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PDBC - Annual Report 1995-96
1. PROJECT DIRECTOR'S REPORT

Project Directorate of Biological Control (PDBC) was established in 1593
under the Indian Council of Agricultural Research. New Delhi with 16 co-
ordinating centres.

1.1 Mandate

*  To evolve effective biological control methods for important pests and
weeds

#  To co-ordinate research on biological control aspects at the national level
and Lo serve as a linkage with international agencies on biocontrol
research

*  To serve as 4 nodal agency [or introduction, exchange and conservation
of hiological control agents at the national level

*  To disseminale information and impart training in biological control
1.1.1 Organization

With a view to fulfill the mandates effectively and efficiently, the PDBC
is functioning at its headquarters in Bangalore with the following five
laboratories and a Co-ordination, Training and Documentation unit.

Biosystematics, Cataloguing, Introduction and Quarantine Laboratory
Mass Production Laboratory

Pathology Laboratory

Entomophagous Inscct Behaviour Laboratory

Genetic Improvement and Artificial Diets Laboratory

o X %

There are six ICAR Institutes based centres and ten State Agriculiural
University based centres. They are

- CPCRI : Central Plantation Crops Research Institute, Kayangulam
- CTRI : Central Tobacco Research Institute. Rajahmundry
- IARI : Indian Agricultural Research Institute, New Delhi
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- [IHR . Indian Institute of Horticultural Research, Bangulore

- 1ISR + Indian Institute of Sugarcane Research, Lucknow

- 8Bl : Sugarcanc Breeding Institute, Coimbatore

- AAU  Assam Agricultural University. Jorhat

- APAU : Andhra Pradesh Agricultural University, Hyderabad

- GAU : Gujarat Agricultural University, Anand

- KAU : Kerala Agricultural University, Thrissur

- MPKV : Mahatma Phule Krishi Vidyapeeth, College of Agnculture,
Pune

- PAU : Punjab Agriculral University. Ludhiana

- SKUAS&T : Sher-c-Kashmir University of Agricultural Science &
Technology, Srinagar

- TNAU : Tamil Nadu Agricultural University, Coimbatore
- Dr.YSp : Dr. Y. S, Parmar University of Horticulture & Forestry,
UH&F Nauni, Solan

- GBPUAS&T: Govind Ballabh Pant University of Agricultural Science &
Technology, Pantnagar

1.1.2 Facilities at PDBC
Equipments

Efforts are underway to creale excellent [acilities at the PDBC. Amino
acid analyser, insect antennogram, fully automatic microtome, ume lapse
micro photographic attachment for the stereo zoom bionocular microscope,
fermenter (2 litre cap.), highly sensitive electronic balance. automatic weather
recorder, etc. were acquired. Other requisite facilities like field cages were
created.

Library

The library has a collection of 1351 hooks, 635 volumes of journals, 7
technical bulletins and 75 technical documents including annual reports, 50
newsletters and several miscellancous publications including reprints on
various aspects of biological control. For quick and efficient literature search
CD-ROM (Compact Disc Read Only Memory) has been upgraded upto
September, 1996, '
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Technical Documentation/Communication

Photostat  copiers, electronic  typewriters.  compulters, laser  printer,
laminating machine, binding machine, Fux, Telex and E-Mail are ready lor
efficient and quick compilation and documentation work as well as for quick
communication. The computer facility includes software for scientific data
analysis and graphics.

National Insect Reference Collection

The PDBC has 3.597 authentically identified species belonging to 1,063
genera under 205 families. The collection includes representatives ol the
orders  Hymenoptera, Coleoptera, Hemipterid,  Orthoptera,  Strepsiptera,
Thysanoptera, Neuroptera. Diptera, Lepidoptera, etc., cncompassing crop
pests, parasitoids and predators.,

The PDBC is in a position to collaborate on all aspects of biological
control for mutual benefit, particularly on exchange of beneficial orgunisms,
preparation of projects and advance training.

1.1.3 Major research achievements
Introduction, Quarantine and Basic Research

Forty five shipments of parasitoids. which comprise different species of
Trichogramma (42), Campoletis chlorideae (2), Telenomus remuy (1), and 12
shipments ol host cultures which nclude Spocoptera litura (5). Corcvra
cephalonica (6), and Helicoverpa armigera (1) were sent 1o the coordimating
centres and other research organisations.

Cephalonomia stephanoderis and Provops nasuta, the parasitoids of the
coffee berry borer. Hypothenemis hamper were mtroduced from Mexico
successtully reared in the laboratory, quarantine screencd and field released.

Olfactometer studies indicated greater response of Chrysoperta carnea

larvae o the hexane scale extract of Helicoverpa armigera. The extract is
amenable for storage up 1o 7 days at 7°C with no reduction in the activity.

&
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L-tryptophan was observed (o be a good oviposition stimulunt for females
ol Chrysoperla carnen.

Campoletis chlorideae and Diadegma argenteopilosa could be reared
sucecessfully on the Iaboratory host Coreyra cephalonica with good biological
characteristics.

Commercial laundry starch could be used for encapsulation ol the
polyhedral viral inclusion bodies of H. armigera and S, fitura but
solidification of the gel material was found 1o be poor. The encapsulated
material was readily consumed by H. armigera and S. flinura larvae.

Biological suppression of insect pests of commercial crops

Detrashing was found to be a good cultural practice in combination with
release of Trichogramma chilonis @ 50.000/ha for the control of stalk borer
in Punjab.

At Hyderabad, cotton BIPM excelled in combimition with suitable
miercropping ol groundnut.

IPM of tobacco pink aphid. Myzies aicotianae included castor as border
rap crop which could serve as a recluse [or encouraging natural encmy
activity. Plants infested with aphids in castor bordered tobacco were [5.14 per
cent and unbordered crop 21.4 per cent.

Biological suppression of insect pests of pulses and oilseed crops

In Punjab, HaNPV @ 625 LE/ha and HaNPV @ 312.5 LE + endosulian
12,50 ml/ha gave moderate control of H. armigera on chickpea. Dipel and
BTK-I @ 1 kg/ha were cifective in chickpea in Andhra Pradesh. In
Coimbatore, B.r. 05 kg/ha was found cffective against H. armigera in
chickpea. B.r. formulation @ 0.5 kg/ha proved cffective in pigeonpea against
pod borer complex. Bacillus thuringfensis (B.r.) formulations - Biobit and
BTK 11 were found w reduce larval population of H. armigera in pigeonpei.

1
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Spray application of Dipel at 00.75 kg/ha was found to be highly effective
in the control of semilooper, Achaea janata on castor. Application of B
popilliae and Beauveria brongniarii was significantly betier in controlling
whitegrub on groundnut. Populations of syrphid. Xanthogramma scutellare
and coceinellid, Seymnus sp. were found more in groundnut intercropped with
maize than i monoculture of groundnul,

Biological suppression of cereal crop pests

Trichogramma japonicum and T. chiloniy released @ 50.000/ha/week for
the control of rice stem borer and leaf folder could bring about effective
check of both the pests at Kakajan (Assam) and Coimbatore (Tamil Nadu).
In Punjab, the damage by the leaf-folder was reduced by the same (reatment,

Bt formulations proved effective in suppression of leaf-folders in trials at
Thrissur (Kerala) and Kakajan (Assam).

Biocontrol based IPM (BIPM) was found hest in controlling rice stem
borer and leaf folder in Coimbatore and was found superior (o need based
insecticidal application with significantly higher yvields than other treatments.

Biological suppression of tree crop pests

Release of Goniozus nephanticdis @ 20.5% ., Elasmus nephantidis @ 49 4%

and Brachymeria nosatoi @ 31.9% of host population gave significant
reduction ol coconut caterpillur, Opising arenosella at Kayangulan,

Mirid predator, Stephanitis typica effected 70-100% mortality of lacewing
bug under controlled conditions in field cages.

Safety of different pesticides to citrus butterfly parasitoid, Apanteles
papitionis; pomegranate whitefly parasitoid, Encarsia azimi and coceinellid
predutor,  Chilocorus  circwmdatuy were  tested.  Cypermethrin remained
detrimental even  beyond 28 days whereas phosalone,  dimethoate,
chlorpyriphos, and sulphur were safe against A, papilionis. Dichlorvos,
fenvalerate and deltamethrin were oxic 10 €. circumdatus, and neem seed
kernel extract, neem oil, sulphur, copper oxychloride, dicofol and dimethoate
were safe. Cypermethrin-was oxic to E azimi adults.

11
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Biological suppression of vegetable and potato crop pests

In Bangalore, Leptomastix nigricoxalis and L. lyctae were recorded for the
liret time on brinjal mealybug. Coccidohystrix insolita. Release of
Trichogramma pretiosum @ 45000-90000/ha wis effective in the lield against
Helicoverpa armigera on tomato. [n Solan, field release ol T pretiosiom
provided 45% parasitisation ol H. armigerd. Btk wus cqually effective at 1.0
1.5 Kg/ha, T pretiosam was also elfective at Anund in controlling lruit
horer on tomato, Sporeless mutant Brk al 300 ¢ ASP/ha effectively suppressed
Plutella xviostella Yarval population on cabbage with resullant increase in
yield at Bangalore,

The infestation of potato tuber moth in Pune was found lower in the
country stores (arnies) where relcases of Copidosoma koehlert and Chelonous
blackburni were made. These parasitoids could not move in search ol the host
up o a depth of | meure und the purasitization was more ut lesser depths. The
cost of host and parasitoid (C. keehleri) production was worked out and il
was found that the release cost was Rs 304/release/ha. Dithane M-45 was
found safe for C. koehleri.

Biological suppression of aquatic and terrestrial weeds

Zygogramma bicolorata adults led on sunflower were found o have
shrunken testes, and thin transparent ovarioles. They could complete
development when fed at seedling stage of plant, Around Bangalore, feeding
on sunflower was noticed where a defoliated stand ol parthenium was
uhserved in adjacent field and not in field located away from weed stand and
also during periods of no rainfall. Absence of food increased number of
diapausing adults. Bactra venosona cggs placed in field caused 75% damuge
on Cyperus rotundus. Neochetina eichhorniae and N. bruchi adults were found
established on water hyacinth in lake Pichola, Udaipur. Successful control of
water hyacinth was achieved in Assam and Gujarat with N, eichhorniae and
N bruchi.

