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ABSTRACT: Five experiments were carried out in the laboratory to evaluate the effect
of temperature, humidity, host plant, viral dosage and age of the larvae on the yicld of the
nulcleopolyhedrovirus that could be produced in the red hairy caterpillar, Amsacta albistriga
(Walkeﬁr). It was concluded that inoculating early sixth instar larvae with a virus inoculum of
5 x 10* POBs/ml, fed with castor leaves, and incubated at 30 = 1°C with a relative humidity of
80-90 per cent gave maximum yield of 4¢NPV. This forms the basis for mass-producing the
nucle?polyhedrovirus of the red hairy caterpillar in the laboratory, which could be used as
one of the major components of IPM practices for controlling A. albistriga.

EY WORDS: .tusacta albistriga, host plants, humidity, jaboratory mass production. larval agc,

temperature

INTRODUCTION

Ammgzgcizg;a al{;istriga (Walker.) (Lepidoptéra:
’ s_easonal and endemic pest occurring
f;::(; :fzf: zejzrl in different regions of Karnataka. It
st COtt:)lety of crops such as groundx.mt,
ad\'ersety,in then, cowpea, etc. affecting the yield
they eve, destrose ]CTOPS" In some grm}ndnut tracts
contro] e _y t 1‘e entire crop. h} spxte~ofsevcral
picking ang res 51@!} as use of bOl?ferS, l)aud
and pestiats estrtll.ctflovn of larvae, poison bz}ning
0 retain it mz:tpp.lcatlon, zmd‘thc pest COvlltlnll.CS
control it oriety as a major pest. Microbial

g entomopahtogenic viruses is a non-

chemical strategy to manage this dreaded pestas a
large variety of lepidopteran and some
hymenopteran pests are known to be susceptible
to these baculoviruses.

Amsacta albistriga NPV (4aNPV) with
multiply occluded virions was isolated from this
pest by Jacob and Subramanian (1972). Rabindra
and Subramaniam (1975) reported that the migratory
larvae of A. albistriga were highly susceptible to
this virus. An experiment conducted to test the
ficld efficacy of AaNPV in Pavagada has given
encouraging results (Veenakumari et al., 2005).
Rabindra and Balasubramanian (1980) also reported
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that o s il eprzootic could be ereated by apphony
this NPV i the teld, whieh would resabm the fong-
studies

tern control of the poest Brosafety

conducted by Nuarasvanan oz /o (197 7a0 by have
Shown that the conuman carp CCvprnnes carpio 1)
amd swhite el (Ys s cudes 1) are not
susceptible to o NPY L proving its possible safety
to iy Constdenme the etticacy and biosalety
pmature ol e NPV there s vast scope tor this
Baculovirus as a potent bropesticrde in the
manavement of this dicaded pest (Javaray and

Rabmdia, Tasm

Homologous hostmsects are mandatory for
miass producing any baculovirus, as these viruses
are obhivate pathogens. The vield ot viras farvaas
dependent on the age of the Tarvin the host plant
and the vicad noculum used, Aopart from this,
temperature and the relatn e hunudiny atswlhach the
mocubated Lirvae are meubated are also crucial tor
nrasioasnng the vicld oy ras, Prelommary studies
wore comducted on the recovery of JaNPY from
Luvace ot ditterent ages and under dilferent dosage
fovelstNamavanman e/ 19780 Baskaran ezal (2001)
studhed the oftect of difterent host plants on the
virus vicld and reported that Tarvae fed on cotton.
cave maxumum vield of virus. We designed
experiments to test the ettect otall these parameters
on the svield of virus at Project Divectorate of
Biological Control Bangalore.

