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INTRODUCTION

Tne black headed caterpillar, Qpising zronosellsg #Wlke.
{=ephantis serinopa teyrick) is a serious pest of cocenut
(Cocos nuclfera L.} in mony parts of South India, espocially
along the coastal tracts. The slender caterpillars having
prominent black heads live under tha leaves in galleries
made of silk and excreted matters and fcod on the green
tissuss. infested trees ars oasily recognisod by dried up

patches in the fronds and gradual witheringe.

The pest occurs in sorious propostions in summer months.
During the remaining part of the year tho post population is
suppressed by larval parasitoids likes Brgcon brswicornig,
wWesm., Adantales tarageme Vier., and Perisiercla pephantidie
Huesebreck. and pupal parasitoids like Trichospilus pupivory
Ferr. and Brgchymoria spps Though insecticlidal treatmant is
recommanded in heavily infested gardens, the use of toxic
chemicale will have adversc effect on the natural eneny
complex, and the very operation of insacticidal spraying on

the crown is hazardous.

Tha pest outbreaks occur in summe months and
during the period the parasitoid population normally
remains at a very low level, Application of ingscticldes

mey wipa out the parasitold population complately, often



causing a fesurgenca of the pest incidence in due
coursee. aAny microblal insccticlde which coes not
kill the parasivoids will preserve the small aurbor
Of parasitoids available for subseguent culld up when

favourable conditions return.

among the diffurent group of wlcerobial inscctlcides,
the viruses have a high potential for the coatrol ol
pests. Ihe we of such pathogens have galned importanc?
in the develogment of ccologlcally oriented crop pest
managanant programgmec (Falceon, 1973). among the
difierent groups of insect viruses the nuclear polyhedrosis
virus and granulocis virus (uaculoviridae) offer great
potential for ths control of arthropods of importonce
in agricultars and ﬁo;estry and this view is ondorsed
by ceveral workers (Summers et ale., 19757 winsely, 1975).
Baculovirases are corsiderad suitobla for thils purpdsa
Lecause of thelr provable officiaoncy and safaty in use,
good storage properties and ralative ease of producticon

{Zinsely, 1979).

In Indla the exploitation o the above technology
is yet to gain momentume. & potent virus causing hoavy
wortality in the aatural popaletion O£ U. groungsolla

was reported by Philip at al., (1982). Jut the wuch



needed basic informations for judging the suitability
of this pathogen for f£ield controcl of tha pest were
lackings Hence detailed investigations ware taken up
for studying the following aspects of the pathogen:
symotomatology, susceptibility of different larxval
instars to the virus, morphology of tha pathogen,
histopathology, mode of transmission to the progeny,
crose infectivity to other species of lepidoptera,
persiastence of the virus on coconut follage, affect
OFf physical factors on the virulence of the virus,
safety of the pathogen- to nonetarget organisms and
efficacy of the virus an controlling the pest in
field.
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REVIEW OF LITERATUGE

A brief review of literaturs on nuclesr polyhedrosis
viruses relevent to the aspects covored in tho present

studica is pracentad Delow.

241 Symptomatology

The aymptoms caused by nucleqar polyhedrosis virus
infection vary widely in diffarent insect spacies.
General symptoms cbaservad on lopidopterous larvee infected
with the pathogen ware reviewcd by aizawe (1963) and
smith (1567). The sitin of the infected larvae bacame
olly followsd by a colour changs or davelopmont of
a mottled appearancs. a8 the diseagse gdvanced, the larvae
becawe lethargic and they lost appetice and stopped
feedinge Tha cuticle becama incrsesingly iragile
and finelly tho boay wall :up;f.tured libarating the
ligquefied hody ecntsnt, In é’!;e later stages of the
disegse ,the larvae shoved a tendency to seek ths
highest point available and hong head downwards. Zha
incubation pariod of the discase varied £rom thrge to
21 days. Subseguent workers glso mported symptoms
similar to thoso depcribed above (Patel et al., 1960;
Jacob oand Thomas, 19723 Lathika and Jacchb, 1974ar



HeCollom and Reed, 19747 Pagwar and Ramakrishnan, 1974,
Rabindra et al., 1975y Holr and Jacob, 1976; Jacquemard and
Delattre, 1977; Legacion and Gabriel, 1978).

But the death of the infocced larvae occurring without
tho above typical symptoms was obsexved in Heliothis peltigera
Denis and schiff, (Harpaz and Zlotskin, 1965); and in H,
armigera Hubner (Jacob, 1972) ¢ Morris (1970) reported praco-
clous dsvelopment of antennze, mouth parts and partial fusing
of ocelli in the larvae of Orgyis pseudotsugata 4¢ Dunn. and
Lgmbding fiscellgria somniaria Hulst when infected with
nucleer polyhedrosiz in tho fourth instar. Jaccb et al.,
(1973) found that the cadaver of Spodopters masupitis Bolsduval
turned black in a short timc aftoer death, liuclear polyhedrosis
infection inhibited moulting in Spodopters litury Fabricius
(Jacob and Subramaniam, 1974) and in heliothis gralgerg
(Rabindra and Subramaniam, 1374). Rabindra at al., (1975)
conducted detalled studies on polyhedrosig virus infection
in the larvae of Chrystodexis ghaleives Dsps (Plusia chalcytes)
and found that it caused hypertrophy of the nuclei of the
midgur epitholial cells fcllowad by rupturing of integument.
Noir and Jacob (1976) observed that tha nuclear polyhodrosis
virus of Pgricallia ricini Fab., caused the discharge of dark

brown £luid through the mouth of tholr host. According o

Jacquemard and Dalattze (1977) the symptoms of virus infection



on Dipgropsis watersi Roth which usually asppearsd on the
theird doy after consumption Of contaminated food vers
almilar among different instars though the speed of
mortality and per cent mortality voried in them. Hone of
the larvae pupated and mortality wes usually complete in
six doyees Legacion =nd Cabriel (1878) cbserved that
some larvae of Spedoptorg litura which survived the
infoetion ©f nuclear polyhiedrxosis gave rise to forms
intermediate between larvas and pupa® as wall as adults
with malformed wings. Rco and Amonakar (1980) found
that the flaccidity normmally eseen asscclated with poly=
hedresis in Lepildoptera was not sean assoclated with

a nucloar polyhedrosis of Amsgoty mocrel [ora. ,

2424 Lopphology of the polyhadras

The size and shape of polyhedra voery considerably
in differesnt insects and 2lso in differunt tissues of
tha insect. According to Garhenson (1960) it was the
viruc that controlled the shape of the polyhedra rather
then tha host cell, Tgnada (1960) reconded a larger
polyhedzra in Spcdoptern mauritia  which varled in diamsteyr
£rom 1407 to 3422 e

Bargold (1963) pointed out that in oilkvorm Borbyx mord
Linnaeus the prevailing type of polyhedra were dodscahedra,
whare as those of Lymgntria monacha Linnaeus consisted



mogtly Of totrahe@ras 1In the case of a nuclear poly-
hedrosis of Barathra braosslcge Linnasus the dlamestar
varied £from 0.8 to 2.7 su (Ponmon and bedong, 1564).

The dlametar of polyhedra was ssported to vary
genarally from Q.5 to 15 /8 ameng differont specles of
insects (Smith, 1967). Hunter and Hall (19269) found
that tha polyhedra of Spodopterg exigua Hubner varied
in diameter botwesn 1 to G/u with an average cf 2.5 ,u.

Jacck and Subramaniam (1972a) cbserxved that the
diameter of polyhedra from Aumggets plbiseriga vilke
ranged £rom 0.7 to 1.70 /4 with an average of 1.17/1.!
end in the case of leliothis asrmigera and S. litura

the polyhedral bodios wers lrrsgular in chape and
moasured 0.5 0 1.4 Vo in diazmeter with a mean of

0.89 2 and 1.86 u with 2 range of l.2 €o 2.8 ot

) Lathdka and Jacob (1974b) rsportsd that the poly-
hedra £rom S. mauritia had an average diamoter of 1.3 /4
with a range of 0444 to 1.76 /3 Electron microscopic
studies on polyhadra of Perigallig ricinl Feb, by Nair
and Jacok (1976) showed that they were irregular in
shape and varied considerably in size with a diametesr
ranging £rom 943.6 m M to 1829 m /3 with en average

of 1284.6 k4 12.48 m/u.



2024l loroholegy of the virus particle

In Tiouly paludosna tig., Smith and Xeros (1954)
obacrved that tho viges gods were arranged ian lines.
The virus r:lods occursed singly 4in He gpmigers (Bergold
and Ripper, 1957). Borgold (1963) rocorded upto 18 rods

in ons bundle in the polyhodra of Lymontria monacha.

In general, the nucleay polyhedrosis virus particles
woze moported to be rodshaped and were enclosed iv ap
outer davalopmencal mambrane and an innsr intimate
membrons. Though more than one virun particle was
prasent in a developmental mewmbrans, an intimate membrane
contained only one viral unit {(Smith, 1967). Ten to 100
vizions were found emboddod dngly or in bundles within
gech polyhedra and each rod averaged 400 x 80 m A in
size (Ignoffo, 1968). Jacel: and subramaniam (1972b)
reported thot the vimie particles of nuclear polyhed.::oais
of gmsacta olblgtriga Wlke occurred singly or in bundles
two to {ive rods while in H. zza and 8. litura che Virus
£eds ;uece afFranged singly end in bundles countalning upto
14 rods. Livingston and Yearien (1972) chserved single
virien in the polyhsdra or Pmpendoplusis inclucens Walker
and these polyheodra exhibited typicel crystalline
.protein lattices. Snirnoff and Ackermann (1977) reported

v

that the baculovirus of Eurcpean skipper, Thymalicus



iineola Ochis., contained upto 80 single enveloped
viriong. zbnormelly short and abnormally long particles
woro also cbserved. The bacllliform virions were enclosed
in a polyhadral envelope. Polyhedra inclusion bddies
contairing rod shaped viricns arranged in bundles in

the protein matriz were describsd by Peter (1981) in
Lpcagnobia pussa Cen & Schdff.

2:3. Stage suscentibility

Differential susceptabillity of lepidoptervus laxves
of different ages due to nuclear polyhedrosis virus
was reporwed by Glasser (1923), Bezgold (1943), Steinhaus
(1949a), Bird (1953}, Bird and uhalen (1953), <lark and
Thempsan (1954), lorris (1962a) Stalrs (1965b), Doane
(1967) Allen and Ignoffo (1969). Jacdbh and Subremaniam
(1972b). Such incrcase ia rusistance to infection corres-
ponding with the growth of tha lurvee was referred to as
"maturation Lmmunity® (Tanzda, 1956}, but Ignoffo, (1966b)
attributed this partly to normal increase in hody weight

which in turn dirluted a constant viral wose.

Nair and Jecob (1976) observed that in the case of
the nuclear polyhedrosis of Pgricgllig ricini Fabs the

catarpillare of second, third and fourth inotavs vers
highly susceptible. The incubation period was prolongsd
£rom S.24 days in ths second instar larvae to 8.20 days
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in the £ifth instar lervac. Mathew (1980) obsecved a
prolongeticn of incubation period of NPV in tho larvae

of gnedmvidia poponlp Fab., from 2.15 days in the first

instar 1o 4.40 days in the sixth instar larvee., Tho
viral infection caused 100 per cent meortality of

£irst, sccond, third and fourth instars. The £ifth

and sixth instar larvaa showed less gsusceptibility,

the mortality being 90 and 70 por cont respsctivelys
Bargerjon ct ale, (1981) recorded an increasing rasistance
wich age in the case of nuclear polyhedrosis of Lymantpia
dispar Linnasus. Chan et al., (1981) reportad that the
infection of the £irst and second ingter larvaa was

dogse depen.ent and a cencentration of 1.2 = 1.04"ﬁ poly-
hedra killed 58-52 per cent of the larvee within 8 days
of treatment,

vail and Hall (1969b) studied the response Of pupas
agd their resultant sdults of the cabbage looper
Trichoplusig ni fivbner to a nuclear polyhedrosis virus
and found that viseased larvae seldom pupatad or gave
rise co Mothses Pupad woere susceptible to NPV adminlstered
injection. Motns emrrging £rom pupes infected with virus
weres frequently deformed and many lacked the dark plgmenta-
ticn Of normal adults. Vall and Gough (1970) noted the
infectdon of pupal tissves of L. pl also with the

nuclear polyhedrosis viruo.



Martignoni (1964) succeeded in infecting tissuos
of the edultsc of Peridromg gaucia tubner by inoculating
polyiedrosic virus. MHathew (1980) recorded the pupal
and zdult mortality in Anagdevidia poponls infocted with

nuclear polyhedrosis virus. {issues of infected pupae
were 1liguafied and the pumal cases wore seen fragile.
infected odults were uwsually malformad, lacked tus
normal colouration ond thelr tissues and bedy £luid
contained millions of -polyhedral inclusion bodies.

2.4. Hiptopathology of N2V infected insects

Ao tho name implies the nuclear polyhadrosis viruses
multipdy in the nucleus of susceptible cells. Fat body,
hypofermis, tracheal matrix, and blood cells were
reported go the major sites of muitiplication of nuclear
polyhedrools viruses {alzaws, 1963; Smith, 1967: Gxada,
1970; injac et al., 1973y Rabindra and Subrameniam, 1974).
Soveral othar tissues such as 9ilk glands, muscle cells,
nerve gheath, braln ganglia, gonads, alpighian tubules,
conncetive tlesues surrounding the midgut, epithella of
fore and hindguts, cardla¢ valve, pylorie valves and
imaginal wiag buds, have alsc been reported to ba susceptie-
ble to tho virus (Drake and iiciwen, 19597 Taneda, 19607
Panz, 19633 Arugua et al., 19637 stalrs, 1965a, AQams
and wWilcox 1968 Adams ot ale, 19687 viathad ot al,, 1969;



Hamm, 1968y Vall and i#all, 136%9as Livingston and
Yearian, 1972; Hunter et al. 19737 Jacob and Subramaniam,

1973),

tultiplication of nuclear polyhedrosis vircus in
the endocdermal calls is rather unusual. Virus infection
of midgut cpithalial cells was cbservad in sawilies,
Gilpinisg hereyninse Hortiq and Neodiprion gertifer
Geolfroys (Salch and Bird, 1944). Plusia ghalcyios Csp
(Laudoho and anargior, 1363)e Lo pi (d2impel end adams,
1966) gCergmacy plioba Linnasus (Adame et al., 1968) and
Lythimia unipuncts {lawe, (¥anada and Hess, 1570) and
Epeudoplusia includens (Livingston and Yearian, 1972).

Infection of the midgut cells of the Dastern
hemlock loopor, Lgmbding f£iscallsris whore a cycle of
virus multiplication was complaied without polyhedral
formaticon was reportad by cunningham (1971). Pavar
(1975) also observad virus multiplication in ths midgut
opitholium of Spodoptora litura without polyhedron

formatione

injac et ale. (1973) reported the nuclear polyhedro-
s8la virus of Hyphantcria gunea Drury and they found them
1a the heemocytas. Tho diseaso was characterised by

abnormal proliferation of hypodermal cells.
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Jacob and Subremaniam {1973) observed hypertrophied
nuclei with condensation of chromatin material in most
hypodermal cells and some £at body cells of g litura
gt 48 hours ofter inoculation. At 72 hours polyhedron
formation wos observed in the nuglel of tha hypodermal
cells, huclei at various stages of infection were
obssrved in thz £at body, blood czlls, traches, muscles,
ganglliaq, narva cheath, ailkglands and connactive
tissusse Infection appaarsd hignly advanced with c¢he ruptur-
ing of thz nuclel in hypodermis, wEacneal matrix, bleod
colls and f£at body at 130 hours.

in Cgaychira mendosa Linnaous Zat body, hypocdermis,
nerva aad blood <2lls were the malor susceptible tiszuaa
although polyhsdra vers zlsc present in varlous connec=
tive and muscle tissues (Jabindra ond Swspamaniam 1975a).
in Plusina poponig Fabe, virus development was obseznved
in the fat body and hypodermis at 72 hours after inocula-
tion and in tracheal wmotrix, gut epithelium, sarcolemmg
of muscle tisnuen, neurllemma of nczve tissugs and
blood eallo after 96 hours (Robindra and Subraranism
1975b) o

Sugun et al. (1983) poported thet thouzh principally
the nuclel of the fat body, hypodermis, hypodarmal glands

and tracheal matrix wora the target tissues f£or replica-
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tion of tha poiyhedrosis virus of (iythimng (Psaudsletig)
gonaraks Wlks., later the wing buds, imaginal discs,
ovary, testes, nilkiland, Malpigbian tubules and
sarcolemna revcealed heavy infecticn. Finglly polyhedral
inclusicn bodias wera alsoe observad in nuclei of
neurilemng, £rontal ganglion, thoracic gonglion and

camobral complox.

2.5+ [lipde oi virus transmission ko ths nrogeny

Pransovarlal transmission wes observed in Bombys mopl
by Conts (1207} and Bouile (1908). Sauor (1960} aohserved
virus lika hadias in the eggs of seven specles nf
t@anidoperae Althcugh trensvission of the vigus through
Ay Was genarally accentaa, tha pracises relavionship
of tha virus to thr egy was a matter of dispute
(Borgnld, 15953; Clark, 19557 slcavwa, 1963).

£228 (1961) ruporied transovam troasmnissica of
nuclear polyhedrosis virus in tle sawiflies, Diprion
gzreynige iartiq Neodiprion serntifer and N. lecontel.
smirnolf (1961, 1962) sbserved virus transmission €rom
adults through eggs in sawflios Je._sueinei, Zrichiocampus
irregulaorls Fallen and X, yiminalds ond once ths virus
herd opesen lntroduced into the colony of . gwalned it



was maintained for years by transovum trausmisaions
Martignonl and Milstasd (1862) could get transovum
treusnission of nuclear polyhedrosis virzus by applica-
tion of vizus paste to the axternal genitalia of adult
fomale moths of the alfalfa caterpillar, Coliap surycheme
Botsduval.

Elmora ond tiouland (1964) rsporsted transovam
transmisslion of the virus when cobbage lotper moths
ware f£ed with polyhodras no relationship was apparent
between the mortality of the progeny and the number of

polyhedra fed to the mothse.

Harpaz and BeneShaksd (1964) found that nucleas
polybedrosls virus of prodenia litura wvas transmitied
shrough egg and that it lnvolvad o complicated gznetic
machanisme Brown ond Sweine (1965) and Swaine (1966)
chsorved that the larvae obtained from fisld collacted
females of L« exempta devoloped the diseasa even aftar

adopkling sanitary MeEzpures.