S. P. Singh
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1.2.1 Basic research
Introduction of natural enemies

Two parasitoids viz., Cephalonomia stephanoderis and Prorops nasuta
(Bethylidae) were introduced from Mexico against a major pest of coffee
called berry borer, Hypothenenus hampei (Ferrart). Rearing procedures were
perfected using borer infested berrics. Parasitoids were released at a ratio ol
[:5-1:10 (parasitoid : host) to infested berries and placed in ventilated plastc
boxes. Parasitoids emerged from 21 days after setting up the cultures and
continued 1o emerge up w 80 days, Higher humidity level (70-90%) gave
egood  emergences  with  temperature  being  28-30°C. Cephalonomia
stephanaderts was fed on honey for a short period while P. nasuta was
provided with berry borer stages alone. Ficld releases of both the parasitoids
were made in Kodagu and parasitoids could he recovered, thereafter,

Supply of parasitoids, predators and host cultures to various centres

During 1995-96, Project Directorate of Biological Control supplied
cultures of  Trichogramma brasiliensis, T, pretiosum. 1. chilonis. T
Japonicum, T. achaeae, T. embrvophagum, Trichogrammatoidea armigera,
Campoletis chlorideae and Telenomus remuy in 45 shipments numbering
L.71,160 (Table 1), Besides this, 12 shipments of host cultures i.¢. Corcyra
cephalonica, Spodoptera litura, and Helicoverpa armigera were also sent
(Table 1).

Survey of natural enemies and fungal antagonists of major crop pests
Parasitoids of lepidopterous pests

Field surveys conducted during 1995 in and around Bangalore and Mysore
revealed that coconut black headed caterpillar, Opising arenosella was
parasitized by two larval parasitoids viz., Apanteles taragamag (8%) and
Goninzus nephantidis (10%) and a pupal parasitoid Brachymerig sp. (10%).
Old world bollworm, Helicoverpa armigera was found parasitized by
endoparasitoids viz.. Campoletis chlorideae and Diadegma argenteopilosa to
the extent of 12 and 10%. respectively.
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Table 1. Supply of parasitoids, predators and host cultures

Name of species No. of shipments supplied Quantity

a} Prasitoids

Trichogramma brasiliensis 7 1.71.160
T. pretiosum ]
T. chilonis 14
T, japonicum 10
T achaeae 2
T. embryophagiin o
Trichogrammatoidea armigera |
Campoletis chloridece Z
Telenomus remuy |

Total 45

bh) Hosts
Corcyra cephalonica cggs 6 23 eo
Spodoptera litura pupac/ 5 70 L2000 E
larvae (L)eggs (E)
Helicoverpa armigera cggs I LOO0
12

Predators of important aphid pests

Surveys conducted to dentify indigenously available predators of Aphis
craccivera, A, gossypii, A, nerii, Brevicorvne brassicae and Dactynotuy
compositae revealed the association of five species ol cocelnellids, four
species of syrphids, one species each of chamaemyiid and hemerobid with A.
craceivera.
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Anatagonistic fungi of piant pathogens

Surveys  conducted  in oand  around  Bangalore  (Rajankunte,
Doddaballapur, Hessaraghatta, ete)) to adentily the antagonistic lungi in
rhizosphere/mon-rhizosphere  soil  samples  revealed  the  presence  of
Trichodermea spp.. Gliocladium spp., Penicilliaon spp. and Aspergillus spp.

Population dynamics of Aphis craccivora, A. gossypii and their natural
enemies

Population dynamics of A, craceivora and il natural enemics was
studicd m February and July planted cowpea. High population was recorded
in Fehruary planted crop between March end and May begining which varied
from  152.2-349.7  aphids/plant.  Three  coccinellids  viz..  Cheilomenes
sexmaculata, Scvmnus sp. and one unidentilicd were [ound regulating the
aphid population, Similarly. high population of A, eraecivora m July sown
crop was observed during second week of September to Ist week ol October
and the population ranged from 60.2-189.3 aphids/plant. Fowr species ol
syrphids were recorded.

Aphiy gossypii. population reached a peak during third week of June
w lirst week of August with av. population/plant of 150.2 and 740.7,
respectively. Two syrphid and three coccinellid specics were active from
sccond week ol aphid appearance,

Rearing/culturing techniques for hosts and natural enemies

Standardisation of mass rearing technology for the American serpentine
leaf-miner, Liriomyza trifofii and its parasitoids

A method has been developed w mass produce the leal-miner. Beans
or cowpea were grown in leal-miner Iree cages in a net house in polythene
bags (15 x 20 cms) with 10-15 plantsfhag in vermiculite. Beans/cowpea plants
LI-13 days oldwere placed i a sercen oviposition cage (30 x 30 x 30 cms)
with o transparent [ronvtop. The [lies were provided with 2% honey. Fifty 1o
hundred lics were released o mass rearing oviposition cage [or overnight
The seedlings were replaced with fresh ones every day and the seedlings
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were shifted Lo net houses. The seedlings after 8- 10 days (when the leal-miner
larvae were in 3rd instar) were shifted fo larval/pupal recovery units i nel
houses,

The larval/pupal recovery units consisis ol a funnel supported with 4
sland and enclosed with a 1id, The narrow end ol the funnel is placed in a
alass/plastic vial. The seedlings containing third instar larvae were pluced
shove the wire mesh in the enclosure and the lid is placed with plants. Six
polythene bags in slanting position were found ideal [or each enclosure, The
Jarvae wriggle out of the mine and pass through the funnel and finally get
collected directly o the vial. Some ol the larvae pupaie over the leaf
surfaces and are collected manually by a wet brush. The vial contwinmg
larvae/pupae are replaced with empty vial every day. The pupac collected
cach day are kept for adult emergence. Pupae can he stored I lower
compartments ol refrigerator for the augmentation ol contnuous adult supply
for oviposition.

The ahove methodology was standardised by selecting known number
of plunts for culturing, Two polythene bags containing 15 seedlings ol beans
and cowpea were required every day or the mass multplication and regular
culture of L. rrifolii, Two bags of beans and two bags ol cowpeu need 1o he
sown and two bags of bean seedlings und two bags ol cowpea seedlings
exposed to the leal-miner aduls for oviposition o maintain the culture
continunsly,

Survey was conducted for leal-miner infestation on beans, castor.
cucurbits, deumstic, weeds and other crops around Buangalore. From the
infesied leaves of castor, three species of indigenous parasitoids were
collected. One parasitoid could be multiplicd suceessfully which appears 1o
be Chrysonotomyia ! appanni.

Mass production technology for aphidophagous syrphids

Five pairs of syrphid adults were released in a cage of 30 x 30 x 30
em and provided with honey. protinex, water and castor pollen. Mating
occurred live days after emergence of adults and lasted for 35-55 minutes.
Mated females were isolated and kept in a glass jar containing aphid infested
cowpea plants. Eggs arc laid singly and ure attached 1o the plant surface by

16



PPBU - Annual Report SO

the posterior ventral position. Plant parts with eggs were cut and kept in a
glags petri dish. Eggs hatched m three days. The resulung larvae were
released m a larval rearing unit, contwning 16 cowpea plants sown m Sand
and infested with A, craceivora, at the rate of two larvae/plant. This way 32
larvae were reared tn one rearing unit, Dead aphids were replaced with new
aphid stoeck

Suitable culture media for antagonistic fungi

The cultures of Trichodermea vivide and T, harzianem which are being
muintuined in our laboratory us reference species huve been studied for their
growth charactenstcs on different commuonly available culture media viz..
Potato Dextrose Agar (PDA). Potuo Dextrose Broth (PDB), Crapek Dox
Apgar (CDA). Richard's Synthetic Apar (RSA) und Malt Extract Agar (MEA}L
Among all the media tested, PDA as well as PDB supported the growth of the
tungi as evidenced by the production of biomass and observance of maximum
sporulatiom. The cost ol the ingredients needed for the preparation ol
FPDA/PDB 1s very low and therelore, Tor mass production of Trichoderme spp.
these media can be elfectively used,

Biology and developmental studies on natural enemies

Studies on sex ratio of Campoletis chlorideae and Diadegma argenteopilosa
and their interaction

Effect of mating age on sex ratio was studied by tuking different
combinations of C. chlorideae and D. argenteopiiosa adulls, T was Tound that
two days old male and female of €. chlorideae produced a sex ratio of [LO7:1
(M:F). Dilferent combinations of young and old . argenteopitosa produced
good  sex ratio which varied from 1:0.2 w 1:1.3 (M:F). Eficet of male o
female ratio on parasiization and sex ratw in C. chlorideae was studied. The
male to female ratio of L1 paragitised S19% ol 8. firera and the sex ralio was
1.8:1 and male w female ratio 2:1 parasitised 40% and the sex ratio was 11
Interaction  studics were  conducted  between O chforideae and 1)
argenfeopilose W find oul the dominant one, €. chlorideae and 1),
argenteapilosa were found o dominate when S, finera was exposed lirst o
cach ol the parasitoids.
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Biology of Cotesia flavipes on Chile partellus

Chilo partelluy larvac of uniform size were provided to maled females
of the parasitoid Cofesia flavipes 10 study the ovipositional and other aspects
of the life eycle of the parasitoid. The parasitised larvae (n= 45) were
maintained on artificial diet and were observed for cocoon formation, Once
the cocoons were formed they were remaved from the diet and kept in
separate vials. Observations on the days taken o form cocoons, days for
parasitoid emergence. number of cocoons formed. number of adulls emerged
and sex ratio of the emerged parasitoids were taken.

The egg and larval period together of the parasitoid was 14.56 days
(range 13-17 days) when they formed cocoons oulside the host larva, The
pupal period was 8.36 days ( 7-11 days). The number ol cocoons from cach
host larva was 36.73 (5-80) with a per cent adult emergence of 76,82, The
sex ratio was female hiansed with 3.82 females for every mule parasitoid
emerged.

Effect of multiple oviposition by Cotesia flavipes on parasitoid emergence

Chilo partellus larvae of uniform size were provided 1o mated females
of Cotesia flavipes and the larvae removed after 1,2, 3, 4, and 5 ovipositional
attempts by the parasitoid. Five such larvae were used for each number abowve.
The number of adults emerging and the sex ratio of the emerged parasitoids
was ohserved.