MATERIALSAND METHODS
Multiplication of virus

The muluply enveloped NPV was originally
solated tromy wild L albistrioa larvae in Pavagada,
Karnataka i the yvear 2001, This isolate of daNPV.
whiclhhwas more virulent than the other geographic
isolates tested in the laboratory, was further
multiphied in the laboratory. Fitth and sixth instar
larvac were collected from the endemic region of
Pavagada on groundnut. These larvae were reared
in 23 litre tubs (25 cm height x 40 em diamywith lids
fitted with brass mesh. The larvae were fed on castor
leaves treated with 4«NPV tor 24 hours. Thereafter,
these larvae were reared on fresh bouquets of castor
leaves. From the seventh day onwards all virosed
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farvae were collected. homoeenized in sterile
distilled water and filtered through a double lavered
muslin to separate the hairs and body tissues. The
filtrate was iniaally centrifuged at SO0 RPM tor two
minutes and the resulting supernatant was once
again centrituged at S000 RPM for 15-20 minutes,
The virus pellet, thus fornmed. was suspended i
distitled water. The POBs were quantificd by phase
contrast microscopy (Nikon Eclipse B 400y using a
double ruled Neubauer hacmocytometer and the
virus suspension thus standardized were stored
4Cn the retrigerator till further use. Five laboratory
experiments were conducted to evaluate the cffect
ol different host plants. temperatare, hunuidity viral
dosage and larval age on the yield of virus that
could be produced per larva.

Maintenance of healthy host culture

Adults of A «wlbisirica were collected from
Pavagada (Karnataka)y - an endenmie arca - by setting
up light waps. These moths were brought to the
luboratory and confied inacryhic cages {28 X 28 x
30 ¢m) Ten per cent honey solution was provided
as food for the moths. They were also provided
with brown paper strips (10 x 1.0 cm) tor laymg
cpus. The cgg patches were collected separately in
a plastic container. The larvae that hatched from
these cgg patches were released on bouquets of
castor leaves in 5 litre plastic containers (2Zicm
heightx 15 em diam) with lids fitted with brass mesh.
Fresh castor leaves were provided daily as feed to
these larvae. Once the larvae reached third mstar
they were shifted to 25 litre plastic tubs (25 cm
height x40 cm diam).

Standardization of different larval instars

Out of seven larval instars ol A. albistriga,
the tate fourth, early fifth, late fifth, carly sixth and
late sixth instar larvae were inoculated with 5 x 107
POB/ml of 4aNPV to estimate the percentage
mortality and the yield of POB per larvac. Castor
leaf'discs of 3.2 ecmidiameter were cut using a metallic
leaf cutter and then washed thoroughly in water
containing 1 per cent streptomycin and air dried
under a fan. Aliquots of 10 ml of AaNPV (5 x 10°%
POBs/ml suspended in 0.1 % Tecpol) were spread
homogenously on both sides of the leaf disc using
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abluntend of a glass rod. The leaf discs were shade
dried and placed in 50 ml plastic containers along
with a larva of A. alhistriga (depending on the
weatment). The larvae were fed on virus treated
leaf discs and later with castor leaves as described
carlier. Each treatment was replicated four times
with ten larvae per replication. Larvae fed on
untreated castor leaves served as control.

standardization of host plants

Different plants such as castor (Ricinns
communis L), cowpea (Vigna unguiculata (L)
Walp.), calotropis (Culotropis giguntea R. Br.) and
groundnut (Arachis hypogaea L) werc used as
host plants. These plants were raised in pots housed
in a net house (except tor Calotropis, which was
collected from the field). Aliquots of 10 ml of A¢NPV
{5 x 10°POBs/mli suspended in 0.1 % Teepol) were
spread homogenously on both sides of the leaf
disc of all plants using a blunt end of a glass rod.
Fifty larvae constituted five replications for cach
of the host plants. Similarly, untreated lcaves were
used as thc control. The larvae were allowed to
feed on the entire treated leaf disc and then fed
regularly on leaves untreated of the respective
plants.

host

Standardization of temperature

Early sixth instar larvac of 4. albistrica were
inoculated with 4aNPV (@ 5 x 10* POBs/ml using
castor leaf discs as mentioned earlier. Thesce larvae
were incubated at room temperature (28 + 1°C., during
July-August) and in BOD incubators maintained at
diff@renttemperatures 20+ 19C, 25+ 1"Cand 30 £

"C. All the treatments were replicated five times
with ten larvae in each replication. The control
larvae were fed untreated castor leaves.

