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Address by the Chief Guest

Vote of Thanks – Dr Chandish Ballal, Organising
Secretary
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TECHNICAL SESSIONS

10:30–12:30 SYMPOSIUM 1. Development and validation of
protocols for invertebrate mass rearing and quality
assurance

Chairs: Dr. S.P. Singh
Dr. Christopher J. Geden

Session introduction by the Chairs

Oral Presentations

S1.O1 The mass production of predacious Heteroptera:
new developments and challenges

Patrick De Clercq, E. W. Riddick and T. A. Coudron

S1.O2 Procedures to ensure the quality of mass-reared
filth fly parasitoids

Christopher J. Geden

S1.O3 A semi-automatic device for mass production of the
rice moth, Corcyra cephalonica (Stainton)
(Lepidoptera, Pyralidae), and evaluation of certain
biological and economic parameters to validate a
protocol for commercial production

T. M. Manjunath

S1.O4 Mass rearing of reduviid predators (Hemiptera,
Reduviidae) with natural hosts, factitious hosts and
artificial diets: an overview

K. Sahayaraj

S1.O5 Mass rearing of Helicoverpa armigera (Hübner)
(Lepidoptera, Noctuidae) for commercial
production of nucleo polyhedrosis virus

R. J. Rabindra, N. Sathiah and K.P. Jayanth



3

Mass Production & Quality Assurance of Invertebrates

S1.O6 Small scale production technique for Angoumois
grain moth, Sitotroga cerealella (Olivier)

Sunil Joshi, Chandish R. Ballal and B.L. Lakshmi

Poster Presentations

S1.P1 Improvised in vivo production and formulations of
entomopathogenic nematodes and current status
of commercialization in India

M. Nagesh, Jagadeesh Patil, Nikhita R. Pai and Saleem
Javeed

S1.P2 Large scale production of the parasitoid,
Acerophagus papayae Noyes & Schauff
(Hymenoptera, Encyrtidae) on papaya mealybug,
Paracoccus marginatus Williams & Granara de
Willink (Hemiptera, Pseudococcidae) in farmers’
papaya orchards in Maharashtra, India

R.V. Nakat, D.S. Pokharkar, A.S. Dhane, N.D. Tamboli,
S.B. Kharbade and A.G. Chandele

S1.P3 Mass production of Corcyra cephalonica (Stainton)
(Lepidoptera: Pyralidae) in a commercial mass
rearing unit: Moth emergence and egg production
studies

R. Kalyanakumar, Carlton Ranjith, A. Venkatachalam
and S. Sithanantham

S1.P4 Effect of ultraviolet light and freezing for
sterilization of the eggs of flour moth, Ephestia
kuehniella Zeller (Lepidoptera, Pyralidae) on its
attractiveness for the predator, Orius laevigatus
(Fieber) (Hemiptera, Anthocoridae)

P. Tork, Gh. Sabahi, S. Aghazadeh and A. Ashouri
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S1.P5 Development of a novel mass production technique
for Brumoides suturalis (Fabricius) (Coleoptera:
Coccinellidae), a predator of mealybugs

Sunil Joshi, Chandish R. Ballal and B.L. Lakshmi

12:30–13:30 Lunch break

13:30–17:00 SYMPOSIUM 2. Mass rearing of invertebrates for
management of arthropod pests, veterinary and
medical field applications & production of microbial
biocontrol agents

Chairs: Dr. Abraham Verghese
Dr. Karel Bolckmans

Session introduction by the Chairs

Oral Presentations

S2.O1 A mass rearing protocol for an anthocorid predator,
Blaptostethus pallescens Poppius

Tripti Gupta and Chandish R. Ballal

S2.O2 Production protocols for indigenous ichneumonid
parasitoids Campoletis chlorideae Uchida and
Eriborus argenteopilosus (Cameron)

Chandish R Ballal, Sunil Joshi, T.V. Bhaskaran and
L. Lakshmi

S2.O3 Endosymbiotic yeast, a dietary source for improved
production of Chrysoperla zastrowi sillemi
(Neuroptera: Chrysopidae)

B.N. Hemalatha, T. Venkatesan, S.K. Jalali, B. Reetha
and Abraham Verghese
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S2.O4 The effects of larval nutrition on development and
reproductive performance of Cryptolaemus
montrouzieri (Coleoptera: Coccinellidae) under
varying food regimes

Xie Jiaqin, Zhang Yuhong, Wu Hongsheng, Liu Ping, He
Yunyu, Deng Congshuang and Pang Hong

15:00–15:15 Tea Break

S2.O5 Mass production of Trichogramma dendrolimi using
eggs of the Chinese oak silkworm, Antheraea
pernyi, and its field application in the suppression
of the Asian corn borer, Ostrinia furnacalis, in
China

Lian-Sheng Zang and Chang-Chun Ruan

S2.O6 Hibiscus cannabinus L. (Malvaceae) as an alternate
host plant for mass rearing of Paracoccus
marginatus Williams and Granara de Willink
(Hemiptera: Pseudococcidae) and their exotic
parasitoids

S. Mahiba Helen, S. Chikkanna, J. Balasaraswathi,
N. Ravikumar, N. Sakthivel and B.B. Bindroo

S2.O7 Fitness benefits of the bacterium Wolbachia in
improving the biocontrol potential of the parasitoid,
Cotesia plutellae (Kurdjumov) (Hymenoptera:
Braconidae)

K. Srinivasa Murthy, S.L. Ramya, T. Venkatesan,
S.K. Jalali and Jency Jose

S2.O8 Oxygen uptake rate of the entomopathogenic
nematode, Heterorhabditis bacteriophora, in a
bioreactor

Prasanna D. Belur, Floyd L. Inman III and Leonard D.
Holmes
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S2.O9 E-resource on mass production protocols for some
important host insects, parasitoids and predators

M. Pratheepa, Chandish R. Ballal, J. Cruz Antony,
Y. Lalitha and A. Robinson Silvester

Poster Presentations

S2.P1 Standardization of a mass rearing method for Spalgis
epeus (Westwood) (Lepidoptera: Lycaenidae) with
special reference to oviposition under
confined conditions

P.N. Ganga Visalakshy, A. Krishnamoorthy and
K. Gopalakrishna Pillai

S2.P2 Effect of food substrates on mortality of Spodoptera
litura (F.) (Lepidoptera: Noctuidae) and yield of its
Nuclear Polyhedrosis Virus (Sl-NPV)

H.S. Baheti, Bhawna Sharma, Sarita Chaudhary,
D.R. Bajya and S.K. Raza

S2.P3 Culturing of Spodoptera litura (F.) (Lepidoptera:
Noctuidae) and Nomuraea rileyi (Farlow) Samson
and evaluation of the virulence of N. rileyi in its
various formulations

K. Swetha and K. Manjula

S2.P4 Mass production of the indigenous parasitoid,
Encarsia transvena (Hymenoptera: Aphelinidae) in
greenhouses for biological control of the whitefly
Bemisia tabaci (Hemiptera: Aleyrodidae)

K. Gopalakrishna Pillai, P.N. Ganga Vishalakshy,
A. Krishnamoorthy and M. Mani
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S2.P5 Microflora associated with Corcyra cephalonica
(Stainton) (Lepidoptera, Pyralidae) and their role
in affecting its mass production

K. Ashwitha, R. Rangeshwaran, Y. Lalitha and Chandish
R. Ballal

S2.P6 Development and reproduction of the predatory
mite Amblyseius swirskii (Athias-Henriot) (Acari:
Phytoseiidae) on artificial diets

Tung Nguyen Duc, Dominiek Vangansbeke and Patrick
De Clercq

S2.P7 A non-meat based diet for mass-rearing of
Chrysomya megacephala (F.) (Diptera:
Calliphoridae), an important pollinator of mango

P.V. Rami Reddy, V. Varun Rajan, S. Sudhagar and
Abraham Verghese

17:00–21:00 Visit to NBAII followed by Dinner

Thursday, November 7th, 2013

9:00–12:30 SYMPOSIUM 3. Biocontrol in high value and
export crops and emerging markets

Chairs: Dr. M. Mani
Dr. Shimon Steinberg

Session introduction by the Chairs

Oral Presentations

S3.O1 Fifteen years of IPM-Biocontrol in sweet pepper
greenhouses in Israel: Lessons to be learned

Shimon Steinberg
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S3.O2 Diversity and role of gut bacteria associated with
field populations of Amrasca biguttula biguttula
(Ishida) (Hemiptera, Cicadellidae) in cotton

G. Sivakumar, Mahesh S. Yandigeri, R. Rangeshwaran,
M. Mohan, S. Yalashetti, T.Venkatesan, P. Raveendran
and Abraham Verghese

S3.O3 Rearing and evaluation of pesticide resistant
populations of Chrysoperla zastrowi sillemi (Esben-
Petersen) (Neuroptera: Chrysopidae)

T. Venkatesan, S. Mahiba Helen, S.K. Jalali, K.
Srinivasa Murthy and Y. Lalitha

S3.O4 Comparative study of semi-synthetic diets for large
scale production of the cotton bollworm,
Helicoverpa armigera (Hübner) (Lepidoptera:
Noctuidae), and its nuclear polyhedrosis virus
(HaNPV)

S.S. Gayathridevi, B.N. Gangadhar, S. Rajashekar and
M.G. Venkatesha

S3.O5 Quality assessment of mass reared Trichogramma
chilonis Ishii (Hymenoptera: Trichogrammatidae)
based on field performance

Y. Lalitha, Chandish R. Ballal and V. N. Patel

10:30–10:45 Tea Break

S3.O6 Mass rearing of Asecodes hispinarum Boucek
(Hymenoptera: Eulophidae) for biological control of
Brontispa longissima (Gestro) (Coleoptera:
Chrysomelidae) in Thailand

Patchareewan Maneesakorn, Amporn Winotai and
Suwat Phoonphan
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S3.O7 Oviposition stimulants for enhancing the efficiency
of mass rearing of Bactrocera dorsalis (Hendel)
(Diptera, Tephritidae)

P.D. Kamala Jayanthi, Vivek Kempraj, Ravindra M.
Aurade, Abraham Verghese and Toby Bruce

S3.O8 Development of mass production techniques for
Dipha aphidivora (Meyrick) (Lepidoptera,
Pyralidae) on sugarcane woolly aphid, Ceratovacuna
lanigera Zehntner (Hemiptera, Aphididae) under
field conditions

R.V. Nakat, D.S. Pokharkar, S.M. Galande, A.S. Dhane,
S.B. Kharbade and A.G. Chandele

S3.O9 Production protocol for Anastatus (Anastatus)
acherontiae Narayanan, Subba Rao & Ramachandra
Rao (Hymenoptera: Euplemidae), a potential egg
parasitoid of litchi stink bug, Tessaratoma javanica
(Thunberg) (Hemiptera: Tessaratomidae)

Ankita Gupta, Y. Lalitha and Chandish R. Ballal

Poster Presentations

S3.P1 Devising mass collection as a substitute for a hard-
to-rear insect: Case study with the mango stone
weevil, Sternochetus mangiferae (F.) (Coleoptera:
Curculionidae)

P.D. Kamala Jayanthi, Vivek Kempraj, Ravindra M.
Aurade and Abraham Verghese

S3.P2 Ecology and rearing of Pleurotroppopsis
podagrica (Waterston) (Hymenoptera:
Eulophidae): a potential parasitoid of the oil palm
pest, Coelaenomenodera elaeidis (Coleoptera:
Chrysomelidae)

T.I. Aneni, C.I. Aisagbonhi, B.N. Iloba and V.C. Adaigbe
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S3.P3 Life cycle traits of the tea looper, Hyposidra talaca
(Walker) (Lepidoptera: Geometridae), on artificial
and natural (tea) diets

Anjali Km Prasad and Ananda Mukhopadhyay

S3.P4 Production of hosts and parasitoids for management
of the papaya mealybug, Paracoccus marginatus
Williams and Granara de Willink (Hemiptera:
Pseudococcidae), an invasive pest of several
vegetable and fruit crops

A.N. Shylesha, M. Mani and C. Shivaraju

12:30–13:30 Lunch Break

13:30–16:00 SYMPOSIUM 4. Legal and ethical issues
associated with mass rearing invertebrates

Chairs: Dr. T.M. Manjunath
Dr. A. Krishnamoorthy

Session introduction by the Chairs

Oral Presentations

S4.O1 Challenges in the trade of invertebrate biological
control agents

Johannette Klapwijk

S4.O2 Risk assessment criteria and methodologies for
insect biological control agents to suit the
developing world scenario

S. Sithanantham, Chandish R. Ballal, T.M. Manjunath
and A. Krishnamoorthy
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S4.O3 Quality control parameters for mass-reared insects
with Trichogramma (Hymenoptera,
Trichogrammatidae) as a case study

Chandish R. Ballal, T.M. Manjunath, S. Sithanantham
and Abraham Verghese

S4.O4 Gaps in plant protection technologies among farm
women of Odisha, India

S.K. Srivastava and M.P.S. Arya

S4.O5 Legal and ethical issues related to mass rearing
and utilization of insect parasitoids, predators and
their hosts

T.M. Manjunath, S. Sithanantham, Chandish R. Ballal
and A. Krishnamoorthy

16:00–18:00 Valedictory

Chair: Dr. N.K. Krishna Kumar
DDG (Hort.), ICAR

Proposal for the venue of the next IOBC workshop

Distribution of participation certificates and prizes,
followed by tea
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Symposium 1
Development and Validation of protocols for

invertebrate mass rearing and
quality assurance
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Oral Presentations

S1.O1 The mass production of predacious Heteroptera: new
developments and challenges

Patrick De Clercq1, Eric W. Riddick2 & Thomas A. Coudron3

1Department of Crop Protection, Ghent University, Coupure Links 653,
B-9000 Ghent, Belgium; email: patrick.declercq@ugent.be; 2National
Biological Control Laboratory, USDA – Agricultural Research Service,
Stoneville, MS 38776, USA; email: eric.riddick@ars.usda.gov; 3Biological
Control of Insects Research Laboratory, USDA – Agricultural Research Service,
Columbia, MO 65203, USA; email: tom.coudron@ars.usda.gov

Several species of predacious Heteroptera belonging to the families
Anthocoridae, Miridae, Lygaeidae, Nabidae, Reduviidae and
Pentatomidae (subfamily Asopinae) have been or are being used in
augmentative biological control programs of key agricultural pests in
various agroecosystems. This paper provides an overview of several
key aspects of rearing procedures for predatory bugs.

Some predatory bugs are reared on their natural prey, particularly in
small scale laboratory cultures. However, these rearing systems usually
involve high costs related to labour and facilities for natural prey and
plant production (e.g. greenhouses) and may face problems of
discontinuity. Several types of factitious hosts have proved advantageous
for continuous mass rearing and now are routinely used in the production
of heteropteran predators: e.g., eggs of certain lepidopterans like
Ephestia kuehniella Zeller (Lepidoptera: Pyralidae), Corcyra
cephalonica (Stainton) (Lepidoptera: Pyralidae), and Sitotroga
cerealella (Olivier) (Lepidoptera: Gelechiidae) and cysts of brine shrimps,
Artemia spp. (Anostraca: Artemiidae). Various artificial diets have also
been proposed for predatory bugs, but their adoption in mass production
systems remains negligible. The majority of these diets is comprised of
meat and egg and presented in sachets fabricated from parafilm. Further,
most predatory bugs are omnivorous (zoophytophagous) to some degree
and live in close association with plants, which has important implications
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for their rearing. In many rearing systems, plants and plant materials are
used as sources of water and supplementary nutrients, and as living and
oviposition substrates. However, the use of plant materials in the mass
production has its practical drawbacks. Therefore, rearing systems devoid
of plants, using alternative water sources and oviposition substrates, have
been developed for a number of mirid and anthocorid predators. Colonies
of predatory bugs face relatively few problems with diseases, but
sanitation procedures should be a part of the rearing routine. Besides
paying attention to entomopathogens, it may be wise to check for the
presence of bacterial endosymbionts like Wolbachia and Rickettsia that
induce cytoplasmic incompatibility. Additionally, a more profound
knowledge of the gut microbiota (e.g., probiotics) may assist with
nutritional acquisition when using natural and alternative food sources.
Although there are still important gaps in our ability to produce
heteropteran predators, their mass production will benefit from new
technologies that are rapidly expanding our knowledge of genetics,
nutrition, and developmental and reproductive biology.