Cartesia flavipes does repeatedly parasitize C. partefluy larvae, Though,
the number of adults from those larvae oviposited on 5 Limes was maxinim.
the sex ratio was only 1:1 while that oviposited 4 times produced 50.6 adults
with sex ratio biased towards females. The larvae oviposited on 3 times
produced lesser number of adults (23.0) but the sex ratio was greatly biased
towards females (5.76). Three to four ovipositional attempts results in good
adult emergence with favourable sex ratio,
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Effect of host larval weight on parasitisation and adult emergence of
Cotesia flavipes

Chilo partelfus larvae were individually weighed and presented
mated females of Cotesia flavipes in a pawch of diet. Adter 24 hours of
exposure, the larvae (n=35) were removed and reared individually il
parasitoid cocoons were formed. Per cent larvae from which parasitoid
cocoons were formed was also noted. Number of parasitoids emerged from
these cocoons were noted for each larva and the sex ratio worked out,

There was no great influence of the host larval weight on the lotal
emergence of parasitoids or on the number of females among them. The r
values recorded were 0.13(3 and 02183, respectively, which were not
significant.

Effect of rearing of Cotesia plutellaec on P. xyiostella for several
generations

Studies were conducted to understand the etfect of rearing C. plutellae on
P.oxyvlostella over generations. The egg plus larval period was 7.52 duys and
the pupal period 3.76 days over all the generations with a decrease in the
periods [rom around 12 and 6 days during December to 7 and 3 days during
March as the temperature rose. The mean longevity for male and female was
1630 and 17.36 days and it can be seen that over generations with an
increase in temperature from December-March the longevity was reduced.

The per cent parasitism and adult emergence over 5 generations
revealed that adult emergence from cocoons was good but the per cent of
exposed larvae forming cocoons was only 9.26 over the five generations with
the third generation recording a maximum of 19.93% und an adult emergence
of 17.83% for the number of larvae exposed.

The study revealed that the parasitoid is able w do well during

December-JTanuary with the adults living longer and also producing higher
parasitism.
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Rearing of Campoletis chivrideae on different hosts

Coreyra cephalonica was iried a8 an alternate laboratory host lor
rearing C, chlorideae in the laboratory ut 27 C and 70% RH, The parasitond
completed its development in 20.5 (uv.) days and the adulis lived for 19.5
(av.) days and the sex ratio was 1:1.2 (F:M]. The average Tecundity ol the
parasitoid was 54 and the quality of the parasitoid reared on C. cephalonica
was very goad (Table 2).

Table 2. Biology of Canipoleits chiorideae on diffierent hosts

Huost insect Total perod

Longevity Fecundity  Sex

(days) {days) ralio
Larvit  Pupa  Male  Fomale {E:M)
Corevea cepholonica 13 84 #-10 |§-22 2023 821 4.0 S
Helicoverpa armigern 3 67 T8 l6-17 1718 1921 HH.0 Is L
Spadaptera litwred 3 56 7-8 15-17 1617 20-22 oLl 1: 33

Response of natural enemies Lo kairomonal substances
Orientation behaviour of Chrysoperla carnea larvae to the kairomones

Orientation behaviour of €. carmea studied using a "Y' olfactometer
revenled that larvae were more attracted Lo the scale extracts of Helicoverpa
armigera compared Lo abdominal scale extracls or egg washings ol Corcvra
cephalonica, Highest attraction was found 10 40 myg scale extract followed
by 1200 mg scale extract with no attraction at 4 concentration of 160 mg,

Behaviour of €. carnea larvae io the kairomones in an insect activity
meter

In an insecl activity meter, it was found that the larvae were highly
responsive with high turning movements and feeding atlempts on - wax
droplets treated with the scale extract rather than Lo the filter papers treated
with extracts.
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Behaviour of €. carsmea adults to kairomones in a wind tunnel
olfactometer

Karomone substances viz., L-tryptophan and honey solution showed
higher response than untrewied conuol. Higher number of adulis were
attracted W 15-day old tryptophan, followed by 7-day old tryptophan and
honey.

Behaviour of C. carnea adults to kairomones in insect activity meter

Adults of €. carnea starved for 24 days were studied for their response
o S0% honey sulution . honey dew from mealybug and L-tryptophan. The
adults unexposed (o the kairomones made long distances and their walking
speed was less. The distance travelled in L-tryptophan was less as compared
with honey dew, Similarly, the number of adults responsive were very low
compared W honey and honey dew.

Orientation behaviour of adult C. carnea to kairomone substaneces

A I5-day old L-tryptophan attructed significantly more adulis
compared o 7-day old L-tryptophan, 504% honey solution and pure honey.
Number of eggs laid were more in this treatment.

Artificial diets for host insects
Development of diets for Plutella xylostelia

Attempts were made o develop antificial diets for P. xvlostella, The
‘evaluation of diet based on cabbage and cauliflower leal” powder showed that
the survival rate was very poor.

Evaluation of diet for Opisinia arenosella

Opisinia arenosella was reared on a experimental diet for two
generations. The freshly hatched larvae were allowed (0 feed on coconut
leaves for 12 days and then wransferred to the diet. About 1500 larvae were
transferred 1o the diet and 340 pupae were collected. Simultaneously, the
culture was maintained on coconut leaves at the production level of 400
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eggs/day and about 944 pupae were collected. The larval period was observed
to be prolonged when reared on artificial diet as compared 1o the natural host.

Evaluation of diei for Spodopterd litura

Spodoptera litura Was reared on three experimental diets based on the
Jeaf powders of castor, cauliflower, und cabbage and compared with the
control diet (Table 3). Immediately, after halching, the larvac were fed on
castor leaves for 9 days and then transferred Lo the above mentioned dicts.
The observations on Cgg, larval, pupal and preaviposition periods, adult
longevity, pupal weight, sex ratio, fecundity. hatching percentage and adult
gmergence were recorded for 3 generations. The adult emergence percenlage
was comparatively higher in the diet no. 111, based on cabbage leaf powder.
The composition of this diet seems suitable for continuous rearing of S. fitura
in the laboratory.

Duration Control Diet-l Diet-11 Dict-111
{Days) Castor Cauliflower Cabbage
leal powder leal powder leal powder
hasis hasis hasis
Egg period 4 3 4 4
Larval period 19-24 30-42 20-23 21-25
Pupal period 10 10 4 9
Adult longevity o 13 14 10
pupal weight (g) () 0.40-0.41 0,29-0.38 0.40-0.50 0.39-0.49
(9 0.34-0.51 0.25-0.39 (0.40-0.52 (0.36-0.543
Sex ratio (5:9) 2:46 3:34 25:28 13:44
Adult emergence (%) 90 50 8181 91.67

Artificial diets for natural enemies
The dict based on Spodoptera litura was evaluated begining from two
days old larvae of Chrysoperla carned. Six gencrations were reared on the

diet and highest pupation recorded around 88% and adult emergence of 77%.
Adults developed were normal with high fecundity (Table 4).
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Table 4. Evaluation ol Spedoptera diet for mass rearing of two day old arvae of C. carned

Generation Larval Per cent Cocoon Per cent
duration pupation weight wdult
(idays) (mg) CIMETEence

Il 29.2 (27-33) A0 380 340

v 25.01(20-36) 60.0 343 250

v 24.0 (28-453) 26,8 30 17.3

Vi 20,1 (8-32) 59.5 3.0 285

pall 266 (11-38) a0 30 15.5

Vi 22.0(11-35) HE.S 400 T6.49

1X 19.7 (14-41) R7.3 383 H0.0O

Figures in parentheses are ranges

A new diet was formulated based on bee powder for rearing adults and
larvae of Cheilomenes sexmacufata. Though, the adults survived for 74- 130
days, there was no egg laying. Another diet was wied for C. sexmaculaia
based on the dried aphid powder. Adulis could survive for 40-44 days but, no
cge laying was observed. .

Mealy bug based diet was tried lor the larvae of Cryptolaemus
montrouzieri, Around 33% pupation was observed with 26 % adult
emergence. Another diet based on the mealybugs was also tried Tor the adults
of Cmonrrouzieri. Longevity of the adults varied from | 1- 201 days with no
oviposition. The diets were enniched with vitamin E and protinex (o increase
the oviposition, but no improvement in oviposition was noticed,

For rearing the adults of Chilocorus migrita, o dict based on
Aspidiotus sp. was developed. Around 30% pupation was noticed with 24%
adult emergence. The same diet was tnied for the adults of  C. nigrita. The
adulls could survive Tor 66-163 days, but did not exhibit any egg laying.

Mealy bug based diet was tried for rearing the larvae of  Scvmnuy
coccivora. Filty four per cent pupation wus observed with 24 % adult
emergence. Protinex based diets were tried for mass rearing the adults of
Seymnus coceivora, No egg laying was observed, though, the adults could
survive 10-22 days.
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Evaluation of endosulfan resistant / tolerant strain of T. chilonis

This study was initiated in 1989-90 and is still being conunucd.
During the year, & exposures were given at the dosage ol 0.052% of
endosullan and 32 generations were compleled. It has reached 229th
generation at the present dosage. The detatls ol percentage maortality after 6
hr of exposure and parasitisation are given in the Table 5.

Table 5, Exposure ol Frichogramma chilonis adulls o endosullan

Generation Mortality after Parasilism Coneentration of
O hrs exposure (%) endosullan (%)
200 Yoy 05 (1.052
208 a5 10 0.052
214 it 40 (1052
220 70 104 (1052
221 50 50 (L0
225 5 05 (L6l
228 M 100 0061

At F 221 generation the test insects were shifted (o (L061% when 50%
mortality (after 6hrs) and 50% parasitisation occurred. By F 228 generation,
mortality reduced 1o 1% after 6 hrs. and parasitism improved to cent per cent.
The experiment will be continued till resistant/tolerant strain is obtained al
field recommended dosage of endosualfan (0.07%),

Evaluation of Baciflus thuringiensis strains against Chrysoperla carned

Several commereial straing of B. thuringiensis were evaluated for their
safety against Chrysoperla carnea. Assays were done on the neonate Jurvie
both for contact and systemic action. None of B.r strains were toxic 0 C
carnea larvae in all the assays.
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Encapsulation study on nuclear poalyhedrosis virus (NPV)

The success in encapsulating the polyhedral inclusion bodies of
nuelear polyhedrosis virus ol hoth Helicoverpa armigera and Spodoptera
fitrer In calcium alginate a8 o means (o inerease their persisienee and
elficiency us biopesticides has prompted further study 1o encapsulule the PIBs
ol H armigerg using  commercial  faundry  starch  (Revive), Though
prefiminary success was achieved in encapsulating the PIBs of NPVs of
armigera and S ffwra in laundry stwch. attiempt in sofidilying the gel
material in laundry starch failed. Atempts are being made 1o use soluble corn
starch. The feeding of virus encapsulited caleiom gel muterial by the larvae
ol both H. armigera and S. finrg has been confirmed. Siudics in guaniiying
the amount of encapsulated materials i terms of polyhedral inclusion bodics
has revealed that last instars of both H. armigera and S0 {inra consumed
more capsules than fourth and filth instrs,

Iolecular epidemiology for HaNPV

Conserved sequence ol “polybhedrin® as well as 20-40 primer aceded
lor DNA probing huve also been wdentilied. DNA hags been wsolited from the
HaNPV for further study on the molecular epidemiology using PCR.