Standardization of h umidity

Early sixth instar larvac of A. albisiriga were
inoculated with AaNPV (0 5 x 10°POBs/ mi and
cubated at ambicent humidity i the laboratory (76-
iom) and in environmental chambers at 60 4 2. 7() +
2802290+ 2 per cent relative humidiy, At
Ueatments were rephicated five times, with L_JLh

replication |y having ten lar

vae. A control was also
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mamtaimed where the larvac were fed untreated
leaves.

Standardization of inoculum dosc of AuNPV

Early sixth instar farvac of L albistriga were
inoculated with six serial dilutions of A«NPV
rangig from S x 108 to 1 x 10° POBs/ ml. The different
dilutions were Sx 105, 6 x 105, 7x 1O 88X 10Y, 9x 1O
and | x10” POBs/ ml. The larvae were inoculated
using castor leat dises as described cartics
treatment was replicated three times and cach
replication contained ten larvac. A control was also
maintained with untreated castor leaves.

» bach

For all experiments, observations were
recorded daitly on 4¢NPV induced larval mortality.
Yield of virus per larva and per gram of larva were
also calculated using a double ruled improved
Necubauer hacmocytometer.

Estimation of virus production per larva

The dead larvac were collected individually
using a mectal spatula. They were weighed
individually and preserved at 4 C v a refrigerator,
The viral occlusion bodies were
crushing cach dead larva in 10 ml sterile distilled
water. The yiceld of the virus in cach larva was
snumerated using a double ruled Neubauer
hacmocytometer. The samples were diluted as per
requirement and counted using a phase contrast
objective at x400 magnitication (Nikon Eclipse E
400) to determine yield of virus per larva.

recovered by

Data on larval mortality duc to A«NPV and
vield of virus (influenced by host plants. age of
larvae, temperature and humidity) were subjected
to statistical analysis of variance.

RESULTS AND DISCUSSION

i. Standardization of larval instars

There was 100 percent mortality 8 DAT when
late fourth instar larvae were inoculate dwith 3x1O®
POB/mI. The mortality rate decrcased as the larval
ave inereased. Least mortality of S6. 67 per cent was
xi)xL rved when late sixth mstar larvac were

noculated (Table 1), The remaining larvac pupated
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suceesstully. There was 8O per cent mortality
carly sivthinstar farvace. In the laboratory the mean
ary al cadaver weight ranged from 201.24mg from
[ite fourth to 611.40mg in late sixth instar larvac.
But we could recover NPV intected late instar larvae
woenhng as much as TTO6 (89 [-1569)mg from NPV
sprayed ticlds m Payagada, yielding as much as
LU 1O (35 107 130N 1Oy POR/ML

Mavimum vield of 328107 POBR/larva was
late sixth instar larva while
munumnn vicld of 083 x 107 POB was obtained from
4 Late tourth instar larva. Yield of POBs per farva
was directly proportional to the age of the larva,

revovered from a

w hich it turn swas positively correluted to the weight
of the Larva, Similar observations were also made
by Narasanan of o/ (1978) They reported that a
nuivimum vicld of S8 1 107 POBs/g of farva was
obtamed when sinth mstar larvae of A albistrigu
were inoculated with .05 8 107 POBs/mbof A«NPV.
I the present study, vields o 6.98 X [0° POBs and
=06 107 POBs were obtained per grany of larva
when carly sinth and late sisth instar larvae,
respectively were moculated for virus production.
Pawar and Ramakrishanan (197 1y on the other hand
reported that there is no correlation between the
weight of the larva and number of polyhedra
recovered from Spodoprera litura (Fabricius)
larvie.