Dogne (1969) demonstrated that transmission of the
virus in gypsy moth Prothetria dispar took placa by
surface contamination of sygs. About 80 por cant of the
larvee hatching £rom oggs of contaminated moths died

of nuclear polyhsdrosis in tha firzst instar; the hatching
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larvas getiing tha infecklon by ingssilng part of the
egyg sholls, Surface disinfectlon Of =ggs with 0.1 per cant
sudium hypochlozite reduced tha incldance Of polyhedrosis

in ¢he suscaptible larvee £rom 80.0 tO Q.1 por cente

Vail anu rall (1969b) reported that largs numbar
0of preogeniocs resrad £rom cebbege lcoper moths which
yare infeoted wich the virug rarcly chowad infection.
In contrast, progeny of moth fed with the polyhadrs
wWere often infected, though the effect was unpredictable
and coele pg eliminated Ly surfece silerilization Of

eggs.

Powar =nd aasmakrishnan (1971) found thac in
Ps dizura only c portdon of the progeny of the infected
femals was disessed and the disezae incldence was less
in the aggs lawc on tho firsc day than those laid on

taa fourth day.

Havm and Youny (1974) roported that tho auclear
polyhadrosis of He gda waec tranomitted by sucface
contamination of aggs with inclusicn bodies which had
passad throegh Tha digastive trscet of zdulic fed on
polyhzdra. Scanning elsciron micrographe showved nolye
hedra on the surface of egge obtained from treated moths,

They also found that males fed op polyhadra transmitted
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the virus to Jhe piogaeny waen they nalred vath untreatea
fomaless it voes «lso resgorted that the virus coald
pass £rem ouz feaale t> cnothor througn the malot.
Similar observations were also Nade oy Lariondv and
Dakuialov (1974) on the {reusovarlal transmission of

nuclear polyhedrosis of Lyflpntrig onacha.

dopdin (1576) could demonstrate toansovwa crfande
micrgicn of the avcloar —oljhedrosis of £all web worm,

dvplantrlia gunen py contominaving Lhe adulcs wuicn

viral duste lezlgdne ond voetnad (1978) .ound thaot the
nuclcar nolyhiedrosls uas trarsrdttod Ly both transovun

cnd trancovarigl routos in yiaima sCoaratge olaicd

(1982) could Qencnctrote transovum teansiission 0f a

nuclear npolyhedresis vires o4 Hyonagurla cunea in

[ Tai¢ 1Y

2+6. Zrocgminfectivity

Ignoffo (1965b) reportad thal oix spxociss of
ialiothis wore susooptible £o cas is0late oi necleor
polyhedror1s virus ane tac virus iooleted from bLaitothis
paltigera was €russ transmissible to threa other
pliothis gppe A polyhedrosis virus iscolaved f£rom

Gphagtia (2:dra) gautella wik., was found to be cress
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transmissible to Plodia Alntsrpunctolla .ubner
(.lunter et al., 1973).

Rebindra and sSubramoniam (1975h) roported that
nuclear polytedrosis virus iocolaved £rom Plusia peponis
was eross infeqtive to Izichonluvala pi. Rabindga wad
Subramonian (1976) noticz2d thz infgchlvity of the bV
of Plusiz ghalcyies to Pe 58pSRige Considorable OKocg-
infoctivity of nuolear polyhodrosis virus was seon
wisthin the sub family Plusinse (darpar, 19763,
darpaz and Racceah (1978) found thaw tha NPV of Srofoptera
dittoralis Boisduval could bo @ross trensmitited to

Se gexigun and e liturs.

some cases of interfamily and inverordinal cropse
infection have also been reported, slvasa (1962) found

that tho larvee of Gallersza mollonolis Llnnacus

{Galloridae) were susceptible €2 nuclear polyhedroois
vares £rom sllgworm Sombyx rori (Combycidae)e. Larves
of Hemaroblus spe (Houroptora) were fould sur captible
to nuclear polyhedrosis virus of Porthetris discar
(Lepliwopters) (Smith et ale., 1959 sidor, 1960).

& nuzlecr polyhedrosis of Lymantrdg dispge sub ape
Jjeponica (Motsch) was not infcetive to De mprd but

was infective to Buprecikis similis Fusssly, fondrplimus
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spectabilis Btlr., cnd RPygqzoria snastomosig fritis Ulka
(hratake and Kayanuare, 1972) Vall et al., (1972) found
that nuclear polyhedrosisc virus isolated from alfalfa
losper, Autegrgphs californics £poyer was infective to
Irichoplusig nj, Plutellsg xvlostells Curtis Sngdoptarg
exniqua, Hallothlpg zea, :sgign‘ene/m Drury and
Bucculatrix‘/thurberiellg linnacuss Aratake and Kayamura

(1873) could transmit the NPV of 8. mori to Dendrolimus
gpuctablis, flalgcosoms naustrda ieghgcea Lannaeus and
Samla (Philocomia) gynthia preveri sutlerby oral

géministration and Chilp sunsressqlis wlke,8alleris
mallonells ond De snectabllis by injection into the

heomolymphs liyphantria cunea was found to be highly
ouseeptible to the NPV of Thymolicus lincolyg (vrdrnofE,
1976)s Kaya {1977} reported the cross cransmission of
the HPV of A. gglifornicy vo forost defoliators include
ing algophila pometoria- Harrds end il gunege Lawvic st al,
(21977) could trensmiu the NPV of se Californicg to
Guropean corn borer, Dotrinia nubilalis {ubner. A
nucloar polyhedrosis virus of Mamestrg brassigse ldannasus
wos found infectlve to Diparoosis uaterni (Jacquamard,
1978) s Steirs ot ale., (1981) reportod iha cross trange
mission of the WPV of Choristonsura fumifersng Clemans

to Zoienoplusig ni end Gallorlis mpllonella. lHaliothis

—
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228, Te ni and sphingld lJgnduos pextra Johl., wers
found to be highly susceptible to the NPV of G. mellonolis
(i raser and Stairs, 1982).

247 past control with nuclear polyhedrosis wvirug

2eTede Digmascoy of viral aciivity

Bic=assay technicgue has beon widely used to evaluate
tho pathogenicliy Of viruo preparaticns, Bergold (1953)
raported the mso of 1.2 million polyhedra to the
larvae of pombyx mori and 5.5 million to tha larvae
oi gypsy moth,Porth:tris dispar and tent caterpillar,

Malocosomy gisgtrls .aubnefs Bird end halen (1953)
estimated the LDy, to the larvee of Jgodiprion gertifop
as 100 to 500 polyhedra. Morrls (1962a) estimated an
overall average medicn letaal dos:a {all znstvars) of
3000 polyhedra per larve of tha westarn Dak loopar,
Lgmbling figcetleoris somajoria. Lgnoffo (1965a) found
the LD

5

a8 32 PINs/mm® of dlet sucfaco, The Loz values for

first; second and third instor larvae of 2oxthotwas

o of tho HPVw 3 to 4 days old larvas of ile zeg

gispar <ore 0«23, 2.3 and 2.5 PIBs/mz of food surface

reopectivaly (Coane, 1267). An lnverse calacisnship
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betueen virus couccntration and L2gg valuge wore also
cbservad for the £irsi, second and third inster larvae.
lagnoler (1574) computed tho gy of tha NPV to thind
inster larvae of Sorthetris dispar en 1729 PIBs/larvas
or 720 PIBs/rg larval body weights The Liy. for 2.5 x 10°,
2.5 x 107, 245 x 109, 2.5 x 10° ana 2.5 x 102 piss/

larva wewo Sel, 949, 1143, 12.2 end 13.1 days rsespectively.

tiang and bing (1975) roported the L&, for the

543

third inster larves of prodomis liturs as 1 x 107 ° PIBs/ile

agnoler (1575) estimated LC. . values of 1PV to third

50
and fourth inscar lorves of Malscosgoma nenatrls ar 1405
and 12320 P2iBa/larva raspsctively. Tha Ligy values for
2 pLog/ml

wore 549, 6.3 and 8415 days respeotivoly for the thixd

the concenteation 3 x 105, 3= 104 and 3 1z 10

dngzez larvee and 9.3 end 10.7 davs for the highesr cone
cantggtions in the cese of €ifth instar larvzo. Paver
and Remakeisnnan (1977) estincied tho L€50 valuzs of
NPV for vihio newly hatened and five day pld larvae of
Spcdoptera litura oo 04089 x 10° muad 7.79 % 10° pips/mi
reopectivelys The 1‘..'1'50 vaiuas £or the concentrations

rangad £rom S.41 €2 9.95 dayse



The dosage mortality situdy on th: nucloar polys
hedrosis wirus of Spodopterc litusa wors Ccarpied out
by legeclon cnd Cobrlel (L078) aaw Jlwuad that 17.5 < 106.
12.1 x 107 anu 90005 x 10° pIcs/ 50 ml SUSPENSLON JaVa
100 por cont moscality of the first Inotar lorvae
Qftor an averoge vl L4, 12.5 and 13.5 days respectivelye
Tne dfso £or the .ifth ingtar lazvee wvitn tha obove
doses uernc 13, 13.2% and 12.81 dayc. e LDSO valuaos
ol the 22V £ 2, galifarnica £or cebra cacarnllilar,
Largalen aigta  vers Touwad vo ko G3 pIis/mm® and 300
Pibu/mmz or diev surfcge for tha Jisot ane third instsr

Db eelave Ly Waplnera cad Canosct, 1979).

wyzns {18981) reporited a 3400 folu incrocase 4n
-3t

LDS,) ef Jx from vi: Lix to =iith sastar lLasvee oF

Jassstra brgssicse thale oo late {i76h one sinth Instar
larvae uvero vartually reclstont uo varus infections

Cdenco (1901) estimaiod the Lo of taird lagstor of

50

SDD.ODLELg exernty as 4de¢ Fiuoslalva and oL VIri€.

0
from 110e2 and 2¢1.J hours deopenuiny unson Joagc.

207e2¢ Filold cfficiency of LRV

Th. forest rests controllcd by the une of uclaar

2 lvacdrosis viruges nalude pine saufly, eodinrion
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gertifer (Bird, 1953), Graat basin tent catorpillar,

Malacosoma £ragile Stretch. (Clark and Thompaon, 1954),

wattle bagworm, Kotochalia junodi Haylacrts (Ossouski,
1960), Spruce sawfly, biprion hereyniae (Bird agnd
Burk, 1961) jack pine sawily, Diprion swainai

(Smirnoff, 19613 Cunningham and kntwistle, 1981),
spruce bud worm ghoristoneurs fumifarana (Stalrs and
Bird, 1962} and Cypsy moth, Portnectria dispar (Rollinson

et 3l., 1965, Lcwis, 1901).

tany exXperimonts wore conducted on the control of
cabbage looper, Z. ni Dby means of nuclear polyhedrosis
virus. Hall (1957) obtained 100 por cent kill by a
single application of 10 milllon polyhedra per ml
while fcEven and Horvey (1958) found that 0,94 LE per
acre was sufficient to initiate an cplzootice Hoffmestor
and Zitman (1961) reported the control of cabbage
looper by weakly spraying of NPV at the rate of 5 Lg/
acrs while Getzin (1962) recommended weekly applica=-
tlon of 9.5 x 10° PIBs/acro. Ignoffo et ale, (1965)
raportad successful control of batt worm He gea and
tobacco bud worm He yirescons on cotton by the applicae
tion of Baculovirus heliothis,.
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The NPV of Heliothis was applied on cotton at
the rate of 10 to 100 LE per acrs and it nad shown
increasing yield (ricGarr and Igaoffo, 196G6). Results
of the field experiment by Allen et al., (1967}
showed that five concentrations of HPY 1.5 x 1011,

3 x 10*Y, 6 x 10%%, 12 x 101 ana 18 x 201}
compared favoursbly with insecticides in contrxolling

pIBs/acre

these pests. Other workecs aloo raported similar
repults (Kinzer et 3al., 1976) though 4n soms cases

only marginal control was obteained (Falcon at als, 1965,
McGarr, 1968). Chapman and Bell (1967) repocted that
tha virus 6 x 1()’-"1 to 6 x 1012 PIBs/acre was as good

as or better than the insecticidal treatmente.

Oatman et ale., (1970) raported that the NPV of
Heliothias, 228 LE por acre caused 77 per cent merketeable
ears,. Creighton et sl., (1971) tested H. gez WPV for
controliing the tomato £rult burer end found that
fruit damage by H. zoa was 37 and 47 per cent for the
tywo NPV formulations compared to 61 per cent damage in

controle

vail et al., (1972) aleo reportsd that in field
plots of lettuce treated with NPV suspension of I. pi

and A. californica gave adequate control of cabbage



loopar and beat armyworm.Five appllcations of NPV at

1.6 x 101t

PIBs/acre suppressed tha larval populaticn
of cabbage loopear znd the crop protectlon achieved,
indicated that this virus was as effactive as commercial

insecticidas (Jagues, 1975).

Jaques (1977) found the efficacy of the NPV of

L PIBs/ ha for coatrolling

cabbage lcoper at 745 % 10
the cabbage loopsr and the control obtainad was comparas-
ble or ketier than that by Bagillus thuringiensis or

chemical insecticides.

Hostatter et al., (1979) and Vail et al., {1980}
also found that the virus of A. galifornica to be
potentially wseful pathogen for the £ield control of
I. ni. The control cbtained was comparable with that

of chemical insecticides and Bacillus thuringlensis.

The results optained by Scnthacam et al., (1980)
indicated that a field dose of 100 LL of NPV of S.iliturg
was sufficient to casck the pest population o cotton
apprecliably. Iacrease in mortallty of larvae was more
when tha virus was sprayed along wiih molasese The

13

Se litupa virus at 7.5 x 10%' pIp ana 15 x 102! p1m

equivalent. to 125 and 250 LE per ha and diflubengzuron
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0.01 par cent gave ouly lesss than 30 par cent control
48 hours after application. Bubt after one week all
the treatments gave good control of Se Jitura on
tobacco (Fantheram and Balasubremanian, 1580).

2,743+ Persigtence on f£oliage

Continuous exposure at high field temperature was
found to affect viral stability and inhibit viral multie
plication., (Bird, 1955; Thompson, 1959 Ignoffo, 196EDb).
Accozdlng to smith (1967) incluaion viruzer could persist
longar than non-inclusion viruses bacause the protina-
caous crystal protected the virus from the effect of
unfavourable environment. Ignoffo (1968) observed that
the snvironmental factors such as light, taemparaturse,
rainfall, fres water, pH znd plant intsrcction might
hava deactivatad f£iald applied viruses. But normal
rangs of physical components of the anvironmant were
not found to ba dastructiva to most viruses. Laboratory
tests indicsted that normal field temperaturs (10~-30°C)
did not adversely inhihit viral ectivity or viral
stability in diseased catarpillars.

The inacsivaticon of Saculeoviruo haliocthis undep

field condltions waes getributed to high temperature



{Gudawskas and Cenerday, 1968), eolar irradiation
particularly in the UV spectrum (Bullock et al., 1970)

cunningham (1970) found that the nuclear poly-
hedrosis virus of eastern hemlock looper, Lambdimna

fiscellaria fiscellsria on balsom foliage remained

fully sffective for three days after spraying, declined
in pathogenicity from the f£ifth day and vas completely
inactivated by tenth days

Okada (1972) obsezved that the viral activity
of the nuclear polyhedrosis of S. litura decreased
repidly afiter spraying under outdoor counditions, but
much less in e glasshouse or darkroom. Under outdoor
condltlons the polyhedra applied in the spray with
gelatin retaimed their actavity than those applied
without gelatin suggesting that the talcknsss of
galatin coat on che polyhedra was a factor in preserving

viral activity.

Andrews and Sikorowski (1973) reported that
persistence of nuclear polyhedrosis virus of He gea
wag lost at nighte. Déw from cotton foliage was shown
to contain various alkaline substances and the virus,

alchough not afifected by a pH of 9, but 99 per cent
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inactivated at pii 12. Such inacectivation cf Baculovirus

of Belicthis under f£icld conaltlons wss attributed to

lidgh pil of dew on cotton foliaga (Andrews and sSikorcusid,
19737 reloed et ale., 1977). Ignoffo et al., {1974)
found the half life of RPV of jislicthis on scykean

foliage to be belween two and three days. Persistence
of the virus was incroased by the use of protectants

and by caging the plants during day timo,

Young and Yearian (1974) studied the porsiztance

of Heliothis nuclear polyhedrosis virus on ioliage of

cotton, soybean and tomato and found that the inactivation
was most rapld on cotton with little activity remalning
after 24 hours, Persistence waes significantly better

on tomato than on other plants.

Rooms and Daoust (1976) found that the activity
of NPV of H. grmigers persisted more than 80 days after
spraying. Sntulstle ond adams (1977) observed prolonged
retention of infoctivity of the NPV of Gilpinia hercynias

on the foliaga of spruce spacies.



247044 Effect of sunlight and ultra violet light on the
virulence of nuclesr polvhedrosis viruses

Ultraviclet light was reported to dasactivate
viruses under laboratory conditions {Watanabe, 19517
Alzawa, 1955)+ According to Hirt et al., (1960) and
Turner end Keplen (1965} sunlight UV although act
directly responsible might indirectly activate or
catalyse reactions which resulted in viral instability
and loss of infectivity. Bullock (1567) observed that
the HPY of Heliothis applied on cotton foliage lost

most of its viral activity in one dey and he attrie
butsd UV light to be a roason for this loss. Cantwall
(1967) found that the HPV of I, ni and potigmens acrezs
ware inactivated when exposed %o direct sunlight for
three house.

Jagues (1967a) showed that deposits of polyhedra
of cabbage loopar virus on cotton foliage was practie
cally non-infactive one month after exposura to woather-
ing and sunlight vas attributed to this inausivatione.

A case of photo-resactivation of a UV inactivated granue
losis virus of Pieris rgpae Linnasus when exposed to

direct sunlight immediately after exposure to the former was
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reported by David and lagnhus (196%) .

vtudics on the WPV of Lgmbdina fiscollarla
pomnisrae by Morris (1971) showed that W redigtion
of predominantly 3600 i wavalength was slightly wvirlcldal
and that gamma radiation caused no subgtantial reduction
in pathogonicity of the virus, Out exjesure to sunlight
bayond five hours decreused the pathegeniolty of the
virus and only claven per gent pathogenicity persisted

aftar 35 hours.