S1.O2 Procedures to ensure the quality of mass-reared filth fly
parasitoids

Christopher J. Geden
Center for Medical, Agricultural and Veterinary Entomology, USDA,
ARS, 1600 SW 23rd Drive, Gainesville, FL 32608 USA. Email:
Chris.Geden@ars.usda.gov

Nearly all of the commercially produced parasitoids for management of
filth flies (Diptera, Muscidae) are in the genera Muscidifurax and
Spalangia (Hymenoptera, Pteromalidae).  Successful production of these
species requires close attention to detail and an understanding of the life
history characteristics of each species. High host quality is the first
element in parasitoid production. Many recipes are available for
economical production of house fly pupae, which can be produced for
less than $1 per 10,000 pupae. Fly larval densities need to be managed
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to ensure colony efficiency without sacrificing host quality. Good quality
parasitoids can be produced on pupae weighing at least 15 mg each.
Even larger pupae (>20 mg) are superior hosts but seldom worth the
extra expense required to achieve body sizes above 18 mg. Similarly,
host:parasitoid ratios need to be chosen that ensure high rates of
parasitism without causing excessive mortality and male production
because of superparasitism. The use of killed hosts for mass-production
provides a practical method for stockpiling hosts in preparation for colony
expansion. Irradiated pupae have the longest shelf life, followed by heat-
killed hosts. Freeze-killed pupae are of lower quality, especially for
Spalangia spp., but can be used in emergencies.

Superparasitism strategies vary with the species being reared. Solitary
Muscidifurax (M. raptor Girault & Sanders and M. zaraptor Kogan
& Legner) have aggressive first stage larvae that help ensure production
of a single healthy adult per host. Spalangia spp. show ovipositional
restraint to minimize supernumerary oviposition which results in
undersized adult parasitoids. Gregarious species such as M. raptorellus
Kogan & Legner respond to changes in host availability by adjusting the
number of eggs deposited per host. Rearing and release of species
mixtures can improve efficacy but require strict operational control to
avoid contamination of stock colonies.  Spalangia spp. compete poorly
with Muscidifurax spp., and solitary Muscidifurax spp. outcompete
M. raptorellus. Nasonia vitripennis (Walker) (Hymenoptera,
Pteromalidae) is a constant threat that can eliminate any other species
within a few generations. Every cohort of reared parasitoids should be
given a spot inspection for the presence of contaminants.

Colonies should be restarted from field material as often as is practical,
as laboratory adaptation can occur rapidly. These effects are not always
easy to detect. For example, colonized Spalangia cameroni Perkins
appears to suffer little loss of fecundity or longevity but its ability to find
concealed hosts degrades quickly. Nosema disease is common in colonies
of filth fly parasitoids, especially M. raptor and M. zaraptor. Infection
rates of this microsporidian in field populations are low but disease is
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rapidly amplified under colonization conditions. Maternal transmission is
nearly 100% efficient and mass-rearing conditions exacerbate the risks
of horizontal transmission. Disease mitigation protocols are available but
careful selection of founding stock to cull infected individuals provides
the best assurance of colony health.

S1.O3 A semi-automatic device for mass production of the rice
moth, Corcyra cephalonica  (Stainton) (Lepidoptera, Pyralidae)
and evaluation of certain biological and economic parameters to
validate a protocol for commercial production

T.M. Manjunath
Former Director, Monsanto Research Centre & Former Vice President, Bio-
Control Research Laboratories, Pest Control India Ltd., Bengaluru 560 092,
India. Email: manjunathtm@gmail.com

A specially designed cage with an automatic moth collection device has
been developed for mass production of the rice moth, Corcyra
cephalonica (Stainton) (Lepidoptera:  Pyralidae), which serves as a
factitious host for mass rearing a large number of parasitoids and
predators. It has two major segments: rearing trays and a trolley, both
made of galvanized iron and painted. The trays are square (45 x 45 x
6.5cm) and provided with fittings so that they can be easily mounted on
each other or dismantled. The trolley has a strong square frame (60 x 60
x 60cm), fitted with a large funnel and mounted on four sturdy legs fitted
with wheels so as to facilitate movement. The neck of the funnel may
be attached with a suitable box or bag for collection of moths. The open
trays, each filled with about 4 kg selected crushed grains mixed with
about 4,000 eggs of Corcyra, may be arranged one above the other
(about 12 are ideal) on the trolley and the whole unit is covered by a
perforated polythene sheet as per provisions made. Once the unit is
assembled, there is no need to handle it any further. The moths that
emerge daily from the open trays, about 30 days after infestation, get
automatically collected in the box/bag attached to the funnel. These are



18

13th IOBC-MRQA Workshop, Bangalore, India

transferred to oviposition cages. A specially designed oviposition cage
and a UV chamber for irradiation of the eggs have also been developed.
Techniques have also been evolved for cleaning, measuring and packing
the eggs. This entire breeding system developed by the author in 1993
as part of his Ph.D. thesis submitted to the University of Agricultural
Sciences, Bangalore, has been subsequently modified / improved and
adopted by several commercial insectaries in India.

The new technique has resulted in overcoming some of the major
problems associated with Corcyra production such as moth collection,
scale contamination, health hazards, cross infestation, parasitization by
Bracon hebetor Say (Hymenoptera: Braconidae), etc. There is also
over 70% savings on labour.

Qualitative and quantitative analyses of data on various diets indicated
that Corcyra larvae preferred coarsely crushed grains to whole grains;
that providing the entire diet in a single dose was better than split doses;
and that pearl millet (Pennisetum glaucum) was the most economical
and effective diet followed by sorghum (Sorghum bicolor) in terms of
moth production, fecundity and cost. Studies on the insect-to-diet ratio
revealed that a ratio of 4,000 eggs to 4,000 g of crushed grains in a
rearing tray was optimum and it yielded on average 50 moths per day
for 60 days from 30 to 90 days after infestation (76.63%). Overcrowding
resulted in decrease in larval numbers, larval weight, adult emergence
and fecundity. It was found that mated females were more fecund (466
eggs/female) than virgins (343 eggs/female) and there was no difference
in the fecundity and longevity between the moths fed with aqueous honey
and unfed moths. All the biological and economic parameters were
evaluated and a well-defined protocol for commercial production of C.
cephalonica is recommended. A floor plan of an insectary building,
specially designed for Corcyra production, is suggested.
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S1.O4 Mass rearing of reduviid predators (Hemiptera,
Reduviidae) with natural hosts, factitious hosts and artificial diets:
an overview

K. Sahayaraj
Crop Protection Research Centre, St. Xavier’s College, Palayamkottai-
627002, Tamil Nadu, India. Email: ksraj48@gmail.com

Reduviidae is the largest family of predaceous land Heteroptera and
many of them are found to be potential predators of a variety of insect
pests worldwide. However, they have not been utilized adequately in
pest management programs under natural or glasshouse conditions. Non-
availability of specific methodology and non-preference of any common
prey by all the reduviids are a few constrains for rearing these predators.
Earlier reduviid predators were reared on various species of arthropods
like house flies, termites, ants and grasshoppers. However, Harpactorinae
predators did not prefer these insects, instead they preferred to feed on
lepidopteran larvae and hemipteran nymphs and adults. It shows that
feeding habit purely depends on the presence of a tibial pad in reduviid
predators.

The larvae of the rice meal moth, Corcyra cephalonica (Stainton)
(Lepidoptera, Pyralidae), have been considered as a factitious host of
many heteropteran predators world-wide in laboratory cultures.
Considering the importance of host diet, various diets were provided to
C. cephalonica to check their suitability for rearing the reduviids.
Pristhesancus plagipennis (Walker) (Hemiptera, Reduviidae) is a
predator of larvae and nymphs of many pestiferous insects for which
natural enemies are not commercially available in Australia. It is reared
with larvae of Tenebrio molitor (L.) (Coleoptera, Tenebrionidae) and
Helicoverpa armigera (Hübner) (Lepidoptera, Noctuidae).

Natural hosts including the larvae of H. armigera, Spodoptera litura
(Fab.)., Earias insulana (Boisduval), Earias vitella (Fab.) (all
Lepidoptera, Noctuidae) and of Plutella xylostella L. (Lepidoptera:
Plutellidae), and nymphs of Dysdercus cingulatus (Fab.) (Hemiptera,
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Pyrrhocoridae) have been routinely utilized for laboratory rearing and to
evaluate the bioefficacy of reduviid predators.

Mass production of reduviids was carried out by feeding them with hot-
water-killed or cold-killed larvae of H. armigera, C. cephalonica and
T. molitor. A group feeding method, bucket method, larval card method,
etc. were also proposed for mass rearing. Initially, water and glucose
water were used to test the feeding and development of Sinea diadema
(Fab.) (Hemiptera, Reduviidae), but later, meat-based and insect-based
artificial diets were tested and used successfully.

It is evident from the literature that prey density, prey type, media of
prey rearing, predator density, predator sex ratio, predator rearing space,
predator rearing substrates, etc. affect the growth and development,
survival, fecundity and egg hatchability, and body size of different
reduviids. Therefore, quality control measures should be developed to
optimize the mass production of reduviid predators and maximize their
efficacy in the field.

S1.O5 Mass rearing of Helicoverpa armigera (Hübner)
(Lepidoptera, Noctuidae) for commercial production of nucleo
polyhedrosis virus

R.J. Rabindra1, N. Sathiah2 & K.P. Jayanth3

1College of Post graduate Studies, Shillong, India; 2Krishi Vigyan Kendra,
Tamil Nadu Agricultural University, Vridachalam, India; 3Bio-control
Research Laboratories, Pest Control (India) Pvt. Ltd., Bengaluru, India.
Email: rjrabindra@gmail.com

Availability in India of diverse isolates of nucleo polyhedrosis virus (NPV)
of Helicoverpa armigera (Hübner) (Lepidoptera: Noctuidae) with good
shelf life and field efficacy against the pest on crops like cotton, chickpea
and tomato stimulated research and development to facilitate commercial
scale production of the NPV formulations.

The authors of this paper initiated research on efficient methods of mass
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production of H. armigera in the laboratory on a semi-synthetic diet and
standardized the protocols for maximising the virus production with
minimum microbial contaminants, particularly microsporidia. A wild colony
of H. armigera, grown in quarantine for at least five generations and
screened for the spores of microsporidia and viral infections, was adapted
to laboratory mass production and a healthy colony with a year-round
production of larvae on a semi-synthetic diet based on chickpea, yeast,
agar agar, salt mix, vegetable oil, vitamin mix and antimicrobial agents
for NPV production was made possible.

Some of the crucial factors in mass production of the host insect were
maintaining a disease-free insect colony, optimised nutrition for the insects
with cost reduction, reduction of handling cost and drudgery and providing
optimum temperature and humidity. Adoption of a protocol involving strict
sanitation and mother moth examination eliminated the disease problems.
Invasion of the diet by phorid flies and consequent contamination with
mould was taken care of by provision of fly-proof netting and addition of
carbendazim to the diet. Addition of sunflower oil at 0.6% and
multivitamins at 0.4% in the diet enhanced the larval growth which in
turn increased the yield of virus.

The most important factors enhancing the virus production, however,
were using the early fifth instar larvae for virus inoculation and maintaining
an incubation temperature of 25±1oC and a humidity of less than 50%.
Histopathological studies revealed that under these conditions, the fat
body proliferation, virus invasion and replication proceeded in a balanced
manner enabling very high levels of virus yield of up to 1.5x1010 polyhedra/
larva with a mean of about 6x1010/larva.

In a collaborative project under the National Agricultural Technology
Project of the Indian Council  of Agricultural Research involving the
Tamil Nadu Agricultural University and Bio-Control Research
Laboratories (BCRL), a division of Pest Control (India) Pvt. Ltd.,
Bangalore, successful mass production of H. armigera and high quality
NPV formulation by the BCRL was accomplished, with a 100-fold
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increase in productivity of the virus. From a mean yield of about 5-
6x107polyhedra/larva before the launch of the collaborative project, the
yield increased to ca. 6x1010/larva at the conclusion of the project. In
field trials on cotton, chickpea and tomato, the viral formulation was
found to provide good control of early instar larvae of H. armigera  to
the extent of 70–85 %.

S1.O6 Small scale production technique for Angoumois grain
moth, Sitotroga cerealella (Olivier)

Sunil Joshi, Chandish R. Ballal & B.L. Lakshmi
National Bureau of Agriculturally Important Insects, Post Bag No. 2491, H.A.
Farm Post, Bangalore 560 024, Karnataka, India. Email:
sunjoshi.pdbc@gmail.com

A small scale production technique was developed for Sitotroga
cerealella (Olivier) (Lepidoptera: Gelechiidae), which comprised of an
oviposition cage and a moth collection device fabricated from locally
available and inexpensive materials. Transparant plastic jars (27 cm high
x 24 cm diameter) were used as oviposition cages and plastic boxes
with ventilated lid (10 cm high x 25.5 cm diameter) were used for rearing
the larvae. Unhusked wheat was used as a grain medium for larval
rearing as that supported the maximum output. Each larval rearing box
was charged with 330g of pre-boiled and dried grains and infested with
0.3 ml of S. cerealella eggs. Black paper (KG cardboard, smooth) was
identified as the most suitable oviposition  substrate as it allowed maximum
egg laying and removal of eggs without damaging them. Approximately
8000 moths were released in an oviposition cage. The oviposition cage
thus developed allowed feeding of the moths without opening the lid of
the jar, removal of the oviposition substrate without disturbing the adults,
and maximum deposition of eggs on the substrates without contaminating
them with moth scales. The moth collection device consisted of a
cardboard box with a plastic funnel attached to it at the base. This funnel
was inserted directly into the adult oviposition cage. Larval rearing boxes
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(three in number) were kept open inside this cardboard box. The
emerging moths were collected directly into the oviposition cage. This
collection device caused the least disruption of the larval rearing regime
and required least adult handling, thus leading to minimum adult mortality
(less than five per cent) and a substantial reduction in manual labour
(0.25 man days) involved in the rearing procedure. By using the newly
devised technique, we could produce 50–60 ml of S. cerealella eggs per
month. One oviposition cage containing around 4000 females was in use
for six days and yielded 12 ml of eggs, on average.

Poster Presentations

S1.P1 Improvised in vivo production and formulations of
entomopathogenic nematodes and current status of
commercialization in India

M. Nagesh, Jagadeesh Patil, Nikhita R. Pai & Saleem Javeed
National Bureau of Agriculturally Important Insects, Bangalore-560024,
Karnataka, India. Email: nageshmnbaii@gmail.com

Entomopathogenic nematodes (EPN) are obligate parasites belonging
to the families Steinernematidae and Heterorhabditidae and kill insects
in association with respective mutualistic bacteria of the genera
Xenorhabdus and Photorhabdus. Given their many desirable attributes
such as quick kill (48-96 hours), infectivity to a wide insect host range
across the orders, good survivability, host searching ability, amenability
to mass production, formulation and shelf life, environmental safety and
potential for large-scale field use, EPN have tremendous potential as
natural enemies for integrated pest management. With wider
environmental acceptability over several insecticides and efficacy against
several soil-borne insect pests, the demand for EPN is ever-growing,
more so in developing nations. Conventionally, EPN are produced in
vivo on insect hosts, including Galleria mellonella (L.), Corcyra
cephalonica (Stainton) (Lepidoptera: Pyralidae) and Tenebrio molitor
L. (Coleoptera: Tenebrionidae). In vitro production of monoxenic cultures
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of EPN has significantly facilitated scale-up production using fermenters.
Further, a design for low-tech in vivo production of EPN has been
developed and their production through cottage industry advocated.