When both the per cent larval mortality and
the yicld of POBs were considered, it was found
that inoculating carly sixth instars followed by late
fifth instar larvae were more hencficial for maximum

production of virus.

ii. Standardization of host plants

There was no significant difference i larval
mortality when the larvac were fed with different
host plants. Larvac that fed on Calotropis weighed
the least (361.23 mg). whercas those larvae that fed
on other host plants ranged from 45538 - 48238
mg. There was a significant difference in the yield
of virus between those larvace that fed on
Calotropis and other host plants. The yield of virus
was least in those larvac that fed on Calotropis
leaves (1.91 x 107 POB/ larva), whereas inothers the
yield ranged from 3.29-3.48 x 10Y POBs/ larva
(Table 2). Considering the availability of castor
plants which frequent many vacant plots and
wastelands and also yield of virus/larva when used
as a host plant, castor secems 10 be the most
appropriate choice as a host plant for the mass
production of 4aNPV.

This finding does not support the findings of
Baskaran ¢f a/. (2001 ) who reported maximum larval
mortality (91.1 %) in Calotropis fed fourth instar

‘Table 1. Influence of different larval instars on production of A«NPV

Larval Average larval Yield of AaNPV x 10’
Instar nmortality weight at harvest
(%) (mg) POBs/larva POBs/g of larva

Late IV 100.0¢ 201.2 0.83¢ 412
Farlv V 93,3 298.4¢ 1.68¢ 5.63
Late V 86. 7 452.1° 2.88¢ 6.37
Early VI 80.0° 498.8° 3.48° 6.98
Late VI 567‘ 611 '41: 4'32u 7 ()6

Figures followed by the same alphabet are not significantly different from each other (p=0.05).
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Table 2. Influence of host plants on production of A«NPV

Host Plant Larval Average larval Yicld of AuNPV x 1
mortality weight at harvest
{(%0) {mg) POBs/larva POBs/g of larva
Castor 83.3 468.2¢ 3.32¢ 7.09
(}r()und]‘)u[ 86.2 482 .4 3.20 0.82
Calotropis 73.3 361.2% { O1° 5%
Cowpea 76.7 455.4* 3.48" 7.64

Figures followed by the same alphabet are not signilicantly different from cach other (p- 0.05).

larvae. He also reported a virus yield of 2.12 x 107
POB/ larva (Calorropis) and 1.83 x 10” POB/larva
(castor). This may be attributed to difference in the
age groups of the larvae that were used in the
experiment. In groundnut fields in Gujjanadu
(Pavagada taluk) intercropped with castor, 4.
albistriga larvae preferred castor {3.63/ plant) to
groundnut (2.06) and Calotropis (which grew wild
on the bunds).

Acquisition of the virus by an insect depends
on the type of host plants that it feeds on. This is
because the pH of the leaf tissues has either an
antagonistic or additive effect on the acquisition
rate of the virus (Benz, 1987). It was observed that
susceptibility of Lymantria dispar (Linn.) larvae to
baculovirus varied significantly on the host plants
used (Keating ef ul., 1988). Richter e al. (1987)

reported that there was a 10-fold difference in
susceptibility of Spodoprera frugiperda J. . Smith
when different host plants were used for infecting
the larvae.

iii. Standardization of temperature

There was significant difference between the
treatments when virus inoculated larvac were
incubated at differcnt temperatures. Larval
mortality was lowest (10 %) at 20°C. while the
remaining larvae pupated successfully after an
average of 18.65 days. Larval mortality was highest
at 30°C (84 %) but was not significantly different
from those at room temperature (28 £ 1'C)(82 %),
Maximum yield of 7.21 x 10° POB/g of larvac was
obtained at an incubation temperature of 30"C
(Table 3).