Okaga (1972) found that the viral activity of

inclesion hodies of tne N2V of f. llitura cecreased

rapidly afecr spraying uwider outdoor conditicns bubt
much less in a ylass house or Jdark woom. Lhe 8PV of
Malacosoma digstrig vas inactaveted within 10 hours of
axposure to sunlight (Breome et ale, 1974). Lathika
and Jdacob (1974 ¢) roported that tha JPV 0f S mauritia
as thin £ilms Of PIBs on glags surface lost most of

its infactivity after 96 hours of exposure ¢o sunlight.
Ckada (1874) Found that cogy albumen, egy yolk or artie-
£icial diot and exereta of the larvae ucre as effective
or botter than gelatin in protecting tho nuclear poly-

hedrasis virus of §. lituara £rom inactivation by sunlight.



slge‘:e (1975) suggested that the rate of inactiva~
tion depended on the degree of exposure to weatharing
and the persistence of the virus depended on this and
the concentration of tha suspension, Romeskaet al.,
(1975) observed en activation of virus of A gelifornica
by exposure to ultraviolet rays of 320 nm for G0-420
saconds. dJaguas (1977) reported that the nuclear poly-
hedrosis and granulosils viruses wers rapildly inacti-
vated by exrosure to sunlight, strong acids, or alkalles
and high temparatures, Inactivation by sunlight was
apparently th2 rost lmportant factor causing loss of
activity of viruses in the field.

Narayanan et al., (1977Q) gound that NPV Of
Sa litura could not withstand prolonged day iight and
heat under £ield condltions and suggested that repeatsd
application of the pathogen might be necassary for
effectlve control of tha past,

Ths 8PV of pMythimuna separate wac found to survive
normal £isld conditions as regards temperature and ultra=
violet light (Mepjunath and dathad, 1978). Pawar and
Ramakrishasn (1979) cbtained complete inactivation of
the uPV of 5o llture in 15 minutes when exposed to UV
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light and consicerabla losaz in infectivity by elght

hours of exposura to sunlighte.

Timsne (1982) reported that the NPV of gypsy
moth, Lymantria disper was highly sensitive to small
domes of UV light, 86 per cent inactivation being
observaed when exposed for two minutes st 230-320 nm.
rugthey examination under the particular wavelength,
using UV £ilters, showed that short wave length of
both artificial light and sunlight had tho most pro=

nounced inactivation effect on the virus.

2+8s haat Insctivation of tha virus

Fhe thermal inactivation of the inclusions ang
enclosed wiruses was differant f£rom ths thormal inactie
vation of most proteins in laboratory testing {(alzawa,
19535 Bergold, 1933) . Several workers reported that
highor £ield mmpergture affected viral stability and
inhibited viral multiplicatlon (Bird, 1955r Thompson,
1959) «

Forris (1$71) reportad that heoating the SpV of

Lambdina fiscellaria gsomnlaria at 45°C for 200 houre

did nov affect the {inal porcantage of mortalitye.
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Brocmm et ale, (1974) reported that tho ten hour
exposure to sunlight caused total losa of activity

of agusous suspension of NPV of Malacogoma Gisotrise

Hair and Jacob (1976) found that the (PV of
Be glcini was highly inetfective even aftsr 96 houss
of exposuls to a constant temperature of 35°c.
martignoni and Iwal (1977 i) studied the therwal
inactivation of two strains of the NPV of Qxgyis
pasydotaugata and found that they were inactivated by
a £irst order of reaction at 55°c and 60°C. The sV
virulent strain lost its infaectivity completely whan
exposed to 60°C for 240 minutes while the HV strain
raquired 1320 minutes for complete inactivation at
60°C, stalrs (1978) zeportsd the complete cessation
of development of NPV of Galleria mdlonells at 40°C.
Pawar and Ramakrishnan (1979) observed a gradual
decline in ths infectivity of S« lltura NPV with pro-
longsd exposure to 40 and 50°¢C.

Stairs and Milligen (1580) repgortad that the
50 per cent Oof inactivation of NPV of S« mellonelis
was obtained with exposure to 42°C for 329 minutes,
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Tha purified virus had a hlgher initial virulence
than erude virus and the latter persisted longer

in the field (Clnagar and abdul Nasar, 1980).

Bouclas et al. (1980) observed that the NPV of velvet

basen caterpillar, anticarsis gemmgtilis dHubner

replicated effectively at 26,7°C but the incubation at
highor temperature of 32,2°C caused 20-50 par cent

mortality than at loWer temperature.
209. Safeby of nuclesr polyhedrosip virus
2.9.2. Safety 1o parssites =nd predators

Beegle «né Catman (1978) studied the sffscst of
nuclear polyhedrosic virms on T nl and 4i%3 paresite

Hyposotar exituua Vier. No diffsrence in ths fzuundity

of parasites thac dowvelopad on virus infecited hosts
gand those devoloped on uninfected host wes noticed.
Female parasites lald as many eggs in wvirus infected

host as thoy dld in uninfected hocts.

Hassan and Geroner (1977) onsarved thal whan adults

of Trichoyramsy cacosciag Marchal ware exposed o a fresh day

deposit of an agqueous suspension of the NPV of fHamostra

brasgicse L., there was no reduction in their parasitlsing
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abiliiy. It wes alaso shown that the deposit of viral
susponzion had no repzllant ¢fZecet on the porasite.
There wap no adverse effect on the larval fee=ding
capacity, adult ferale focundity or cgy viability of

gnrysona garnea Stopli.

Raimo et ale, (1977) reported that the larves
of L. dispsr reared on ertificial diet w;en axposed
to paraesiiism by fomales of Apanteles molanoscslus Ratze,
which had been contzminatsd with the NPV showed no

significant diffcrence 1u SHGDGENC.

Tests on pathogenicity of the NPV of He. armigera
againsi emerged adults of four indigenous and eight
exocic parasitolds, two specles of Chrysopa (ooth adult
and larva®) twue species of Coceinellid predators, ono
species of pradatory mite revealed thabt WPV was safe to

all parasitas and predators tested (Narayanan, 1980).

Z.5.2., Sofety to productive insects

Dhedutd and Mathad (1980) obsexved that the JPY

of rythimne ggparata ulke caused no significant haxm ©o

colonies of &4pis corans JIndice ¥, Nareyanan {1980)

rarorted thet the NPV of . prmiqers wes safe to two

spacles of silkworms



249.3. gpfety &o birds and fiohes

Ignoffo (1963) conducted fecding teses of WPV
of H, gea +to Inglizh sparrow, Valley quail and
Mallazd duck and found that the NPV was safe to the
test orgondsmss Horayanan et ale, (1877a) repoctad
that the NPV of Amsaces albistriga wik., was hormless

to comuon carp, Cyprinus garpio Lin., Narayanan st al.,
{1978) observed that poultry birds when fed with the
nuclear pelyhedrosic virus of A, gibistrign and a
single haavy dose of G.1 ml of the virus sugpension
containing 16.48 x 10° PIBs/bird did not chow any
deavrongement in thalr general condition, internal organs

and blochemical contant of bloode

Detalled studies were conducted using thae NPV of
H, gemigera agalnst two species of £ish and poulixy
birds by Harayanan (1979). Fo deletarious effect,
diractly attributable to the virus was observed.

Lautensenlager ot all., (1980) studied the natural
occurrence of tha NV of the Qypsy moth, Le.dispar in wild
birdss Infectious polyhadra wore found in the guid content
of blus jays (Cycnogites cristata; Line), Towhoss
{pPipilo erythrophthalmus) Jerd.), Red backed Voles

(Clathriononys gapperi! ..inn.) But ko observed that the

birdp served only as carriers of the Virua,
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24944, Safioty o mamnals

Ignoffo and ielmpel (1965) tested tne NPV of
Ho goa on white mice and guinea pige Mica and guinea
pig wera exposed to virus powdsr (500 g/wmouse and
100 g/guinca pig) in closed containerg for two hours
and the animals were observed for two months. Hons of
them became unhgalthy and all ths test enimals made
normal weight goin over the test period. Heimpel (1966)
carried ocut a similar test with the NPV of L. nd and
found that thoro was no evidence of toxielty or pathos
gonicity to the animals tested. Launtonschlagar and
Podgwalte (1977) Eound that vhita footed mouse
(Reromyscus leucopug.lin) and short tailed snrew
{Blaring brevigauoaLine and two smell mammal predators
of Lymantria dispar Motsch,, passed significant amount
of the nuclear polyhedrosis virus through their alimentary
trackt, resulting in the distribution of WPV in the

natural environment.

Harayanan et als, (1977b) cxzposed White mice to

Baculovirus ammacata and found that the animals wers

healthy and thers was no cheange in tholr bodily appear-
enca, behaviour and feeding activity. tistological

examination of heert, lungs, liver, spleon, testas and
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ovary siowed no evidence of tissue damages and they
ware similar to the corrasponding tissuss Of the
healthy animals,

bautenschlager et al., (1977) reportad that no
adverse affect of MNPV could be detectmd in white footed
mica (Pegomyscus lecuopus; Lin,) short talled shrew ,
Blarina brsvigauda) and Didelvhioc virginisng Lin.,
when they were fed with NPV infected larvae or provided
with 2IBs mixed in dog food or whon applied in a
standard spray formulation.

Datalled studies wers conducted using thz NPV of
He armigera against white rats by Narayanan (1979).
He found no deleterious eifect directly attributable
to the NPV of i, armigera on test animals when the

virus was administered orally.

Lautenschlager et al., (1980) studied the natural
occurrence of NPV of the gypsy moth L. dispar L. in mammals.
Infectious polyhedra ware found in the internal content
of white footed mice (Peromyscus leugopus), raccon
(2rocyon lotoriuime), end chip munta (Tamias striatus tHume.)




It was noted tnat the mammals acted as passive carriers

of tha virus and alded its dispersal.

Doller and Groner (1981) reported that the NPV
of Mamestra brassicee L. did not replicate in vertes
brates and there was no risk to vertabrates in the

use of the virus for the bicological control.
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3els Hass culturing of Opisina arsnosglla

liskterials used for rearing the insects (troughs,
bell jars and plastic containers) werc sterilised by keeping
them immersed in 0.5 per cant sodiwn hypochlorite soluticn
for one day (Wittig, 1963). They were then weshed in
distilled water and air dried, The smaller glasswares
and tubaes vere sterilized by keeplng tham in a hot air

oven at 180°C for three hours,

Tha initial culture was bullt up with eggs of
O+ arenoselia collected £rom fileld. The eggs were gurface
sterilized by imnorsing the leaf bits gontalning the egus
in 10 per cent formalin for cne hour (Henneberry and
Kishaba, 1966}. Thoy were thon washed in several changes
of gierile water and wne moigturse was then removed by alr
dryinges Those eggs ware kept in clean sterilized glass
trough for hatchinge. A bouguet of tender leaves Of coconut,
with the basal porticon covered with wet cotton swab to
maintain turgidity, was provided in the trough as food for
the emerging larvas (Figel). The top of the trough was
coverad with muslin cloth. On the third day of emergence the



larvee wore transferred in batches of 25 to 30 iato
ptapilized glase troughe containing £xresh coconut
leaves. 7The leaves werxe then changed once in a wesks.
Larvae showing symwtoms of dlsoases wera promptly
romoved Srom the cultures The larvae genexally pugated
on the leavez within the silken gallories and the
adultes emergad in 7 to 10 days.

Tha sdults were Ropt in glasé battery japrs for
ogg laying (¥ig.2) in batches 0f five pairs. Ten per
cent honey in cotton swab, was provided as food for
the mothse Egg laying commenced one to two days after
smargence and it contlnued for three to Ifour days.
Frash leaves were provided daily in the jars to servs
as substrate f£or egg layinge Imof bits bearing the
aggs were cut out and the edgs were sterilizsd and

uged for further rearing as described earlier.

de2s Hultiplication of wirus fnoculim

The primary inogulum was obtnined £rom a doad
larva of U, grencsella collacted from fleld and polye-
hadral suspension was prepared in distilled watar,.

It ves fed to the early instars of Os. arencsalla in
the loboratory by contamingting the coconut loaves
used for feeding them. The polyhedra wers collected



Fige 1. A bougust of coconut leaf sxposed
for egg layind.

Figs. 2. Opisina grenosella asdults exposed to
coconut leaves in glass jars for egg
laying.







from infected larvae following the mathed described
by smith (1967)s The dead larvas vere allowed to
putrify in distilled watar in large conical £lasks
for two to three weeks at room temperatures The
polyhodra which settiod as a thin white layer at the
bottom wora collected and purified by Ziltration and
dlfferential centrifugatione The polyhadra wore also
axtrocted by masceration of dead larvas in g verring
blender cmé further purificaticn by centrifugation.
Tha purified polyhedra were suspendod in sterile dise
tilled water and gtored in a yafrigorator at 4%z,

§-2.1. Preparation of = stock suspensicn of the
polyhsdra

The concantration of polyhedra in thne stock sugs-
e
pension preparcd was estimated by a Nc:wbatir double
ruled hassdcytomscer £ollowing the method of Lewls

{1960). A stock containing 1.96 x 107

PIiBg/ml was
prepared by adding roguired quantity of sterlle water
and the same was uzed as a 5togk puspension in all

the axperinents.

3.3, Salection Of tast larvae

ggmptomatology end incuwbation pariod of tha virus

weze studied in all larval instarse For the other



43

exporimentes third instar larvae collected within six
to eight hours after the second ioult alone were used.
But for the transmission studies late fourth instar

larvae ware uszed,

3e4. Zpnogulation of caterpillars witn the wirug

The spot feeding technique developed by Jacob (1972)
was adopted for all the inoculations. Plcoces of middle
aged coconut lcaflots wore fixed on e thick cardboard
with pins, sthe undersurface of the leaf facing downe.
Pleocea of paper gum tapes, one ingh sguare, with a
circular holc of & mm diameter punched in the middle
were pasted over the exposed surface. With a micropipette,
0,05 ml of the polyhedral suspenaslon containing 0.1 per cent
teepol as wetting agent was placed on each of ths circular
exposed leaf discs and the suspension was allowed to dry
at room temporatura, One larva each was coniined to each
inoculatzd gpot by using en inverted penicaillin vial (Flge3).
Larvee similarly fed vith 0,05 mi of (.1 per cent teepcl
in water sexved as control. Ths lagrvas which had completely
ingested the treated lanf disc in 8 o 12 heups wera
tronsferred to glass troughs in batches and weyxe supplied

uith virus £mae coconut leaf,



ige 3 Spot facding techniqyue Lor lnoculatang
¥PV to Jhz larves ol Qplsina grenoaelia



Cl/s
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3.5+ Diagnosis of the disoase

Tho larvae dying with viral infection wveare dlagnosed
by microscopic examinaticn of sguashed preperations of

tiscues £or the prosenca of polyhedra.

346, Lloctron microjraoty
The electron nicrography of tne virus was got done

by NDRC Institute of Virology, Oxford, Lngland.

3e7. sistooagtholegy

Third instar larvee of Q. grenosells were inoculated

7 PEiBa/m) as described

with a viral suspesnsion of 1.96 xz 10
earliesr. At 24 hour intsrvals and upto 144 hours after
inoculation, thrac larvae each £from the inoculated and
control groups ware collectsd at rendom and used for
histopathologioal stuwules. A similar sot of larvae {ed

on Vel per cent teapol alonc scerved as cuntrol. Tha

larvea vere £ized in hot alcohollc Bouln's fixativae.

Aftor tan minuées smaller specimseng cut into two and
larger ones into three piecos uer: trensferred to f£resh
£izative and werc kapt at room texperatura fior 24 hours
(Drake and Moiwen, 1959). Then they were washed repeatedly
in 70 per cent ethanol until the yellow colour was
completaly removod. The spacimons wore dehydrated in

an athyl alcohol-butyl alcohol series and enbedded in
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poraffine. Serisl longitudinal and cross sections wers
taken at £ive microns and were glven azan stain as
racomrended by Hamm (196G).

3e8e Angupamant of tha mode of wipus tronamiasion of
the IRV to the progeny of tha host

Two hundred, fourth instar larvae of Qs grenogalla
ware inoculated with polyhedral suspension gontaining
1.96 1.[37
Another set of two hundred larvas of the sane age group

PIBs/ml by tho spot fesding taconigues

fod similarly on coconui £oliage treated with one per
cent teepol in water sexved as Qontrole Both lots

ware rearad under aswptic conditiones in glass trougha,
The pupae cbteined £rom both groups were kept separately
in glass troughs., IThe moths on ermsrgence, were groupsd
in batches of five pairs for egg laying as described

earliazx,.

3+8s1a Agguagmant Of trggm%trggovarigl transmission

Ona batch 0f eggs laid by moths cbtained from virus
treated larvae was surfaco sterilized by sonlking them
in ten per cent formaldn for one hours another batch
of eggs lalid by che game groups of moths was left wunsteriw
lizeds Four replications of S0 eggs eech £rom tha steri-
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iized and unsterilized lots were kept soparately for
hatching and symptoms of infection in thoe emerging
larvas ware observade. Similar lots of eggs laid by
moths obteined from untreated larvee wers kept uithout
surface starilization as control. Tho larvae were
rearsd in the laboratory on f£rash £ood matsrial and
the larval mortality, pupation and adult emergence

were recorded.

another lot of aggs cbhtainad from moths which
doveloped from virus treated lorvee werce dlvided into
two batchese The first batch of eggs was throughly
homogenised in a mortar and pestle, Z£iltared through a
chegse ¢loth and the f£iltrata was mode upto a known
volums by adding sterile distilled water. The second
bateh of eggs was surface sterilized by immersion in
ten per cent formalin for one hour and a homogenats was
prapared as described above, The viral activity of the
ebove homogenates mixsd with teepol (0.1 per cent) was
testad agalnst third instar larvas 0f O« granosells
adopting the spot foeding tscaniqus. Another set of
larvae fed on leaves smdared with distilled water cone
talning 0.1 por cent tespol alone served as control. Thae
larvas in aach troatment were rearad geparately.
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Thore ware four replications 0f 25 larvze emch for every
treatoent. The larval mortality, pupation and adult

erergence wera racordeds

34802 Iransmigaion through virws fed mothg

Adults dovaloped f£rom disegse £ree larva®s resarsd
under aszeptic conditions vere used in this expariment.
vive pairg of adults wero f£eod with a polyhedral pusgsn=
aion of 1496 % 107 PIBs/m)l in 10 per cent sucrose solution.
Lach palr was confined in g wide moutl;ea glass bottle,

The mouth of tho bottle vas covered with a nylon net
over which was placad a cellophane dise of S cm diamatsr
with a 2 mm hole punched at its centre. A c¢otton swaed
sogked in the polyhedral suspension in pucrose solution
vwas placad outside the ¢elliophane dinc =2nd at the centrs,
Tha cotton swab was then covered with an inverted pestrie
cdish to prevent drying. Thoe bottle and petridish were
again invertsd and kepte The mothz could thus be fed on
the WPV mixed food avolding contamination of the body
with the virus. ioths fed similarly in 10 per cent sucrose
solution alone served as qontrol. The moths were than
kept in the laboratory in pairs £or egg layings Thore
wers four replicationg for each treatmsnt including

control. Twenty £ive eggs collected at random from each
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replicaticn was surface stercilized in 10 per cent formalin
for one hour and kept for hatchings, Ancther set of 25 eggs
collected f£rom the sama palr was kept without surface
starilization. Larvse devalopad from eagh replication
were roaved separatelys Larval,pupal mortality and

adult smergenca wers racordsd.