Mass production of pathegens

Production of NPVs of H. armigera and S_ litura using thew respective
live host is a conunuoes process: 3000, 2000, and 730 larvae of H. armigera
were reared, inoculated. and virosed, respectively, A total of 500 LE virus
waus produced. In case of S fnern 3000, 1500, and 750 larvae were reared,
inoculated and virosed. respectively

Supply of insecl pathogens

Supply of nucleus culture of NPVs of H. armigera and S liturg w
various govl and private organizations for mass propagation of the viruses
was made. Distribution of virus suspension for lab, and field use on crops fike
puises and tomato were made by way ol supplying o Tamil Nadu Bioconirol
Centre, Sankarupuram, Basarass Biocontrol Research Laboratory, and 1w Dr.
M. S Swaminathan Rescarch Foundation, Madras,
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1.2.2 Biological suppression of sugarcane pests

Field evaluation of exotic strains of Cotesia Slavipes (Indonesian strain)
against stalk and internode borers

Studies conducted on relative etficacy of different doses of C. flavipes
at ISR, Lucknow indicated 8.14, 13.32 and 30.0) per cent parasitisation of
stalk borer farval parasitoid released @ 800, 1200 and 2000 mated females/ha.
respectively against 6.6 per cent in check. In other treatments, the stalk horer
(Chilo auwrictling) infestation remajned higher than the check. In case of
nternode borer, all the parasitoid treatments indicated lower infestation than
check. A block wial conducted on efficacy of C. flavipes (Indonesian strain)
@ 2000 mated females/ha revealed 29% reduction in the internade borer
infestation and 1.7% reduction in stalk borer infestation.

Field evaluation of T. chilonis for the control of Chilo auricilius in Punjah

Freld experiments conducted ar nine locations viz., Lodhipur, Barowal,
Bahar-Muzara. Mehli, Ropar, Barnala, Morinda, and Kheri in Punjab an
evaluation of T, chilonis resulted in 52.0, 45.2, 547, 569, 34.6, 51.8, 57.0
and 83.3 percent reduction in the incidence of stalk borer (Fig.1).

Seasonality/efficacy of the indeginous parasitoids of Chilo infuscateling

Chilo infuscatetlus contributed 60-90% 10 the total population of
sugareanc shoot borers at Sardarnagar and inflicted 1.2-124 damage. Cotesia
Havipes and Stenchracon sp. were observed parasitising C. infiscatellus larvac
at low level. At Pravaranagar, €. infuscatellus infestation ranged between 2.7-
12% during April-February. Prevalence of Sturmiopsis inferens was noticed
in April-May while Cotesia HAavipes was seen during August-February.,
Trichogramma eldanae was evaluated against the shoot borer at Pravaranagar.
Six releases made at weekly interval @ 50,000 adults/ha in December planted
crop (30 DAP) revealed 1.5% borer damage in released biock as against 66%
in untreated check.

The activity of shoot borer parasitoids was observed at four different

locatons ie. Kovaipudur, Kuniamuthur, Perur and Telungupalayam  al
Coimbatore during April-December, 1995, The data presented in Fig.2 about
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Fig.1 Evaluation of Trichogramma chilonls against Chilo auricilius
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Fig. 2 Seasonal Incldence of shoot borer parasitoids at Coimbatore
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seasonal fuctuwbon m per cent parasitism of ¢ infuscateliuy by S infereny
reveuled highest parasitism (19.74%) during June and lowest (0.04%) during
December at Kuniamuthur. However. similar trend was not ahserved at other
locations. Coresia fiavipes activit ¥ was restricted o Apsil-fuly, 1995 and was
fur below the levels exhibited by S, inferens.

Comparative elficicy of (wo straing of € atesta flavipes (ndian and
Indomnasian) for the control of Sugareane stem horers Le. Acigona stenrellus
and Chilo airrieilivg conducted 41 Nawanshahr (Punjub) revealed slightly
better performance of mdigenous straing as indieated by the incidence ol A,
stenielfus in different plots. The incidence of €. auricilivg was Y,.6% where
mdigenous strain was released in comparison o 17.2% where Indonasian
strain wus released 4 against 18.2% in check plot. This showed that the
indigenous sirain of ¢ favipes played w bouer role in suppressing  (he
incidence ol borers in sugarcane.

Effect of cultural practice and use of parasitoids on the incidence of Chily
auricilivs in Punjab

Detrashing and release of 7, ehiloniy at village Sunawa (Nawanshahar)
recorded as low as 2.4% incidence of C. anriciling (Table &),

Table 6. Elfecl of cultural practice and use of parasitoid on the cane damuge
by Chilo auriciliny

Treatmment Noo ol T chilonis Cunes damaged
releuses(May-Aug) (%) *

Dowashing -

Trichogramma chiloniy 7@ SO000/M releuse AR

Detrashing + 7 chiloniy T @ 30000/ release , 24 |

Control - U8

*‘__E}xl\_i_dn_l'l_;_l:ll‘lll_\(?l( 0 cai1<;;:_;ach uh.;cr\rcd durin;:“(_)_cmbcr, 195

Pre treatment incidence was below 1% cune dumage in all treatments
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Seasonal occurrence of granulesis virus (GV) on O, infuscatelius

Seasonal occurrence of GY on shoot borer at four locations be.
Kovaipudur, Kuniamuthur, Perur and Telungupalayam in Coimbatore from
April-December, 1995 revealed that highest infection was recorded during
November and December at Kuniamuthur (21.7%) and Telunguplayam (20%)
and Perur (17.7% ) with the excepton of June at Kovaipudar (54.55%).

Binlogical suppression of leafhopper, Pyrilla perpusilia

Sugarcane leathopper, P. perpusifia population reached s peak in
September. Parasitism by Epiricania melanoleuca was at its peak (4.55/1eaf)
during September when P. perpusilla population was highest at Sardamagar
in Gorgkhpur, U.P.  Further, 2000 cocoons of E. melanoleuca released an
Kunshmi Farm (Gorakhpur) could check the pyrilla buid up effectively.
Similarly, studies conducied at Nawanshahr (Punjab) showed that parasitoid
cocoons when relessed @ 5000/ha with the start of activity of the pyrilla,
proved eflective in checking the population of the pest (Table 7).

Table 7. BEttectiveness of Epiricania melanolenca against Pyrilla perpusilla in sugarcane

Treatnent/dose  Observation Mean population/leai’
Fyritly perpusilla Epiricanta melanolenca
B N A E (&) A PN
i metanolenca Pre-release 0.5 L 2.3 (1.3 (L% 0.4 (.1
S000/Mha Post-release 0.6 6 54 14 5.1 0.3 0.8
Comrol Pre-release H4 2.1 1 .1 0.3 0.2 0.1

o

Post-release 13 113 (4] 0.4 2.0 0.2 0.2

* Av. ol live units of 10 leaves each: E = BEgg cluster, N= Nymphs, A= Adull
C= Cocoon, PN= Parasitised host nymph

Ziological suppression of scale insect, Melanaspis glomerata
Maximum parasitism of M. glomerata was observed during October

at Paravaranagar in adsali and ratoon crops (21.6 and 18.1%, resp‘eg:ililkr_ely].
The peak parasitism by A. mayurai at Nellore was 9.24% during July.

29

i



PRIRC - Aviual [eport FOSS-U6
1.2.3 Biological suppression of cotton pests
Development of bioconirol based IPM for cotton pests

In a field trial laid out al Regional Research Station, Lam (Guntur).
APAUL IPM wreatment (intereropping with groundnut 1:2, seed treatment with
carbofuran, inundative release ol Chrysoperla carnea and Trichogramma
chilonis, NSKE 5% spray, HaNPV + endosulfun and Bz (Dipel) @ 2.0
kg/ha) was found  effective against whitetlies, jassids and boll worms, The
mcremental cost benefit ratio (ICBRY was 1:2.15 0 IPM practice as compared
tw L8 in farmers' practice and 1:0.67 in judicious usage ol insecticides
treatment,

AL Coimbatore three methods of pest management viz., AICRP (need
based oxydemclon-methyl sprays and HaNPV) | TNAU (need based
application of insecticides or HaNPV) and Farmers (6-8 rounds of insecticidal
applications only) were compared. AICRP and TNAU methods were found
superior o farmers’ method  for suppression of leathopper, aphids and
bollworms. AICRP method recorded highest vield (10.34 kg/plot of 60 m?)
of Kapas which was on par with TNAU treatment (9.91 kg/plot of 60 m*) and
were superior o farmers' method ol protection (7.07 kg of Kapas).

Experiments conducted in farmers' fields at Barnala {Sangrur Distt.,
Punjab) revealed that PAU method (6 insecticidal sprays) and bivcontrol
method (one insecucidal spray, Y releases of Trichogramma chilonis @ 2.0
lakhs/ha and one spray of NPV 200LE/ha) were found effective m reducing
bollworm complex to the extent ol [8.7% and 36.8%, respectively us
compared to 44.6% in furmers practice (8 insecticidal sprays) and 53.1% in
the untreated control.

In Gujarat Agricultural University, Anand. [IPM (Blanket application
of  methyl-o-demeton 0.05%), 3 releases ol Chrysoperla @ 50,000
farvac/ha/week, 8 releases ol Trichogramma  chilonis cach @
1.50.000/ha/weck and need based application of endosulfan (.07% and
monocrotophos 0.04% (aliernatively after 8th release of T. chilonis) gave
significantly better protection to buds (14.87%) and bolls (19.38%) when
compared  with need based application of msecticides (monocrotophos
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0.036%. methyl-o-demeton (L030% and endosulfan 0.070% alternatively)
which recorded 27.97% and 31.32% bud and boll damage, respectively. The
per cent bud damage and boll damage in control was 2928 and 3546,
respectively. The combined application of Chrvsoperla and insecticides gave
significantly betler protection against aphid, jassid and whitelly.

influence of cotton hybrids on the rate of parasitism by T. chilonis

Interaction studies in case of 7. chilonis revealed that maximum bo!l
worm eggs were parasitized on Hybrid 8 as compared 0 other hybrids.
suggesting the influence of genotypes on parasitism.