Table 3. Influence of different temperatures on production of 4aNPV

Larval Average larval Yield of AaNPV x 10"
Temperature mortality weight at harvest
(%) (mg) POBs/larva POBs/g of larva

20£1°C 10.0¢ 198.2¢ 1140 575
2E1°C 76.9" 4364 2,68 6.14
0x1C 84.0a 482.4° 3.48¢ 721

Room temperature

(28214C) 82.0° 478.2¢ 332 6.94

Fi .
tgures followed by the same alphabet are not significantly
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different from cach other (p=0.05).
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Although no work has been done on the effect
of incubation temperaturc on the yield of virus on
L. albistriga, lots of work has been done on other
species of insects. Taun ¢Z «l. (1998) have reported
30°C to be the ideal incubation temperature (forearly
fifth instar larvac) for the mass production of 5.
litura NPV, Wen ¢t af. (2003) have reported that the
incubation temperature of 28 % 1°C resulted in
maximum yicld of' S, exvigua NPV. El-Saadany et al.
(1992) reported that with increase in the larval
incubation temperature from 25 to 30"C, there was
increase in larval mortality and yield of virus/ larva
in S, lirroralis.

An incubation temperature of 30 = 1"C orroom
temperature (28 =+ 1)"C is thercfore ideal for the
mass production of A¢NPV in the laboratory.

iv. Standardization of humidity

Maximum larval mortality of 86 per cent was
recorded when the farvae were incubated at 90 per
cent humidity. But there was significant difference
in larval mortality only between 60 per cent and
rest of the treatments. Kelly and Entwistle (1988)
suggest that increased humidity may improve levels
of infection and virus yiceld. Moawad (1986) for S.
litura and Fuxa et af. (1999) for Trichoplusia ni
reported that increase in humidity favoured larval
mortality due to viral infection. Epizootics of NPV
of the African army worm, Spodoptera exemnpta
Walker were noticed at those sites where therc was
high relative humidity, wide range of temperatures

and high larval density (Odindo, 1983).

vield of virus was higher when the inoculated
larvae were reared at 80 and 90 per cent relative
humidity. The yicld of POBs reduced significantly
when the inoculated insccts at 70 and 60 per cent
relative humidity (Table 4).

Standardization of dosage of A«NPV for
mass production of A«NPV

X

Differentdosages of A«NPV ranging from 5 x
10°to 1 x 10° POB/ml were tested to determine the
optimum dose of virus inoculum for maximizing the
virus yield. There was no significant difference
either in larval mortality or yicld of virus between
the doses tested (Table 5). Yiclds of virus in all the
treatments ranged from 3.10—3.41x 107 POBs/ larva.
Senthil Kumar er al. (2005) have reported that
beyond a threshold level, there was a negative
correlation between the inoculum dose and yield
of virus in S. lirura. This they attributed to the
death of larvae due to higher doses of virus. before
they could attain their full size. Cherry ef al. (1997)
also reported that virus yield per larva of Spodoptera
exigua (Hiibner) increased with increasing dose,
but once the threshold inoculum of T x 10° POBs/
cell was crossed, increase in viral yield per larva
was limited, Therefore for A. albistriga a dosage of
5 x 108 POBs/ml acts as the threshold level (oras
standard dose) for inoculating sixth instar larvae
for the mass production of virus in the laboratory.

Table 4. Intluence of different humidities on production of 4¢NPV

ilu(t:,}idity Larval Average larval Yield of 4&NPV x 107 j
o) mortality weight at harvest
(%%) (mg) PORBs/larva PORBs/g of larva

60+2 60.0¢ 3720 2.00° 5.53

70+2 7208 424" 271" 6.38

80+2 84.0¢ 47 3100 6.78

90+ 2 86.0° 4710 338 7.16

Room humidity

(76-80%) 85.8 458+ 320 7.01

Figures f : s same . S
igures followed by the same alphabet are not significantly different from cach other (p 0.05).
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Table5. Influence of dosage on production of 4aNPV
Viral dose Larval Average larval Yield of A«NPV x 10
(POBS,fml mortality weight at harvest
(%) (mg) POBs/larva POBs/goflarva