3.843e Transmission thgough contamination off fangle
genltalia

Ton gravid female moths reared from healthy larvas
under aseptic ¢onditions were salacted. A polyhedral

7 PlBs/ml containing Gel per cent

suspenaion Of 196 x 10
tespol was smearad on the abdominal tips of five female
moths using a camal hair brush, Abdominal tips of tha
other £ive female mothc wers smeared with 0.1 per cant
teapol glone and they sarved as controle The moths wers
then confined saparatsly for egg layings 7The eggs laid
by the contaninated moths vWare divided into three hatches
of 50 each. Uno batceh in each case was surfaca oterilized
in 10 per csnt formalin for one houre The other batches
of eggs in euch was kapt without surfacs sterilization
and the emerging larvae were rearad as abovas Ao agual
nunbsr of eggs cbtainad f£Xom contaninated moths was

alzo kept for hatching and the larvae werz resared sapara=-
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tely. Larval =nd pupal mortality end adult emargence
wers recorded. There ware three replications of fifty

eggs eache

3.9. Adgsgessing croas-infectivity of the virus to the
lgrvae of differant families of lepidopstersy

Cross~infectivity of the nuclear polyhedrosis virus

of 0., prenosella to Spodoptera litura F. {(Hoctuldas),
paricallia ticini F. (Arctiidae) and Buproctis fraterna

MooTe. (Lymantridas) on castor, Spodopters maouritia Bosid.
(tioctuidas) and Cpaphalocrocis medinalis Gusn. (Pyralicae)
on paddy, Jiacrisia obli:us Wlks {irctiidae) on sweet
potato, Orthaga exvinagesoe He (Pyralidee) on wmango,
Andadavidia peponis F (Hoctuidae) and Margaronis indieca
Seund. (Pyralidae) on snekegourd end Sylepts dexogata Fe
(Pyraustidas) on beuindi wera studied.

The test larvae wers fed with laaves of their
raspactive host plents treated with & concentrated poly-

hadral suspension(1.96 x 107

PIBs/ml) containing D«1 per cent
taepol as wetting agent. After feading on the trsatad leaves
for cne day the larvae were transferred to £resh uncontamined
leaves and reared until pupation or deaths Thera were twenty
fiva larvae in eachmseplication and three replication for each

host. An egual number of larvae fed on laaves dipped in



0Oel per cent tmepol alcne was Kept as controls Obser-
vetions wore made on larval mortality, pupal mortality
and adult emergencas The laryee dying with virel infection
wers dlagnosed by microscopic examinaticn of the squashed
preparation of the tissues for the prssence of polyhedra.
Tha concantration of polyhadra in the stock suspension
was estimated by techniques described earliers The
purified polyhedra cbtained £rom cach host was suspendaed
in storile dilstilled water and fed to the laboratory
regred thirq instar larvee of Qe.grencsalla adopting spot
feeding technique for assepsing the pathogenicity of

tha pathogon obtained from dlsfaerent hosta.

3e10e lugtin o efficacy of tho virus nat

Q. grenosellg

3e1041¢ Dicasasay of the yirus

Eight serisl dilutlons of the PibBs were propared £rom
the atvck suspsnsion and lowest eix cerial dilutions ware
used for the first instar larvee where as highast six

serial dilutions were used for the other larval inptarse

The test larvae werc drawn £rom tho disease frge laboratory
stock of Qe grgnosalla. All the five larvad instars ware
used in the bicassaye Latvae of uniform age and size

were used £for ©ach asnays Lavvae were inoculatad with



the virus by the epot fseding tochnigue. aAftex feeding
the treated bits, £resh bits Of coconut loaves vers
supplied €0 the larva confined individually in specimen
tubas. Tha treatments werse peplicated Sour times wlth
tan lorvae in each replication. The latval mortality

as well as pupation and adult emergence of surviving
individuals were recorded. In doubtful cases, mortality
due to nuclear polyhedrosis was confirmed by micro=

scopic examination of smoars from dead larvae,

The mortality data ontalned wers subjected to probiti.
analysis (Finnoy, 1952)e Tha gy, of the virus for each
larval instar vos calculatad, Tha L‘Iso values for the

various doses of FIBs also were computeds

3010420 Porgictencs of the yirus on coconut foliage

Eight year o0l@ cogsnut palus grosm la open fleld werze
selected for the experiment. Eight hundred gnd forty)
6 mm diamoter zpots warae marksed on leaves which wers
within raach £rom ground, Ieavas under shade wers avoided
for the purposes Five micro litre of the virus suspansion
(1496 x 107PIBs/ml) containing 0.1 per egnt teapol was
placed over scoch marked spot on the leaves. Areas
traated- similarly with £ive microlitres Of Q.1 per cent
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tecpol in water alone served as controls Thirty

traatsd leaf spots each ware cut out £rom tha treat=
ment and control, at intsrvals of 12 hours and upto

the end of 168 hours after treatment. The viral activity
was assayed by allowing ons third instar larvae to feed
on each spot adopting the technique described earliaer.
The leavos were maintained under room temperature which
ranged from 2845°C to 31.5°C and the ralative humidity
ranging £rom 70 to 80 per cent, Incubation period of

the virus, larval morctality, pupation and adult emsrgence
were recorded. The data obtained werg subjected to

statistlcal analysis and "’TSO values wera also computad.

Jeit. Effect of continual excosure of the polyhedrs o
a _constant temperature of 3s%c on the viral activity

Dried films of polyhedra wars prearaed in thirky-
nine petridishes and they wers exposed to a constant
temperature of 35° C in an incubator. A similar lot
kept under room temperature in another incubator
(dieconnected from electric mains) served as control.
Three dishes sach were removed from both the incubators
at 12 hour intexvals upto 1556 hours. These weres cooled
to room temperature and the NPV in each dish was then



53

suspended in two ml sterile distilled water contalning
0.1 par cent teepol, The virug aotlvity of thage suge
pensions was ascayad sgainst third instar larvae of
O. arenosella adopting epot £eeding technique. Ten
larvae worz used £or eoch replicaticne %The lacval
mortality at differant intarvals after ingastion of
the virus wes rocorded. The data were subjected to
statlstical anedysis and the m’so valuas were also

cemputed.

3e12. Zffoct of Infrge=rod ravs on viral activity

Air dried £1lm of polyhadra prepared in thirtynine
petzidisheg gs in the previous exporimongs were exposed
to infra red roys emdtited from a Philips 150 w inira red
lamp kept at a distaonce of 30 om f£rom the samplc. A
similar lot kept under room temperature without exposive
to Anfra rod rays secved as control. At 12 hour inkervals
thres petridishss were removed £rom the light source
and from the control groupe The PIBs in qach sample was
suspended in two ml sterile distilled water containing
Us1 per cent teepole The viral asctivity of the suspen=
slon was gssayad agains® third instar larvas of

Q. argnoselia ap in the previous expesriment. The larvas

weras then kept at room temperature, The lacval mortality
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was recordsd. The data cbtained wvere subjected to
statlstical analysis and the LTSD values were computed.

34134 Effect of ultraviolet Jight on virgl activity

Two mi alicquote of a suspension containing 1.96 = 107
pPiBsz/ml vere taken in clean sterilized petridishess and
the susponslon in each dish wes allouwaed to dry as a thin
£ilm undar an clectrlic fan. Ths dried £ilms of polyhedra
were then exposcd to UV rays cmitted £rum a Philips UVa
germlaidal lowp kept at a distenca of 30 cm £rom the
Aishes. Thirty nine dishos were thus cet upe same
nunber of dishss with viruc £1lm kept in the lahoratory
without expozfive to UV light served =s control, At

12 hour intsrvals three petridishes each were roemoved
f£rom the UV source and centrole The NPV in sach disgh

was suspendad in two ml starile distilled water contain=
ing 0.1 por cent teapcl. The suspansion f£fron each dish
was acssayad by exposing ten,thizd instar larvas of

D« garanosella adopting spot feading techniques. The
larval mortality was recoxdeds The experiment was
carrled out under room temperaturce whicn ranged £rom
28.5°C to 30.5%C and relative humldity renging £rom 63

€0 20 per cent. Tho data obteined were subjegied to
statistical onalysls and the Z.E‘so valuss were conputed,
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314, Safety of ths pathogen
3ei4e1s Cuscaptibllity of silkworm to HEV of Q. m

These siudies ware conducted on third instar larvae
of Pombyx mori. Twanty larvae were inoculated with
0,05 ml of polyhsdral inclusion bodies (1.96 x 107) as
done in the Case of Qs grencgellas. An equal nurbsr of
larvas wers allowed to feed on mulberrsy laaf discs
traated with sterile distilled water contaloing Q.1 per
cant taepol aslone which serxved as controls When the
leaf sp0t was saten completely the larvae wers rearad
in individual labelled containers. Fresh uncontaminated
mulberry leaves wars provided dailye. <There wero four
replications for each treatmente. Larval mortality,

pupation and edult emeryance wesre recorded,
3.14.2. Susceptibility of Bracon bravigornis to NPV
of QD grenosalla

Adult of Be bgovlcommis reered under aseptic condi-
tions were usad in this ewperiment. Fifty early third

instar larvae of Q. grenopelly wers inoculatad with

7PIBa/m1 adopting the

spot feeding technigue. Another set of larvas of the

polyhadral suspension 0f 1.96 x 10

same age group fed with virus free coconut leaves served

as control. Inoculated and untreated larvas wera Learsd



undar aseptic conditions They wera divided into five
groups ©f 10 @ach. Ten adults of B. brevicornis were
reloased into oach tubee Zhe adult mortality, general
bahaviour, and fecundity of tho parasits wsre recorded.
The emerged parmsites were roarsd separately in lsbslled
glass spscimen tubes for recoxding the disease develop-—

nant 1€ anye

In a sacond axperiment tan palrs of adults of
Be brevicomis wera fed with a polyhedral suspension of
1.96 x 107
provided in cotton awab kept at tha sids of glass tube,

The mouth of the tube was covered with muslin ¢loth.

PIbs/ml in 10 per csnt sucrose solution

adults fed similorly with 10 per ceont sucrose solution
alone served as controle Five replications wars kept
for the treatiment and controle Aftsr feading, each
group was given third instar larvas of Qs grenogella
for ovipositione Tha general bahaviour of the parasite
and gdult mortality were recorded. The tests were
conducted at room temperature ranging £rom 25 to 268°¢
and relative hunidity of 87 to 90 per cent,

3el4e3s Sugceptiblility of Izichoapilus pupivora to NPV

of 0, arenosella
FAfLy carly £4£th instar larva® of Q. arencsella ware
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inoculated with polyhedral suspenzion of 1496 % 102 ries/ml
by the mpot feeding techniqus described earlier. Anothar
set of fifty larvae of the seme age group fed with wvirus
f£res goconut leaves served as controle Both inoculated
end control larvae ware regrad in groups @£ wen oach
under aseptic gondition in glass specimen tubes. The
pupae obtainaed £rom both groups were kept soparately.
Tuenty L. puplvora adults ware released into each of

tha spacimen tubes. Ths general bchaviour of the para=-
site and emergence Of gdult parasitolds £rom the pupae
ware ceccrdeds I pupivorg developed f£rom cach group

of pupae ware maintained separately for recording dissase

devalopusnt 1f anye

3el4dsds ZLfect Of the NPV Of O. gmnoso.l;g on white mice
and white cats

Two to four week old randonly mated non inbred lines

of white mice {average weight 25.980g, range 25,000 to
26,900 g) were used in the study. A highly purified virus
suspension containing 21.44 x 108 Pigs/ml was orally
administared @ 0.2 m}/animals Ten animals receiving only
0Oe2 ml of sterile distilled water alons wore used as
control. The animals ware maintained in separate cagas
in groups of five each. £ach treoatment ond control

wers replicated five times. Standard food and adaguate
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quantity of water was oupplled gd 1libitum,

The general appearances ond behaviour of tha
white mica were recorded dally and the body welght
and temparature wers recocrdsd st weekly intervals for
21 daySs

In o gecond expariment 25 numbare of four to
seven weak old randomnly mated mon inbred lines of white
rats (average weight 108.20 gs range 107.40 to 109.00 g)
were chosen and purified virus suspenslonr containing
21,24 x 20° PIBs/ml wac orally administered @ 0.2 ml
per aninsle Ten white rats recsiving 0.2 ml each of
pterile distilled wster served as controle %he animals
were majutained in separate cages in groupo of £ive each
and each treatment was peplicated £ive times while the
control had two replications only., Ltandard £00d and
Wwater were supplied gd iibituns The animals wars exa-
mined deily for gensral appescrance cznd bahaviour for
21 dayse Body weight cnd tsmporature wese rscordsd at
waekly intsrvalse

At tho end of the test period of 21 deys, tha tast
animala were atherised and blood was withdrswn by
cardiac puncture from two animals in each replication.

Potasoiuwm oxalate was used to prevent coagulaticns
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The bicod counts wera conducted following the atzndard

procadures.

Then the animals were dlssectod and wet weight of
the important organs visze haart, liver, lungs, spleen,
kidney, festes and ovary were recordsd. Gross pathos
logical end hiatopathological observations on tha above

organs wore also modoe

3414.5. Effact of NPV Of O. arenosella on dsvaloping
gchick ombryo

3.1445+2. Selceotion Of edgs

Hundred numbors of esbryonatsd chick oggs ( 7 to
9 days old)’ weke used in the study. Care was taksn to
saloct only naturally clsan, medium glzed, uhita shelled
egg with a fertility rate of sbovae 95 par cant. This
ensured gmbryos of normal dimension. &1l the eggs were
incubated in the horigontal positions During ths entire
preinoculation incubaticn pericd they ware turned twice
dally through 180° in order to amssiet symnotrical emnbryo=-
nic development and prevent sdnssion of the embryonic

membranes
3el4e5430 szdling

The progross of embryonic devalopmont was followsd

by cendling tno eggs dalily during incudation period.
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Candling consisted of viewing the egy agaiust a cone
centzatad light source, so that ths shadow of the embryo
and iie assooclated structures ware visible.

3.14.5.3. Inoculstion

NPV was introduced into tha Chorio allantoic
menbrane, allontoie cavity, amaiotic cavity and yolk
saces (Fige¢)s Each treatment was replicated £iva
times with 20 a8ggs in each replication. Jgg shells
ware surfacs sterilized by a swab ligiatly squeeged in
tincture of icdinaee Care was tasen to avoid too much
soaking of the chall with the solutions They varae
inoculatad with 0.2 mi of highly purified viral suspene
sion (21.44 1 108 PIBs/ml). Twenty eggs raceiving 0.2 md
of stsrile normal saline served as controls The inocula-
tiona 0f viral suspension wers concducted £cllowing the
standard embryonated egg inoculation technique of
Hozkins (1967).

Tha gensral condition ©0F the emdryo (Gead/alive)
Was cbservad datly and at the ond of the test pericd
the embryos were killed by placing the eggs in deep
£reezer and choric-allantolc membrang, allantoic £luig,
amniotic £fluld and yolk were examined for the prasence
of polyhzdra,



Filg.4 i1=tnod of inoculation of cmbryonated
chilic Cgga-



VOLX 6*0 inoculation amhiotic CAir-r 1ihoculatio*
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3e15¢ Fleld evplustion of the yilrus
3e15e1, Prelininary field experiment

A proliminary £leld trial using four conceatra=-
tiens of the PIBs and endosulfan (0.05 per cent) as a
otandard was conducted at tha College of Agriculturs,
vVellayani, during 1933, Tespol 0.1 par cent was used
for susperndiing the PIBs in spray £luid. Tha NPV used
in the expsriment was multiplled in S. litura. Dach
treatment was replicatad four times.

Twenty four undformly infested coconut palme
(8 yaar old) wera selectsd at randoms, Twoe hundred milli-
litres of the spray £luid was sprayed on ezch £rond
using a krapesac sprayers. The control palm recaived a
spray with 200 ml of distilled water containing O.1
per cent taepol onlye Observations on larval mortality
ware recorded three days after treatment, Larvee found
living at the time of observation ware collected and
reared in the lazboratory for recording later mortality,
if sny. The pupal mortsiity and sdult emargence wese
also recordeds The deta were analysed statlistically.



341542, Main field axperiment

To asgese the cfficacy of the virus under £ield
condition a trial, using the concentration of PIEs which
gave a mortality on par with that of endosulfan in the

7 PIRg/ml, vas

preliminary expecimant viz, 22,14 x 10
coducked along with endosulfan Q.05 per cant spray

as standarde Control treated with teepol 0+ 1 per cent
in vwator wag also includeds The experiment was condue
cted in aomwe of hsavily infasted gaerdens in dullon
dlstrict. It was done in threa alfferent locatlions

in the arza.

Ths trees in sach location were divided into three
blocks of tharty each., Pree-traatment lorval population
was assessed by following the methods standardised by
George et al., (1982). On each tree the fronds were
numbered serially. Fronds batwesn the lowest and upper
most attacked ones and the Infeeted leaflets in tham
ware countade Une f£ifth of thes total infegted loaflets
ware ¢ollested as samples at randome. The lagvae in tha
leaflets were recorded anu the larval population per

tree wag ascessed as Lollows e
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Pasts in the lecflets sampled x Total No.
of attacked lsatlets

Larvas/tree=
lioe Of lenflets taken as samnple

The cbservations were repsatad at weekly intsrvals €or
14 weeks, The data wora analysed statistically,

3615630 n_of nakural 1 m

The extsnt of pupal parzaitizm in differsant plots
of the above expariment was estimated by following ths
methods standardised by P1llai and Nair (1982). Thirty
pupaes collected at random £rom each plot at £ift=en
days interval wore maintained in the laboratory indivie
dually in specimen tubes. The emergence of different
paresitoids were cbserved and from the data tha percsntage

of parasiticm was worked out.

