy Director of Agriculture(T.) 
FTC, on 16.12.2008.

Rem Raj, Asst. Director of Agriculture, Jaipur on 
16.2.2009.

AAU, Jorhat

Dr. B. Mallik, Project Coordinator Acarology 
Bangalore.

Dr. Basudev Rao,Project Coordinator Ornithology 
Haydarabad.

Dr. M.P. Singh, Prof. & Head Manipur University, 
CAU.

Dr. B. Senapati, Professor. Uttar Bangla 
KrishiVigayan Kendra.

ANGRAU, Hyderabad

Dr. P. Raghava Reddy. Hon’ble Vice Chancellor, 
ANGRAU on 11.6.2006.

Scientists’  Team on Bio Pesticides Training on 
18.3.2009.

GBPUA&T, Pantnagar

Maj. Gen. (Retd) B. C. Khanduri Honourable Chief 
Minister of Uttarakhand, visited and inaugurated 
the new building of the Biocontrol lab in December 
2008.

Dr. A.N. Mukhopadhyay, Ex-Vice-Chancellor, 
Assam Agriculture University, Jorhat.

Dr. Akhtar Haseeb, Chairman, Department of Plant 
Protection, Faculty of Agricultural Sciences, Aligarh 
Muslim Univervsity of Aligarh.

Dr. O.M. Bambawale, Director, National Centre for 
Integrated Pest Management, (NCIPM), New Delhi- 
110 012.
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MPKV, Pune

The Peer Review Committee members comprising – 
Dr. Raghuvardhan Reddy, Chairman & Former Vice 
Chancellor, ANGRAU, Hyderabad.

Dr. A. N. Mathur, Member and Ex-Dean, Rajasthan 
Agril. Univ., Udaipur and Dr. R. K. Mittal, Secretary 
and Asstt. Director General, ICAR, New Delhi visited 
this Bio-control centre on 22/5/2008.

Dr. Dilip Deshmukh Baradkar, Vice President, 
Maharashtra Organic Farming Federation (MOFF), 
Pune and Shri Ramesh Deshmukh, District Incharge, 
MOFF, Buldhana along with 18 trainees of organic 
farming visited this Biocontrol laboratory on 
06/12/2008.

Dr. Mangala Rai, Secretary, DARE, Govt. of India & 
DG, ICAR, New Delhi. 

Dr. R. B. Deshmukh, Vice Chancellor, MPKV, 
Rahuri. 

Dr. A. S. Jadhav, Dean & Director of Instruction, 
MPKV, Rahuri.

Dr. K. D. Kokate, Director of Extension Education, 
MPKV, Rahuri.  

Prof. G. B. Gutal, University Engineer, MPKV, 
Rahuri. 

Dr. B. R. Ulmek, Associate Dean, College of 
Agriculture, Pune on 16/12/2008 to review the 
research work carried out by this centre especially on 
sugarcane woolly aphids.

A team of foreign delegates- Mr. Johu Edema, Mr. 
Ariku David, Mr. Andrew  Ebayu and Mr. Awoko 
Walter, Sugar Corporation of Uganda, P. B. 1, Lugazi, 
UGANDA on 06/01/2009 and took review of the 
work on Sugarcane woolly aphids. 

PAU, Ludhiana

Kenneth Shapiro, Associate Dean and John Peters, 
UW Soil Scientist, UW College of Agricultural and 
Life Sciences, University of Wisconsin-Madison, 
USA, on March 18, 2009.
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18.   PERSONNEL

Project Directorate of Biological Control, Bangalore

Dr. R. J. Rabindra		 Project Director
Dr. S. S. Hussaini		 Principal Scientist
Dr. B. S. Bhumannavar		 Principal Scientist
Dr. D. Sundararaju		 Principal Scientist
Dr. N. Bakthavatsalam		 Principal Scientist
Dr. B. Ramanujam		 Principal Scientist
Dr. Prashanth Mohanraj		 Principal Scientis
Dr. (Ms.) Veena Kumari		 Principal Scientist
Dr. (Ms.) J. Poorani		 Principal Scientist
Dr. (Ms.) Chandish R. Ballal		 Principal Scientist
Dr. M. Nagesh		 Principal Scientist
Dr. A. N. Shylesha		 Principal Scientist 

Dr. S. K. Jalali		 Senior Scientist 

Dr. T. Venkatesan		 Senior Scientist

Dr. P. Sreerama Kumar		 Senior Scientist

Dr. K. Srinivasa Murthy		 Senior Scientist

Dr. S. Sriram		 Senior Scientist

Dr. Sunil Joshi		 Senior Scientist

Dr. R. Rangeshwaran		 Senior Scientist

Dr. G. Sivakumar		 Senior Scientist

Ms. M. Pratheepa		 Scientist (SS)

Dr. (Ms.) Deepa Bhagat		 Scientist (SS)

Ms. Gandhi Gracy		 Scientist

Anand Agricultural University, Anand
Dr. D. M. Korat	 Principal Research Scientist
Dr. Babubhai H. Patel	 Associate Research Scientist
Dr. J. J. Jani	 Assistant Research Scientist

Achrya N. G. Ranga Agricultural University, Hyderabad
Dr. N. Hariprasada Rao	 Principal Scientist
Dr. S. J. Rahman	 Principal Scientist

Assam Agricultural University, Jorhat
Dr. A. Basit	 Principal Scientist
Dr. D. K. Saikia	 Senior Scientist