Our studies, during 2011-2013, aimed to increase the in vivo production/
productivity of EPN (Heterorhabditis indica strain NBAII Hi01, H.
bacteriophora strain NBAII Hb05, Steinernema abbasi strain NBAII
Sa04 and S. glaseri strain NBAII Sg01) on G. mellonella and to develop
suitable wettable powder (WP) formulations with a shelf life of 6-10
months depending upon the EPN species. Arguably, consistency in in
vivo productivity of EPN is influenced by host insect larval biomass,
fecundity, optimized host life cycles, rearing conditions (temperature,
RH, nutrition, etc.) and diet composition, which were addressed in this
study. Modified diet media for G. mellonella with cost-effective
alternatives to honey (cane juice, jaggery, molasses), wheat flour (corn
flour, wheat, rice bran powders), and milk powder as well as their
proportions were assessed. The new diets increased the larval production
and productivity of G. mellonella by 20 and 26%. The respective yields
of the four nematode species were on par with those on G. mellonella
larvae raised on modified media, indicating that the modified media did
not affect the nematode productivity per unit biomass of Galleria larvae.
Synchronized production of Galleria monitored at optimal temperature
(28–33oC) and RH (65–80%) for oviposition, egg hatching, larval growth
and pupation resulted in a 28–36% increase in biomass production and
reduced the duration of the life cycle of G. mellonella. WP formulations
developed using combinations of silicate earth material increased the
shelf life of H. indica to 8–10 months, of S. abbasi and H.
bacteriophora to 6–8 months, and of S. glaseri to 4–5 months at
34±2oC. By comparison, aqueous suspensions in sponge of infected
cadavers rolled in bentonite exhibited a shelf life of 4–6 weeks, with
some variation depending upon the nematode species. The complete set
of methodology comprising in vivo production, post-production
harvesting, WP formulations and packaging was transferred to six
entrepreneurs in India between 2011 and 2013 and four products are
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now available commercially for the control of white grubs, cutworms,
curculionid larvae, etc. NBAII licensed the technologies related to in
vivo production, downstream processing and formulation development
of EPN to five commercial producers and two are actively producing
10–12 tonnes of WP formulation annually. There is an urgent need to
develop production-supply chains in order to meet the demand which is
far above the current supply in India. Other alternatives are also discussed.

S1.P2 Large scale production of the parasitoid Acerophagus
papayae Noyes & Schauff (Hymenoptera, Encyrtidae) on papaya
mealybug, Paracoccus marginatus Williams & Granara de Willink
(Hemiptera, Pseudococcidae) in farmers’ papaya orchards in
Maharashtra, India

R.V. Nakat, D.S. Pokharkar, A.S. Dhane, N.D. Tamboli, S.B. Kharbade &
A.G. Chandele
AICRP on Biological Control of Crop Pests and Weeds, Mahatma Phule Krishi
Vidyapeeth, College of Agriculture, Pune 411005, Maharashtra, India. Email:
rvnakat@gmail.com

The papaya mealybug (PMB), Paracoccus marginatus Williams and
Granara de Willink (Hemiptera, Pseudococcidae) was first recorded in
the papaya orchard (var. Taiwan 786-Red Lady) at the Regional Fruit
Research Station, Pune (Maharashtra, India) in July 2010. The pest
incidence was 85–95% with a 4–5 pest intensity rating in the Pune region,
causing significant losses to farmers. The exotic parasitoid, Acerophagus
papayae Noyes and Schauff (Hymenoptera, Encyrtidae) was collected
in August 2010 from the PMB infested papaya orchard of the IARI
Regional Station on Virology, Baner (Pune), where the fortuitous
introduction of the parasitoid occurred along with the pest. Acerophagus
papayae was mass multiplied on the PMB colonies reared on potato
sprouts at the Biocontrol Laboratory in Pune and the first inoculative
release of the parasitoid was undertaken in the farmers’ papaya orchards
(80% infested with PMB) at Lonikand, Pune district. The parasitoid
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was allowed to multiply under natural conditions with large populations
of all nymphal stages of the host insect present on papaya plants. The
parasitoid population increased from 4–5 adults per leaf to 50–60 adults
per leaf when at peak within a two-month period. The parasitoids from
Lonikand orchard were distributed to farmers for inoculative releases at
1,500 adults per acre in Pune and at 1,000 adults per acre in Jalgaon,
Dhule and Thane districts during the first fortnight of October 2010. The
results indicated that there was 85–92 per cent decline in the mealybug
incidence in the Pune region, 70 per cent reduction in Thane and 38–40
per cent reduction in the Dhule and Jalgaon regions within three months.
Enormous populations of the parasitoid (> 60 adults/leaf at peak) were
observed in severely infested orchards. The papaya mealybug was under
control within six months after inoculative release of the parasitoid during
2010-11. During the year 2012, the PMB incidence was noticed in March
and it reached its peak during May, causing 30-35% losses in the first
flush of fruiting. The natural enemies, particularly A. papayae, developed
well during May and June and the second flush of fruiting noticed in
July-August 2012 was found to be free from the pest. However, the
parasitoid population which was very high on infested fruits and leaves
(av. 40-50 adults/leaf) during May-June declined to 10-15 adults/leaf
during August 2012, obviously due to a drastic reduction in the mealybug
population. At present, the PMB incidence is 2–3% in the farmers’ papaya
orchards where the natural enemies are established. The parasitoids
were found to be healthy and very active having good capacity of
parasitization compared to laboratory reared populations which may be
due to the availability of large numbers of host insects under natural
conditions. The present studies indicated that A. papayae is well
established and evenly distributed in papaya orchards in Maharashtra,
providing effective control of the mealybug.
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S1.P3 Mass production of Corcyra cephalonica (Stainton)
(Lepidoptera: Pyralidae) in a commercial mass rearing unit: Moth
emergence and egg production studies

R. Kalyanakumar, Carlton Ranjith, A. Venkatachalam & S. Sithanantham
Sun Agro Biotech Research Centre, 3/1978, Main Road,Madanandapuram,
Chennai 600125, India. Email: sithanantham@yahoo.com

In South Asia, the rice moth, Corcyra cephalonica (Stainton)
(Lepidoptera: Pyralidae), is mass reared in commercial insectaries as a
factitious host for egg parasitoids of the genus Trichogramma, the larval
parasitoid, Bracon hebetor (Say) (Hymenoptera: Braconidae), and also
as prey for the predator, Chrysoperla carnea (Stephens) (Neuroptera:
Chrysopidae). In India, the scope to improve the efficiency of production/
storage of the host eggs was explored by several workers and recently
in our commercial unit. The present study was on characterizing the
Corcyra moths’ emergence pattern and their egg productivity in culture
trays towards forward planning of egg supply.

The overall moth emergence pattern over a eight-week-period (7-14
weeks) showed a peak in week 11. Out of a total of ca.1500 moths per
tray, less than 20% (17.6%) of the moths emerged in the 7th & 8th weeks,
about one third (34.1%) emerged in the next two weeks (9th&10th),
reaching a peak of 38.4% in the 11th & 12th weeks, while less than 10%
of the moths emerged in the final two weeks (13th & 14th week). Further,
the egg production ability of moths also appeared to vary significantly
among the eight weekly intervals. While 1 ml of eggs could be produced
by 256 moths in the 7th week, much lower moth numbers could produce
the same egg quantity during the 8th, 9th and 10th weeks. The fecundity
also peaked during the 11th week (96 moths could produce 1 ml of eggs).
There was a decline in fecundity during the 12th and 13th weeks (to
about 160 moths for 1 ml eggs) while in the last (14th) week, the fecundity
was too low, requiring over 700 moths for the production of 1 ml of eggs.

The overall weekly yield of eggs in the culture trays during the eight-
week period showed that the 7th week could yield only 2% of the total
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eggs, while in week 8 this improved to  ca. 10%, to 17% in week 9, and
19% in week 10. Egg production peaked to 28% in week 11 and then
dropped to 15, 10 and 1% in weeks 12, 13 and 14, respectively. This
trend enabled us to decide to limit our moth collection and egg recovery
to the 13th week. Further studies to improve the cost-efficiency in
commercial mass production systems are being pursued, with aspects
like egg size and egg suitability for use in host cultures and/or natural
enemy multiplication.

S1.P4 Effect of ultraviolet light and freezing for sterilization of
the eggs of flour moth, Ephestia kuehniella Zeller (Lepidoptera,
Pyralidae) on its attractiveness for the predator, Orius laevigatus
(Fieber) (Hemiptera, Anthocoridae)

P. Tork, Gh. Sabahi, S. Aghazadeh & A. Ashouri
Plant Protection Department, University of Tehran College of Agriculture
and Natural Resources, Karaj, Iran

The predatory bug, Orius laevigatus (Fieber) (Hemiptera: Anthocoridae),
is an effective biological control agent for the greenhouse and garden
pests. The sterilized egg of the flour moth, Ephestia kuehniella Zeller
(Lepidoptera: Pyralidae) is used to rear the predator. However, sterilized
eggs may not be as attractive to the predator. In this study we evaluated
the effect of two methods of sterilization including ultraviolet light and
freezing for 12 hours at -21o C. A Y-tube olfactometer was used to
assess the changes in attractiveness of the eggs after sterilization. The
eggs that were sterilized by one of the methods mentioned above were
placed in each arm of the apparatus and the numbers of predators
attracted to each arm was recorded. Three replications were carried
out using 25 adult female predators per replicate. The results showed
that only the eggs that have been sterilized by freezing were attractive
to the predator. We propose that freezing deactivates the defense
materials which are secreted by the female moth to protect the eggs, but
that UV light allows these compounds to remain effective.
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S1.P5 Development of a novel mass production technique for
Brumoides suturalis (Fabricius) (Coleoptera: Coccinellidae), a
predator of mealybugs

Sunil Joshi, Chandish R. Ballal & B.L. Lakshmi
National Bureau of Agriculturally Important Insects, Post Bag No. 2491, H.A.
Farm Post, Bangalore 560 024, Karnataka, India. Email:
sunjoshi.pdbc@gmail.com

A novel mass production technique was developed for rearing the
mealybug predator, Brumoides suturalis (Fabricius) (Coleoptera:
Coccinellidae) by using the eggs of Angoumois grain moth, Sitotroga
cerealella (Olivier) (Lepidoptera: Gelechiidae). This technique was
developed with the intention of avoiding problems associated with the
rearing of mealybugs, which are the commonly used host insects for
rearing B. suturalis, in winter. Larval and pupal period of B. suturalis
on S. cerealella eggs were 14.64 and 6.03 days, respectively. The adult
longevity was significantly shorter (38.60 days) on S. cerealella eggs as
compared to that on mealybugs (49.00 days). However, the fecundity of
B. suturalis was significantly higher (204.62 eggs per female) on S.
cerealella eggs than on mealybugs (160.09 eggs per female). 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. This
indicates that if we initiate a culture of B. suturalis with 100 eggs and
proceed to rear them on S. cerealella eggs, we can expect to produce
around 55 adults.
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Oral Presentations

S2.O1 A mass rearing protocol for the anthocorid predator,
Blaptostethus pallescens Poppius

Tripti Gupta* & Chandish R. Ballal
National Bureau of Agriculturally Important Insects, Post Bag No. 2491,
H. A. Farm Post, Bellary Road, Hebbal, Bangalore 560024, Karnataka, India,
Email: tripti123gupta@gmail.com *Present address: Pest Control (India)
Pvt. Ltd. Division: Bio-Control Research Laboratory 36/2, Sriramanahalli,
Near Rajankunte, Arakere Post, Bangalore-561203, India.

Blaptostethus pallescens Poppius (Hemiptera: Anthocoridae), is
identified as a potential predator of sucking pests like thrips, mites, aphids,
cotton and papaya mealybugs. Laboratory studies were conducted on
the biology of B. pallescens, by using UV-irradiated eggs of Sitotroga
cerealella (Olivier) (Lepidoptera: Gelechiidae) and Corcyra
cephalonica (Stainton) (Lepidoptera: Pyralidae) as prey. Longevity and
fecundity were observed to be significantly higher when reared on C.
cephalonica eggs in comparison to S. cerealella eggs. However, no
significant difference was observed in the daily feeding rate of B.
pallescens nymphs and adults, when provided with S. cerealella or C.
cephalonica eggs as prey. However, when total feeding was considered,
adult males and females fed on significantly more C. cephalonica eggs
in comparison to S. cerealella eggs. Based on the biological parameters,
the present study indicates the suitability of C. cephalonica eggs as
host material for the mass rearing of B. pallescens. A simple mass
production protocol was standardised for rearing B. pallescens by utilising
UV-irradiated C. cephalonica eggs as prey. By maintaining 150
ovipositional containers with 50 B. pallescens adults in each, and by
providing C. cephalonica eggs as food and pieces of bean pods as
ovipositional substrate, 450,000 nymphs could be produced per month.
By taking into account the fixed and variable costs, the cost of producing
1000 seven-day-old B. pallescens nymphs was worked out to be Rs.
150 (approximately 2.3 US dollars). The protocol developed can be
adopted for commercial production of this predator. If a production facility
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for C. cephalonica is also available in the same production unit, the
cost of production of B. pallescens can be further reduced.

S2.O2 Production protocols for indigenous ichneumonid
parasitoids Campoletis chlorideae Uchida and Eriborus
argenteopilosus (Cameron)

Chandish R. Ballal, Sunil Joshi, T.V. Bhaskaran & L. Lakshmi
National Bureau of Agriculturally Important Insects, H. A. Farm Post,Bellary
Road, Bangalore 560 024, India. Email: ballalchandish@gmail.com

Campoletis chlorideae Uchida and Eriborus argenteopilosus
(Cameron) (Hymenoptera: Ichneumonidae) are potential indigenous early
larval parasitoids of Helicoverpa armigera (Hübner), the former
predominant on crops like chickpea, potato, pearl millet, groundnut, pigeon
pea, etc. and the latter on crops like chickpea, pigeon  pea, safflower,
etc. Maximum field parasitism recorded by these two parasitoids is 80
and 21%, respectively. However, surveys indicate that field parasitism
has decreased drastically over the years probably due to chemical
insecticide sprays. It is a challenge to mass rear these solitary, endo-
larval parasitoids. Attempts were made to develop production protocols
for these two promising parasitoids. In the laboratory, 2nd instar larva of
alternate laboratory host, Spodoptera litura was identified for rearing
as the major target host H. armigera is cannibalistic and more prone to
NPV infection. The mated female parasitoids are utilized for parasitisation
after a pre-oviposition period of 24 hours. After exposing the host larvae
on castor leaf bouquets to the parasitoids for 24 to 48 h, the exposed
larvae are removed from the bouquets and are transferred individually
into diet vials. Just before cocoon formation, the larva parasitised by C.
chlorideae moves to the wall of the tube or the cotton plug, where the
parasitoid maggot comes out and forms the cocoon in about 10-12 days
from the date of parasitisation. In the case of E. argenteopilosus, the
parasitized larva moves into the diet, just prior to cocoon formation and
forms the cocoon at the base of the diet.
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One of the major problems encountered in mass rearing these parasitoids
is the drastic reduction in female progeny after continuous laboratory
rearing, especially during dry summer months. This problem could be
considerably alleviated by rearing the parasitoids in large cages measuring
1.7 x 1.7 x 2.5ft (with 5 to 8 parasitoid pairs per cage) and by placing
these cages in walk-in chambers set at 26±2°C and 70±2% RH. Studies
on the fertility table parameters clearly indicated that the reproductive
rate and intrinsic rate of increase were significantly higher in the field
collected parasitoids compared to the continuously lab reared ones. The
need was felt to identify the point at which rejuvenation of laboratory
culture with wild is required. The field collected C. chlorideae could
produce 77.2% female progeny, whereas after 10 generations in the lab,
the corresponding figure ranged between 12.5 to 21.4. The field collected
females of E. argenteopilosus produced 56.4% female progeny, while
after four generations in the laboratory, female progeny production
reduced to 1.3%. This indicated that rejuvenation of the culture of C.
chlorideae should be done after nine generations in the lab and of E.
argenteopilosus after three generations.