Thirty pupal cases Of Q. groncsells from which the
moths/parasitolids had emerged wers collected at random
from each plot in ths experimentol ares at £iftesn days
intervals, The pupal cases were brought to the laboratory
and examined. Based on the size and position of emergsnce
hole the pupse infected by Brachymeria sp. and Tzigchospilus
Spe wers identified, counted and calculated tha parcene
tages of incidence by thoe parasitoids.



RESULTS



RESULTD

4.1, sympromatology

The symptems of nuclear polyhedrosis ingection in
the larvae of Opisina grenosslla ilk. became cvident in

three %o four days after ingestion of the virus. Tha
infectad larvas bzcame paler than the haalthy ones

{(Fige5) =znd soon they beceme lathargic showed a loss

of appetite. They ware lass rosponsive to tactile
atimuli, A dark brown £luid was sometioss sesn discharged
thrzough the mouth which moistensd the larval gallerios

on the leavas, They moulted though the duration batween

moults got proleageds

Tro to thras days prior to death the infected
larvae stoppad feeding compleotely. In later stages of
infection the body became very £laccid and they stopped
thelr movemont aled, Tho cuticle became very fragile and
the whole body content bacame liquefled and milky white
in colour which could be ceen through tha cuticle (Fig.5).
The cuticle rupturad on tna slightest pressuse libsrating
the liguefied body conteént containing the polyhedra in
large numbars,

The infected larvae were found lying desd inside

the leaf gallories and conecimes they vwere seen coming



rige 5 Healthy (top) and Diseased (bottom) larvae
of Opisina arenosella (threa days after
inoculation with HBPV)

Fige 6 Larvae of Opisina arenosella just prior to
death after inoculation of NPV,






65

out ¢of the gaileries and lying on tho loaf surface
prior to death, Thes cadavers were found sticking to
the lecaf blade with the oozing body fluid. TIhe body
than developed a dark colour (Pige7) and in 24 to 48
hours the whole body got deeply darkensd (Fige3).

Many of tha larvan which ingestsd the polyhedra
in ths later stages moultsd as prepupa® or pupas. The
diseasad pupa® were dark brown while tho normal oncs
were light broun in colour, Somm of the diseased pupae
exhibited the typicel symptem of larval pupal mosaic
also. Tha body tissues of tho inifected pupas bacame
disorganised, disintegrated and got liguffied in dua
course as in the case of the larvass The bxly wall
became very fragile and rupturad easily on twurhlibera-
ting the body content with large number of polyhedral
bodles. Lervas when fed with nuclear polyhedrosis virus
in late £ifth instar stage pupated in coursa of time
and ‘gave rise toc malformed adults with short and ruf£fled
wings (Fig.9). In noe <he motha were ungble to coma
out of the pupal skin ana died within the pupal case,
Halformed zdults lacked tha normal colouration and their
tissues and body £lulds contained large number of poly-

hadral inclusion bodivs.



Fige 7 Larvas of Opising grenosells fmeediately
after death caused by NPV

Fige 8 Larvae of Oplsing arenosella 24 hour after
death caused by NPV







Figs. $ Healthy motns of Gpjging 3 (left)
ana motns infected by NPV ght



FIG 3
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442, 2iza and shane of polyhedra

The electron micrographs of the nuclear polyhedrosis
virus of Q. arenosells showad that the polyhedra were
irregular in shape, varying considerably in siza (Fig.10).
The surface of ths polyhedra was smooth without any
ornamentations Tha carbon replicas of tha polyhedra
did not show any ourface pottorn (Fig.ll)e. The diameter
ranged f£rom 533.33 D to 1666.,67 nm with an average of
1393,30 om (Fig.12)s Section of the polyhedra showed
that varying number 0f virus rods were snclosed 4n one
developmental membrane and hence it was identified as
a multiple embedded virus (Fige.l3).

4.3, gistopathology

These histopathological studies were mzde on larvas
kKilled at the end of 24, 48, 72, 96, 120 and 144 hours
after inoculation with the virus, The course of ingfection
ae cbserved in the diffarent tissuss, with tho ald of
light microscope is presentad below.

Iventyfour hours aftoar inoculation

The polyhedral bodies were not visible in any of

the tissues oOf infectsd larvae at this stags.



Tige 10 floctron mlcrogrephs of polyhedra
isolated from QOplging sfencsella x 13000






Fig., 11 Zlceiron micrograpas of carbon cejlica
of polyhedra ilsolatsd from Oplsina agrenosella
X 54000







riqe. 12 Electron micrograshs ox sectlons
of polvhedra isolated Zsom
Opazsina arenosella x 15000




FIG-12



Pige 13 Llegtron micrographs oL secticon of
oolyh-dra 1solateu fLxon
Oplaiisn arcenocella x 50000

p Developmental manbrano
Vv Viraons



FIG. 13
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Fortyelght houps gfter incwulation

Many of the nuclel of hypodermis, £at bodies and
some nucledi of trachea, connectiva tissues surrounding
the gut end the gut epithelium were seen hypertrophied
with clear ring zones at ths periphery (Pigelid)e

Seventytwo hours after inogulation

The infacticn progressed further and almost all tha
nuclei of m’rpodetmis. fat body. trechea, connective
tissues surgounding the gut and gut epitheliun were peen
conspicuously hypertrophied (Fig.15). The salpighian
tubules, norve ganglia and musclee wers also geen infacted,

but it was only in ths initial stage.

Hinstysix hours after ingeuniation

in the cells of hypoderunls, £at body, trachsa,
connective tissuss surrouwnding the gut and in gut
epithelium the infection had progressed further and £ully
devaloped polyhedra wera visible in the nuclei(Fig.16).
*he infection in ifalplighian tubules, nesve gangelia and
muscles also progressed further, liany cedls of tha
epithelial sheath of tho goneds showed early signs of
infection.



Figs 14 Loungitudingl sections of Q.grenoselle larve
£ixed at 48 hours after inocuiation with the

NPV x 50

i
F
T
G

ilypodermis

Fat body
Trachea

Gut epithalium

Fig. 15 Longitudinal sections of Q. arenosella lacva
£ixed at 72 hours after inoculation with the

HPV x S0

typodermis

Fat body

2rachea

Gut epithelium
Jungles

wonnective tissues
talpighlan tubules
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ne_hundred twenty hou incculation

The infection had spresd completely over hypodsrmis,
fat body, trachea and epithslial shoath of gonads. Fully
developed polyhedra verse visible in many cells (#ig.17).
The infection had sdvanced in llalpighisn tubules, nerve

ganglia and muscles t00.

one _hundred and fortyfour hours asfter inoculaticn

At this stage many tisswos (hypodarmis, £at body,
trachea) showed signs of disintegration. Fat bodles were
sesn hsavily loaded with polyhedra and some of tham even
rupturad releasing tho polyhsdra into the haemocoel (Fig.18).
Calls of muscles, nerve ganglia, (alplghian tubulas,
epithalisl sheath of gonads and connective tissuss gurround=
ing the gut were also seen in the advanced stage of

infection.

The prascise histopathological changas obsarvad in
the dlfferent tiasues are datalled below.
dypodezmis

rhotomigrographs of infectsd hypodermis at different
intervals after incculation are prescnted in Figs.19 to 23.
Tha noxmal hypodermis ccnsisted of a single layer of cslls,



Fige 46 Longitudinal sections of Q. prenosella lazva
at 96 hours after inoculation with NPV X50

i = Hypodermis

P e~ Fat body

T « Trachea

G = Gut epithislium

4 = dnscles

CT = Connective tissuas

Filge 47 Longltudinal sactions of Q. arenosella larva
at 120 hours after inoculation with NPV X50

ypodermls
Fat body
~ Trachesa
GO - Gonads

soEom
]






rig. 18 Longitudinal section of 0. arenonella
larva at 144 hours after lnoculation
with NPV X50
il = liypodormls
T - Pat body
T = Tzachea



ti,
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resting on a basemant membrane, Ho apparent changes wers
noticeable with light microscope at 24 hours after inocula=-
tione Barly signa of infecticn were observed in the
hypodermis of larvae f£ixed at 48 hours after inoculation.
At this stoge {Flgel19) a limited nunber of the nuclel

in tha hypodermis were seen hypsrtrophied and they showed
a chromatin condensation resulting in the formation of
unified massea at the centuve called 'virogenlc stromat
(Xeros, 1956) with clesar ‘'ring zones' at the poripheral
areas, The hypodarmal layer itself appeawxsd swollen in
wost reglons. The infectad tissues magsurad 2450 am

in thickness (mean) with a range of 1980 am to 3020 nm.

in larvae fixed at 72 nhours after ingestion of the
polyhedra most of tha hypodermsl c¢alls had hypertrophied
nuclel ana tne hypodermis appearad considerably swollen
(Fige.20), On an average the infectsd tissuss miasured

3560 nm in thickness wich a rangs of 2970 nm to 4120 nme

At 96 hours after inoculation the hypertrophied
nuclel enlarged further aud ccmpletely £illed the ceolls
and the location of the nuclei with polyhedra in cifferent
levels gave it a stratified appmarance (Fig.21).

In larvas £ixed at 120 hours after ingestion Of the
polyhedra, the cells were elongated and in many ragions



Fige. 19 Section of the hypodermis of U grenonella
fixed at 48 hours after inoculation with
¥PV X200

H « dypodermis
HN = dypercrophied nuclel
R = Ring zone

Fig. 20 &Sockion of the hypodermis of Q. grenpgsalla
£ixed at 72 hours after lnoculation with
NPV X200
11 = typodormis
R = Ring zons
N - Hypertrophied nuclel
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the signs of disintsgration were visible (Fig.22).
Fully dsveloped polyhedra ware present in large nunbars

in tho nucled.

At 144 hours after inoculation ths hypodermis had
more or less completsly regracted f£rom the cuticle in
many regions. The cells showad clear signs of disintagra-
tion and the cell boundarios wera lost (Fige23)e The
cells wera seen ruptured liberating the polyhadra into

the haamocoal,

Eat bedy

The changes obssrved in the adiposse tissues during
the course 9f£ nuclear polyhsdrosis virus infection are

illustrated in Flgs. 24 to 28.

The normal {at body celle are charactarised by the
presence of large numbor of fat vacuocles in thelr cytow
plasm, By 4B hours after inoculation the nuclei of a
limited numbar of cells were zsen hypertrophied and in
some of these the chromatin had condensed to form central
*Virogenic stroma’ with °’ring mone' around (Fige.24).

rat vacuoles were fower in numbar ond smaller in siza.



Fig.21 Section of ths hypodermis of Q. aranosell
fixed at 96 hours after inoculat%n with

RPV X200
H = Hypodermis
N = Nucleus

Fige 22 Section of the hypodermis of O, granosella
fixed at 120 hours aftsr inoculation with
NPV X200

C = Cuticls
H = Hypodermis
N = Kucleus






Fige 23 section of the hypodermis of Q.

%fEEEﬁQllé
fixed at 144 hours after inoculation with
NPV X200

Polyhedra
Cuticle
Nucleus

typodermls

agEon
[ 2 I I |






In larvae fixed at 72 hours afiter inoculation the

hypertrophled nuclel of infected calls enlarged fucther

and completely f£illed the cell membrane, Tha nuclei at
various stages of infaction could be sean in different
lobes of adipose timgues, Even the sdjacent cells could

L2 seen in widely different stages of 1a?ction (319.25)# é{
The number of hypartrophied nuclcl had increased considera-
blye. The fat vacuoles werc very few in numbor and small

in sizae,

at 96 hours after inoculation, the nuclei asppeared
as dark stalning masses almost completsly £illing tha
cells (Figtze). tdany nucled had fully developed polyhadra
insices The hypertrophied nuclel increased considerably
in number and fat vacuoles wero vesy few in the infected

areas.,

in larvae f£ilxed at 120 hours after ingestion of tha
virusg, the infection spread to move nuclei and fully
formed polyhedra were present in majority of them (Fige27).
Cven at this stage auclel at differant stages of infection
could bo seen and the fat vacuoles showed a very marked
reduction in numbsr,



Figs. 24 sSoctlon of the adipose tisoue of Q. arenosella
fixed at 46 nhours after inoculation with NPV

X200
F « I'at body
HN ~ lypertrophicd nucled
1 - thascle
R =~ Ring zono
Vv  « Vacuoles

Flge. 25 <ection of the adipose tissue of Qe.arenosella
flxed at 72 hours after inoculation with KNPV

X200
F « Fat body
# = Nuclous
V « Vacuoles
R = Ring zone






rig. 26 Section of the adipose tipsuas of Q. arenosella
£ixad at 96 hours after inoculatlon with NPV

X200
I - Fat body
N - huclous
P =~ Polyhadra
¥V e« Vacuoles

Pige. 27 ©Section of the adipose tissues Of Q. gronosella
Eivzod at 120 hours after inoculation with NPV
X200

Fat body
pPoalyhedra
Hecleus
Vacuoles

LI B |

< By
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At 144 hours after inoculation almost all the fat
body wells waxo sesn fully packed with polyhedra and
fat vacuoles had completely disappeared. Disintegration
of the tissue was conspicuous in many labes and constd-
tuent cells had got segparated from each othar. Rupturing
0f the cells and liberation of polyhedra were also seen in

many locbes of the £at bodies (Fige28).

tluscle tisgues

Infeation of muscles or muscle shoath was not obsagved
upto 48 hours after inoculation. At 72 hours after inocula-
tion the polyhadral formation could bo seen in the nuclei
disposed inmediately baneath the muscle sheath (Fige.29)
as well a3 those placed deep in ths sarcoplesm betwaen the
£ibrillase. The infoction had £airly advancad at 96 hours
after inoculatlon and tha polyhedra were distinctly visible
below the sarcolemua (Flg.30).

In larvae £ixed at 120 hours after inoculation, the
infaction had advanced further uith dense group of polyhedra
seen below the sarcolemma whicn appeared loosened from
the underlying cells (Fig.31). The polyhedra incroased

in numbar and size ond many wells of muscle showed signs



Fig. 28 5ection of the adipose tissues of Q. arenosella
fixed at 144 nours after inoculation with WPV

X200

P = Polyhedra

N ~ Nuclous

RL = Rupturing and liberation of
polyhedra






Fige.29 Sectlon of the muscle of Y. grengsella fixed
at 72 hourp after inoculation with NPV X200

M - Huscls
I = Infection
NS « Muscle sheath

Fig.30 Section of the muscle of Q. grenosglla fixed

at 56 hours after inoculation uith KPRV X200

M = Muscle
M5 -« Muscle sheath
P = Polyhzdra.
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of rupturing end liboration of polyhmdra (r1g.33) at
144 hours after inoculation.

Trgchaal matsix

At 24 hours following inocculaticn no indication of
infection could be observed in the trachea. At 48 houcrs
aftar tnoculation nuclel of trachesal matrix cells through-
out tha boldy appearsd ccnspicuously enlarged with clear
‘ring zones' (Fig.33).

The infectlon had advanced and polyhedra vere distince
tly visible in most cells of trachea at 72 hours afier
inoculation (Fige 34)e. The nuclei anlarged further as
the polyhedre increased in number at 96 hours aftaer
inoculation (Fig.35).

At 120 hours afiter inoculation, fully developed
polyhedra ware seen in most of the nuclei and cells
started rupturing liberating the polyhedra into the
surrounding tissues (Fig.36)s The cslls disintegrated
extenaively at 144 hours after inoculation (Fige 37)e
%he polyhedra were libsrated into the hasmceosl in large
nunbers.



Fig. 31 GSectlon of the muscle of Q. grenogelly £ixed
at 120 hours aftsr inoculation with NPV X200

1{ = thugecle
P -~ Polyhadro

Flge32 sectdon of the muscle of Q. arenosella fixed
at 144 hours after inoculatlion with HPV X500

P = Polyhedrs
M - [uscle
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Fig. 35 OSecticon of the trachea of Q. arenossils
fixed at 36 hours after inoculation with
PV X200

T « Trachea
P = Polyhecra
N - Enlargsed nucleus

Pig, 3G Scction of the traches 0L Qe grcnosellia
Fined at 120 hours after inoculation With

HPV X200

T «~ Trachea

P = RPolyh=dra

R = Rupturing and liberation of
polyhodra






Fige 37 coction of the vrachiea of Q. arenogelly
f£ined at 144 hours after iaccualation

ulth 0PV %200

T - Zraciea

P - Polyhedra

RL = aupturing and liboration of
polyhodra
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The _qut 1 tha nnagtive tipsuas n oundin

Thare was no gpparent differencs botween the enteric
spithelium and connective tisgues of healthy and infected
lacrvae for tha £irst 24 hours aftar inoculation.

at 48 hours ofter inoculation sone cells of gut
epitheliun showad signs of virai infection by their
hypertrophiad nuclel. Infaction was also noticed in the
connective tissucs surrounding the gut{Fig. 28).

polyhedra ware distinctly visible in most calls of
connactive tissues surrounding the gut eplthelium and
in somz cells of gut epithelium at 72 hours attar inoccula-
tion (Fige39)e. Ths infection appeared to ba in tha
matrix cello of trachen associatad with the connectlve
tispues.

At 96 and 120 hours after Iinoculaticn many calls of
connoctive tissues surrounding the gut epithelium showed
advanced stage of infection (Pigs.40 ond 41). In many
calls the polyhcdra wera dilstinctly visible at this stage.

At 244 hours after inoculaticn most of the cells
showad signe of disintogration and rupturing and libera=
tion of polynedra inte tha haemccoel (Pig. 42).



Fige 38 Section oI the connective tisgues surrounding
the gut and gut epithelium of Q. arenosella
fixed at 48 hours afver inoculation with NPV X200

T ~=Connective tissuss
—-=Gut epithelium
-=Nucleus

200

Fig. 39 5Section of the connective tilssues surrounalng
the gut and gut epithelium of O. arengsella
fixed at 72 hours after inoculation with WPV X200

Polyhedra
=~ Connective tissues
G == Gut epithelium

.
8
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ig. 40 Lection of tno commective tlasues surrounding
tho gut and gue cpithollum of Q. groposellg
£imod at 96 hours after Anocculation with .2V
4200
Cl - Conneetave tisouos
G  ~ Gut gpitholiun
i - Juzlaus

fige 41 wocwlon 0 tho connoetive tiogues sursounding
tha gut and gut eplthellun of D. grenoccelila
at 120 hours after inocculation uilta WPy X200

P = Polyhadza
C?P = wonnoeceive tiusu=s
3 = Gut eplthzlium






fige 42 Section of the connzotiva tissues surrounding
gut and gut epiltheliun of Qe grcnosella fixed
at 144 nours after incculaticn with neV X500

P = Polyhsdra
G = Gut eplihelium
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1 Il tubuls:

Thers was no apparent difference betwesn ths
Malpichian tubules of healthy and infscted larvas for
the firat 438 hours following ingfectdone

ceventy two hours after inoculation many nuclel
were seen infected (Flg.43). The polyheéra were seen

£ully developed at 96 hours after inogulation (Fige. 44).