Dr. Y. S. Parmar University of Horticulture & Forestry, Solan
Dr. P. R. Gupta	 Senior Entomologist
Dr. Usha Chauhan	 Entomologist
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Govind Ballabh Pant University of Agricultural Science & Technology, Pantnagar
Dr. J. Kumar	 Professor & Head
Dr. (Ms.) Nijam Waris Zaidi	 Assistant Professor

Kerala Agricultural University, Thrissur
Dr. Babu M. Philip	 Professor
Dr. (Ms.) K. R. Lyla	 Associate Professor

Mahatma Phule Krishi Vidyapeeth, Pune
Dr. D. S. Pokharkar	 Entomologist
Dr. R. V. Nakat	 Assistant Entomologist

Punjab Agricultural University, Ludhiana
Dr. Naveen Aggarwal	 Entomologist
Dr. (Ms.) Neelam Joshi	 Microbiologist
Ms. Ramandeep Kaur	 Assistant Entomologist
Dr. (Ms.) Rabinder Kaur	 Assistant Entomologist
Dr. Vikas Jindal	 Assistant Entomologist
Sh. Sudhendu Sharma	 Assistant Entomologist

Sher-e-Kashmir University of Agriculture and Technology, Srinagar
Dr. M. Jamal Ahmad	 Associate Professor
Dr. Sajad Mohi-ud-din	 Assistant Professor

Tamil Nadu Agricultural University, Coimbatore
Dr. P. Karuppuchamy	 Professor
Dr. M. Kalyanasundaram	 Professor
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19.     INFRASTRUCTURE DEVELOPMENT

PDBC 

Equipment

The laboratories were further strengthened with the 
acquisition of several equipments like nano-drop 
spectrophotometer, real time PCR, Temperature 
gradient chamber, Co2 incubators, fermentors, SS 
CP gel electrophoresis, gradient PCR, Refrigerted 
centrifuge, Colour multicopier, Phase-contrast 
microscope and High resolution compound 
microscopes 

Library

The library has a collection of 1,869 books, 1,421 
volumes of journals, 59 bulletins and several 
miscellaneous publications including several reprints 
on various aspects of biological control. Seventeen 
foreign and 17 Indian journals were subscribed 
for. CD-ROM - abstracts upgraded up to February 
2009. 

ARIS Cell

Computer systems have been upgraded with 
Windows XP operating system in ARIS Cell. The 
software Corel DRAW X3 Graphics Suite and 
MS-Office 2007 has been procured. Database on 
entomopathogenic nematodes was developed at 
PDBC and is available in CD. Project Directorate of 
Biological Control domain name has been registered 
with ERNET India, New Delhi. PDBC web site had 
been hoisted with web site address : www.pdbc.res.
in. The mail server has been configured in the ARIS 
Cell and the official E-mail id is:  pdbc@mail.pdbc.
res.in

National Insect Reference Collection

The PDBC has 4,225 authentically identified species 
belonging to 235 families under 18 orders. The 
collection includes representatives of the orders 
Hymenoptera, Coleoptera, Hemiptera, Orthoptera, 
Strepsiptera, Thysanoptera, Neuroptera, Diptera, 
Lepidoptera, etc., encompassing crop pests, 
parasitoids and predators. A sizeable reference 
collection of Thysanoptera with 1000 slides has 
been added. PDBC’s reference collection of insects 
has been electronically catalogued in a retrievable 
form.

Land and buildings

The following civil and other works were taken up. 
Sanitary connection & Kaveri water connection; 
retaining wall & SIRA stone wall cladding formation 
of road to trainees hostel; MS Grill fencing for 
protecting electrical air conditioning equipments 
installed outside the quarantine lab; staff rest 
room; and Providing aluminum partitions with pre-
laminated board & glass pane at Biotech lab. 

Farm development

Construction of farm house/ lab & implement shed; 
kerbing of dividers of main road; compound wall; 
insectaries laboratory; pavement of farm office 
laboratory with pavers and live repository lab at 
PDBC Farmat Attur.
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20.    Empowerment of Women

During 2008-09, the participation of women in 
different training programmes was as follows:

Mass production of trichogramma egg parasitoids, 
predators like lady bird beetle and Chrysoperla, 
NPV, entomopathogenic fungi like Beauveria, 
antagonistic fungi like Trichoderma, Bt  (17-11-
2008 to 25-11-2008).

Dr. Z. Sailaja Rani, M.Sc (Ag.), Assistant 
Manager (Ag.), K.C.P.Sugars & Industries    
Corporation Ltd., Vuyyuru,    Krishna (Dist.), 
Andhra Pradesh.

Mass production of NPV, Trichoderma spp., 
Metarhizium spp., Verticillium spp. and 
Pseudomonas flouorescens (09-02-2009 to 12-02-
2009).

Ms. Amruta B. Sorte, Production Manager, Ellora 
Biotech and Agro Services Pvt. Ltd., Aurangabad.

Mrs. Sunanda D. Sitole, Agricultural Officer, 
Biocontrol Laboratory, Dharwad.

Mass production and quality control of Sl NPV 
(04-03-2009 to 05-03-2009)

Ms. Pallavi Suryawanshi, Agriculture Assistant, 
Biocontrol laboratory, Aurangabad.

Ms. D. K. Gaikwad, Agriculture Assistant 
Biocontrol laboratory, Ahamednagar.

Mass production and quality aspects of 
Trichogramma, Trichoderma, NPV, Pseudomonas 
fluorescens, Beauveria bassiana and Nomuraea” 
(16-03-2009 to 21-03-2009).

Ms. M. Kavitha, Agricultural Officer, Parasite 
Laboratory, Mandya.
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