Though distinct sexual dimorphism exists in the adult stages of most
ichneumonid parasitoids, there are no methods available to identify the
males and females in the immature stages. Since a male-biased sex
ratio is a major problem in lab reared C. chlorideae and E.
argenteopilosus and since the parasitoids are shipped in cocoon stage,
attempts were made to devise techniques to segregate the males and
females of these parasitoids in the cocoon stage.  If C. chlorideae
cocoons with greatest length (L in mm) x weight (w in mg) more than 50
and LxwxW (W - greatest width in mm) more than 120 are chosen,
around 62% of such cocoons would yield females. Seventy per cent of
E. argenteopilosus cocoons of weight more than 43 mg, greatest length
more than 8.5 mm and greatest width more than 3.5 mm, would yield
females.
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S2.O3 Endosymbiotic yeast, a dietary source for improved
production of Chrysoperla zastrowi sillemi (Neuroptera:
Chrysopidae)

B.N. Hemalatha, T. Venkatesan, S.K. Jalali, B. Reetha &
 Abraham Verghese
National Bureau of Agriculturally Important Insects, H.A. Farm Post, Hebbal,
Bangalore-560024, India. Email: tvenkat12@gmail.com

The common green lacewing, Chrysoperla zastrowi sillemi (Esben-
Petersen) (Neuroptera: Chrysopidae), is one of the important predators
used in biological control of various insect pests, especially sucking pests.
Chrysopid predators are found to harbor many endosymbiotic yeasts
which may provide essential amino acids that are normally absent in
their diet. The hypothesis of the study is that chrysopid predators form a
symbiotic relationship with microbes which may influence their fitness
attributes. The yeast isolates in the lacewing were found to be
Wickerhamomyces  anomalus (strain CZS-1 & 5), Pichia anomala
(CZS-2, 8 &15), Candida blankii (CZS-3), Candida apicola (CZS-
2), Torulaspora delbrueckii (CZS-4), Zygosaccharomyces  rouxii
(CZS-7),  Kodamea  ohmeri (CZS-9 &16) and Candida pimensis
(CZS-10) and their percentage matching values were 100%, 99%, 100%,
97%,  99%, 99%, 97%  and 97%, respectively. W. anomalus was found
in most of the populations of the predator (CZS-1, CZS-2, CZS-5 and
CZS-8). In general, yeast taxa were obtained from the diverticulum, but
were also observed in fat bodies; however, in CZS-2 (Dharward
population), W. anomalus was isolated from the gut and C. apicola was
found in fat bodies. All organisms are classified into 2 major clades, with
the first clade containing17 species (W. anomalus to C. pimensis) further
divided into 3 sub clades. All W. anomalus species except two are closely
related to each other with an average of 70% bootstrap support. The
two W. anomalus species showed similarity to C. apicola  and  C.
pimensis  with 56% bootstrap support. T. delbrueckii showed similarity
to Z. rouxii by sharing common inter node. K. ohmeri and C. blankii
were also closely related with 94% bootstrap support.
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Yeasts were not observed in the eggs and larvae. Tests were done to
confirm whether adults possess yeasts in their alimentary canals upon
emergence from pupae but yeast could not be detected. Only the adult
diverticulum of chrysopids collected from different geographical localities
showed the presence of yeast isolates. This indicates that the yeasts are
transients and have been acquired through the diet; thus, they can be
indicated as facultative endosymbionts and not through vertical
transmission. Fecundity studies with yeasts revealed that there was a
significant increase in number of eggs laid by the  adults provided with
honey, pollen and yeast isolate (Torulospora  delbrueckii) for ten
generations when compared to a control treatment (honey+pollen). Mean
fecundity of adults observed for 15 days, reared on honey, pollen and T.
delbrueckii was significantly higher (85.5 eggs/ females) than that of
honey and pollen reared females (50.5 eggs/ female).  This shows that
the yeast acquired through the diet had a role in increasing the fecundity
of the adults. The study suggested that the yeast T. delbrueckii can be
used as a potential dietary component for the production of C. z. sillemi.

S2.O4 The effects of larval nutrition on development and
reproductive performance of Cryptolaemus montrouzieri
(Coleoptera: Coccinellidae) under varying food regimes

Xie Jiaqin1, Zhang Yuhong2, Wu Hongsheng1, Liu Ping1, He Yunyu1, Deng
Congshuang1 & Pang Hong*1

1State Key Laboratory of Biocontrol, Key Laboratory of Biodiversity Dynamics
and Conservation of Guangdong Higher Education Institute,
Sun Yat-sen University, Guangzhou 510275, China; 2Entomological Institute
of Guangdong, Guangzhou 512060, Guangdong, China.  Email: Pang Hong:
lsshpang@mail.sysu.edu.cn;  Xie Jiaqin: xiejqin@gmail.com

The environment experienced by an insect larva often directly affects
its growth and development, and is also closely related with the
reproductive performance and physiological function during the adult
period. Based on the “phenotypic plasticity hypothesis”, the conditions
encountered by the larvae during the early stage of their development
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could impact on their further growth and also on the physiological and
reproductive performance of adults. Such adults show better adaptability
to the same conditions that they underwent during the larval stage. In
order to test this hypothesis, we carried out studies to assess the impact
of different nutritional regimes on the larval growth and subsequently
the reproductive performance of the mealybug predator, Cryptolaemus
montrouzieri Mulsant (Coleoptera, Coccinellidae). The following diets
with three nutritional levels were used: “Poor” level - food restriction
from larva to pupa; “Improved” level - food restriction at a first period
of two weeks followed by a provision of abundant food until the pupal
stage; and “Rich” level – abundant food throughout the entire larval
stage. Our results revealed that nutrition of the larvae directly influenced
their growth as indicated by the survival rate (33.7%, 50% and 45.7%),
developmental time (25.7, 24.4 and 20.72 days) and size of the adult at
emergence (3.04, 3.07 and 3.11 mm) under Poor, Improved and Rich
food regimes, respectively. Similarly, the reproductive performance also
varied with diet regime, the average fecundity being 343.7, 436.3 and
465.0 eggs with Poor, Improved and Rich food regimes, respectively. In
other words, the Rich level of nutrition yielded the best results.
Meanwhile, the diet of adults was also important as those that were fed
with the Rich food regime had higher egg production. However, no
correlation could be established between larval food regime and adult
adaptability which went against the ‘phenotypic plasticity hypothesis.’
Actually, the starvation resistance of the adults that encountered the
Poor or Improved level of nutrition during the larval stage was not better
than that of those on the Rich level; on the contrary, adults on the Rich
food regime had substantially longer starvation times (196, 195.2 and
231.8 hours for Poor, Improved and Rich levels, respectively). The
findings suggest that nutritional conditions play a vital role in larval growth
and reproductive performance of adults while the larval environment did
not influence the adaptability of the adults in the case of C. montrouzieri.
In fact, food confinement during the larval stage increased the probability
of death during times of food stress in the adult stage.
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S2.O5 Mass production of Trichogramma dendrolimi using eggs
of the Chinese oak silkworm, Antheraea pernyi, and its field
application in the suppression of the Asian corn borer, Ostrinia
furnacalis, in China

Lian-Sheng Zang & Chang-Chun Ruan
Engineering Research Center of Natural Enemy Insects, Institute of Biological
Control, Jilin Agricultural University, Changchun, 130118, China. Email:
lsz0415@163.com

The Asian corn borer, Ostrinia furnacalis (Guenée) (Lepidoptera:
Pyralidae), is the most important agricultural insect pest in corn crops in
north-eastern China. This pest may cause about 10% grain damage
annually without any control measures in this region. Trichogramma
dendrolimi Matsumura (Hymenoptera: Trichogrammatidae), the
dominant egg parasitoid in the locality, exhibits good biological control
potential against the corn borers. With the objective to reduce the losses
in grain maize production caused by this pest, T. dendrolimi has been
mass produced using the large eggs of the Chinese oak silkworm,
Antheraea pernyi Guérin-Méneville (Lepidoptera: Saturniidae) as a
laboratory host and released extensively during the last three decades in
Jilin Province, China. In recent years, the production process of
Trichogramma based on these large eggs has been greatly improved in
terms of devices used, package and storage. Particularly, the diapause
technology has been successfully exploited for long-term storage and
accumulation of parasitized eggs. Presently, after breaking their diapause,
the wasps have been utilized for augmentative releases to control corn
borers. The cumulative area covered by such releases from 2011 to
2013 was 300,000 hectares. Currently, the total costs of Trichogramma
production are almost paid by the government in Jilin Province. The total
financial contribution towards this program so far (including 2013) is
over US$40 million. The release area with wasps reared on large eggs
comprised 2.25 million hectares in 2013, covering approximately 75% of
the plantation area of the corn crop in Jilin Province. Ever since 2004,
the total release area was up to 10.5 million hectares. After inundative
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releases of T. dendrolimi, the percentage parasitism of O. furnacalis
in the field averaged 77.68%. The total number of parasitoids generally
released per hectare was approximately 450000, split into two batches.
The approximate cost per hectare was US$ 5.8. Overall, it can be
concluded that good success has been achieved in the biological control
of corn borers based on inundative releases of T. dendrolimi in China.

S2.O6 Hibiscus cannabinus L. (Malvaceae) as an alternate host
plant for mass rearing of Paracoccus marginatus Williams and
Granara de Willink (Hemiptera: Pseudococcidae) and their exotic
parasitoids

S. Mahiba Helen, S. Chikkanna, J. Balasaraswathi, N. Ravikumar,
N. Sakthivel & B.B. Bindroo
Regional Sericultural Research Station, Allikuttai post, Vaikalpattarai,
Veeranam Road, Salem 636003, Tamil Nadu, India. Email:
mahibajill@gmail.com

The infestation of 1500 ha of mulberry by papaya mealybug, Paracoccus
marginatus Williams and Granara de Willink (Hemiptera:
Pseudococcidae) in Tamil Nadu has reached 90% incidence and poses
a potential economic loss of Rs.572 million (Rs.57.2 Crores) to the
sericulture industry. The mass production of the papaya mealybug is
necessary to support research to determine if parasitoids such as
Acerophagus papayae Noyes & Schauff, Pseudleptomastix mexicana
Noyes & Schauff and Anagyrus loecki Noyes & Menezes (all
Hymenoptera: Encyrtidae) can be used to successfully control the
mealybug.

A mass production protocol is available for the production of papaya
mealybug on potato sprouts. However, it is very difficult to maintain
potato plants in high temperature areas where spoilage of potatoes is a
concern. Here we report our results in using Hibiscus cannabinus L.
as an alternate host plant for mass production of the papaya mealybug.
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Hibiscus cannabinus, an edible plant in the family Malvaceae, was
used for these studies. Seeds were procured locally. Before sowing, the
seeds were spread on paper and allowed to dry under sunlight for 1-3
hrs. Trays of 45cm x 30cm x 13cm (l x w x h) with four to six holes in
the bottom to drain out  excess water were filled with a mixture of sand,
soil and farmyard manure (1:1:1) up to 9cm and H. canabinnus seeds
were sown for culturing the plants under laboratory conditions. The seeds
started to sprout within two days and attained a height of 40 cm (20-25
days) which is the suitable stage for infestation with papaya mealybug
for mass production purposes.

Paracoccus marginatus, placed on 20-25-day-old seedlings, was
allowed to develop to the second instar at which time the plant was cut
and transferred to plastic containers having one thin layer of absorbent
cotton and covered with one layer of tissue paper. Based on the number
of 2nd instar mealybugs present, parasitoids were released at a ratio of
2:1 (parasitoid to mealybug) into each container after which the cage
was covered with muslin cloth. Each container was provided with 10%
honey and water. Parasitoids started emerging ca. 10-15 days after
exposure to the mealybugs and were collected by using an aspirator.

The data on the economics of papaya mealybug parasitoid production
generated are based on the costs involved in purchasing of potatoes,
labour requirement, laboratory consumables, collection and distribution
of parasitoids amounting to an estimated cost of Rs. 8700. Thus, for the
production of 20,000 parasitoids using potatoes, the approximate cost
was Rs. 8700 whereas when culturing is done on H. cannabinus, the
inputs like seeds, labour requirement and other laboratory items would
require about Rs. 6700. In conclusion, culturing of papaya mealybugs on
H. cannabinus plants is easy, economical and suitable for tropical
conditions and allows more effective mass production of the mealybug
parasitoids, A. papayae, P. mexicana and A. loecki.
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S2.O7 Fitness benefits of the bacterium Wolbachia in improving
the biocontrol potential of the parasitoid, Cotesia plutellae
(Kurdjumov) (Hymenoptera: Braconidae)

K. Srinivasa Murthy, S.L. Ramya, T. Venkatesan, S.K. Jalali & Jency Jose
National Bureau of Agriculturally Important Insects, P.B.No. 2491, H.A. Farm
Post, Bellary Road, Bangalore 560 024, India. Email: ksm239@rediffmail.com

The endosymbiotic alpha-proteobacterium Wolbachia, associated with
a number of hymenopteran parasitoids, is known to play a role in the
metabolism, physiology and reproduction of their hosts. The fitness
benefits of Wolbachia in Cotesia plutellae (Hymenoptera: Braconidae),
an important parasitoid of diamondback moth (DBM), Plutella xylostella
(Lepidoptera: Plutellidae), in terms of parasitism, adult longevity, adult
emergence and sex ratio were investigated in different geographical
populations of the parasitoid. The parasitoid populations were collected
on cabbage crop infested with DBM from seven geographical locations
representing the temperate and tropical regions of India. The detection
of Wolbachia in the various parasitoid populations was based on PCR
amplification of the 16S rRNA gene using the Wolbachia-specific primer
wsp.

The parasitoid populations fed with pelleted Wolbachia mixed with 50%
honey over a period of ten generations recorded higher percent parasitism
(79.8–90.4 %), adult emergence (72.7–84.1%) and adult longevity (9.2–
10.5 days), compared to those in which the bacterium was eliminated
using an antibiotic (tetracycline at 0.02%) treatment. The populations
cured of Wolbachia had a decreased adult longevity (8.7–10.4 days),
per cent parasitism (72.4–82.3%) and adult emergence (67.4–73.3%).
Infection with Wolbachia resulted in greater female progeny production.
The sex ratio skewed towards males in the Wolbachia-eliminated
populations, altered towards higher numbers of females when the infection
was restored, with 36.6% increase in female progeny over the males.
The exploitation of Wolbachia for improving the biological efficiency
and sex ratio of C. plutellae so as to enhance its biocontrol potential is
discussed.
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S2.O8 Oxygen uptake rate of the entomopathogenic nematode,
Heterorhabditis bacteriophora, in a bioreactor

Prasanna D. Belur*, Floyd L. Inman III & Leonard D. Holmes
Sartorius-Stedim Biotechnology Laboratory, University of North Carolina at
Pembroke, USA; *National Institute of Technology Karnataka, Surathkal,
India.

Heterorhabditis bacteriophora, an entomopathogenic nematode and
its endosymbiotic bacterium, Photorhabdus luminescens are potent
bioinsecticides that can control a wide variety of agricultural pests. A
key factor in the success of entomopathogenic nematodes as biopesticides
is their amenability to mass production. Theoretically mass production in
liquid media is an ideal method as it increases cost efficiency and IJ
yield.

Dissolved oxygen (DO) concentration is one of the critical parameters
affecting the success of nematode culture in liquid media in a bioreactor.
Bacteria compete with nematodes for the DO and this makes oxygen
transfer all the more important. Maintaining required DO without
increasing agitation rate beyond a range is a challenge, as higher agitation
rate is found to be deleterious for the shear sensitive nematodes. The
purpose of the present study was to determine the “Oxygen uptake rate
(OUR)” of monoxenic culture of H. bacteriophora and P.luminescens,
in a batch culture.

Heterorhabditis bacteriophora and P. luminescens were cultured in
a 10L bioreactor equipped with temperature, pH and DO control. A
complex medium (7L) consisting of Trehalose, chicken extract and
nutrient broth in 10L bioreactor, was inoculated with 36h old bacterial
inoculum and cultured at 28° C and 7.2 pH. Surface sterilized nematodes
at the rate of 1800/ml were inoculated into this batch after 48 h of
incubation. The DO was maintained above 20% saturation by having an
aeration and agitation rate of 10 lpm and 150 rpm respectively. The
nematodes were counted manually during the process. The
bioluminescence was recorded and oxygen uptake rates were determined
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during the batch process. The OUR of the monoxenic culture was found
to be 0.007 mg.l-1.s-1 after 30h of nematode inoculation, whereas the
nematodes showed only 0.0015 mg.l-1.s-1 OUR when most of the bacteria
were killed. This will enable us in rationally specifying the oxygen mass-
transfer capability required in a bioreactor for the nematode production.

S2.O9 E-resource on mass production protocols for some
important host insects, parasitoids and predators

M. Pratheepa, Chandish R. Ballal, J. Cruz Antony, Y. Lalitha &
A. Robinson Silvester
National Bureau of Agriculturally Important Insects, H. A. Farm Post, Bellary
Road, Bangalore 560024, India. Email: mpratheepa@gmail.com

Mass production of host insects, parasitoids and predators is essential
for taking up any biological control trial. The procedures and protocols
involved in continuous rearing of insects are available in the literature.
However, user friendly e-resources are not available. Dissemination of
information is necessary on this aspect for extensive adoption of biological
control. The traditional library systems are now replaced by digital library
systems. Information seeking is important and it should be easier. Hence,
a database has been developed on mass production protocols developed
in India for important host insects, parasitoids and predators based on
information generated through a thorough literature survey. This database
is developed by use of simple HTML tags. It is user friendly and retrieval
of information is easy. It contains mass production protocols for  around
46 host insects including Spodoptera litura, Helicoverpa armigera
(Lepidoptera: Noctuidae) and Corcyra cephalonica (Lepidoptera:
Pyralidae), 52 parasitoids including species from Trichogrammatidae,
Braconidae, Platygastridae, Ichneumonidae, and 21 predators including
species from Chrysopidae, Anthocoridae, Syrphidae and Coccinellidae.
The database contains abstracts which have been published in different
scientific journals. It also contains some video clips, which help to easily
understand the methodologies involved in mass production. This e-
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resource can be used as a demonstration tool for extension workers.
This IT-based CD can be a handy tool for students, researchers,
entrepreneurs, extension workers and farmers to absorb the information
related with mass production protocols for macrobials.