At 120 hours after inoculation the infection was
seen in mors number of calls (Fig.45) aad by 144 hours
most of the cells in the Halpighian tubules were heavily
infected. tome 0f tho cella ruptured liberating the
polyhedra (Fig. 46) into the hasemocosl.

Nerva ganglion

The ganglion did not show any infection at 2¢ and
48 hours efter inoculation.

At 72 hours after inoculation commencemant of infec-
tion could bs seen in the naurilemma surrounding the
ganglion (Fig«47)es At 96 hours the polyhzdral infection
could ke seen in ganglion cells and in neurilemma (Fig.48).
At 120 bours after inoculaticon the infection becams

severe (fig.49) and as a result of this the naurilemma



Fige 43 Lection of ths alpighlan tubules of
Qe prencsella fixed at 72 hours after
inoculation with H2V £200

UL = ilalpighlian tubules
N - liucloeus

rsige 44 Soection of tha ltalpighian tubules ol
De grengselia fixed ot 96 hours after
inoculation with WPV X200

(i = lalpighian tubules
P = polyhedra
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Tige 45 Oecticn of the NHalpighlien tubules of
S grenosells fixed av 120 hours after
inoculation with LIPV X200

[ ~ tialpighian tubules
¥« Onlarged nuclaus

Fige 464 Secticn of the Malpighian tubules of
Ge grenpsella £ixed at 144 hours ofter
inoculaticn with NPV X200

WD = Halpichion tubules
P = pPolyhedra






Figs 47 Sacticn of the nerve ganglion of Q. grenosells
£ixad at 72 hourg agfter inoculation wieh LSV
X200

0@ - Herve gangliion
1L = Neurilemaa

Fige 48 cection of ibe nerve ganglion of Q.grengselis
fixvsd at 96 hours after inoculation with LPV
X200

NG = Oarve ganglion
HNL - Jdougiloana
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got loosened. The infection waz intense in the
nesuropile mass (Fig.50) and neurilemma (Fig.51) at

144 hours after inoculation. Fully developad polyhedra
alsc could be seen in the infected nucled,

Gongds

The epithslial sheath of gonads was seen infectad
at 236 houxs after inoculation (Fige52)e. At 120 hours
following infectlon ths epithelial sheath wes seen
completely infected (Fig.53}. at 144 hours after inocula~
tion disintegraticn of cells and rupturing of the nucled
occurred@ leading to tha liberation of polyhedra into
the surrounkiing media (Fig.54).

4.4, Tranasmiseion through egys

Table 1 given the per caent larval mortality,
pupation and acult emergence £rch egys of moths obtalned
from virus trsatsad lacvae. Only 1.02 par cent of larvae
£rom surface sterilized aggs died of nuclear polyhedrosis
virus while thare was 43,72 per cent mortality of larvae
raarad from unsterilized sggse KO mortality occurred in
larvae which emerged froa the eggs of hsalthy virus free
moths kept as controle But 3.56 per cent pupal mortality

due to nuclear polyhedrosis virus was observad in the lot



Pige 49 sSection of nerve ganglion of O. granosalla
£ired at 120 bhours after lnoculation with
Kev X200
NG = llerve ganglion
P = Polyhedra

Fige50 Sectionm of tha nerve ganglion of O.grenosella
fiwed at 144 hours after inoculation with
RBV X500
P = Polyhedra
NG = Nerve ganglion cells






Fige 51 ©Section oL the nerve ganglion of
De arenosella fixed at 134 hours aftexr
inoculation witn HBY X500

N = deurilenma
P e Polyhedra



«






Fige 52 ©ecticn of the gonads of O arciosells
fixed at 96 hours aftor inogulation with
RPV £200

LS = Dpitheliazl sheath of goneds

Fige 53 Soction of tace gonads of Q.grenosella
fixzeq at 120 hougs =fcrer inoculation
with WPV X200

P  « Polyhedrs
E6 ~ Eplthellal sheath of gonads
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Pable 1. Cffect of sucfeca sterilization of the

eqggs obtalned from moths roared out of
WPV infected and uningected larvae of

O. grenosella.

Porcantage rercontags

Noe No. Percane
Treat- of of of larval of p_upal tage of
ments egg eggs mortality mortality adnlt
taken hat= _gl_lE_EQ_____ X Gua to amor=
ched | Othar other gence
NPV causes nev causes
Bggs f£rom
infected
moths
(suxface
sterili= 200 197 1,02 1.52 §1  Nil 97.46
zad)
Eggs £rom,
infacted
moths
{ungtori-
lized) 200 195 48,72 1.54 2.56 Nil 47.18
Egge from
virus
£res
healthy
moths 200 195 Nil 1.54 Nil Nil 98446

{control)
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obtained £rom unsterilized eggme ‘The percentages of
adult emergencs wera $7.46, 47.18 and 93.46 in the lots
of surface sterilized eggs, unsterilized eggs and in

control respectively.

Regults of feading third instar larvas with homogenates
of surface sterilized and unstarilized aggs obtained £rom
meths which acquired the virus in the lorval stages are
prasented in Table 2. The data showed that feeding the
larvae with horogenates of surface sterilized aggs cauged
oaly 2400 pear cant mortality dus to nuclear polyhadrosis
virus. But when the homogenates of unsterilized eggs were
fed to tha larvac the mortality incraassed to 35.00 per
cent. Thers wag no mortality Gue to nuclear polyhasdrosis
virus among the larvas fed with homogsnate of eggs obtalned
£rom haalthy virus £res moths. Pupal mortalily dus to
nuclear polyhedrosis virus was not oosarved clther in tche
group fed with surfacs sterillzed egyg homogenate or in
the controls But 2.00 par cent pupal mortality dus to
nuclear polyhadrosis virus was observed in the group Led
wich homogenate of unsterilized eggse The percentagse of
normal adult emergence wara 96.00, 61.00 and 26,00 in
ths lots of larves fed with homogenate of surface steri-
lized eggs, unsteriliged sggs and eggs in control respacs
tively.
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Pable 2+ Effect of feeding third instar larvae

of Qs grencseila uith homoganate of
aggs laid by mo%ms raared out of
larvae fed with NPV ond of egge laid
by uninfected moths,

Droat=
ments

lacvae
fad

Porcentage of Parcantaga of
larval morta~ pupal morta=
ity dus o ity due o

Farcen=
tage of
adult
smergence

KNPV other NOV Cthar
causes causes

Homogenate
of surface
aterilised
aggs

Homcgenate
of unsteri
1ized egge

Homogenate
of agge
£rom
healthy
virus frea
moths (con=
trol)

2,00 2.00 il 8l 96600

35,00 2400 2.00 Hil 61.00

1il 2.00 Nil 2400 9G.00
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4e4e1. Transmission through viruse~fed moths

Table 3 prasents the data on larval mortality,
pupation ond oduli smergence obtained from the aggs of
virus fed adults kept with and without surfacs sterili-
zation. It can be seen that there was 12.2¢ psr cent
larval mortality due to nuclear polyhedrosis virus in
the progeny obtalned from unsterlilized eggs while thera
was no mortality duc to nuclear polyhedrosis virus among
the larves emarging f£rom sterilized aggs and in the eggs
in control groupe FProgeny f£rom unsterilized eggs of
virus fed moths recorded 2.04 per ceat pupal mwortality
dus to nuclear polyhedrosis virus but no pupal morctality
was cbserved in ihe progeny from sterilized eggs and the
aggs in gontrol. Tha percentages of adult emsrgence were
9897, 84.70 and 98,99 in progenies rearad from eggs
obtained f£rom virus fed moths of surface aterilized and

unsterilized and in control respectivaly.

44424 Transmigsion through contamination of female
genitalia
The data on disease incidence in the progeny when the

female genitalia were contaminated with tho virus ave

furnished in Table 4. vhen tho eggs obtained £rom conta=



Teblo 3. Incidence of HPV in the progeny of moths
of 0. arenosells £ed uith the virus

so Percentags Parcentags
Woe et of larval of pupal Pore
Troate of eggs mortality mortality centage
ments @g99s  yoho due to due to of
Laken oheg adult
APV other HPV Other P
causas causes gencs
Eggs £rom
virus £ed
moths
sterili~
zad 100 a7 Hil 1,03 Bil  Nil 98,97
Unsteri-
liged 100 a8 12.24 1.02 2,04 Hil 84.70
Hggs from
healthy
virus
free moths

(contzol) 100 99 Uil 1,01 841 wil 93,99




Table 4. Incidenca of BPV in tho progeny of

Qe

grenpsells when the woths vsrce

contaminated with the virus on their
axtornal genitalls

10w
Tragt=- of
nents eggs

taken

RO«
of
eggs
hat=
ched

Percentage
of larval
mrtality
dug to

Parcentage
of Pupal
mortality
dus to

PV Othar
causes

Hev Othar

causes

Percan=
tage of
adult
energenca

148

Hi2  2.72

41.89 3430

Mil 270

i Wil

il uil

il il

97.28

54.73

97430
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minated moths ware left unoterilized 41,82 per cent of

the emerging larvae died due to nu.cle‘ar polyhedrosis

virus infection. But no death due to viral infection

was ohsorved when the eggs wore surface sterilized.

There was no dinease incidence in control also. The
percentages of adult emergence f£rom surface sterilizged
and unstorilized eggs lald by virzus conteminated moths and
those in control lot wera 97.28, 54.73 and 97,30

respactively.

4,5, Assesping crogs-infectivity of the virus to ghe
laryae of inasects belonging to dlfforent €amilies
Lepidoptera

Data presented in Table S showed that the latvas of

Oplsina grenosells, Spodoptora livura and Spodoptera mauritia
vere highly susceptiole to nuclear polyhedrosie virus of

O« grenpgsells rzcording 100, 80 and 79 per cent mortality
respectively, The larvae of Ancdevidia anis,
Disgrisia gbliqua and Pericallis ricinl were moderatsly

susceptible to tho virus, ths nortality recorded being
70, 69 end 63 per cent respectively. The larvas of

Orthaga exvinaceae, Euproctis fraterna, Sylepta dexogata,
dargaronia indica and Cnaphalocrocis medinalis were not




Table 5. Infectivity of NPV of 0.

grenosella ¥o third instar larvae
of other locally avallable lepidoptera which were amenable
to lavoratory rearing

Percontags of Incubation
larval mortality period in Infecti- Larval Quantity
Insects tested Gue to days vity period in of poly-
days hedra/ml
nupv Other Ranges Moan of body
causes £fluid
1. Opisina arencsells 100 N1l 3t06 4.01  +vs 30 to 40 217 x 107
2. Spodoptora litura 80 nil 2 o 6 3,00  ive 20 to 25 2422 x 107
3. spodoptera mauritia 79 mil 2t 6 3.26  4va 16 to 20 2.20 x 107
4. Ansdevidia peponis 70 Nil 3 t0 7 3.46  +ve 25 to 30 2,02 x 10°
5. Pericallia ricini 63 Nil 3 to 8 3.18 ve 20 to 25 2.09 x :I.O6
Ge Diacrisis cbligua 69 Hil g4 to 9 d422 +ve 30 €0 40 1.88 % 1.06
7. Orthega extvinacsee RNil Nil - ~ - Ve 25 to 30
8. Duproctis fracterna il 3 - - -ve 25 to 30
9« Sylepta derggata N1l nil - - -ve 18 to 22
10. lorggronia indica nNil Nil - - -ve 15 to 20
1l. cnaphalocrocis
edinslis Nl 4 - - -ve 23 to 25

V8
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susceptible to nuclear polyhadrosis virus of
Qe erenogellg and the treated larvee pupated normally
and adults emergeé except for those vhich diad dua to

other causes.

The mzan incubation perlods of nucdsar polyvhedrosis

vilzus in Qe grenosella, Se.titura, S. jeauritia, A. peoonis,
Be zicini and L. chliqus were 4,01, 3.09, 326, 3.4G, 3.18

and 4.22 days rospectively. The nunbers of polyhsdra por
millilitro body £ludd were 2417 % 107, 2022 % 107,
220 x 107, 2,02 % 10%, 2.09 x 10° and 1.88 x 20° in
O« axenosella, Se litura, S, mouritia, A. pasonis,

Be ticinl and D. gbligqua respectively. The pathogen

multiplied in all tho hosts ysre egually effective end
as virulent as the original stock cobbtalnud f£rom

Be grenogella and uverc cross infective to each other.

446 Lvaluating the effic=cy of the wirus against
Qs 2rgpoccilla

4.6.1; Dioassay. oz:{_g_l'rj.virus

The data relating tov the axpeziments are precentsd

in Tobles € aend 7, appendir I and illustrated in FAgeS5S5.

The mortality due to viral lafection renged from 100
to 38 per cont for the £irst lustar larvas for the doses



Table 6 Effect of different *03t9 of NW on the dl frerent lorrel
Percen_tage Tima taken Maen ti'w a riducUi
OgjSH of Jarir<1 for dsalh token for T30 s
mortality Iranga) death
(daytl
3 - a '3 4
FlggT_tw37*ft 1o
11t 1 10 P Bj per oil 100 3 to 3 4 94 3 06 114
J 13
136* 104 - 100 Z to 6 4 00 i at 3 42
4 42
19 (1 Jo1 " 91 3 to 7 9 09 3 01 5 41
* 6 96
1 9< > 102 " 79 3 to 7 4 15 7 *a oo
. e io
1 3* %10 [ 57 j toa 4 54 e 7a 9 20
1% 30 I to 9 * 78 -
&ICCNV iustah  w
I 96 * 107 p Qs P«T s*1 ICO 3 to7 3 0G 4 20 4 47
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4 24
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I 9i m 103 * 76 1to B £H £ 24 9 11
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lump Utsrat 4 19
J » 116" PIB* par Tl 100 J W I S IB 472 4 54
4 27
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5 07
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7 15
1 96 x 10* " 72 4 to 6 7 64 7 41 9 20
e 40
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1 16 X 101 " 40 6 to U > 50 -
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6 4b
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7 02
1 96 X ID* * 76 4 to U 7 59 0 14 Q 52
9 63
1 96 x m4 * £3 4 to 11 6 32 10 36 1 02
19* S t0J 46 5 to 13 10 S?
}u > 10* ] 18 T to 13 tl 42
PiriH IftSTAR s o7
1 96 x 107 PIS* f*r « 63 4 to It P IP 9 77 10 16
10 96 .
1 96 x 106 ' 56 4 to 11 9 29 it 8
10 96
1 96 * 10S " 52 5 to 17 10 57 11 99 11 30
196 * 104 J 42 5 to ia 11 09
I 96 mto3 30 7 to 14 13 00 w
196 X 101 . 14 9 to 19 13 57 N -
LT Tifre (edited U> -»I*» « p*T CBnt oo F*rv**
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009*
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Tsble 7. Relative suscoptiblility of dlfferent larval
instars of Q. grenosella to nuclear polyhedrosis

x order
Lgrval Hatemf-* Regression sguation L'CSO Fiducial limits of rela=-
instar genity (pIBs/md) (P1Bs/ml} tive
2 officacy
bie (ORE}
First 2.66 ¥ = 0.60592 + 4.4277 9.247 4.730 -
15,010
second 3.17 ¥ @ 0.5902% + 3.6114 225.424 422:23? 24.38
Third 6.47 ¥ = 0.4978x% + 344977 1044,961 1322:223 113.01
Fourth 1.35 Y = 0.3076x + 3.9693 2242.332 5;23:;;? 242.49
Fifth 9.02 Y = 0.2886x + 3.4047 33775,361 sas21.708 3652.58
®
LC

s = Concauntration required to give 50 per cent mortality
to test larvae

La = In all tho cases the date were homogenous at P = 0.05

L8



Tige 55 Ropoonse of differenc larval inotatc of

Onising gesnesellsy co varying doses ox
nuclear polyhcdrosls virus.
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ranging from 1,96 x 10° PIBs/ml £o 1.96 PIBs/ml, The
time taken for death ranged from 2 to 9 days and the
mean tims taken for death ranged £rom 3484 to 6.78 days.
For the diffarent doses tried, the LT, ranged from 3.08
to B.70 days and the fiducial limits wore also not seen
highe The L‘l‘so values for the concentration 1.96 PIBs/ml
could not bz caiculated since the mortality recorzded for

this concentration was less than 50 per cent.

The per ¢ent mortality of second inatar larvae rangsd
£rom 100 to 48 for the doses ranging £rom 1,96 x :l.l)6 PiBs/ml
to 1.96 x 10° PIBs/ml. The time taken for dsath renged
£rom 3 to 9 days and the mean tlme taken for death ranged
from 5,06 o 7,50 days. The 12, values for the different
doses ranged f£rom 4.28 0 6.24 days. At the lowest con=
centration of tha virus tested (1.96 x 10? PIBs/ml) the
I.'I‘50 @ould not ba calculated as the mortality recorded

was less than 30 per cent.

rortalitles ranging £rom 100 to 40 per cent ware
observed for the third instar larvae for the doges ranging
£rom 1,96 % 107 PIBs/nl to 1.96 % 102 PIBs/ml. The time
taken for death ranged from 3 ¢o 11 days and the mean tine
taken for death ranged £rom 5.18 to 9,50 dayse. #Ffeor ths
different doses tried the LTSO ranged £rom 432 to 9.64
dayse Tha I‘Tso value for tha concentration 1,96 < IOZPIBs/ml
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could not be calculated as the mortality recorded at
this dose was below 50 par cant.

The per cant mortality of fourth instar larvse ranged

7?IBs/ml

£rom 86 to 38 for the dosos ranging £rom 1,96 % 10
0 1,96 x 10°PIBs/ml. The time taken for death ranged
from 4 to 13 days and the mean time taken for death ranged
€rom 6499 to 11.47 dayse The L1g, valuas for different
doges ranged £rom G.91 to 10.38 days. ITha urso values for
szaa/ml

could not be calculated as the maximum cumulative mertae

the congentrations 1.96 x 10°PISs/ml and 1,96 x 10

lities recorded wora below 50 per cant.