Genetie studies for various biological traits in Chrysoperia carnea

Studies conducted on the genetics of C. carnea reveuled the presence
of wide genetic variability [or most of the biological traits including olerance
W pesticides. High heritability coupled with genctic advance observed for the
characters viz.. post oviposition period, fecundity and ovipositon periog
suggested that phanotypic selection could be effective for the improvement
of these traits.

Chrysoperia carnea role in the control of H. arniigera in cotton hybrid &

During 1995 seuson, observations were made on the accurrence of
carnea and 1s impact on the suppression of Helicoverpa armigera in
msecticide free Hybrid 6 at Raval village, The observation indicated that
during Seplember . armicera was totully under control in the presence of €
carnca. The predator was abandantly found (11.47 ¢ res/plant) and the fertility
of the eggs was almost [00%, Nu other egg or larval predators/parasitoid of
H. armigera existed during the course of ohservation. mdicating the role of
C. carnea in the suppression of H. armigei.

1.2.4 Biological suppression of tobacco pests
Evaluation of different 8¢ formulations at CTRI, Rajuhmundry
revealed that Dipel with and without boric acid. Bactospeine, Delfin at (0.5

kp/ha and HaNPV @ 25() LE/ha were effective aguinst Helicoverpa armigera
on tobacco and superior to endosulfan 0.05%. In nurseries, the same
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weatments of Br were effective against Spodoptera lira. 1PM schedule
consisting of release of second instar Chrysoperla carnealplant (30 DAT) +
one spray of nicotine sulphute 0.04% spot (45 DAT) + one spray off NSKS
(5% (55 DAT). and one spray of acephate (65 DAT) was found effective to
check infestation of Myzus nicotiagnage on planted crop. There was no
detrimental effect on syrphids. coccinellids and chrysopids.

1.2.5 Biological suppression of pulse crop pests

In a field oxperiment at APAU, Hyderabad four sprays of HaNPV
{250 LE/ha) alone or four rounds T. chilonis {(SO0.000/Ma) and with 4 spray
application of HaNPV (125 LE/ha) performed significantly betier,

Bucillus thrungiensis formulations viz. Ark-1, Btk-11, Dipel. Delfin.
Riohit and Apree evaluated againgt H. armigera on pigeonpea at APAU
indicated the superiority of all the formulations over control. Agree. Biohil,
and Bik-11 were better than others in terms of per eent pod damape and were
on par with endosulfan 0.07% spray. In another wial, application ol Bik-1,
HaNPV (250LE/ha), Btk-I1, HaNPY (125 LE/ha) + endosulfan {1L.035%) were
better in reducing the pod damage and were on par with the endosulfan
(0.07%). Highest yield was recorded in Dipel treatment followed by HaNPV
+ endosulfun.

At PAU, Ludhiana HaNPV (125 LE/Ma) alone and combined with
endosulfan gave moderate control of H. armigera and reduced pod damage
in chickpea. -

All the Br formulations such as Biobit, Agree, Biotox. Bivlep. fir,
Bioasp, Delfin and Centari recorded lowest pod damage compared 1o
untreated control. No significant difference was observed between various 8t
formulations.

In yet another field wial conducted at TNAU. Coimbatore Bt (500g/ha)
+ HaNPV (250 LE/ha) was found to be superior treatment and recorded
highest yield.



PUIBC - Annual Report 199506
1.2.6 Biological suppression of rice pests

Al AAU, Jorhat field evaluation of Trichogramma japonicum and T.
chilonis at 50,000/ha/week were done against yellow stem borer and leaf-
folder, respectively. Percentage dead heart due to stem borer ranged from 2.1-
5.39% and 4-7.6% in treated and untreated plots, respectively. Yield increase
wis 158-250 kg/ha. Leafl folder damage was 2.7% as against 7.65% in
control, Yield increase was 139-308 kg/ha as a result of the biocontrol.

Al TNAU. Coimbatore. three releases ol parasitoids were made at |
lakh/ha at weekly interval followed by spray of Br at Ikg/ha. Parasitod
release was superior 1o check and chemical control with regard o dead hearts.
Leaf-folder incidence was significantly reduced 60, 70, 80, 90 days alter
release of parasitoids and was better than farmers’ method and control.

1.2.7 Biological suppression of oilseed pests

Microbial conwol of castor semilooper, Achaea janata. spray application of
Dipel at 0.75 kg/ha was highly effective 5 and 10 days after treatment
followed by Dipel 0.5 kgfha withy or without endosulfan 0.035% and
endosuifan alone 0.07 % in trials conducted at APAU, Hyderabad. Bacillus
popilliae and  Beawveria brongniarri @ 10 and 15 kg/ha, respectively
controlled white grubs on groundnut at Anand. Population of jassids and
whitefly were significantly low in groundnut with maize as intercrop and the
natural enemy population was higher.

1.2.8 Biological suppression of coconut pests

Effect of Apanteles taragamae on Opisinag arenoselfa caterpillars at
Kayangulam revealed that 53-54% parasitism was [ound where 3-6 parasitoids
were released.

Stethoconus praefactus, a mirid predator released at 5, 10, 15 and 20

individuals/cage resulted in 70-100% mortality of the bug. At Thrissur, S.
praefectus was found to be the most important natural enemy,
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1.2.9 Biological suppression of fruit crop pests
Biological control of the mango mealybug, Rastrococcus invadens

The mealybug was observed on three-year old mango plants at IIHR Farm,
Bangalore in February, 1995. The infestation was mainly found on the leaves
and occasionally on the fruits.

The coccinelhid predator, Cryptolaemus montrouzieri was found feeding on
R. invadens. The larvae of C. montrouzieri were released @ 25/plant (15/plant
in the middle of February and [0/plant on 1st March, 1995). The data on the
population of mealybug were recorded on live mealybug infested plants. In
cach plant five infested leaves were chosen and the number of mealybugs
counted at fortnightly interval.  Similar observations were made on mango
plants lTocated one km away from the released plants. Just prior 1o the first
release of predator, a mean population of 241.4 mealybugs/ical was observed.
Following the releases, the mealybug population came down to 167.0 on 28th
February.  Almost all the mealybugs were cleared in the first week of April
followed by the second release made in the first week of March. In the
unreleased plot, the mealybug population had built up steadily to 424.5
mealybugs/leal in the first week of April. The mealybug ceased 0 be a
problem from April onwards in the released plot whercas it posed a severe
problem in the unreleased plot.

Safety of pesticides to citrus butterfly parasitoid, Apanieles papilionis,
pomegranate whitefly parasitoid, Encarsic azimi and the coccinellid
predator, Chilocorus cireumdatus

Apanteles papilionis

Potted citrus plants were sprayed with 24 pesticides and the adults of A.
papilionis were exposed to the weated leaves. All the synthetic insccticides
proved highly toxic even six hours afier exposure. Necmark proved highly
toxie causing 100% mortality 24 hours after exposure on the day ol spraying
among botanicals. The remaining pesticides (fungicides, acaricides, antibiotic
and B. thuringiensis) weré found safe to the parasitoid (Table #).
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Table 8. Toxicity of different pesticides o Apanteles papilionis

Treatment/conc. Adult mortality (%) (hours after exposure)
] 3 6 24

Monocrotophos 0.05% 0 80 100 100
Phasalone 0.07% 0 60 100 100
Carbaryl (1.1% 0 1010) 100 100
Dimethoate 0.05% 0] 100 100 100
Chlorpyrifos 0.05% 100 100 100 100
Fenvalerate 0.01% 20 a0 100 100
Deltamethrin 0.01% 9] 100 100 100
Cypermethrin (0.05% 0 100 100 100
Sulphur 0.2% 8] 8] 0 100
Dicofol 0.05% () 0 0 £ -
Copper oxychloride 0.2% ( 0 0 fi= 4
Neem seed extract 2% 0 0 b] ()
Neem oil 2% ' {} 0 () 0.
Neem cake 2% )} 0 0 0
Nimbicidin 2% 0 () b] i)
Neemark 2% 1) 0 () 100
Neemguard 2% 0 ) 0 0
Repelin 2% 0 0 0 0
Pongamia oil 2% 0 () 0 0]
Pongamia seed extract 2% 0 SRR { 0
Mahua oil 2% () {) 9] {}
Castor o1l 29 §] 8] 4] {)
Bacillus thuringiensis 0 0 [ 0

Streptomycein sulphate 0 0] 0 4]

[n another study on the residual toxic of ten pesticides to the adult
parasitoid, leaves from wreated plants were removed and exposed to the
parasitoids at weekly interval. Neemark proved non-toxic to A, papiflionis one
day after treatment. There  was no mortality of the adult parasitoids when
exposed o leaves treated with phosalone, dimethoate, chlorpyriphos and
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sulphur on {4th day. Cypermethrin remained toxic to A. papilionis even
bevond 28 days.

The cocoons of A. papilionis were sprayed with monocrotophos 0.05%,
carbaryl 0.1%, chlorpyriphos 0.05%, deltamethrin 0.01%, sulphur 0.2%,
copper oxychloride 0.2%. Neem oil 2%, Neemguard 2%, Pongamia oil 2%,
Mahua oil 2% and Bacillus thuringiensis, and the adult emergence from the
treated cocoons was counted. Chlorpyriphos proved most toxic and no adult
emergence was observed while in water spray 100% adult emergence was
noticed. Fenvalerate, deltamethrin, carbaryl, copper oxychloride uand
cypermethrin were other Loxic pesticides.

Chilocorus circumdatis

Fourteen pesticides viz., monocrotophos 0.05%. phosalone 0.07%. carbaryl
0.1%. dimethoate (.05%, cypermethrin 0.05%, sulphur 0.2%, dicofol 0.05%,
Neem seed extract 2%, Neem oil 2.09%, methyl demeton 0.05% quinalphos
0.05%. fenvalerate 0.01%, deltamethrin 0.01% and phosalone 0.05% were
tested against the adults of C. circumdatus. The adults were exposed to the
treated citrus leaves and mortality was recorded at 1, 3, 6 and 24 hrs after
exposure,

The rtesults indicated that fenvalerate 0.01%. deltamethrin (.01% and
phosalone 0.07% gave quick knock down effect on the coccinellid beetle
causing 100% mortality within an hour of exposure. The remaining
insecticides also proved toxic to the adults at 24 hrs of exposure. However,
the adults were not affected by neem seed kernel extract, neem oil, sulphur,
and dicofol. Other study on the residual toxicity of five commonly used
pesticides in citrus ecosystem revealed dichlorvos to be least persistent
causing no mortality 1 day after exposure. The adults were not affected with
dimethoate, when exposed seven days after treatment. Monocrotophos and
cypermethrin were more persistent causing mortality even alter 28 days.