Poster Presentations

S2.P1 Standardization of a mass rearing method for Spalgis epeus
(Westwood) (Lepidoptera: Lycaenidae) with special reference to
oviposition under confined conditions

P.N. Ganga Visalakshy, A. Krishnamoorthy & K.G. Pillai
Indian Institute of Horticultural Research, Hessaraghatta lake post, Bangalore
560089, India. Email: gangavpn@gmail.com

Spalgis epeus (Lepidoptera: Lycaenidae) is a potential biological control
agent of  various species of mealybugs infesting horticultural crops such
as grapes, papaya, custard apple, hibiscus, etc. The predator occurs during
July–November in Bangalore, effectively suppressing the mealybug
infestation. One of the limiting factors in utilizing this predator as an
effective biological control of mealybug pests is the lack of a standardized
technique for obtaining fertilized eggs under confined conditions for mass
rearing.  Field collected larvae of all stages could be successfully
laboratory reared up to pupation on pumpkins infested with any species
of mealybug.

 The present paper describes the various attempts made to standardize
an oviposition cage for obtaining fertilized eggs of S. epeus. Two types
of indoor and outdoor cages of different dimensions were studied. Indoor
cages consisted of a 1 x 1 ft wooden cage and 6 x 4 m nylon net cage
under laboratory conditions. The wooden cage was covered with muslin
cloth on top and three sides while the front was provided with a sliding
glass door. Guava twigs infested with mealybugs for oviposition and
honey as food were provided inside the cage. The nylon net cage was
provided with lantana bouquets of fresh flowers and pumpkin infested
with mealybugs as feeding and oviposition sites, respectively.
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Two types of outdoor nylon net cages were evaluated; 5m x 3m  and
14m x 6m (height x length).  In the first cage, Polyalthia longifolia
branches and guava plants of 3-4 m height were kept inside. Pumpkins,
custard apple and guava plants infested with mealybugs were kept as
oviposition sites on the floor of the cages. The second cage was erected
on a guava tree in open field conditions. In the field adults were observed
to frequently visit flowers of weeds that were naturally infesting the
fields, probably for nectar. Such plants were allowed to grow and flower
naturally inside the nylon cage.  Adults soon after emergence were
released into these cages at a ratio of 1:1 (female: male). In the indoor
cages of both dimensions, egg laying could not be recorded. Adults
remained on top of the cage with very few flight attempts in these cages.

In outdoor cages, fertilized eggs were recorded. Eggs are pale green
and laid singly on all the host plants exposed. Egg laying was recorded in
all three host plants exposed.  Females preferred to lay eggs on spots
that were slightly infested with mealybugs than on heavily infested parts
of the plant. The study indicates that fertilized eggs of S. epeus could be
obtained under confined conditions for mass rearing.

S2.P2 Effect of food substrates on mortality of Spodoptera litura
(F.) (Lepidoptera: Noctuidae) and yield of its Nuclear Polyhedrosis
Virus (Sl-NPV)

H.S. Baheti1, Bhawna Sharma2, Sarita Chaudhary1,  D. R. Bajya1 & S.K. Raza1

1Institute of Pesticide Formulation Technology, Sector-20, UdyogVihar,
Gurgaon 122016, India; 2Department of Biotechnology, Manav Rachna
International University, Faridabad 121004, India.

The larvae of Spodoptera litura (Fabricius) (Lepidoptera: Noctuidae)
were reared on the leaves of different host plants, viz., castor, rose,
tomato, potato, gazania, cabbage and mulberry. Fresh leaves were
removed from the host plants in the experimental field located at the
Institute of Pesticide Formulation Technology, Gurgaon (India), washed
with 1% sodium hypochlorite solution and then the whole leaves of each
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host plant were placed in 1L pet jars containing 10 S. litura larvae.
Every other day, the larvae were supplied with fresh leaves of the
respective host plants. To evaluate the effect of food substrates on larval
mortality and production of nuclear polyhedrosis virus (Sl-NPV), circular
leaf disks (2.5 cm diameter) of the respective host plants were dipped in
Sl-NPV solution (1x106POBs/ml) and fed to one-day starved third instar
larvae. The infected leaf disks were removed after 24 hrs and fresh
leaves of the respective host plants were provided to the infected larvae.
The per cent mortality of larvae was recorded at 24 hr intervals after
infection. These observations revealed that the host plants significantly
affected the survival of S. litura. Four days after inoculation the mortality
was highest for insects fed on cabbage (48.66%) and lowest for insects
fed on castor (32.33%). The mortality decreased for insects offered the
other plant sources as follows:  Gazania spiendens (46.0%), potato
(41.3%), mulberry (37.3%), tomato (35.6 %) and rose (34.0%). The
yield of the polyhedral occlusion bodies (POB) from 100 infected larvae
of S. litura indicated that the highest number of POB’s was recovered
from the larvae reared on castor (3.02 x 109 POBs/ml). This number
was, however, statistically on par with the 2.79 x 109 POBs/ml recorded
on rose.  Next in the descending order were potato (2.70 x 109 POBs/
ml), tomato (2.61 x 109 POBs/ml), cabbage (2.57 x 109 POBs/ml) and
mulberry (2.43 x 109 POBs/ml).  The lowest POB count (2.27 x 109

POBs/ml) was registered for the larvae reared on gazania. In the present
study, castor proved to be the most preferred host for rearing the larvae
of S. litura and also for mass production of Sl-NPV. Gazania proved to
be the least suitable host plant as larval mortality was high and POB
yield was the lowest.
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S2.P3 Culturing of Spodoptera litura (F.) (Lepidoptera: Noctuidae)
and Nomuraea rileyi (Farlow) Samson and evaluation of the
virulence of N. rileyi in its various formulations

K. Swetha & K. Manjula
S.V. Agricultural College, Tirupati, Andhra Pradesh, India

Spodoptera litura (Fabricius) (Lepidoptera, Noctuidae) was collected
in the field as egg masses and reared for one generation before infecting
with the entomopathogenic fungus, Nomuraea rileyi (Farlow) Samson.
Field-collected egg masses were surface sterilized before hatch and the
larvae were reared on castor leaves. The full-grown last instar larvae
were transferred to plastic containers with sterilized soil for pupation.
The pupae were transferred to separate cages for moth emergence and
the moths were fed with diluted honey (10%) in absorbent cotton swabs.
Laboratory-reared egg masses were collected every day by keeping
castor leaves in the cage and reared on castor leaves under aseptic
conditions to get disease-free larvae. Nomuraea rileyi that had been
stored at 25±2°C in an incubator for one year was used to infect 3rd

instar larvae by surface exposure of the larvae to fungal conidia. Conidia
harvested from infected larvae were used to propagate the fungus for
an additional generation on SMAY medium prior to virulence tests. The
virulence of N. rileyi in various formulations prepared with different
carriers such as talc, corn flour, broken rice flour, vermiculite and wheat
flour was evaluated against third instar larvae of S .litura at monthly
intervals after storage at 25±2°C in an incubator. Among the dry
formulations tested, corn flour recorded the highest larval mortality of
67.50% and 52.50% after 30 and 60 days of storage, respectively, followed
by talc and rice flour. From the third month onwards, the talc showed
higher larval mortality up to 150 days after storage. Out of the five
wettable powder formulations, talc and corn flour remained virulent for
up to 5 months with 17.50% and 5.00% larval mortality. The broken rice
flour remained virulent for up to 120 days of storage, thereafter no
mortality was recorded. Wheat flour and vermiculite recorded larval
mortality of 10% after 90 days of storage, thereafter there was no effect
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on treated S. litura larvae with either of the formulations. There was a
reduction in pupal mortality with increase in storage period with all the
five formulations. There was no pupal mortality or malformed adults
after 120 days of storage with any of the five formulations tested.

S2.P4 Mass production of the indigenous parasitoid, Encarsia
transvena (Hymenoptera: Aphelinidae) in greenhouses for
biological control of the whitefly Bemisia tabaci (Hemiptera:
Aleyrodidae)

Gopalakrishna K. Pillai*, P.N. Ganga Vishalakshy,  A. Krishnamoorthy &
M. Mani
Indian Institute of Horticultural Research, Hessaraghatta Lake Post,
Bangalore 560089, India.

Encarsia transvena Timberlake is reported as a promising candidate
for biological control of the whitefly, Bemisia tabaci, causing high levels
of parasitism in the field. An experiment was conducted in a greenhouse
to select which plant species might be the most suitable as a potential
host plant that could support E. transvena multiplication. Lycopersicon
esculentum L. (tomato), Solanum melongena L. (eggplant) and
Nicotiana tabacum L. (tobacco) were evaluated to compare the utility
of each species. Selected plants were observed for B. tabaci colonisation
and parasitisation by E. transvena. On L. esculentum and N. tabacum
the nymph population reached its peak at week twelve (135.7 and 119.2
nymphs/unit leaf area respectively (F=20.4145, p=0.001), compared with
nymph populations on S. melongena that peaked at week nine (98.6
nymphs/ unit leaf area). Throughout the experiment significantly more
nymphs developed on N. tabacum (866.6 nymphs/ unit leaf area) and
on L. esculentum (821.4 nymphs/ unit leaf area) than on S. melongena
(666.9 nymphs/unit leaf area, F=53.8048, p=0.013) which also influenced
parasitoid population. Percentage parasitism on L. esculentum ranged
from 15.41 to 30.60 with a mean of 25.19. On N. tabacum it ranged
from 16.11 to 35.32 with a mean of 24.70 and on S. melongena it ranged



49

Mass Production & Quality Assurance of Invertebrates

from 15.71 to 24.44 with a mean of 21.31 during the experiment. During
the study, L. esculentum and N. tabacum plants yielded significantly
more parasitoids (180.9/unit leaf area and 176.3/unit leaf area,
respectively) than S. melongena (118.2/unit leaf area, F=11.5421,
p=0.001). Based on our studies, tobacco and tomato are suitable hosts
for mass production of E. transvena in greenhouses.

S2.P5 Microflora associated with Corcyra cephalonica (Stainton)
(Lepidoptera, Pyralidae) and their role in affecting its mass
production

K. Ashwitha, R. Rangeshwaran, Y. Lalitha & Chandish R. Ballal
National Bureau of Agriculturally Important Insects (Indian Council of
Agricultural Research), P.B.No.2491, H.A. Farm Post, Bellary Road, Hebbal,
Bangalore 560 024, India.

Corcyra cephalonica (Stainton) (Lepidoptera, Pyralidae) is used in the
mass production of several natural enemies. In the mass rearing of C.
cephalonica, problems generally encountered include low hatching
percentage, larval mortality and thus a poor egg to adult ratio. Preliminary
studies were conducted to investigate the occurrence of different
microflora in the eggs and larvae of C. cephalonica and whether they
have any effect on the mass production. Corcyra cephalonica eggs
were observed to be either white or pink. The eggs were surface sterilized
and homogenized in sterile buffer. The homogenized suspension was
plated on Luria Bertani agar. Three different bacteria were found in
both pink and white eggs, viz., Lysinibacillus fusiformis, Enterococcus
casseliflavus and Pseudomonas putida and their role in larval survival/
mortality was investigated. Dead, blackened Corcyra larvae were often
encountered in rearing boxes, especially during the summer months and
L. fusiformis and E. casseliflavus were recorded in these larvae also.
The information generated by this study could be used to reduce mortality
caused by bacterial infections and thus improve production of C.
cephalonica.
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S2.P6 Development and reproduction of the predatory
mite Amblyseius swirskii (Athias-Henriot) (Acari:
Phytoseiidae) on artificial diets

Tung Nguyen Duc, Dominiek Vangansbeke & Patrick De Clercq
 Laboratory of Agrozoology, Department of Crop Protection, Ghent University,
Coupure Links 653, B-9000 Ghent, Belgium, Tung Nguyen Duc:
tung.nguyenduc@ugent.be, Dominiek Vangansbeke:
Dominiek.Vangansbeke@UGent.be, Patrick De Clercq:
patrick.declercq@ugent.be

Amblyseius swirskii (Athias-Henriot) (Acari: Phytoseiidae) is being used
in Europe on a commercial scale as a biological control agent of whiteflies
and thrips in several greenhouse crops. Amblyseius swirskii can feed
on various types of food including arthropod prey and also plant materials
like pollen and honeydew. In the commercial production of A. swirskii,
storage mites, including the dried fruit mite, Carpoglyphus lactis L.
(Acari: Carpoglyphidae) and Thyreophagus entomophagus
(Laboulbene & Robin) (Acari: Acaridae), are used as the primary food
source. The rearing procedures based on natural or factitious foods are
often time-consuming and/or expensive. The availability of an effective
artificial diet for phytoseiids could eliminate many of the problems
associated with their mass rearing. In the present study, we determined
the life table parameters of A. swirskii when fed on cattail pollen (Typha
latifolia L.), dried fruit mite (C. lactis), and on a basic meridic artificial
diet supplemented with pupal hemolymph of the Chinese oak silkmoth,
Antheraea pernyi (Guérin-Méneville) (Lepidoptera: Saturniidae) (AD1),
eggs of the Mediterranean flour moth, Ephestia kuehniella Zeller
(Lepidoptera: Pyralidae) (AD2) or decapsulated dry cysts of Artemia
franciscana Kellogg (Anostraca: Artemiidae) (AD3). The basic artificial
diet was composed of 5% honey, 5% sucrose, 5% tryptone, 5% yeast
extract, 10% fresh hen’s egg yolk, and 70% distilled water. Total
developmental time of A. swirskii females did not differ among diets.
The total number of deposited eggs was significantly higher for females
fed on AD1 (38.26 eggs/female) than for those maintained on T. latifolia
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pollen or C. lactis. The daily oviposition rates of females reared on AD1
and AD3 (1.52 and 1.38 eggs/female/day, respectively) were significantly
higher than those of females reared on the other diets. The highest intrinsic
rates of increase in our study were observed when A. swirskii was fed
with AD3 or AD1 (0.186 and 0.182 females/female/day, respectively).
Our results demonstrate that the tested artificial diets supported
development and reproduction of at least a single generation of A. swirskii
to the same extent as the factitious prey C. lactis which is routinely
used in the mass rearing of the phytoseiid. Our findings thus indicate the
potential of artificial diets for the mass production of this economically
important predatory mite.

S2.P7 A non-meat based diet for mass rearing of Chrysomya
megacephala (F.) (Diptera: Calliphoridae), an important pollinator
of mango

P. V. Rami Reddy1, V. Varun Rajan1, S. Sudhagar1 & Abraham Verghese2

Division of Entomology and Nematology, Indian Institute of
Horticultural Research, Hessaraghatta Lake P. O., Bengaluru
560089, India; 2Present address: National Bureau of Agriculturally
Important Insects, Bengaluru 560024, India. Email:
pvreddy2011@gmail.com

The blue bottle fly, Chrysomya megacephala (Fabricius) (Diptera:
Calliphoridae), an insect of forensic value, is also a major pollinator of
mango and other horticultural crops. Augmentation of its population in
commercial orchards would help achieve adequate pollination. Though
its role as a mango pollinator is well documented, there are no standardized
protocols for its mass production. Traditionally, these flies were reared
in meat-based diets when used for forensic studies. However, meat-
based diets easily putrefy and emit obnoxious odours. We conducted
studies to develop an artificial diet comprised of non-meat components
and a protocol for its use in the large scale production of C. megacephala.
The initial culture of the insects was from a field collection that was
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maintained in the laboratory for two generations on fish meat prior to
use in these studies. Adults that emerged from this stock culture were
used to assess the suitability of non-meat diets. Cultures were maintained
in an incubator at 27±10C and 70% RH. Different diets of varied
compositions with gram, soya and milk powder as main ingredients were
tested before arriving at the successful formulation. This consisted of
soya flour, milk powder and egg (1:1:3) with sodium benzoate as a
preservative, and a gelling agent.