The par cent mortallty of £ifth instar larvae rangad
£rom 62 to 14 for the doses ranging £rom 1.96 = 107PIBs/ml
£0 1.96 x 10PIBs/ml. The time taken for death ranged £rom
4 to 15 days and the mean vValues ranged £rom 8,19 to 13.57
days. For differant deosesg the I‘TSO valuas ranged from 977
to 11,99 days. Tha I‘T‘.SG values for the concentrations
1.96 x 10%, 1.96 x 10% and 1.96 x 10%p18s/md could not b
calculated as the maximum cumulative mortalities rocorded
in the treatmsnts ware below 50 per cent.

The Ly, values of nuclear polyhedrosis virus to
first, second, third, fourth and £i€th instar larvae were
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94247, 2254424, 1044.961, 2242.332 sud 33775.361 PIps/ml
respectively. Taking the n050 to the ficrst ilnstar as
standard the concentration required to cause S0 paer cent
mortality of secocnd, third, fourth and £ifth instar
laervae were calculated to bo 24.38, 113,01, 242.49 and
3652.58 times higher respectively (Table 7).

4,642, Permistences of the virus on coconut folizags
exposed to wagthering

The responce of third instar larvae of Q.gtenosslla
to the nuclear polyhedrosis virus exposed to waathering
for varying pericds on coconut £oliage is shown in Tabls 8,

appendix 1 and Fige56.

The larval mortality cGus to nuclear polyhsdrosis
virus was reduced £rom 100 per csnt at zex0 lwur to zero
level at 168 liour of exposure. Ths mortality was reduced
below 50 psr cent at 84 hour of weatherfing and the virus
retained only 10 per cent of its infectivity at 156 hour
of exposure. The virus was completely inactivatsd at
168 hour of weathering. The mean time tsken for death
ranged £xom 450 days at zerv hour to 27,13 days at 156
hours The L‘Iso valuss ranged £rom 4.54 days oo for the
virus unexpoced to ucatharing, to 13.80 days for the lot



0
Per centage
of larval 1Co
mortality Q0)*
Time taxen
_or death
(range) 3-0
ean time
taken for
death
(days) 4.50
LT50 (days) 4.04
id jcial 4.34
limits 4 .79
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Hetero- ,
genity 3.09
Regression
equations A
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53.33
(46.39)

12 95

13 30

13.43
15.35

4C6

48 cO
66.67 60 00
(54.76) G3 77)

4-12 o-13
10.00 10. 07
10.23 < 30
10.62 1* 48
12.33 1..4G
2.07 2.09
E F
Ca Y ©° - 32ax+I1
9 = 1 * t.129%x-0 .a99

D «

84

50.00
(45 00)

7-18

13.37

after an?ul,r transformations

Y n8.842x-1

96

43.33

108

40.00

(41.15) (39.23

10-19
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17.75

*ox

*m
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Fig. 50 LEfceot Of weathering on thze viral
activity of naclear polyhedrosis virus
of Lpising gronogsella agplied on
coconut £ollage.







exposed to weathering for 72 hours. The L’.L‘so valuags
for the virus exposed to weathering for mors than 72
hours could not ba calculated as the mortalities observed

ware below 50 per cante

The half life of the virua (Table 12) on coconut

foliage exposed to weatharing was estimabted as 03,25 hours.

4.7.1. Effect Of excosure of the polyhedra to a constant
temoerature (35°c) for veryina periocds

The data relating to the expsriment and the results
of statistical analysis are presented in Table 9, appen=~
dix 1 and Fige57.

It is seen that the larval mortality due to nuclear
polyhedrosis virus was reduced from 100 per cent for the
unaxposed virus to zero leval at 156 hwur of exposure.

The virus exposed to heat treatment for 84 hours retained
infectlvity to cause 56,69 per cent mortality of the
larvan but further exposure graGually reduced the morta=
lity and it reached to 13.33 per cent at 144 hour of
exposure. Ihe mean time taken for death was also prolongad
£rom 4.70 days at gero nour of axposure to 13.75 days at

144 hour of exposure,



Talle 9, Lffect of continuous exposure of NPV of 0. a-2novells to a constant
temperature of 35°C for varyiny periods

Pe.ioa or exoo ure \hours)

0 12 24 36 18 60 72 34 96 108 120 132 144 156

Percegt-
ge of
larval

moerta-
ity 100 96,67 3~ 7 80.00 - 6c &7 €0 00 5¢ .9 4&,67 43.23 33.33 16,67 13,33

* (90) (79.55) (c8,61) (63 44) (61 14) (54.76) (50.77) (44.55) (43,11} (41.15) (35 24) (24.12) (21.39)

Timea

taken

for

death

(range) 3-7 3-7 3.7 4-8 5-9 611 6-11 7-12 7-12 8-13 9-14 10-14 12-15 .

MYean

time

taken

for

death

{days) 4.70 4.76 5.15 5.79 7.09 9.40 9.61 10.52 10.64 11.23 12,10 12.60 13.75 .

LTSO

(days) 3.89 3.99 5.05 6.01 7.29 10.45 10.82 11.72 .. . .o .. .-

Fiau-

cral 3.64 3,76 4.67 5.39 6.88 10.39 10.03 11.19 .- .. .. . .
limits 4.13 4.40 5.63 6.21 7.90 13.24 12.39 12.41

Hetero~, !
genity 3.55 1.60 1.62 6.44 4 03 9.25 3.92 1.92

Regress-
ion egua-
tion A B c D E F G H

vB Y= 5,712% + 1.631 B -~ f - 4,796 + 2 079 C - Y= 4 1724 + 2.064 D = Y = 4.755x + 1.389
e =5 Y= 3,369 + 0.367 F = Y = 5.673% = 1.126 G ~ ¥ — 5,00v =~ 1.017 H= 7~ 7.04ex - 2,537

* riyures in the puren_rosis are values after angular tryisgd ™ r.ons

** The data were homogenous at P = 0.05

L6



Fige 57+ Effect of continucus exposure of nuclear
polyhedrosis virus of Qpilaina grenosella
%g 5°a c):onstant temparature
[+
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Tha infectivity was fully lost at 156 hour of
exposurs, Tha I‘TSD valugs ranged from 3,82 days with
unexposed virus to 11.72 days with the virus exposed to
heat treatment for 84 hours. LT, values Zor the virus
exposed 0 haat treatment for more than 84 hours could
not be calculated as the mortality percentages ware helow
50 The half life of tha virus (Table 12) continuously
exposed to a temperature of 35°C was found to be 87.10

housre.

4e7e2+ Cffect of infra-red radiation on the viral activity

The results of bloassay of the virug, exposed to
Infra-red rays for periods ranging from zero to 156 hours,
against thizd inster ldrvae of D.grenosslls arze presented
in Table 10, eppendin 1 and Fig.58.

Tha larval mortality due to auglear polyhedrosis virus
vwas reduced from 100 per ceat for the untreatad virus to
garo lavel at 156 hour of axposure, The data showed that
the exposure of the virus to infra-red redlation for B4
hours reduced the larval moxtality to 56.67 per cents
BxXposurs beyondi 84 hours caused gradual reduction in the
larval mortallfy reducing it to G667 per cent at 144 hour,
There was an increase in the mean time taken for death

from 4.57 days to 12,00 days with the incresase in the



Taole 10.

affecr ~

ayagejre

vi-il activity.

-

J ot Q. arenosella to infra red rays v roe

Period expocure

{ in hours)

0 12 14

36

418

60

72 84

96 108 120 132 144

9€.67
{79.53)

Paercent- 10T 96.c7
age of  (90)" (79.53)
larval

mortalitcy

Ti-e

taxen for

death 3-7  3-7 3-7

{range)
dman time
for
death
{tays)

g 3.69
{days

Fidu-
cial
limits

Hetero-

genity
3.4

Irgress—
ion egua-
ticn A B [

B86.67
(68.61)

B3.33

(65.88)

1.89

70.00
(56.79)

56,67
(48.85)

63.33
{52.71)

36 67 23,33
(37.29) (22.86)

13.33 6.67
(21.39) (15.00)

46.67
(43.11)

7-11 7-11 9-12 10=-13 11-13

16.18 11.14 12.00 12.00

A=Y= 6,245x + L.242
E=Ye= 5,476 + 0,513

B = Y« 5,519x + 1,870 C = Y=
F=Ye= 5,534x ~ 1,518 @ = Y= 5.702x ~ 0.582

5.848Bx + 1.437

« Figures in the parenthesis are values after angular transformation

** The data were homogenous at P » 0,05

D =YY= 7.637x -0.863
H= Y = 8,057x ~3.157

Q' = 14,16

S6



Fig. 58, LEfect of exposing nuclear polynadrosis
virus of QOpisina groncsella ¢o infra red
rays £or different durgtionse.
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duration ¢f cxposure upto 144 hours. The L‘I‘so values
ranged from 3.69 days for the unexposed virus to 9457
days for the vifus exposed to infra~rsd radiation for

84 hours. The LIz, values for the virus exposed to
infra~red treatment for more than 9€ hours could not be
calculated since the per cent mortalities cbserved at
these intorvals wera below S0, The half life of the
virus when subjected to infra-red radiation was estimated
40 be 85,22 hours (Table 12).

4.7,3, Effect of ultra violet rays on the viral activity

Table 11, appendiz 1 and Fig.59 presents the result
of blosssay of the virus exposed to ultra vioclet rays feor
perlods ranging from gero hour to 96 hoursz against third

instar larvee of Q. arenosslla.

The ingfeectivity of the virus ses seen completsly lost
on sxposure to ultra violst rays for 108 hours. The per
cent mortality of larvae dscreased f£rom 100 to 6.67 per
cent whan the time of exposure of ths virus to UV rays
increased from gero to 96 hours. Tha exposure of tha virus
beyond 48 hours caused rapid reduction in the infectivity
and laogval niortality was brought down to 6.67 per caant at
96 hour of exposurs. The mean time to death got prolonged

from 4.53 days with unesposed virus ¢o 11.50 days with



Table 11.

Ef fect of evwposure of WPV of 0. arenosella to ultra violet rays.

Period of exposure { In hours)

0 12 24 36 48 60 72 84 L 108

Percentage of larval -
mortality 100 . 86.7 76.67 70.00 56.67 43.33 26.67 10.57 §.67 00

(90) (68.61) (61.64) (5c0.79" (+8.35) (41.15) (31.11) {24 12) (15.00}
Time taren for aeath
(range) 3.7 3.7 3-7 4-8 -9 5-10 7-11 8-12 10-14 -
Mean tire taken for
death {aays) 4.53 4.64 4.87 6.43 7.88 8.85 10,13 11.00 11.50 .
LTy, Baya) 3.69 4.:6 5.01 7.05 8.64 . .- - va .
riaciacial limits 3 42 4.10 4.66 6,57 3.904 .. .a . ..

3.94 4.67 5 34 7 77 11.48

-y

Heterogenity XC 3.40 2.55% 1,05 3.67 1.14 .. .. . . .
degressisn wyuation A B [of D E

A=Ymes 5,38,¢ + 1.833
D= ¢ =5,1+0x % 1,712

3 =Y = 5 142x + 1.425

E =¥ =6

* Figures in varenthesis are value

JIx + 0.592

C=Y¥= 5.012x + 0.006

after angular transformations

** The woks were bomogenous «t P = 0,05

CD = 12.94

L6



Fige. 59. LEfect of exposing nuclear polyhedrosis virzus
of Qpising grenosella €5 Ultraviolet rays.
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vizus oxposed to UV rays for Y5 hougs.

The 1.T.. values increased £rom 3.69 daysz with

50
unexposed virvus t0 8.64 days for the virus suposed to
UV troatment for 84 hours. e LmSO values for tha
virua expoacd to UV radiation for more thap 48 howes
could not be calculated as the per cent mortalities

at thaae intazvals Lell below 50, The half life of the
virus exposed to UV rays was found to ba 54.43 hours

(Pablo 12).

4.8. tafoty of the =ethogsn
4eB8ede Safaty to silkworwm, Boubyx mord

Table 13 presents che dats on tha sifioct of inocula=-
ting the nuclsar polyhedrosis virus of Qs gronocella to
the third incter laorvee of mulborzy silkworm, Bombyx mori.
2Ll the third instar larveze tested pupated normally ond
rocorded 100 per cent adult emorgence. Mo morbtality woes
cheerved in coptral also. Tha mean weilghts of the cocoons
ware 1.560 and 14530 g for the nuclear polyhedrosis virus
fed and Zor tha control group respoctlvoly ond the mean
pupal pzriods wera 14.71 and 14.92 days respectively.

The mean nunber of sggs lald per femelo undor trecimeant
end check was 513 and 507 respectively.



Table 12. Half life of HPV of Q. grongsells exposed to vardous
physical factors of the environment.

- llatero= Lalf 1ifs Fiducial
Treatmants genity Regression cauvation (hours ) 1imits
EXpoOzUro to constant R 73.79
tamparature ; 4.690 ¥ o= 24210 + 383 87.10 99.54
(35%¢) )
75«61
Cxposure to Infra red ) 5.870 Y =2 2,54x + 414 85.22 93.35
rays ) .
" 41,39
Cxposure to Ultra ) 24760 ¥ = 3.93%x + 3.75 54443 65.53
violet light ) *
3 70426
Jeatharing on coconut ; 1.083 Y © 04550x% + 2453 83.25 8917

foliagm

Tha data ware homogenous at P = 0,05

66
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Teble 13. Cffact of oral feadilag of 1PV of Qe grenosellg
to Mulbarry silkuorm, Bonbys mori

I:?é: Cnaracteristico Trosted gg:;‘]e:ated
l. Per cent rortality due to
vigus infection o 0
2a Percentage of larval
survival 100 100
3e average coccon welghto (g) 1.560 1.530
4. tean pupal periods (days) 14,71 14.92
5, Percent of oadult emergencs 100 100
6, M2an fedundity 513 507
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4.8+2¢ Safety to Bracon brayicornis

The deta on the general behaviour of the parasitoid,
par cent parasitisation of the larvas of Q. grenoselln,
nusber of cocpong visible and per cant mostolity of
adult parasite are furnishad in Table 14.

The parasitisatlon of tho larvae of Q. grencsslla
infected with nuclear polyhedsosis virus and thoge in
control ware 100 per csnt regpectively. The numbers of
cocoons visible after the 9th day of libaration of the
parasitoids wers 40 cnd 41 in the treated and ¢ontrol
groups respectivelys The genecsl behaviour of the
parasitoids in the treatment eand control was normal and
no mortality was cbserved among theme Thers was no
mortality among the progeny of Be brevieornig obtalned
£rom nuclaar polyhedrosis virus infected larvese of
Bs, grgnosella ond thooe from uninfected larvae.

Uhen ths adults ©of B. brevicornils fed with nuclear
polyhedrosis virus, were releassedon the larvas of
Qe grenoralla the number of cococons visible after 9th day
of liboration were 32 agaiost 40 in controls o
mortality of parasitoid was observed in troatment or in
control and ths genaral behaviour was normal.

The larvae of G. grencsella paresitised was 100



per cent in the treatmant and control groups.

40843, Safaty to Trichosnilus puplvora

Table 14 pregents the data on behaviour of the
parasit:oid{ per cent iortality of adult parasitold, number
of adults emorgad after 14th doy of setting and per cent

mortality in the progenye

It was seen that the genzral behaviour of the para-
sltold was normal and 100 par cont of the pupae exposed
wore parasitisced in treatment and control. 1o death of the
adult parasitoid due to viral infection was cbserved. Tha
mean numboers of adult parasitold emergad per pupa, 14 days
after sottlng, were 520 and 525 in nuclear polyhedrosis

virus infected and control lots respsctively.

4.8.4. safetv to white rats and white mice

Data relating to the experiment ave furnished in
Table 15.

There was no difference in ths appearance, bzhaviour
and feeding activity of the test animals and econtrol. Ho
dsath occurred in any of the virus fod or water fed anilmals
during the peoriod of observatiocne. Body temperature was

found to be normal during the entire test veriod in both



Table 14. Effect of NPV of Q. arenosella on Bracon brevicornis and
Irichoopilus pupivora

Bebrevicornis BS.brevicornis Adults of NPV tiormal adults NPV fed Normal
exposed to 8Xpos £0 fed of Tepupivora I.punivora

Cbservations [PV infected uninfected Bebrevicornis B.brevicorals  adults axpo- adults exposed
hogtg* hosts* exposed to un~ exposed to un= sed to to healthy host

infectad hosts* infected hosts* healthy host pupas #*
5 pupag **

No,of larvae

undar tast 10 10 10 10 50 50

No«0£

parasitolids

liberatod as

sead Z pairs 5 pairs 5 pairs S pairs 20 20

General bshavi=

our of the

parasitolds Hormal normal Hormal Normal Normal Hormal

Percent parasl-

tisation of the

host 100 190 100 100 100 100

Per casnt morta-

1lity of adult

parasitolds Nil Mil Nil Nil nNil Nil

Hoes0L cocoons

visible/adult

emarged 40 41 , 39 40 520 $25

sortality

among progeny Wil Nil Nil Nil il 541

* mans of 5 replications
w* ann of 3 raplication

ot
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Tabla 15« Cffect of feeding white rats and white mice with
tho nucleatr polyhedrosis virus of Qegrencsallg.

white rats Jhlto ca
Ireated Contzol Treated Contrel

Obsarvations

Initial moan waight of

the animal (g) 1070400 109,000 25.000 26.980
Pinal mean weight of the
animal (g) 111,400 112,500 27,200 25,410
Mean weight galn (g) 4.000 3.500 2,200 2.430
Body meon temperature 38.4%  38.3% 37.8%  37.6%
Hastoglobln (g/100 ml) 13,60 14420 10460 10.40
Lyrphocytes G225 6450 47440 50020
Heutrophils 3525 32.00 494,60 43430
LCasinophils 2450 3.50 7.80 1.90
Basophlls - - 1.40 1.30
tionccytes - - 1.30 1,50
Total count 6500/c erin 6800/ /¢ imm 2500/c sam  2600/¢ sma
Enthrocyte sedimanta~
tion rate (EsR) 0 my/hry 0 my'he O wv/hr 0 nav/hr
Orgen wet welght (ng)leart 0499, 04405 06126 00,121
Lungs 1,753 1,789 0166 0.148
idver 34543 34473 1155 1,110
Kigney 0963 0.973 00411 0.432
Splecen 04507 0320 0.118 0.108
Testes 0,072 06075 Celil 0.118
Cvary - - De06H 04067

* Maan 0L 5 roplications
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the groups. Body weight gained in virus treatad white

rats and white mice alsc was on par with those of untreated
animals. No diffarence dus to virus trsatment could be
detected in total or Aiffercntial counts of blood cells,
or in epythrocyts sedimentation rate. FPoptemortem exaw
minatlon of various organs did not reveal any gross patcho=
logical conditions caused by the treatment, The average
weights of the organs also did not vary. Histological
examination of the organs did not show any evidance of

tissue damage.
4,845, Infecrivity to tha devsloping enick embryo

Tha results showed that the nuclear polyhedrosis
virus did not cause gay sortality of the developing ewmbryoc,
Ro death occurred in any 0f the virus treated or normal
saline treatad chick embryo during tha entire test pericd.
all the developing embryos wera found healthy and there

“was no change in their sppearesnce and behaviour. At the
end of the tsst period the embryos ware killed by keeping
them in a Geep freszer and post-rortem examination did not
show any gross pathology in the intemal-organa. Histologiw
cal examinations 9f the tissuss also showed no evidencs of
damages
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4.9, Bvgluation of the efficgcy of the virus in controlle
ing C.arenosella incidence in field

4+9.1. Praliminary fileld emvperimant

The data yelating to the experiment ave furnished in
Table 16, The highor larval mortality of 85.00 per cent
was racorded in plot treatsed with Thiodan 0.05 per cent
spray and it was closely followed by nuclear polyhedrosis
virus sprayed st 32.14 x 10 PIBs/ml with larval mortality
of 75.00 per cent, there boing no statlstically significant
difference baetwsen the two. The mortality in pleots treated

6

with nuclear polyhedrosis virus at 22.14 x 10 PIBs/ml was

66,25 por cant and it was on par with the mortality in the

7

higher concentration of 22.14 x 10'pIiBs/ml. tortality in

control plot was 3.75 per cent onlye.