Encarsia azimi
The study on the residual toxicity o E. azimi included eight commonly

used insecticides. Dichlorvos (0.1%) was found non-toxic o the adult
parasitoids one day after treatment, There was no mortality of parasitoids
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with endosulfan on 7th day of treatment. Monocrotophos, deltamethrin and
phosalone were found non-toxic 14 days after application. However,
cypermethrin alone proved detrimental,

Seasonal incidence of the pomegranate whitefly and its natural enemies

The activity of the whitefly Siphoninus phyllireae and its natural enemies
was observed from February, 1995 to March, 1996. The whitefly infestation
was found more from February to May and less in the remaining months.

Only the aphelinid, Encarsia azimi was found emerging from the
pomegranate whiteflics. Regular sampling yielded large number of the
aphelinid parasitoids up to May. Parasitism by £. azimi was initially low in
Hebruary (40%) and progressively increased in the subsequent months upto
June {92.36%). In other months, whitefly infestation itsell’ was low and no
acitvity of the parasitoid was observed.

Studies on the parasitoids of pomegranate butterfly Dendorix (=.Vimchola)
isocrates

Deudorix isocrates 1s a serious pest of pomegranate. A scarch was made
for its natural enemies in pomegranate orchards around Rahuri in September,
1995, The eggs of D. isocrates were found parasitized (70%) by Ooenyrtus
papilionis (Encyrtidae).

Aulacaspis tubercularis and its natural enemies on mango

The diaspine scale, A. tubercularis was observed on five year old Totapuri
plants at IHR Farm in September, ¥5. The scale population and its natural
enemies were monitored from September, 1995 to January, 1996. Observation
recorded on scale and its natural enemies revealed that higher population of
scale was found in September and early part of October, and it drastically
reduced thereafter. A meun population of 39 cm” in September was reduced
to 3/cm*in January. During this period, a total of eight natural enemies; two
parasitoids and six predators were found attacking the mango scaie. The
parasitoids included an aphelinid, Pteroptrix koebelei and an undetermined
pteromalid. The former was abundant during September - December and the
later was observed only on one occasion in the first week of November,
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1995, The parasitism wenl up 1o 96.6% and the parasitoids was found mainly
responsible Tor the suppression of A. jubercularis, The predators included
Chilocorus  circumdatus, €. nigrita. Scvimnus sp., Meallada  boninensis.
Triommaia coccidivora and an undetermined coceinellid, C. circumdatus, C.
nigrita and Seymnus sp. were found in adult and larval stages feeding on all
the stages of the scales from Seplember to December.

Pseudococeus longispinus and its natural enemies on guava

The long tailed mealybug, P. longispinus was observed in July-September
1995, Three predators viz., Scymnus sp., Triommata  coccldivora  and
Cheilomenes  sexmaculata were found feeding on the mealybug.

Planococcus citri

The first incidence of P. cird was observed in sapota in biocontrol plot in
January, 1996. The encyrlid, Coccidoxenotdes perigrinus was observed
cmerging from P, cirri. By the middle of February, 96 the mealybug had
disappeared due o the activity ol C. perigrinus.

The appearance of P e¢iri was also observed on sapota plants in
Entomology plot in the first week of March, 96, Samples were collected
regularly and the populations of the mealybug and the number of parasitoids
emerged were recorded. The mealy bug population had declined from [12.41
(11th March) o 2.16/shoot (4th April). The decline in the mealybug
population was attributed mainly to the activity of the encyrtid parasitoid L.
dactviopii. The emergence of the parasitond was observed from all the
samples and number of parasitoids emerged ranged (rom 42.38-5.30/4 shoots.

Recovery of natural enemies from Planococeus cifri infesting pomegranate

Pomegranate fruits were found covered with the mealybugs in the first
week of March, 1996 at [IHR Farm. Five mealybug infested truits from cach
plant were collected and kept n cages to record the activity of natural
enemies. Sampling was done on five selected mealybug infested plants. All
the samples yielded the encyrtids, Lepromastiv  dactylopii  and
Coccidoxenoides peregrinus in large numbers. The drosophilid predator,
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Cacoxenus perspicax was collected in negligible numbers. The recovery of
L. dactylopii in 1996 revealed that the exotic parasitoid (released in 1983) has
permanently established at ITHR Farm. Though L. dactvlopii and €.
perigrinus were found together. the latter played a dominant role in
suppressing £. citri. The mealybug ceased o be a problem by the last week
of March and in subscquent months in pomegranate orchards.

Seasonal incidence of woolly aphid (WA), Erioseoma lanigerum and its
natural enemies

Seasonal incidence of the WA in terms of average colony size, number
of aphid colonies and coverage of the aphid (in ¢cm) on the marked IWLgS was
recorded throughout the year at weekly interval at Nauni, Solan. The
parasitoid, Aphelinus mali was introduced in 1991, The WA population was
negligible (0-0.1 em coverage/replicate) from April, 1995 till mid June and
so was the natural enemy activity. During this period. max. and min.
temperature fluctuated between 23.4-37.4°C and 9.1-26.3°C and rainfall varied
from 0 to 19.6 mm. Increase in the colony number began in the third week
of June and by mid July the av. coverage was 4 em. The natural enemics'
{chrysopids, syrphids and A. mali) activity commenced, simultancously.
Population of the WA was at peak in August (>10 colonies/replicate, cach
colony 0.5-0.6 ¢m and coverage being above 6 ¢m) and remained high il
mid September, 1995. A. mali population was high during the period. The
mean max. and min. emperature during end of June (0 mid September was
24.7-29.0°C and 18.3-23.8°C and the rainfall was 1121 mm out of 1498 mm
WA coverage began declining in second hall of September and was nil by
December on the aerial portion of the tree. During the period, mean
temperature declined (max. 28.3 o 16.8°C and min. 18 10 3.8°C). However.
the parasitoid activity continued. Population remained Tow (coverage <().5 cm)
till March end (1996). Emer gence of adults of A. mali from the mummificd
WA commenced in the first week of March, 96 when colony size of the aphid
(third instar and adults) was 0.1 0 0.38 e¢m. Overall emergence Irom the
overwintering lot was 77.4 per cent and female:male sex ratio was 1.5:1.
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Seasonal incidence of the San Jose scale in relation to natural enemies

Among predators, adults of Pharoscymiuy Hexibifis and Sticholotis
marginalis were common in mid hills. Their progeny was rarely seen on rees.
Wherever dense scale population existed. Chilocorus bijugus adults were
often noticed. Their grubs were encountered on dense population of the San
Jose scale (SJs) in July-August in Shimla and Solan districts. However,
parasitism was of common occurrence. In surveys undertaken in selected
orchards at Naggar (Kullu), Nauni (Solan) and Kotkhai (Shimla), parasitism
by Aphytis sp. (the proclia group) was & regular feature. Samples of scale
infested twigs containing all stages of the San Jose scale were collected at
monthly interval and observations on parasitisation were recorded. Average
parasitization at Solan and Kotkhai was 6.1 and 6.7 per cent, respectively,
Higher av. parasitization was noticed at Naggar. These observations revealed
that in samples collected from Naggar and Kotkhai the cumulalive
parasitization was more during October to December, while at Nauni, the
parasitization was more in January-March. Out of 8608 scale insects, 1.2 per
cent (IT instar) and 22.2 per cent (I instar - adult) scales were purasitized
by Aphyrs sp; the overall parasitization being 0.4 and 7.2 per cent,
respectively. Hyper-parasitization of the Aplytis sp. was observed at Kullu by
an encyrtid endoparasitoid and one sample of Encarsia sp. wis also obtained
as a parasitoid of Aphytis sp. Hyperparasitization {on basis of the SJs
population) was 2.2, 1.4, 1.0, 0.5 and 1.3 per cent in September, October,
December (1995), February and March (1996), respectively. In all these
samples, parasitization by Encarsia perniciosi was rarely observed.

Studies on Aphytis sp. (proclia group) parasitizing the San Jose scaie

Aphytis sp. (the proclia group). reared on San Jose scale and collecied
from the Kuliu valley, was exclusively thelytokous. Comparison of characters
reveals the species to be close to hispanicus. which as per literature is a
palacarctic species. It has preference to parasitize third instar (adult) female,
and rarely laid an egg on late second instar female scales.

Newly emerged adult female made random search to locate host for
feeding and it fed on male (II instar, prepupa and pupa) as well as female
scales (I1 and T instar), Preoviposition period lasted for about 2 days at
25°C and adult provided with honey containing equal amount of Protinex
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survived for 6-9 days. For egg laying. the female selected appropriate adult
female scale. thrusted its ovipositor into the sealy armature and laid an egg
on the dorsum of the hody. Rarely two egas per scule body were noticed. The
time taken for one oviposition was 160 w 294 seconds.

The pearly translucent oval egg was glued on w the tergum. [t hatched
in 2-3 days at 25°C. The egg on an average was 0.134 mm long and (LORE

mm broad with a distinct pedicel at the anterior end. The newly hatched larva
was more or less globular. The first instar lasted for 1-2 days.

The body size of first instar larva varied from (0. 1-0.31 mm x 0.11-0.22
mm. The second instar larva grew [rom 0.28 to 0.53 mm in length and from
(.25 10 (1,36 mm in breadth. The third instar larva increased from (.55 1o .76
mm in length and (.38 to 0.52 mm in width and became full fed (TIT instar)
in 7-10) days. The prepupal stage was of 2-3 days while pupal duration lasted
for 5-6 days. Hence, one generation (egg to adult emergence) was completed
in 17-22 days, Adult longevity was 6-9 days.