We devised a rearing system using the non-meat diet to continuously
rear C. megacephala in large numbers by avoiding contact with putrefied
meat and the associated unpleasant odours. In a wooden cage (30 x 30
x 30cm) fitted with wire mesh, 500-600 flies can be produced in about 7-
8 days. Six generations were continuously reared and the biology and
the morphometrics of the produced insects were compared with those
of their counterparts reared on a fish meat diet. The artificial diet proved
to be as effective and economical as the fish meat diet. The cost of
production of 1000 adults was about six rupees (US$ 0.10). With this
technology it may be possible to supply farmers with either pupae or
adults in large numbers for field releases during the mango blossom
period. The flies produced can also be used for pollination in polyhouse
conditions. The details of the protocol and the practical utility are discussed
in the paper.
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Biocontrol in high value and export
crops and new emerging markets
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Oral Presentations

S3.O1 Fifteen years of IPM-Biocontrol in sweet pepper
greenhouses in Israel: Lessons to be learned

Shimon Steinberg
BioBee Sde Eliyahu Ltd. Kibbutz Sde Eliyahu, Emmek H’Maayanot 10810
Israel. Email: s_stein@biobee.com

A full scale, commercial IPM-Biocontrol program is currently conducted
in ca. 2,000 hectares of protected capsicum (net-houses and plastic-
covered greenhouses) in Israel. This area encompasses ca. 85% of the
total sweet pepper under protection in Israel, grown during the period of
August to May and targeted mainly for export.

A “package” of 4 natural enemies is supplied: (i) the minute pirate bug,
Orius laevigatus (Fieber) (Hemiptera, Anthocoridae) to control the
Western flower thrips; (ii) the predatory mite, Phytoseiulus persimilis
Athias-Henriot (Acari, Phytoseiidae) to control the red spider mite; (iii)
the predatory mite, Amblyseius swirskii  Athias-Henriot (Acari,
Phytoseiidae) to combat the sweet potato whitefly, red spider mite and
broad mite; and (iv) the parasitic wasp, Aphidius colemani Viereck
(Hymenoptera, Aphidiidae) to fight the cotton aphid and the green peach
aphid. The application of the natural enemies is complemented by
intensive technical advice that includes: (i) scouting and monitoring on a
weekly basis throughout the cropping period; (ii) decision making
regarding the release rate for natural enemies; (iii) integration with
chemical control measures when needed and (iv) use of other agro-
technical practices that are essential for implementing biologically-based
IPM.

Analysis of pest control in sweet pepper during the past 15 years revealed
a gradual yearly increase in the use of IPM-Biocontrol. However, a
substantial portion of the increase was recorded in the seasons of 2010-
11 and 2011-12 due to insufficient control of Western flower thrips by its
most popular chemical agent, spinosad. As a result, the growers shifted



55

Mass Production & Quality Assurance of Invertebrates

massively towards the biological solution (O. laevigatus) which proved
to be highly effective.

An intensive network of education and instruction accompanies the
implementation of IPM-Biocontrol programs. Courses, workshops and
demonstrations are being held throughout the season on various levels
for field scouts, growers and grower employees. This network contributes
a great deal to the facilitation of the program by the end users and other
stakeholders.

As a part of product availability and reliability, all 4 natural enemy products
undergo strict product control inspection in addition to quality assurance
procedures that are conducted during the production, packaging and
shipment processes. Product control of the formulated product of O.
laevigatus includes a check for live and dead individuals and percentage
of adults. Phytoseiulus persimilis is examined for number of live and
dead individuals. Amblyseius swirskii is checked for number of live
individuals and the ratio of predator:prey mites. Aphidius colemani is
screened for the number of mummies per gr., percent emergence of
adults from the mummies and their sex ratio. Furthermore, some “quick
and simple” product control criteria are communicated to the growers in
order to increase their confidence in the natural enemy product upon
receipt.

After 15 years, IPM-Biocontrol in protected sweet pepper in Israel is
well accepted as a legitimate and preferred commercial plant protection
practice in the crop. This current status has serious implications on the
role of quality assurance and product control measures when applied by
the suppliers of natural enemies.
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S3.O2 Diversity and role of gut bacteria associated with field
populations of Amrasca biguttula biguttula (Ishida) (Hemiptera,
Cicadellidae) in cotton

G. Sivakumar, Mahesh S. Yandigeri, R. Rangeshwaran, M. Mohan, S. Yalashetti,
T.Venkatesan, P. Raveendran & Abraham Verghese
National Bureau of Agriculturally Important Insects, PB No. 2491, HA Farm
Post, Bellary Road, Hebbal, Bengaluru 560024, India. Email:
spicessiva@yahoo.co.in

Insect health is strongly influenced by the composition and activities of
resident endosymbionts. Insect endosymbionts are extremely varied with
respect to phylogenetic placement, host tissue tropism, dependency on
host and effect on host fitness. Insect symbionts play essential roles in
the nutrition, growth, development, defence against natural enemies,
manipulation of reproduction, conferring insecticide resistance, and
environmental adaptation of host insects. The endosymbionts become
heritable through acquisition of a mechanism ensuring vertical, maternal
transmission to progeny. The association also becomes obligate or
beneficial for host growth. In most cases the host cannot survive without
the endosymbionts or elimination of the endosymbionts has a deleterious
effect. The host domesticates the endosymbionts for its own welfare,
utilizing functions that are present in the prokaryote but lacking in the
host. The obligate symbiont, Buchnera aphidicola,  supplements the
diet of insects with  essential amino acids and the population density of
B. aphidicola is positively correlated with dietary nitrogen levels.
Incorporation of the bacterial endosymbiont, Nardonella sp. in an artificial
diet improved the normal growth and development of the sweet potato
weevil. In the present study, field populations of Amrasca biguttula
biguttula (Ishida) (Hemiptera: Cicadellidae) were collected from the
cotton growing areas of the country. Twenty-eight culturable bacteria
were isolated from the guts of 16 populations of A. biguttula biguttula
and were characterized by morphological and molecular methods. The
predominant bacterial genera identified were Serratia, Bacillus,
Enterococcus, Enterobacter, Pantoea, Methylobacterium,
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Stenotrophomonas, Pseudomonas and Paenibacillus. As the role of
these bacteria in insect survival and other fitness attributes is well
documented, their characterization and documentation are important.
This is the first report with respect to the characterization and
documentation of microflora associated with A. biguttula biguttula in
the world. Further studies are required to assess the precise impact of
these bacteria on the fitness attributes of the insect A.biguttula biguttula.

S3.O3 Rearing and evaluation of pesticide resistant populations
of Chrysoperla zastrowi sillemi (Esben-Petersen) (Neuroptera:
Chrysopidae)

T. Venkatesan1, S. Mahiba Helen2, S.K. Jalali1,  K. Srinivasa Murthy1 &
Y. Lalitha1

1National Bureau of Agriculturally Important Insects, P.B. No. 2491, H.A.
Farm Post, Hebbal, Bengaluru 560024, India; 2Regional Sericultural Research
Station, Central Silk Board, Veeranam Road, Allikuttai Post,
Vaikkalapattarai, Salem 636003, India.

The common green lacewing, Chrysoperla zastrowi sillemi (Esben-
Petersen) (Neuroptera: Chrysopidae), is one of the important predators
commercially produced for the biological control of various insect pests,
particularly sucking pests, in different agroecosystems. In general,
parasitoids and predators are more susceptible to insecticides than their
host insects, which complicate their establishment in insecticide sprayed
fields. Release of insecticide resistant predators would improve their
survival in sprayed situations for potential use in augmentative biological
control or integrated pest management strategies in many crops. In this
context, nine populations of the predator were collected from heavily
insecticide sprayed cotton fields in different states of India and were
reared separately on the eggs of Corcyra cephalonica (Lepidoptera:
Pyralidae) in the laboratory. Early instar larvae (3-day-old) of the predator
were subjected to dose-mortality bioassays with endosulfan (2 ml/l),
fenvalerate (0.2 ml/l) and acephate (0.67g/l), respectively, by a topical
bioassay method. Different concentrations were prepared based on the
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field recommended dosages. The results revealed the differential
susceptibility of three populations of C. z. sillemi, viz., CZS-8, CZS-6,
CZS-5 to three insecticides versus the susceptible laboratory strain CZS-
10. Resistance ratio (RR) for the above selected strains increased to
2.12, 2.05 and 1.93-fold compared to the susceptible strain for endosulfan;
for fenvalerate, the RR ratio increased to 4.83, 2.22 and 3.49-fold and
for acephate, the RR ratio increased to 6.29, 1.85 and 1.34-fold,
respectively. A pesticide tolerant strain (PTS-8) was reared for 10
generations by exposure to acephate (0.67g/l). The mean survival, mean
female proportion, mean fecundity and predatory efficiency were studied
at 32ºC and 65% RH and found to be 86.0%, 45.2%, 194 eggs/female
and 650 Corcyra eggs/larva, respectively, whereas in the susceptible
laboratory population (CZS-10) this was 40%, 44%, 123.7 eggs/female
and 509 eggs/larva, respectively. Further, a field experiment was
conducted to evaluate the predatory efficiency of pesticide resistant
strains (CZS-5, CZS-6 and CZS-8) of the predator (2-3 day old larvae
released at a rate of 14,000/ha) either alone in combination with acephate
(0.67 g/l) against sucking pests of cotton (variety-DCH-32) viz., Aphis
gossypii (Hemiptera: Aphididae), Bemisia tabaci (Hemiptera:
Aleyrodidae), Thrips tabaci (Thysanoptera: Thripidae) and Amrasca
biguttula biguttula (Hemiptera: Cicadellidae). Two sprays of acephate
plus two releases of C. z. sillemi larvae were found to be effective in
suppressing aphids (13.3/plant), whiteflies (1.0/plant), thrips (1.87/plant)
and jassids (3.0/plant) and the cotton yield recorded was 1533 kg/ha,
which was on a par with pest numbers in plots receiving four sprays of
acephate and significantly superior to the control plots (497 aphids/plant;
19 whiteflies/plant; 19.6 thrips/plant; 16.9 jassids/plant and the yield
recorded was 1125 kg/ha). The study indicated that CZS-8 was the
most resistant amongst various populations and, therefore, it is
recommended for utilization under sprayed situations for better results
in integrated control.
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S3.O4 Comparative study of semi-synthetic diets for large scale
production of the cotton bollworm, Helicoverpa armigera (Hübner)
(Lepidoptera: Noctuidae), and its nuclear polyhedrosis virus
(HaNPV)

S. S. Gayathridevi1, 2, B.N. Gangadhar3,   S. Rajashekar1 & M.G. Venkatesha1

1Department of Zoology, Bangalore University, Jnana Bharathi, Bengaluru
560 056, India; 2Bala Neela, #1026, B Main Road, ‘B’ Pipeline, Yeshwanthpur,
Bengaluru 560 022, India; 3Department of Horticulture, Horticultural
University, Bagalkot 587 102, India.

The objective of this study was to evaluate several semi-synthetic diets
for the mass production of the cotton bollworm, Helicoverpa armigera
(Hübner) (Lepidoptera: Noctuidae), and to select the most effective diet
for rearing the larvae in order to produce its nuclear polyhedrosis virus
(HaNPV) under laboratory conditions. The semi-synthetic diets were
composed of one of the six types of basic ingredients like the flour of
Kabuli gram, Bengal gram, pigeonpea, sorghum, soybean, or field bean
along with sorbic acid, ascorbic acid, agar, yeast, methyl parahydroxy
benzoate, bavistin, Wesson’s salt, vitamin, streptomycin, formaldehyde
(10%) and alcohol.

The larval and pupal weight, percent adult emergence, fecundity and
percent egg hatch were recorded on each diet and the cost of rearing H.
armigera on each diet was calculated. For the early fifth instar larvae,
a dose of 1x107 POBs/ml of HaNPV was found optimum for viral
multiplication. Neonates of H. armigera were reared on each diet up to
the early fifth instar and then transferred individually into each well of a
multi-well tray containing the respective diet inoculated with a dose of
1x107 POBs/ml of HaNPV following a standard procedure. Observations
were made on the larval mortality and viral yield per larva. Both the
rearing of H. armigera and production of HaNPV on different diets
were replicated five times with 100 larvae per replication.

The growth and development of larvae, percent pupation, adult
emergence, fecundity and per cent egg hatch were recorded on each
diet. The best results were obtained on the pigeon pea flour diet (94%
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pupation, 98% adult emergence, 1320 eggs/female and 96% egg hatch)
followed by the diets containing kabuli gram (90% pupation, 96% adult
emergence, 926 eggs/female and 90% egg hatch), soybean (90%
pupation, 95% adult emergence, 892 eggs/female and 93% egg hatch),
Bengal gram (89% pupation, 94% adult emergence, 890 eggs/female
and 90% egg hatch), field bean (82% pupation, 91% adult emergence,
756 eggs/female and 91% egg hatch) and sorghum flour (80% pupation,
86% adult emergence, 572 eggs/female and 78% egg hatch). Similarly,
the mean per cent larval mortality and viral yield per larva on the pigeon
pea flour based diet (94% mortality and 5.68 x109 viral yield/larva) was
significantly higher than that on the kabuli gram (92% mortality and 3.01
x109 viral yield/larva), Bengal gram (91% mortality and 2.72x109 viral
yield/larva), soybean (93% mortality and 2.64x109 viral yield/larva), field
bean (91% mortality and 2.42 x109 viral yield/larva) and sorghum diets
(91% mortality and 2.33x109 viral yield/larva). Among all the diets tested,
the one prepared with pigeon pea flour as the base material was found
to be the most cost effective for both the production of H.armigera and
its HaNPV.

S3.O5 Quality assessment of mass reared Trichogramma chilonis
Ishii (Hymenoptera: Trichogrammatidae) based on field
performance

Y. Lalitha1, Chandish R. Ballal1 & V. N. Patel2

1National Bureau of Agriculturally Important Insects, Post Bag No. 2491, H.
A. Farm Post, Bellary Road, Hebbal, Bangalore 560024, Karnataka,
India;2Zonal Agricultural Research Station, V.C. Farm, Mandya, Karnataka,
India. E-mail: ylalitha31121961@gmail.com

In India, the egg parasitoid Trichogramma chilonis Ishii (Hymenoptera:
Trichogrammatidae) is generally mass produced on the eggs of Corcyra
cephalonica (Stainton) (Lepidoptera: Pyralidae). Recent studies
indicated that the production of T. chilonis on eri silkworm Samia cynthia
ricini (Lepidoptera: Saturniidae) eggs is a farmer friendly system and it
could potentially yield trichogrammatids with superior biological attributes.
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In the present study, the quality of T. chilonis mass produced on eri
silkworm eggs was assessed based on its field performance against early
shoot and internode borers which attack sugarcane, a high value crop in
India. Farmers’ sugarcane fields with mixed varieties CO 86032 and
CO 62175 were selected for quality assessment. Three plots, each with
an area of 0.41 hectare separated by 500 meters, were demarcated to
study the performance by adopting scheduled releases of parasitoids at
20000 adults at weekly intervals. Treatments i.e. releases of T. chilonis
reared on eri silkworm eggs and T. chilonis reared on C. cephalonica
eggs were implemented in two separate plots. Parasitoids were not
released in the third plot which was considered as the control.  Percent
pest incidence in the treatment plot was 54% while 84% pest incidence
was recorded in the control plot. Similarly, percent pest intensity was
4.1% and 9.05% in the treatment and control plots, respectively. The
calculated infestation index was significantly lower in the treatment plot
(3.09) in comparison to that of the control plot (7.86). Percent parasitism
recorded on the sentinel cards which were placed in the treatment and
control plots indicated higher levels of parasitism in the treatment plot
(9.79%) in comparison to that in the control plot (0.65%). The comparison
between the performances of the trichogrammatids reared on eri
silkworm eggs with those reared on Corcyra eggs indicated that they
were on par. Data on significant reduction in pest incidence, intensity
and infestation index in comparison to the control treatment indicated
the superior quality of the trichogrammatids which were reared on eri
silkworm eggs. Moreover, the mass production system for rearing T.
chilonis using eri silkworm eggs proved to be economical and feasible
to be adopted by farmers. As a model system, eri silkworm and T. chilonis
cultures were set up at farm level. These cultures were ably managed
by a farmer, who could also utilize the trichogrammatids for managing
borers in his sugarcane fields.
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S3.O6 Mass rearing of Asecodes hispinarum Boucek (Hymenoptera:
Eulophidae) for biological control of Brontispa longissima (Gestro)
(Coleoptera: Chrysomelidae) in Thailand

Patchareewan Maneesakorn, Amporn Winotai  & Suwat Phoonphan
Entomology and Zoology Group, Plant Protection Research and Development
Office, Department of Agriculture, Bangkok, Thailand 10900.