1x10° 83.3 502.3 341 6.79
9x10° 83.3 498.3 3.38 6.78
Sx 108 833 5121 3.14 6.13
7x10° 83.3 502.1 318 6.33
6x10°% 80.0 496.3 3.10 6.24
Sx10° 80.0 5032 3.26 6.47

Considering all these factors we can conclude REFERENCES

that inoculating early penultimate instar larvae with
a virus inoculum of 5 x 10" POBs/ml, fed with castor
leaves, and incubated at 30°C with a relative
humidity of 80-90 per cent will give maximum yield
of AgNPV. With sufficient training this could be an
efficient production system, where even farmers
can mass-produce the virus. In such cases however
the product should be sent to government
approved centers for quality testing. It will be highly
cost effective as i) plenty of homologous host larvae
are available in the endemic areas (collection of
which would also act as mechanical control), i) they
do not need any synthetic diet for rearing the larvae
as they can be efficiently reared on castor leaves,
iii) no expensive equipments are required for
incubating the inoculated larvae, as they can be
reared efficiently under ambient conditions, iv) even
though labour intensive, women folk and
unemployed youth in the village can be engaged
to culture the insects, which provide additional

employment, and v) cottage industries can be set
up.

ACKNOWLEDGEMENTS

We thank the National Agricultural
Technology Project, Indian Council of Agricultural
Research, New Declhi for financial assistance (vide
F-No.28(1) 2001-NATP/CGP-111/380) for conducting
laboratory and field studies of Amsacta albistriga

NPV,

Baskaran, R. K. M., Srinivasan, T. R., Muthumecena, K.,
Muthulakshmi, S. and Mahadevan, N. R. 2001,
Influence of host plants on infectivity and in-vivo
production of nuclear polyhedrosis virus on red
hairy caterpillar (Amsacta albistriga) (Lepidoptera:
Arctiidae). /ndian Journal of Agricultiral Sciences,
71:742-744.

Benz, G. 1987. Environment (in) Epizootiology of insect
discases, pp. 177-214. In: Fuxa J. R, and Tarade, Y.
(Eds.). Wiley, New York.

Cherry, A. J., Parnell, M. A, Grzywacz, D. and Jones,
K. A. 1997. The optimization of in vivo nuclear
polyhedrosis virus production in Spoedoptera
exempta (Walker) and Spodoptera exigua (Habner).
Journal of Invertebrate Pathology, 70: 50-58.

El-Saadany, G. B., Moawad, G. M., Rizk, M. A. and
Tantawy, S. 1992, The complex interaction between
temperature and bioactivity of nuclear polyhedrosis
virus infecting Spodopiera littoralis {Boisd.) larvae.
Egvptian Journal of Agricultural Research. 70:
117-127.

Fuxa.]. R.. Sun, J. Z., Weidner, E. H and LaMotte, L. R.
1999 Stressors and rearing diseases of Tricoplusia
ni- evidence of vertical transmission of NPV and
CPV. Journal of Invertebraie Patholtogy, 74:
149-155.

Jacob. A. and Subramanian, T. R. 1972. Nuclear
polyhedrosis onsome Lepidoptera. Current Science.

41: 530.

189



VEENAKUMARI ¢f al.

Jayaraj, S. and Rabindra, R. J. 1989. Progress and
perspectives in the use of biocontrol] agent for
integrated pest management in India, p.23.
Proceedings of Seventh Session of India Science
Congress, Madurai.

Keating. S. T., Yendol, W. G. and Schultz, J. C. 1988.
Relationship between susceptibility of gypsy moth
larvae (Lepidoptera: Lymantridae) to a baculovirus
and host plant foliage constituents. Environmental
Emonmology, 17: 952-958.