In the Jahoratory, the parasitoid completed o maximum of 12 generations.
Duration of development was 17-19 days during April- third week tw
September when  temperature  (luctuated  between  20-34°C and  seven
generalions were completed in this period. The duration of development got
prolonged (0 23-27 days in March-April and September-October when diurnal
emperature was in the range of 18-30°C. In October-November and
mid-February 1o March-end the duration was 31-43 days at a temperature
regime of 12-26°C,

1.2.10 Biological suppression of vegetable crop pests
Identification of natural enemies of vegetable crop pests

The survey conducted in and around Hessaraghatta for natural enemies of
important vegetable crop pests resulted in two new records ol Leptonayiix
nigricaxalis and L. Iyciae on brinjal mealybug, Coccidohystrix insolita. A

parasitisation level of 51% by Cotesia plurellae on Plutella xylostella
indicates that the parasitoid is o potential one.
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Seasonal incidence of Pieris spp on cauliflower and their natural enemies

AL Solan, Pieris rapae adults were scen on wings in cauliflower lelds
during March and egg laying commenced from 12th standard week and pupal
formation from [7th standard week. The pest could infest 44.7% of the plants.
Larval parasitism by Cotesia glomerata was observed o range from 30,6 w
70.8% and by Hyposoter ebenicus was very low (6%). Disease ineidence up
o 12% was observed. Hyperparasitoid, Rarvscapus (=Eutetrastichus) could
parasitise 18.8% cocoons of C. glomerata

Evaluation of Trichogramma pretiosum against Helicoverpa armigera

Al [THR, Bangalore seven releases ol 7. pretiosuwm were made on variety
Roopali for control of H. armigera and 60.63% of cgg parasinsm was
obtained in the treated plot. The borer damage was 2.5% and 14.7% in Lhe
treated and control plot, respectively.

Release of T, prefiosum @ SO000 parasitised cggs al weekly interval to
control H. armigera on tomato (variety Naveen) at Solan resulted in 40-45%
parasitism of H. armigera eggs.

Release of 7. pretiosum @ 50,000/ha on tomato at Gujarat resulted in
47.34% parasitism as compared to 8.34 in control. The fruit damage in the
treated and control plots was 5.69% and 24.23%, respectively. The larval
population was also significantly lower in the treated plot (0.32/plant) in
comparison to the control plot (0.6/plant).

Evaluation of 7. pretiosum and Bi on H. armigera on tomato

Bacillus thuringiensiy var kurstaki (Delfina) sprayed @ | and L5 kgfha
was found to be effective in providing 63.7% larval mortality ol H. armigera
on tomato at Solan. Combined treatment of Brat | kg/ha and T pretiosum @
50,000 parasitised eggs/ha showed significant effect only after the third
combined treatment where the larval population was 6.7/80 plants as against
35.3/80 plants in control. This indicates the effectiveness of altemate
wreatments involving T\ pretiosum and Br var kurstaki.
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Iield evaluation of Trichogrammatoidea bactrae against Plutella xylosiella

Release of T. bactrae against P. xylostella at 3 dosages (viz.. 3, 6 and 9
lakh adulis/ha) at Bangalore on cabbage resulted in very low parasitism rates
and there was no significant difference in the yield data between the treated
and contral plots.  However, in the treated plot, the damage due o P
xvlostella remained low,

Field evaluation of Trichogramma chilonis against Earias vittella on okra

T chilonis could parasitize 80- 100% E. virrefla eggs in the laboratory. But
even at large dosages like 2,50.,000 adults/ha at Bangalore no parasitism couid
be recorded under freld conditions.

Effect of different temperatures on Trichogrammatoidea bactrae

Developmental period of 7. bactrae at 35°C was very short (7 days), but
per cent emergence and survival was very low at this temperature. At 30°C,
90% emergence was recorded.

Efficacy of sporeless mutant Btk against Plutella xylostella on cabbage

MBtk @ 300 g ASP/ha effectively suppressed P. xylostella population. The
highest yield of marketable cabbage was also obtained from MBtk treatment
(38.25 vha) while Dipel 8L treatment yielded 36.00 t/ha, endosullan treatment
317 vha and conwrol 2005 /ha, When MBrk spray was alternated  with
NSKE 4% an yield of 32.8 t/ha was obtained.

Combined efficacy of sporeless mutant Bik with Trichogrammateidea
bactrae against Plutella xylostella on cabbage

MBtk @ 300 g/ha with 7. bactrae @ 4 lakhs/ha and NSKE + T. bactrae
(4 lakhs/ha) suppressed P. xylostella population on cabbage at Hessaraghatta
effectively (1.28 and 2.01, respectively) while in the control the population
was 28.50. MBrk @ 300 g/ha with Trichogramma provided the highest yield
of 332 t/ha followed by NSKE + Trichogramma treatment (30.1 t/ha).
Treatment with MBtk @ 150 g/ha + Trichogramma and control recorded
lower yields of 26.75 t/ha and 20.65 t/ha, respectively.
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Analysis of constitutive polypeptides of NPV isolated from H. armigera
by SDS - PAGE

The isolate specific polypeptides of HaNPV (ITHR isolate) was studied by
SDS-PAGE. A total of 16 viral polypeptides could be identificd. Among
these, the molecular weights of cleven polypeptides match with obtained
carlier for HaNPV. Five polypeptides were specific to ITHR isolate and the
most abundant was that of polyhedrin (30 kD).

1.2.11 Biological suppression of potato pests

Effectiveness of bioagents in comparison with the recommended
insecticides for the suppression of potato pests

Release of parasitoids viz., Chelonis blackburni and Copidosoma koehlert
alone or in combination with the alternate sprays of granulosis viras recorded
63 to 7.95% infestation while Bacillus thuringiensis and endosullan
(reatments recorded 9.38 and 8.79% infestation, respectively. The infestation
in these treatments were significantly lower than poticed in untreated control

Yffectiveness of initial release of parasitoids under country storage (Arni)

Country stores where Chelonus blackburni and Copidosoma kochleri were
released recorded 17.97 and 20.80% infestation, respectively which was
significantly lower than that m the Arni where no releases were made
(45.42%). Subsequent release of C. blackburni and C. koehleri could give
60.43 and 50.47% control, respectively. :

Host searching capacity of Chelonus blackburni and Copidosoma koehleri
in country store (Arni)

Both the parasitoids (C blackburni and C. koehleri) were able 1o move in
the country store and reach a depth | metre where infested tubers were
placed. Nine cocoons of C. blackburm and 6 mummies of C koehleri were
recovered from the tubers kept at a depth of | metre in the “Arni’. Seventeen
cocoons of C. blackburnii and 11 mummics of C. koehleri were recovered
from the infested tubers kept at a depth of 50 cm. Both these observations
revealed that the paraitoids were more at lower depth.
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Studies on cost of production of Copidesoma koehleri

The cost of production of C. koehleri at present rates of ingredients is
Rs.304/ha, which could be minimised {urther by large scale production.

Persistent toxicity of some pesticides to potato tuber moth parasitoids

Quinalphos 0.05% was highly toxic to Copidosoma koehtert resulting in
87.57% adult mortality followed by carbaryl (85.43%), dimethoate (78.81%),
methyl demeton (74.74%), fenvalerate (62.35%) and endosulfan (68.51%).

Seasonal occurrence of natural enemies of potato tuber moth

Two parasitoids viz.. Apanteles sp. and Bracon sp. and also two new
unidentified hymenopterous parasitoids were recorded from foliage feeding
potato tuber moth larvae in both kharif and rabi scasons. Besides these, a
heetle has also been noticed in the samples collected from godowns which
could feed well on the eggs of potato tuber moth. These beetles could
consume on an average 22 eggs of potato tuber moth/day.

Efficiency of Trichogramma chilonis at different.periods of storage

Cent per cent parasitisation was noticed in the reatment where 7. chilonis
was stored for 5 days at 10°C which was followed the treatment in which the
parasitoids were stored for 15 days (94.5%), 10 days (89.0%) and 20 days
(84.5%). About 50% of eggs of Corcyra cephalonica were found to be
parasitised by 7. chilonis stored for 25 days at 10°C.

1.2.12 Biological suppression of weeds
Parthenium

Feeding tests conducted at [THR, Bangalore with Zygogramma bicolorata
adults on sunflower revealed that feeding initiation was positively correlated
with age of adult and survival negatively correlated. Five to forty five day old
adults laid 11.2-21.8 eggs/female for 1-6 days after they are collected from
parthenium and released on sunflower and no subsequent egg laying was
observed. Adults not fed on parthenium laid viable eggs after feeding on
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sunflower, however, number of eggs laid were non-significant. Development
of indirect flight muscles, ovaries and testes was stimilar in O, 5. and 10 days
old adults fed on sunflower or parthenium. Sunflower fod adults had thin
ovarioles, shrunken testes compared 1o those fed on parthenium. Trichomes
on sunflower leaves were found 10 prevent feeding of newly hatched larvae.
Under cage conditions it wus found that Z. bicolorata completed development
on sunflower with leaves of seedling stage plants. Further they were incapable
of breeding continuously. Surveys in farmers' fields in Karnataka revealed no
feeding ol Z hicolorata on sunllower. Feeding was observed only in liclds
where defoliated stand of weed was located adjacent o the crop. The beetle
was capable ol entering diapause once in life term even in the presence of
abundant food. Diapausing adults had diffused ovarioles, testes, body cavity
filled with fat globules, flight muscles as thin strands and gut devoid of any
contents.

Cyperus rotundus

Bactra venosana was found 1o cause 75% damage to the weed in field,
Damaged tubers were incapable ol regeneration.

Water hyacinth
At AAU, Jorhat studies were laken up on biological suppression of water
hyacinth with Neochetina eichhorniae and N. bruchi. The intensity of leaf

damage ranged from 57-136% in different areas. At Pune the % damage
ranged from 20-70.
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STAFF

A. Scientific Personnel

Sigh, S. P.. M.Sc.(Ag.), Ph.D

Project Director
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Bhumannavar, B. 8., M .Sc.(Ag.)

* Ballal, C. R., M.Sc., M. Phil
Ramani, 5., M.Sc.(Ag)
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Rao, N, S., M.Sc.(Ag.), Ph.D

Joshi, Sunil, M.Se (Ag.)
Pushpalatha, N. A., M.Sc.(Ag), PhD
Pathology Laboratory

Narayanan, K. M.Sc.(Ag.), Ph.D

Kalidurai, M., M.Sc.(Ag)

Sreerama Kumar, P.. M,Sc.(Ag.)

Entomophagous Insect Behaviour Laboratory

Bakthavatsalam, N., M.Sc., Ph.DD
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Genetic Improvement and Artificial Diets Laboratory

Singh, S. P.. M.Sc.(Ag.), Ph.D Project Director

& Lab, Chiel
* Jalali, S. K., M.Sc¢. Scientist {S5) (Agri. EnL)
Venkatesan, T.. M.Sc.(Ag.), Ph.D Scientist (Agri. Ent.)

Coordination, Documentation and Training Unit
Biswas, S. R., M.Sc. Sr. Scientist (Stat.)