Asecodes hispinarum Boucek (Hymenoptera: Eulophidae) is a larval
parasitoid of the coconut hispine beetle, Brontispa longissima (Gestro)
(Coleoptera: Chrysomelidae). Brontispa longissima is an exotic pest in
Thailand. The parasitoid was introduced from Vietnam in 2004 for
biological control of the pest in collaboration with Nong Lam University
and the FAO TCP project. Mass rearing procedures were developed
for both the pest and parasitoid at the Biological Control Research Group,
Department of Agriculture and that rearing technology has been
transferred to DOA-Research and Development Centers and
Department of Agricultural Extension insectaries located in areas where
the pest presently occurs.

Both A. hispinarum and B. longissima were cultured in laboratories.
Mature coconut leaves were offered as food for rearing the larvae of B.
longissima while adults were fed with young leaves. The 4th instar larvae
of the host are suitable for producing A. hispinarum. The larvae of B.
longissima (80–100 nos.) were exposed to 50 adults of A. hispinarum
in a plastic container (10x14x6 cm) for parasitization. Honey solution
(20%) smeared on tissue paper was provided as food for the parasitoid
adults. Around 10 days after parasitization, the larvae of the coconut
hispine beetle are killed and mummified larvae or mummies are observed.
The mummies are then collected and released. About 10% of the
mummies are needed to maintain the parasitoid culture and the remaining
90% can be used for release purposes. Releasing 30–60 mummies/
hectare three times at 7–10 day intervals is recommended for effective
pest control.
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S3.O7 Oviposition stimulants for enhancing the efficiency of mass
rearing of Bactrocera dorsalis (Hendel) (Diptera, Tephritidae)

P.D. Kamala Jayanthi1, Vivek Kempraj1, Ravindra M Aurade1, Abraham
Verghese2 & Toby Bruce3

1National Fellow Lab, Division of Entomology and Nematology, Indian
Institute of Horticultural Research, Bangalore, 560089, India; 2National
Bureau of Agriculturally Important Insects, P Bag No. 2491, H.A. Farm Post,
Bellary Road, Hebbal, Bangalore 560024; 3Biological Chemistry and Crop
Protection, Rothamsted Research, West Common, Harpenden, Hertfordshire,
AL5 2JQ, UK.

The tephritid fruit flies (Diptera, Tephritidae) are the most important
threat to horticulture. They are mostly polyphagous attacking several
important fruits and vegetable crops. Besides direct damage to fruits,
indirect losses associated with quarantine restrictions are evident.
Therefore, to conduct studies on the biology, chemical ecology, efficacy
of various biological control agents and sterile insect release programs,
a regular supply of good quality insects of known reproductive stages
and age is required. The mass rearing begins with oviposition and
fecundity is an important factor. Improving oviposition would automatically
improve the subsequent steps in mass rearing protocols. The present
study demonstrates the isolation and identification of effective oviposition
stimulants of Bactrocera dorsalis (Hendel) that aided the present mass
rearing protocols. These stimulants (lactones, ethyl esters, phenols and
alcohols) were isolated from mango, Mangifera indica, the favored
host of B. dorsalis, and added to the mass rearing media. These stimulants
enhanced oviposition by B. dorsalis when mixed with the pulp diet as
compared to the standard diet without the stimulants. The diet which
contained stimulants yielded significantly more oviposition (98%) as well
as high acceptance by gravid females. So it is inferred that the identified
oviposition stimulants will aid in enhancing the existing mass rearing
strategies.
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S3.O8 Development of mass production techniques for Dipha
aphidivora (Meyrick) (Lepidoptera, Pyralidae) on sugarcane
woolly aphid, Ceratovacuna lanigera Zehntner (Hemiptera,
Aphididae) under field conditions

R.V. Nakat, D.S. Pokharkar, S.M. Galande, A.S. Dhane, S.B. Kharbade & A.G.
Chandele
AICRP on Biological Control of Crop Pests and Weeds, Mahatma Phule
KrishiVidyapeeth, College of Agriculture, Pune  411 005, Maharashtra, India.
E-mail: rvnakat@gmail.com

Invasion by sugarcane woolly aphid (SWA), Ceratovacuna lanigera
Zehntner (Hemiptera, Aphididae), first recorded in Maharashtra (India)
in July 2002, caused heavy losses to sugarcane. Standardized methods
were developed for mass production of its pyralid predator, Dipha
aphidivora (Meyrick) (Lepidoptera, Pyralidae) under field conditions.
Bamboo structures, 5 x 5 x 4 m, covered with green shade nets of 50%
mesh were used to enclose  6–8 months old sugarcane (var. Co 86032)
grown on the research farm of the Entomology Section, College of
Agriculture, Pune (Maharashtra, India), under natural infestation of SWA
or following artificial inoculation. When the infestation of SWA reached
up to 75% coverage of leaf area, inoculative release of larvae and pupae
of D. aphidivora @50–100 individuals per enclosure was done and the
predators were allowed to develop. Pooled data of three years revealed
that the development of D. aphidivora on the SWA colonies was
consistent with an average record of 3 larvae / pupae per leaf, providing
sufficient protection from the pest. Moreover, on average 2,687 fully
grown larvae / pupae were harvested from each shade net within a two-
month period. The initial cost of each shade net was estimated at Rs.
2600/-. Hence, the cost of producing the predator is computed to Re.1
per larva / pupa. However, since the shade net structure can be shifted
and utilized 4-5 times, if handled properly, this cost will proportionately
come down. The sugar factories in the Pune and Ahmednagar districts
have erected such shade net houses for the production of D. aphidivora
and distributed the predator to the sugarcane growers in their jurisdiction.
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Following the mass production, distribution and establishment of D.
aphidivora, the SWA incidence was reduced from 25.45% to 0.4%
with 1.5 pest intensity rating during the period from 2003-04 to 2011-12.
Other naturally occurring natural enemies like the predacious brown
lacewing, Micromus igorotus (Banks) (Neuroptera, Hemerobiidae), the
parasitoid Encarsia flavoscutellum Zehntner (Hymenoptera,
Aphelinidae) and spiders also contributed to pest suppression, but D.
aphidivora was the major factor. Thus, biological control saved
sugarcane from SWA damage in Maharashtra.

S3.O9 Production protocol for Anastatus (Anastatus) acherontiae
Narayanan, Subba Rao & Ramachandra Rao (Hymenoptera:
Euplemidae), a potential egg parasitoid of litchi stink bug,
Tessaratoma javanica (Thunberg) (Hemiptera: Tessaratomidae)

Ankita Gupta*, Y. Lalitha & Chandish R. Ballal
National Bureau of Agriculturally Important Insects, Post Bag No. 2491,
H. A. Farm Post, Bellary Road, Hebbal, Bangalore 560024, Karnataka, India.
*E-mail: drankitagupta7@gmail.com

The litchi stink bug, Tessaratoma javanica (Thunberg) (Hemiptera:
Tessaratomidae), is a notorious pest of the economically important litchi
crop. Recent outbreaks of this pest in Jharkhand, India, have generated
a pressing need for developing suitable mass rearing protocols for the
parasitoids associated with this pest (ICAR RCER, 2012). Anastatus
acherontiae Narayanan, Subba Rao & Ramachandra Rao
(Hymenoptera: Eupelmidae), a known egg parasitoid of T. javanica,
was bred for the first time in India from eggs of eri silk worm, Samia
cynthia Drury (Lepidoptera: Saturniidae) which were placed as sentinel
eggs in the sugarcane field. In the present study we provide details on
the biology and mass production methodology of this egg parasitoid. Eggs
of S. cynthia stored for 15 to 40 days at 8 ± 2°C were used for rearing
A. acherontiae. Developmental period of the parasitoid ranged from 16
to 25 days while percent parasitism and adult emergence ranged from
44.2 to 70.2 and 88.7 to 97.5, respectively. Among the progeny 10.6 to
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86.2% were females. Two methods of rearing were compared: a) by
exposing stored eggs of S. cynthia in mass at 200 eggs per female and
b) by day wise exposure at 20 eggs per female. The males could live for
up to 21 days and females for 55 days. Mated females could produce
88.3 and 196 progeny in mass and day wise exposures, respectively,
while unmated females produced 86 and 152 male progeny, respectively.
No significant difference was recorded in percent female progeny
production in mass or day wise exposures (43.8 and 56.2%, respectively).
However, female progeny production could be recorded during the first
17 days of the mated female parasitoid’s lifetime. The mass reared A.
acherontiae have to be field evaluated against the litchi stink bugs,
Tessaratoma javanica and T. papillosa (Drury). Both Anastatus
acherontiae and A. bangalorensis Mani & Kurian are known to
parasitize T. javanica. Taxonomic description of A. acherontiae is
provided with illustrations to aid in identification.

Poster Presentations

S3.P1 Devising mass collection as a substitute for a hard-to-rear
insect: Case study with the mango stone weevil, Sternochetus
mangiferae (F.) (Coleoptera: Curculionidae)

P.D. Kamala Jayanthi1, Vivek Kempraj1, Ravindra M Aurade1 & Abraham
Verghese2

1National Fellow Lab, Division of Entomology and Nematology, Indian
Institute of Horticultural Research, Bangalore, 560089, India. 2National
Bureau of Agriculturally Important Insects, P Bag No. 2491, H.A. Farm Post,
Bellary Road, Hebbal, Bangalore 560024.

The mango stone weevil, Sternochetus mangiferae (Fabricius)
(Coleoptera: Curculionidae) is a monophagous univoltine insect and a
serious pest of mango. The weevils emerge from mature fruits and hide
in cracks and crevices at the junctions of mango trees till the next flowering
season. So the weevils spend at least 7-9 months as adults. Understanding
its biology and off-season behavior has always been hindered by non-
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availability of sufficient adults to undertake such studies. This led us to
develop a net house method to collect the freshly emerged adults in
large numbers (approx. 12,000) from the seeds disposed at processing
industries. These seeds were collected in gunny bags (approximately
300 seeds per gunny bag) and transported by road (3000-5000 seeds per
day) and placed in a net house (20’x10’) for weevil emergence. The
weevils were collected when they emerged and transferred to wooden
cages (50 x 50 x 50 cm) in the laboratory. Favorable hiding niches (mango
barks, old seeds, mango leaf litter, etc.) were provided in the cages. As
adult weevils are negatively phototropic, the cages were adequately
covered with black shade nets. This arrangement was found adequate
to maintain the adults for at least 9 months for observations and research
studies. A net house of the given dimension can hold about 30,000 weevils
in the plinth area. If more numbers are to be maintained, wooden racks
can also be provided in the same enclosure. It was also found that
providing supplementary  food like 5% honey on cotton wads in a 9 cm
Petri dish for every 9 sq ft improved survival, especially during off season.
Mortality rate was found to be 5% per month and the male:female ratio
was about 1:1.25.

S3.P2 Ecology and rearing of Pleurotroppopsis
podagrica (Waterston) (Hymenoptera: Eulophidae): a potential
parasitoid of the oil palm pest, Coelaenomenodera elaeidis
(Coleoptera: Chrysomelidae)

T.I. Aneni**, C.I. Aisagbonhi*, B.N. Iloba** & V.C. Adaigbe*
*Entomology Division, Nigerian Institute for Oil Palm Research, Nigeria;
**Department of Animal and Environmental Biology, University of Benin,
Nigeria. Email: tomaneni1@yahoo.com

Coelaenomenodera elaeidis (Coleoptera: Chrysomelidae) is endemic
in almost all oil palm growing areas of West Africa and regarded as the
most devastating pest of the oil palm. For the purpose of a detailed
knowledge of the rearing, life cycle and ecology of the natural enemy of
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C. elaeidis, field and laboratory studies were conducted in the main
station of the Nigerian Institute for Oil Palm Research. Pruned, damaged
and infested fronds from the field were cut open and studied for presence
of different life stages of C. elaeidis, and their potential parasitoids. C.
elaeidis was reared on artificial diet throughout its developmental stages
to observe its life cycle.

Laboratory rearing of identified C. elaeidis parasitoids was conducted
based on an artificial diet for their host. Observations of the relationship
between the life cycle of C. elaeidis and its parasitoids were undertaken.
Larval developmental period averaged 8.5 days while pupal
developmental period had a mean of 7 days. The total developmental
period of the parasitoid from larva to adult averaged 20.5 ± 0.5 days.
Average longevity of the adult parasitoid was 5.0 ± 0.3 days.
Temperature was between 25 – 30ºC and relative humidity ranged
between 81–86%. Infested palm fronds showed that larvae of different
instars were present together. Cotterelia podagrica is known to be
effective in pest populations, when host larvae of different instars are
present together. This indicates that this parasitoid could be effective as
a bio-control agent. The use of ground fresh oil palm leaflets enhanced
the value of the diet. This study has shown that the use of artificial diet
is suitable for mass rearing of the C. elaeidis and its parasitoids.

The eulophid wasp, Pleurotroppopsis podagrica (Waterston)
(=Cotterellia podagrica Waterston) (Hymenoptera: Eulophidae) was
found to parasitize C. elaeidis. Its larva is predominantly whitish, oval
and translucent. The larva is averagely 3mm, oblong at the anterior and
posterior sections tapering at both ends. The head has an average of six
tiny projections apparently used for feeding. It feeds with the head
burrowed initially into its host body and later into the artificial diet. The
abdominal mid-section has a brownish gelatinous substance. The
emerging parasitoid larvae revolve around the point of emergence. The
parasitoid emerges from the posterior region of C. elaeidis with the
anterior region inside the host.
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S3.P3 Life cycle traits of the tea looper, Hyposidra talaca (Walker)
(Lepidoptera: Geometridae), on artificial and natural (tea) diets

Anjali Km Prasad* & Ananda Mukhopadhyay#

*#Entomology Research Unit, Department of Zoology, University of North
Bengal, P.O. NBU, District: Darjeeling, West Bengal, India, PIN 734013. Email:
am_nbu@yahoo.co.in#, anjalipd10@gmail.com*

Tea plantations of Terai-Dooars, located at the Darjeeling foothills of
eastern Himalaya (North-East India), experience severe infestation by
looper caterpillar, Hyposidra talaca (Walker) (Lepidoptera:
Geometridae). Control of this pest by synthetic pesticides has its
limitations. Therefore, an intensive study on every aspect of the pest’s
life cycle is needed for planning alternative management methods.
Artificial diet-based rearing of the pest is one of the pre-requisites for
undertaking various studies such as testing the virulence of microbials,
toxicity of synthetic insecticides and mass production of biological control
agents.

Formulation of an artificial diet for H. talaca was done based upon the
diet composition used for fall cankerworm, Alsophila pometaria (Harris)
(Lepidoptera: Geometridae). The basic ingredients used to prepare the
artificial diet are agar, wheat germ, cellulose powder, casein, dextrose,
potassium sorbate, Wesson’s salt mixture, choline chloride, cholesterol,
sucrose, inositol, sodium alginate, linoleic acid, wheat germ oil, folic acid
and vitamin mixture. To reduce the cost of the diet, linseed oil was tested
as a substitute for linoleic acid.   In a hot autoclaved agar medium, all
components were blended and then poured into the plastic storage
containers and stored in the refrigerator for future use.  Cube-shaped
pieces of semisolid diet material, pierced with polyethylene toothpicks
were dispensed in rearing containers furnished with paper towelling.
The containers were covered with lids in such a way that optimum air
flow was maintained to avoid moisture accumulation on one hand and to
reduce fast drying of the diet cubes on the other hand. Rearing was
done at a temperature of 28º C and RH of 75±5 % with a photoperiod of
13:11 (L: D), inside a BOD incubator. Containers were sterilized using
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5% of potassium hydroxide solution followed by 2% sodium hypochlorite
solution. The dried containers were again sterilized under UV rays and
by ethanol before use. Rearing of the looper pest on its natural host (tea
leaves) was simultaneously done under the same laboratory conditions
for comparison.