Kelly, I M. and Entwistle, P. F. 1988, [ vivo mass
production in the cabbage moth (Mamesira
brassicae) of a heterologous (Panolisy and a
homologous (Mamestra) nuclear polyhedrosis virus.
Journal of Virological Methods, 19: 249-256.

Moawad, G. M. 1986. The influence of temiperature and
relative humidity on the interaction of nuclear
polyhedrosis virus and the cotton leaf worm,
Spodoptera livoralis (Boisd.). Agriculture Research
Review, 61: 203-209.

Narayanan, K., Govindarajan, R., Jayaraj. S., Raj, S. P
and Kutty, M. N. 1977a, Non-Susceptibility of
conumon carp, Cyprinus carpio L. to nuclear
polyhedrois virus., Baculovirus amsacta of
groundnut red hairy caterpillar. Madras Agriculture
Jouwrnal, 64: 6.

Narayanan, K., Easwaramoorthy, S., Santharam, G.,
Jayaraj, S. and Muthu, M. 1977b. Exposure of white
mice to Baculovirus amsacta of groundnut red hairy
caterpillar, Amsacta albistriga (Walker). Current
Science, 46:417-419.

Narayanan, K., Santharam, G,, Easwaramoorthy, S. and
Jayaraj, 5. 1978. Influence of larval age and dosage
of virus on the recovery of polyhedra inclusion
bodies of the nuclear polyhedrosis virus of
groundnut red hairy caterpillar, Amsacta albistriga.

Indian Journal of Experimental Biology, 16: 1324-
1325. '

Odindo, M. O. 1983. Epizootiological observations on a
nuciear polyhedrosis of the African armyworm

Spodoptera exempita (Walk.). Insect Science and i
Application, 4: 291-298.

Pawar, V. M. and Ramakrishnan, N. 1971, Investigations
on the nuclear polyhedrosis of Prodenia liturq
Fabricius — [. Nature of the polyhedral disease,
Indian Journal of Entomology,33: 111-122,

Rabindra, R. J. and Balasubramanian, M. 1980,
Observations on an induced epizootic of nuclear
polyhedrosis of Amsacta albistiriga Walker. Current
Science. 49:279.

Rabindra, R. J. and. Subramaniam. T. R. 1975, Studies
with a virus disease of red hairy caterpillar, Amsucta
albistriga W. Madras Agricultural Jowrnal, 62: 114.
117.

Richter., A. R.. Fuxa, J. R. and Abdel-Fattah, M. 1987,
Effect of host plant on the susceptibility of
Spodoptera frugiperda (Lepidoptera: Noctuidae) to
a nuclear polyhedrosis virus. Environmental
Entomology, 16: 1004-1006.

Senthil Kumar, C. M., Sathiah, N. and Rabindra, R. J.
2005. Optimizing the time of harvest of
nucleopolyhedrovirus infected Spodoprera lituia
(Fabricius) larvae under in vivo production systems.
Current Science, 88: 1682-1684.

Taun, S_J..Chen. W. L. and Kao, S. S. 1998. /n vivo mass
production and control efficacy of Spodoptera litura
(Lepidoptera: Noctuidae) nucleopolyhedrosis virus.
Chinese Journal of Entomology, 18: 101-126.

Veenakumari, K., Rabindra, R. 1., Srinivasa Naik C. D.
and Shubha, M. R. 2005. Ficld cfficacy of nuclear
polyhedrosis virus against the red hairy caterpillar
Amsacta albistriga on groundnut in Karnataka
(South India). Journal of Biological Control. 19:
141-144,

Went, X. Z., Li, G. H., Chen, Q. J. and Pang, Y. 2003.
Multiplication of  Spodoptera  exigid
nucleopolyhedrosis virus in Japanese Spodoptery
exigua larva. Chinese Jowrnal of Biological Control,
19: 16-22.

190