B. Technical Officers

Kadam, S. 5., M.A.(English) Technical Officer (TS}

Dasan, C. B., B.5c.(Ag.) Technical Officer (T5)

Narayana Rao. M., Technical Officer (T3)
Dip. in Cinematography (LCT), (Photography)

Dip. in Radio, TV & Audio Tech,

* On study leave
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BUDGET FOR THE YEAR 1995-96 (Rs. in lakhs)

Head Plan Non-plan Total
Estublishment 10.81 17.45 28.26
T.A. 1,50 (.75 2.25
Works 16.38 ().25 16,63
Other charges 53,19 5.00 58.19
mcluding equipments

Other 1tems 1,30 0.0 1.30
Towl 8 2345 0676
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PARTICIPATION IN
SEMINARS/MEETINGS/SYMPOSIA/WORKSHOPS

Dr. S. P. Singh attended the following :

Participated in the panel discussion on the twpic “Rale of Biocontrol agents
in natural suppression of pests in vegetables' us u resource person at
Directorate of Plant Protection, Faridabad.

Attended XXX All india Rice Rescarch Group Meceting held at Directorate
of Rice Research, Rajendranagar, Hyderabad from 9th o 12th April, 95 and
Co-chaired 4 session in which Entomology programmes were discussed and
finalised,

Darticipated in the second meeting of the Project Monitoring Committee of
the Mission Mode Project on Development, Production and Demonstration of
Biocontrol Agents under IPM at Department of” Biotechnology, GOIL, New
Delhi on 22.8.95. The progress of the ongoing projects was reviewed and
feasibility of funding new ones was discussed.

Atiended workshop on “Biological Control as a Cornerstone of IPM for
Sustainable Agriculwre in Southeast Asia’ beld at Agriculture University,
Serdang, Malaysia from 11th to 15th September, 95 and presented an inviled
paper entitled “Experiences in classical hiological control in India’.

Attended 4th Meeting of the Task Force on Biological Control ol Plant Pests,
Diseases and Weeds held on [Sth and 16th November, 95 in DBT Conference
Room al New Delhi.

Participated in the Group Discussion of All India Coordinated Research
Froject on Tropical Fruits held at Punjab Agricultural University, Ludhiana
from 27th to 29th November, 95. Chaired a session on “Pest Management'.

Allended National Symposium on Bioechnological Inputs in Insect-Plant
Interactions held at Loyola College, Madras on 14th December, 95, Presented
an invited paper entitled "Host plant-host-entomophage inleractions: some
hiotechnological considerations ',
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Participated in the 83rd session of the Indiun Science Cangress Association
held at Punjabi University. Patala from Junuary 3-7, 1996 and presented an
invited paper entitled “Prospects of Biological Control by AD 2000 and
Beyond' on 6.1.96.

Attended second review meeting for Heliothis network project on 17th and
[8th January, 96 al UAS Dharwad as resource person. Co-Chaired a session
on IPM. Prepared a programme of work on Biointensive [ntegrated Pest
Management.

Participated in the Task Force Meeting of Mission Mode Projects of
Department of Biotechnology on 19th February, 96.

Others

Dr. S. P. Singh, Dr. K. Narayanan, Dr. N, S. Rao, Mr. S. R. Biswas, Mr. B.
S. Bhumannavar, Dr. N. Bakthavatsalam, Mr. 8. Ramani, Dr. T. Venkatesan,
Mr. Sunil Joshi and Dr. N. Pushpalatha attended the Fifth Biocontrol Workers'
Group meeting from 2 -3 November, {995,

Mr. 8. Ramani attended the convention on coffee berry borer organised by
the Coffee Board at Siddapur on June 10, 1995 and delivered a lecture on
the "Biological control of the coffee berry horer” and participated in the
discussion on the role of natural enemies.

Dr. K. Narayanan attended the workshop on "Biotechnology Genome -96" 27-

30 th Janoary, 1996 organized by Rotaract Club of Bangalore. fayanagar,
Bangalore.
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VISITORS
Shri Radha Krishna Mainali, Minister of Agriculture, Kathmandu, Nepal
Shri Susumu Ito, MOA Intemational, Japan

Dr. Robert 1. Williams, Deputy Director General (Scientific Services), CAB
International, Wallingtord, Oxon OX10 8DE, UK

Dr. M. L. Cox. International Institute of Entomology (CABI), London SW7
SIR, UK

Dr. Harry Evans, International Institute of Biological Control. Silwood Park,
Ascot, Berks SLS TTA, UK

Dr. R, Jim Waller, International Mycological Institute, Surrcy, UK
Dr. D. M. Venkata Reddy, SSRO, NSP, USA

Dr. §. K. De Daita, Director, Office of International Research &
Development, Virginic Tech. Blacksburg, Va., USA

Dr. N. 8. Talekar, Asian VYegetable Research and Development Centre,
Taiwan

Dr. Pham Ngoc Lieu, Vice Director, Long Dinm fruit Research Centre, Tien
giang Province, Vietnam

Dr. Lim Guan Soon, International Institute of Biological Control, Malaysia
Station, Serolang, Selangor, Malaysia

Dr. Ryang Hui Yun, Head of Pathology Lab. of Institute of Crop Protection,
DPR. Korea

Dr. Jo Yong Chan. Head of Entomology Laboratory. ICP, DPR of Korea

Dr. Kim Gu Eop, Head of Pesticide Lab., ICP, DPR of Korea
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Dr. Chea Chun Eick, Officer of Academy ol Agricullure Science,
DPR of Korea

Dr. 8. L. Mehta, DDG(Education), ICAR, Krishi Anusandhan Bhawan,
New Delhi

Dr. 1. C. Jain, World Bank, New Delhi.

Shri D. §. Ananth, Planter, Governing Body Member, ICAR, 697/A,
ist Block 11 Stage, Basaveswaranagar, Bungalore

Shri N, Parthusarthy, Financial Advisor (DARE), Krishi Bhawan. New Delhi

Shri G. S. Sahni, Secretary (ICAR) & Joint Secretary (DARE).
Krishi Bhawan, New Delhi

Shri N. Rangasamy. Hon'ble Minister Lor Agriculture, Pondicherry.

Dr. §. Gangopadhyay, Assoc. Prof. (Plant pathology), Agril. Rescarch Staton,
Sriganganagar, Rajasthan

Dr. R. K. Joshi. Entomologist, Agril. Rescarch Station, Sriganganagar,
Rajasthan

Shri Kenji Kakinoki. MOA India, 401 Parvathi Plaza. 105, Richmond Road.
Bangalore

Dr. M. D. Pathak. Centre lor Reseurch on Waste and Marginal Land,
Lucknow

Dr. §. Ikramullah, Joint Director of Horticulture, Government of Karnataka,
Lalbagh. Bangalore

Shri K. Venkatesh. Deputy Director of Horticulture, Government of
Karnataka, Lalbagh, Bangalore

Dr. K. N. Mchrotra, Eminent Scientist (Entomology). No.1604, Pocket-B-1,
Yasant Kunj, New Delhi-110030
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Dr. Anupam Verma, Joint Dircetor (Education) and Dean, Indian Agricultural
Research Institute, Pusa, 'New Delhi-1 10012

Dr. €. D. Mayee, Associate Director (NARP). Marthwada Agricultural
University. Paithan Road. Auvrangabad-431002

Dr. A K: Raheja, Assistant Director General (Plant Protection), ICAR, Krish:
Bhavan. New Delhi-110001

Dr. 8. N. Puri. Director, National Cenue for Integrated Pest Management,
TARI Campus, Pusu, New Delhi-110012

Dr. C. P.S. Yadava. Project Coordinator (White Grubs), Sukhadia University,
Durgapur, Jaipur-302015

Dr. 8. K. Handa, Project Coordinator (Pesticide Residue), AICRP on Pesucide
Residue. Indian Agricultural Rescarch Institute, Pusa, New Delhi-1 10012

Dr. R. C. Misra, Project Coordinator (Honeybees). AICRP on Honeybees,
Haryana Agricultural University. Hissar- 125004

Dr. B. D. Rana. Project Coordinator (Rodent Control), AICRP on Ruodent
Control, Central Arid Zone Research Institute. Jodhpur-342 (063

Dr. 5. K. Midha, Project Coordinator (Nematode). AICRP on Nemutode Pests
and its Control, Division of Nematology, Indian Agricultural Research
[nstitute, Pusa, New Delhi- | [00]2

Dr. P. Shyam Sunder Rao, Project Coordinator (Orithology). AICRP on
Economic  Ornithoiogy,  Andhra  Pradesh  Agricultaral  University,

Rajendranagar, Hyderabad-50003()

Dr. B. Mallik, Project Coordinator (Acarology), Department of Entomoingy,
University of Agril. Sciences, GKVK, Bangalore-560 065

Dr. M. Gopalan, Director, Cenure for Plant Protection Studies, Tamil Nudu
Agricultural University, Coimbatore-641003
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Dr. K. Krishnainh, Project Director, Directorate ol Rice Research,
Rajendranagar. Hyderabad-500030

Dr, V. N. Parashivamurthy, Dircctor of Research, UAS. Bangualore-56(1 065

Mr. C. P. Mohan Kumar, Sr.Finance & Accounts Officer, Indian Institute of
Horticultural Research, Hessaraghatta Lake Post, Bangalore-560 089

Dr. S. Lingappa, Professor and Head, Department of Entomology, UAS,
Dharwad-580 (M5
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Shri Radha Krishna Mamali, Hon ble Mimister of Agriculture, Govt, of Nepal being
explained the research activities by Dr. S, P. Singh, Project Director. PDBC

Dr. Robart ). Williams, DDG (Scientific Services), CABIL UK visited tor collaboration




Participants and invitees at Fitth Biocontrol Workers” Group Mecting

&

Productivity week celebrated by organising training on mass production of biocontrol agents



IMPRESSION ABOUT US!

"Very much impressed - KVKs should impart this information to
farmers”

Shri Chaturanan Mishraji
Hon’ble Union Minister of Agriculture
Government of India

"It is always a pleasure to see the most impressive work and the
facilities at this Project Directorate. Most important aspects on
biological control being addressed on priority and excellent
equipments and facilities are being developed under the leadership
of Dr. S. P. Singh. Scientists are highly dedicated and
enthusiastic. My best wishes for the success in their endeavour."

Dr. R. 8. Paroda
Director General (ICAR) & Secretary (DARE)
Government of India

"A fascinating view of the wonderful work of biological control.
[ am most impressed with the practical achievements of the team.
All best wishes for future success."

Dr. Robert J. Williams
DDG (Scientific Services)
CAB International, UK