The life cycle traits of H. talaca showed a comparatively better
performance on the newly formulated artificial diet than on natural diet
(tea leaves). H. talaca could successfully complete two generations on
the artificial diet with 47% adult emergence. The total larval development
period was significantly shorter on artificial diet (26.8±0.22 days) than
on natural diet (30.3±0.38 days). However, the morphological parameters
such as body length and weight in larval stages, pupal width and wing
span of adults were not significantly different between the two diets.
Adult emergence and percent of egg-laying females along with their
fecundity were superior in moths reared on artificial diet than those
maintained on natural diet. A study on food consumption and utilization
in 5th instar larvae showed lower maintenance cost (MC) and higher
production index (PI) with enhanced AD (approximate digestibility), ECI
(efficiency of conversion of ingested food) and ECD (efficiency of
conversion of digested food) values on artificial diet as compared with
tea, hence indicating the superiority of the newly formulated artificial
diet over tea. The linseed oil based diet also supported the complete life
cycle of the pest, but the mortality was higher than that on a linoleic acid
based diet. This study has high applied value for mass production of the
pest.
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S3.P4 Production of hosts and parasitoids for management of the
papaya mealybug, Paracoccus marginatus Williams and Granara
de Willink (Hemiptera: Pseudococcidae), an invasive pest of
several vegetable and fruit crops

A.N. Shylesha, M. Mani & C. Shivaraju
National Bureau of Agriculturally Important Insects, H.A. Farm post, Bellary
Road, Hebbal, Bengaluru, India.

The major problem in papaya cultivation is the invasive mealybug,
Paracoccus marginatus Williams & Granara De Willink (Hemiptera:
Pseudococcidae), which has caused crop losses of around Rs. 4,350
million on mulberry, papaya and cassava in India.

Rearing the papaya mealybug on potato sprouts was found to be easy
and cost effective in comparison to the other hosts tried. Washed and
surface sterilized potatoes with common bleach were treated with 1
ppm solution of gibberellic acid for half an hour and placed over a wet
cloth and covered by a black cloth for the development of sprouts for a
week. Each sprout was infested with five mature ovisacs of P.
marginatus in a cage (30 x 30 x 30cm) containing 20 potato sprouts.
After 20 days the nymphs reach the second instar and are suitable for
parasitization. Each potato produced about 8–10 sprouts of 20–40mm
length, accommodating 600–800 crawlers.

Three parasitoids, namely, Acerophagus papayae Noyes & Schauff,
Pseudleptomastix mexicana Noyes & Schauff and Anagyrus loecki
Noyes & Menezes (Hymenoptera: Encyrtidae) were used for mass
production. After selecting the potatoes carrying the right nymphal instar
of the mealybug (i.e., 2nd instar for A. papayae and P. mexicana and 3rd

instar for A. loecki), 30 selected adult parasitoids are released into each
cage containing 20 potato sprouts and are provided with honey as food.
After 10-12 days of exposure, the potatoes containing parasitized nymphs
are moved to emergence cages and adult parasitoids are collected.
Mealybugs grown on papaya plants and alternate host plants like
parthenium, Sida acuta, Plumeria alba, Hibiscus rosa-sinensis and
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okra can be used for the multiplication of the parasitoids. The life cycles
of  the parasitoids are: A. papayae, 14–16 days; A. loecki, 14–16 days;
and P. mexicana, 20–24 days. The adults can be stored in vials of 25x100
mm  with honey streaks for 5–12 days depending upon the species.
Acerophagus papayae adults live for 5–6 days,  A. loecki for 8–9 days
and P. mexicana for 10–12 days. One kilogram of potato yields about
20,000 parasitoids in 30 days.

 The mealybugs could be more efficiently maintained on potato, Hibiscus
sabdariffa, Parthenium hysterophorus and Sida acuta than on their
natural hosts like papaya and Plumeria alba. Production of the mealybug
and its parasitoids under greenhouse, open conditions and laboratory are
compared for arriving at a standardized protocol as described above.
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Legal and ethical issues associated with mass
rearing invertebrates
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Oral Presentations

S4.O1 Challenges in the trade of invertebrate biological control
agents

Johannette Klapwijk
International Biocontrol Manufacturers Association

In the past decades the use of biological control for the management of
agricultural pests has increased rapidly worldwide. Biocontrol is no longer
an alternative pest control method for a small group of pioneering growers
but is now the cornerstone of Integrated Pest Management Programs
(IPM) in all vegetable crops. It has proven to be an important and
effective tool in the control of pests, guaranteeing the production of safe
food and respecting the environment.

The need for regulation of the import and release of invertebrate biocontrol
agents on an international level has resulted in the development of a
special International Standard for Phytosanitary Measures. This standard
is the framework for further regulation on national level. The development
of national regulation has, however, resulted in a wide variety of
regulations, which are not always in balance with the nature of the
products. For the biocontrol industry it is of major importance that import
and release of invertebrate biocontrol agents is well regulated. We
therefore give some recommendations for regulation of invertebrate
biocontrol agents on national level. Smooth and fast procedures and good
communication between industry and authorities are necessary to find
biological solutions against pests in time and support the development of
IPM systems, which will eventually help to produce safe food and
conserve biodiversity.
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S4.O2 Risk assessment criteria and methodologies for insect
biological control agents to suit the developing world scenario

S. Sithanantham1, Chandish R. Ballal2, T.M. Manjunath3 and
A. Krishnamoorthy4

1Sun Agro Biotech Research Centre, 3/1978, Main Road, Madanandapuram,
Mugalivakkam, Chennai 600125, Tamil Nadu, India. Email:
sithanantham@yahoo.com; 2National Bureau of Agriculturally Important
Insects (NBAII), Hebbal, Bengaluru 560024, Karnataka, India;
3Former Director, Monsanto Research Centre & Fmr. Vice President,
Bio-Control Research Laboratories, Pest Control India Ltd.,
Bengaluru 560092, Karnataka, India; 4Division of Entomology and
Nematology,Indian Institute of Horticultural Research,
Bengaluru 560089, Karnataka, India.

Towards ensuring that biological control remains a viable and safe
strategy, especially in the context of increasing biodiversity and other
environmental concerns aired in recent years, whether reasonable or
hyped, new and improved Environmental Risk Assessment (ERA)
methodology is currently available for both Classical Biological Control
(CBC) and Augmentative Biological Control (ABC) involving exotic or
native species. This paper exemplifies the efforts made in the developing
countries to simplify or refocus these methodologies to suit the local
scenario.

In CBC, it is mandatory that all imported natural enemies are subjected
to their host-specificity and non-target effects under quarantine conditions
before they are released in fields. Such tests are even more stringent for
weed biocontrol insects. For example, in India, several exotic natural
enemies have been introduced for control of invasive weeds, which
included Cyrtobagous salviniae Calder & Sands (Coleoptera,
Curculionidae) against Salvinia molesta (Salviniaceae), Neochetina
eichhorniae Warner and N. bruchi Hustache (Coleoptera,
Curculionidae) against Eichhornia crassipes (Pontederiaceae) and the
Mexican beetle, Zygogramma bicolorata Pallister (Coleoptera,
Chrysomelidae) against Parthenium hysterophorus (Asteraceae).  The
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host specificity of each biocontrol agent was established on screening
40 to 75 plant species belonging to 25 to 40 families under confined
conditions before they were cleared for release in open fields. This safety-
first approach is essential both in the developing and developed countries
to infuse more confidence in CBC.

With regard to ABC, the compatibility of various natural enemies in terms
of competition between parasitoids, predators preying upon parasitized
hosts, risk to locally important beneficial and endangered species, conflict
of interest, etc. require examination. A risk assessment study carried out
in coastal Kenya by the senior author using simple field cage and sampling
methods revealed that inundative releases of the local Trichogramma
species for control of Helicoverpa armigera (Hübner) (Lepidoptera,
Noctuidae) caused very little natural parasitism of the wild butterfly,
Papilio demodocus Esper (Lepidoptera, Papilionidae), in its natural
habitat which is conserved for butterfly farming. As an  example for risk
to a non-target natural enemy, feeding preference studies conducted
with certain anthocorid predators in India showed their preference for
unparasitized eggs of H. armigera over the eggs parasitized by
Trichogramma species (Hymenoptera, Trichogrammatidae), thus
indicating that there was little risk in making combined releases of both
natural enemies in ABC. In India, field studies with various pupal
parasitoids mass released for the control of filth flies (Diptera, Muscidae)
or Uzi fly, Exorista sorbillans (Wiedemann) (Diptera, Tachinidae) (a
larval parasite of silkworm), revealed that they would not pose a risk to
other beneficial tachinid parasitoids of economic pests. These cases
exemplify the various facets of risk assessment. In future, the developing
countries must continue to suitably refine the ERA methodologies, while
also complying with international guidelines for environmental safety
evaluation of imported and/or locally mass-produced insect biological
control agents. The protocols available for risk assessment and scope
for their improvement are also discussed in this paper.
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S4.O3 Quality control parameters for mass-reared insects with
Trichogramma (Hymenoptera, Trichogrammatidae) as a case
study

Chandish R. Ballal1, T. M. Manjunath2, S. Sithanantham3 &
Abraham Verghese1

1National Bureau of Agriculturally Important Insects (NBAII),
Hebbal, Bengaluru 560024, Karnataka, India. Email:
ballalchandish@gmail.com; 2Former Director, Monsanto Research Centre
& Former Vice President, Bio-Control Research Laboratories, Pest Control
India Ltd., Bengaluru 560092, Karnataka, India; 3Sun Agro Biotech Research
Centre, 3/1978, Main Road, Madanandapuram, Mugalivakkam, Chennai
600125, Tamil Nadu,  India.

Researchers have attributed the variations in the degree of success of
biocontrol programmes mainly to the poor or inconsistent quality of the
biocontrol agents used. The quality control systems which are adopted
widely may need simplification to suit the available personnel and
equipment resources. Research conducted on some of the parasitoids
and predators in India has generated substantial data related to the rearing
requirements of biocontrol agents and their hosts, including reproductive
biology, their storability, deterioration of cultures due to continuous lab
rearing, etc. These factors have a definite bearing on the quality of the
biocontrol agents. Using this information, standardized guidelines can be
formulated for compliance by all producers of biocontrol agents.

Trichogramma chilonis Ishii (Hymenoptera: Trichogrammatidae),
Goniozus nephantidis (Muesebeck) (Hymenoptera: Bethylidae),
Chrysoperla zastrowi sillemi (Esben-Petersen) (Neuroptera:
Chrysopidae) and Cryptolaemus montrouzieri Mulsant (Coleoptera:
Coccinellidae) are some of the natural enemies which are extensively
produced and supplied for biocontrol programs in India. It is a matter of
concern that the end users generally do not have the expertise to
determine the quality of biocontrol agents supplied to them. As a part of
quality protocols, the following aspects need special attention: a) to have
a large  founding population to minimize the immediate effect of
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inbreeding; b) to maintain different genetic strains adopted to different
agro-climatic conditions and hosts; c) routine rejuvenation of  parental
stocks of the parasitoids and predators as well as their factitious hosts
after determining the periodicity of such requirement for each of them;
d) need to segregate the rearing rooms for individual Trichogramma
species to avoid the risk of contamination between species and also
prevent competitive displacement (more aggressive species like T.
chilonis displacing others); e) determine a safe temperature regime and
duration for optimum cold storage of host eggs before and after
parasitisation; and f) quality assessment through regular monitoring of
attributes like per cent parasitisation, per cent adult emergence, sex ratio,
etc.

The producers should be aware of the quality and quantity of the natural
enemies produced and supplied by them and indicate the same on each
consignment. An evaluation of random samples of the Trichogramma
cards supplied by different units in South India revealed that they yielded
85% fewer viable parasitoids than claimed mainly due to prolonged
storage. Some simple recommendations formulated for ascertaining the
quality of some of the potential biocontrol agents are as follows: for
Trichogrammatids - parasitism > 90%,  adult emergence > 90%, sex
ratio 1:1 and no. of eggs per parasitised egg-card 16000 to 18000;  for
coccinellid predators - sex ratio: 1:1, fecundity 75-100 eggs/beetle; for
chrysopids - 85% hatching and fecundity > 400 eggs / female; for
Goniozus - 80% emergence and a minimum of 60% female progeny.
Ensuring high quality of biocontrol agents is essential as it plays an
important role in the success of biological control and the reception of
biocontrol by producers.
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S4.O4 Gaps in plant protection technologies among farm women
of Odisha, India

S.K. Srivastava & M.P.S. Arya
Directorate of Research on Women in Agriculture (ICAR), Baramunda,
Bhubaneswar 751 003, Odisha, India.

Women have been playing an important role in Indian agriculture since
long back and their role has become all the more important in recent
years due to migration of their male counterparts to urban areas. It is
forecast that future agriculture will be in the hands of farm women.
Women farmers are utilizing up to 15 hours/day for agriculture or
agriculture related work and, therefore, they are being considered as the
backbone of Indian agriculture. A study was conducted to find out the
gaps in the knowledge of plant protection technologies among farmwomen
of Odisha, India. An interview schedule was developed and data were
collected from 20 villages of Khurda, Puri, Cuttack and Jagatsinghpur
districts of Odisha from small and marginal families. A total number of
200 farmwomen were interviewed. The results indicated that there was
a vast gap in the knowledge of plant protection technologies among farm
women. The maximum gap was recorded in the field of biopesticides
(95.2 %) followed by seed treatment (78.4%),  botanical pesticides
(74.4%), waiting periods after sprays (60.8%), spray solution preparation
(33.6%), nursery  protection (29.6%), pesticidal  hazards (25.6%) and
seed storage (23.2%). Overall, the technological gap among farmwomen
in plant protection technology was found to be 52.6%. During the study,
it was also found that women were particularly supportive of the use of
biopesticides because of reduced health hazards. Farm women are closer
now than ever before towards accepting production, multiplication and
utilization of biocontrol agents due to an increased concern about the
environment and the overuse of pesticides. So, it is the need of the hour
to incorporate about 48 percent work force that women represent in
plant protection technologies with particular reference to production,
multiplication and utilization of biocontrol agents. This would be a vital
input for planned growth and sustainable development of agriculture in
India.
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S4.O5 Legal and ethical issues related to mass rearing and
utilization of insect parasitoids, predators and their hosts

T. M. Manjunath1, S. Sithanantham2, Chandish R. Ballal3 &
A. Krishnamoorthy4

1Former Director, Monsanto Research Centre & former Vice-President,
Bio-Control Research Laboratories, Pest Control India Ltd., Bengaluru
560092, email: manjunathtm@gmail.com; 2Sun Agro Biotech Research Center
(DSIR-recognized), Porur, Chennai 600125,email:sithanantham@yahoo.com;
3National Bureau of Agriculturally Important Insects (NBAII), Hebbal,
Bengaluru 560024, Karnataka, India; 4Division of Entomology & Nematology,
IIHR, Bengaluru – 560089, email: krishnamoorthy_a@yahoo.com

Mass production of parasitoids and predators is an essential requirement
for proper implementation of biological control programs either by their
augmentative releases or more so by inundation. This may involve utilizing
indigenous or exotic natural enemies depending upon their performance
and circumstances. In the case of exotic species to be mass reared
locally, transhipment of their parental stocks is permitted only on issuance
of permits, both by the country importing and exporting them, as per
international quarantine law. In the USA, for example, while the United
States Department of Agriculture (USDA) regulates the issues pertaining
to parasitoids and predators, the Environmental Protection Agency (EPA)
deals with microbial biocontrol agents. In India, the legal guidelines for
the export, shipment, import, production and release of biological control
agents and other beneficial organisms have been established under ISPM
3 (2005) and the authority to oversee such compliances has been
bestowed on the Union Ministry of Agriculture in consultation with the
Directorate of Plant Protection, Quarantine & Storage (DPPQS). The
Government of India has exempted the commercial production of
parasitoids and predators from registration as legal products, considering
their general host specificity and safety to humans and the environment,
whereas the products of microbial and other biopesticides are governed
under the Insecticides Act via the Central Insecticides Board, requiring
registration. While such legal support to the commercial production of
insect biocontrol agents is welcome, we should also give thought to
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addressing any environmental or ethical issues that may emerge in the
context of changing socio-economic and ecological conditions.

As a part of environmental concerns, commercial biocontrol mass
production facilities in India are required to have permission from the
Pollution Control Board with regard to location of their laboratories, type
of products to be produced, arrangement for waste disposal, etc. and
also need to notify the local Biodiversity Board. Among the ethical issues
that should receive top priority is the need for a clean working environment
that protects  workers in the mass production facilities  from contaminants
such as moth scales, dust mites, dust, etc. which have the potential to
cause allergies and other health hazards, through protective gears and
improved production systems.  To uphold professional ethics, in-house
quality testing based on certain standard biological parameters are to be
carried out routinely, preferably by suitably trained personnel, to ensure
that only high quality biological control agents are mass reared and utilized.
Periodically rejuvenating the laboratory cultures is a part of quality
maintenance. Some of the legal as well as scientific and business ethics
associated with the production of insect parasitoids, predators and their
hosts are reviewed and suggestions offered for their refinement.
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