4.9.2. Hain field experiment

The data relating to tha experimont are presented in
Tabla 17 a 0 ¢, appendix III and illustrated in Fig.60,.

The data relating to the experiment in location I ars
presentad in Table 17 & and illustrated in Fige 60 a. Thm
nuclear polyhedrosis virus as well as tThiodan gave signie
ficant reduction in larval population during the first week
after sprayinge The population in plots troated with
thiocdan and nuclear poiyhedrosis virus ware 23.64 and 29.46



Table 16, Percentage mortality of thlrd .nstar larvae of Q. arenosella
with UPV and Thiodan in £ield

laan percentags

Mean parcantage

vean percentage

Traatments moctality of mortality of of adalts
larvae pupae coerged
22.14 = 107 PIBs/ml  75.00 (60.33)" nil 24.50
22.14 x 10° PIBs/ml 66425 (54.51) Bil 33.75
22.1¢ x 10° PiBs/ml  48.75  (44.31) wid 51.25
22.14 x 107 pIBe/ml  26.25 (30.85) N3l 73.75
Thiodan 0.05 per cent 85400 (67.21) Nil 15.00
Control 3.75 (11.248) §il 96.25
@ = 7.75

% Flgures in parenthesis are transformed values in angles

L0T
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per tres respectively while in control the population

was as high as 62,77 larvas per trses Thersafter a
gradual incgease in mean larval population was observed
in treated plots upto ths seventh wesk, while in control
the population remalned at the initial leval. At sevanth
week the msan larval counts were GZ.24, 46.63 and 62.30
in Thiodan treatsd, nuclear polyhsdrosis virua treatsd
and control plots zespectivaly. In subseguent observa-
tions the population declinad in all treatments incliuiing
contxole The population build up in nuclear polyhedrosis
virus treated plots was much lower than that in Thiodan
traated plot. On the sixth week itself tha population in
Thiodan traated plots (62.32) came on par with that of
control (62.65) while thae population in nuclsar polyhedro=
sis virus treated plot was significantly lower (43.76).
Evan at the last obssrvation on the fourtesnth week the
population in nuclear polyhedrosis virus traeated plot was
signigicantly lower then that of Thicdan treated plots and
contzrol, the population in the three plots being 35.90,
42,50 and 44,77 respectively.

Tha data r2lating to the expariment in location II
ara presented in Table 17b and illustrated in Fige. 60b.
Ag in locstion I sudbstantiai reduction in population was
observad in the virus and Thiodan traated plots during



e Tabic 17 Population 0 »rcnai«1la In flail tn<c<4 tlth wyv lhladea ind water (control)

(@ Location f

|3fl° ° H»an eiatar of larvae per obaerved at different, interval* after spraylmj On wejcaj
before 1 2 3 4 5 6 7 S 9 10 11 12
tmtMnti
TModan 61 11 23 M 25 96 36 63 47 94 57 62 62 32 62 24 S3 52 50 57 49 86 47 03 43 &
0 05)1 [794)" a Ml ft 10) (Co06) (692 (759 (769 ft99) 17323 (7 H) (7 06) @as) (6 62;
NbV , 6309 29 46 31 42 33 34 33 9 59 16 43 76 46 S3 35 12 32 36 32 29 39 59 37 97

puallgm 4l 5o ft63) ft6) <7D ®62) (6o (59) (569 ftead PO (6 16)

Control 62 57 6277 62 BE 6l 12 60 44 6L 14 £2 66 £2 30 46 0L_ 52 23 51 75 49 55 46 77
(791)  (792) (7TMI (792 q77) 0 92) (7 80) (769 1748 (7 281 17 193 (7 04) (¢ fra)

CD 6 07 0O 09 0 06 0 09 0 07 O 08 0 Cs 0 09 o1 0 11 0 32 O 16

Cp for coaparlson of treatment* at varftxis per od] ° o 09
0» location 13

Thiodan <3 66 234 2774 3704 4405 5392 5920 60 as 5407 46 69 49 It 44 76 42 99
0 DsX (7 99) @ aj) ft 27) £t 09 ft 64) <T 14) (7 69) (7 83) (7 35) ft 41) (70l ¢ 69) ft 56)
NPV
42 14 a iO7 42 B5 24 *6 2760 3] 09 1?26 4006 4109 4647 3544 3310 3143 3202 3R R
P1Ej>/al 777 F94) ¢ 25 (5 75 ft 020 (6 34) (641) ft 82) ¢ 95) ft 76) (s 69) ft 66) ft 66)
Control 62 96 65 37 09 6l 79 63 15 6147 6346 63 62 5556 5134 So 7' 49 st 4da Sl
(7 93) (791) (794 (7921 (7 MI (7 97) (7 97) <799) (7 45) (7 17) (7 12) ft 04) ft 9¢)
co 0 09 0 12 0 13 a 09 0 07 0 97 0 09 011 0 1L 0 11 01 o 16
c 0 for - sen of treat a*ntsat vaTloul pirtoll » 0 10

(c) location HI

0 06 6059 223 25SO 3379 3374 290l 4274 4548 39 (0 3420 3 8 09 3074
ft re.) (4 72) (505 ft 55 ft 91) ft 25 SJil ft 7<) £H29) ft 85 ft 65 ft 56) d so

myv
22 14 * 107 60 6l 259 273 107?22 If 14 31 70 367 Vv>-05 33251 3160 324 307 JOO6
PlOa/nl (7 70) <5 09) ft ft 56) ft 59) ft Si) HHO0u) ft 31) £ 70) ft 62) ft 59) ft 5<) ft 56)
Control 66 20 508 6114 g 0oL 6l 26 614 61Is 07 9223 50ei 5035 5025 40 U
ft 76) <7 73) (782 <701) ft B3) ft 84) (7 87) ¢t 80) Cr23) ft 13) (7 10) 09) ft 94)
CD a 19 00? 0 oS 0 07 0 08 0 08 0 o7 0 10 009 0 08 0 07 01

c D for «np«rlaon af treatments at varfout par of* ~ 0 09

* Fjyures in the perenthe*!* were value* after J* Lrantfonnat lon

13

42
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Pig. 60« Effect of spraying nuclear polyhedrosis
virus and thioden on the population of
Cpisina arenosells in field,

aes Location I
e Location 1II
Ccs LOcation IIX
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the fizst week aftor treatmente. The population in plots
treated with Thiocdan and nuclear polyhedrosis virus wera
2334 and 24.36 par tree respectively while in control

the population was as high as 62,87 per tree., A gradual
increase in pest population was obserwvsd upio the sevanth
uegk in traated plots while in contrel ths pogpulation
remained at the initisl level. At tho seventh weak the

mean larval counts were 60,86, 46.47 and 63,62 in thiodan
troatsd, nuclear polyhedrosis virus treated and control
plots respactively., In subsequent observations the popula=-
tion declined in all treatments incleding coutrol, The
population build up in nuclear polyhedrosis virus treatad
plot ‘uas much slower than that in Thlodan treated plots.
On the eighth week the population of Thiodan treated plota
{54.07) cams on par with that of control (55.56) while

tha population in nuclear polyhedrosis virus troated plots
remained significaantly lower (35,44). During the fourteenth
week aiter treatment also the population in nuclear poly=-
hedrosis virus treated plot was significantly lower than
that of thiocdan treated plots gnd control, the mean popula-
tion in thres plots being 42.28, 32.00 and 46.16 par tree
rospactivaly.
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The data relating to the experiment in location III
are presentaed in Table 17 ¢ and illustrated in Fig.60 c.
Nuclear polyhedrosis virus as well as fhiodan gave signi-
£icant geduction in larval population during the first
week aftsr sprayinge. The population in plots treated with
+thiodan and nuclear polyhedrosis virus were 22.30 and
25,94 per tree respectively while in control the popula=-
tlon was as high as 59.81. A gredual increase in pest
population was observad in troated plots in subsaguent
weeks. At the seventh week the mean larval counts vere
45,48, 39.85 and 6087 in Thiodan treated, nuclear
polyhedrosis virus treated and control plots respectively.
In subseguent observations ths populations declined in
all treatments including controle. The population build up
in nuclear polyhedrosis virus treated plots was much slower
than the builé up in thiodan treated plots. In tha tenth
week the population in Thiocdan treated plots (31.89) cama
on par with that of nuclear polyhedrosis virus treated
plot (31.2¢) while the population in control plots was
significantly higher (50.35). During the fourteenth week
after troatment the populaticn in control was signifiw
cantly higher than that of Thiodan and nucleer polyhedrosis
virus treated plots, the population in the three plots
being 46.05, 32475 and 31.20 respectively,
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4.%.3. Incidenge of iei in nuclear polyhedrosl
yirus and Thiodsn treated plots and 1s control

Data on ths extent 0f natural parasitism of
O+ groncgella 1larva in plots treated with nuclesar poly-
hedrosis virus and Thlodan are furnished in Tablae i8a
and b, appendix IV and illustrated in rTigs, 6ia and b.
It wap s=eon that therxe was 40.18 per ¢ent parasitism in
tho insecticide treated plots and 3%.20 por coat
parasitism in tho nuclear polyhedrosis virus treated
plots while the extent of parasiticim in the untreatad
contrel plot was 38.80 per cante. Thare was no signi-
£icant differanca among the treatments with refarence to
the extent Of parssitism. The per cent parasitisaticn
by Irichogpilus pupivora In plots treated with Thicdan,
nuclear polyhedrosis virue and water (control) were
Ja16, 356 and 2.84 respectively while that of Brachymeris
eppe were 37,023, 35,72 and 35.92 respoctively.

The intensity of natural parasitism cscimated from
observation of empty pupal casos collected from rraated
and untreated plots are presented in Table 18b and
illustrated in Fig.61b. it vas scon that thers wos $44.30
por cznt parasitiem in the lnscscticide treated plots and
44.60 psr cent paresitism in thoe nuclear polyhedrosis virus



Table 18a. nffact of spraying LIPV and thiodan on natural
parasltisatlon of the pupa® 0f Q. grenoscella
collected from £ield and reared in laboratorye

rercentage parasitisatlion observed at ciffcrent intervals
after spraying (fortnight)

Treatmants
i 2 3 4 5 Liean
aj 4.20 Je10 2420 2.70 3.60

Thiodan B) 40.20 31.30 30.00 40.60 43.00
c) 44e40 34.40 32,20 43.30 46.60 40.18
(41.30) (35.90) (34.58) {41.16) {43.08) (32.31)

a) 2.70 4.70 1.90 3.80 4.70°

WPV b) 40.60 28,70 39420 44.00 34,10
c) 4330 34.40 32.10 47.80 33.80 3920
(41.16) (35.90) {34454) (43.72) (38.57) (38.78)

a) 2.70 3.80 2.20 2.60 2.90

Control o) 3730 34.90 30«50 4170 34.80
<) 40.00 30670 33.10 44.30 37.70 38.00
{3s.22) {38.51) (35.13) (41.79) {37.,91) (38.52)

a: Trichospllus pupivora b: Srachymeria sppi ci Total

» Figqures in tho parenthosis are transformed values in gngles

ETT



Table 18b. Intensity of notural parssitism of 0. grencsella
pupae as chserved on the bogis of the emergence
Iwles in the empty pupal caosea collected £rom
Lfield

Par cant parasltisation of pupas at fortuaightly intervals

Treatoents
i 2 3 4 S5 Maan

&) 3.80 3.70 2490 230 3410

Thicdan i) 50,70 39,60 304490 49,90 32.00
cl 54.50 « 43430 33,30 5220 3510 44 .30
{47.56) (43.16) (32023) (46.29) (36.35) (41.74)

al 4.90 3.0 270 3.70 4470

el b) 52,50 47430 28430 40480 40,80
c) 57.80 51,10 31,00 44 .50 45450 44 .60
(49.49) (45,64} (33,367 (41.81) (42442} (41.883)

a}l 2.90 3.30 2.10 3.30 3.70

Control b) 46400 43,30 2780 41.60 39.50
c) 48,90 46,60 29.90 45450 43420 43.40
(44 ,36) {42.07) {33.19) (22442) {41.11) (21.22)

a: Txichospilus pupivors b: Brachymeria spps c: Total

b
# pigures in tho parenthasis aroc transformzsd values in angles

YIT



Fige. &1, Parasitisation observed in nuclear
polyvhedrosis virus and thiodan treated
coconue plantationge.

a) assessed from the live pupae collectod
£rom f£leld.

I) assessed from the empty pupal cases
collectad from field.



NO 5 2 ¢ O

v caVNK —

60

70

60

SO

30

20

prriod

after

JpR

N

ins

(wksks)

MPV

thiodak

COHTROL

FIG
61



treated plot while the oxuvent of parasitvisation in ths
untreated control plot was ¢3.40 per ceat. There was no
significont difierence in thz extant 9£ parasitismes The

per cont parasitism by Txidchospilus nupivora in plots

troated with Thiodan, nuclear polyhedrosis virus end
vator (control) uere 3416, 3.96 and 3.18 respectively
while that of Brachymeria sppe were 40,52, 42.02 and

39.6G4 raspectively.
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DISCUESIION

A nuclear polyhedrosis vizus of gpisina arenosella

was £irst recorded in Indila by Phillp ot al., (1982).
Basic informations required fox developir/xg a pest
control sirategy using the pathogen wewe lackings The
presant investigatlons were carriec out with the objeac~-

tive of collecting these Informationse

The sanptomatology of the disesase, nature of the
virus, and its mode of transmission, cross-infectivity
to othar gpecies Of lepldoptera, bloassay of viral
activity, effect of environmental factors on the viral
activity, tho safety of the virus to nonstarget organisms
and 1ts cfficacy in controlling the pest in £isld wers
invastigatsde

Tho symptomatology was studied in detoll with a
view to facilitating tha identification of infected
larval stages in £icld populations of the peste The
symptoms of the disesse observaed resembled the general
symptoms of nuclear polyhedrosis of lepidopterous larvae
datailed in the reviaews done by sizawa (1963) and smith
(1967)s ‘The infectod larves became paler than normal

hoalthy onas and soon they boecame lethargic and showed



117

a logs of appetite. They became bloated in thoece to
four days after infectlon. In scme cases, a dark brown
£luid was peen discharged through tho mouth. In later
otages of infectlon, ths body of tho larvae bzcams oily
and thoy scoppsd thelr Eeeding and movement. The whole
body content becams liquafied and milky white in colour.
The colour ¢ould be sean through the cuticles The
cuticle becama fragile and ruptursd even with slight
prassure liberating the liquafied boay content contalalng
the polyhodra in large numbers, Usually the lepicdopteran
larvae infacied by nuclear polyhsdrosis virus came over
with the head hung downwards at the timo of Geath and
remained in the opane. 7This behaviour was not observad
in the case of J. afopos=clla. Such exceptions wore

saen carlier in [eliothis peltigora (Harpaz and Zlotkin,

1965) and in H. armigera (Jacob, 1972) alsoc.

when tho infectlon of Q. arenosella occurrsd in the
lats larval instars/ ths mortalicy occurred in tha pra=
pupal/pupal stoge. Similar observations were made by
Hafer (1968) in Prodenin litura and Tanada (1954) in
Pileris rapae, Vall and Hall (1969b), vail and Gough (1970)

in cabbage looper, Irichoplusia ni and Mathew (1980) in
Mnadeviala poponis infeeted with nuclear polyhedrosis

viruses.
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Larvae infected with sublethal doses of the virus
pupated and moths emergsd from them. But many of thsse
moths were malformad and their tissuss contained poly=-
hedral inclusion bodies. Theemergence of such malformed
adults was observed by Hafez (1958) in P. liturg, Vail
and Hall (19695 in cabbage loopsr, L. ni and Mathew (1980)

in A, peponis.

Electron microscoplc ocbservations showsd that the
diameter of the polyhedra of Q.grenosella rangsed from
533,33 nm to 1666.67 nm with an avorags of 1393.30 nm.
smith (1967) had concluded that ths dizmeter of tha
polyhedra generally rganged from 500 nm to 1500 nm depend-
ing upon the host specles. Buk the diameter of the inclue
slon bodies of Pe liturg ranged £rom 2500 nm 0 4000 nm
{Ramakrishnan and Iiwari, 1969) and of the polyhedra of
Buzura suporegsaria raenged £rom 600 to 2600 nm (Chan et al.,
1981), Thc size of the polyhedra of Qegronosella was thus
found to be within the normal limite, Varying number of
virus rods occurred in bundles in each daevalopmental
menbrane within the polyhedra and honce the pathogen was
identiiied as a multiple embzddsd virus.

The tissues of the larvae Of Qearenosells infected
by the virus ware hypodermis, fat body, trachoa, muscles,
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gut epitheliun, comnective tissues surrounding the guk,
Halpighian tubules, nerva ganglia and spithelicl sheath
of gonads, The hypodermls, £at body and tracheal matrix
cells ware rocogulged as the principal sites of multi-
plication of nuclear polyhedrosis virus (adzawa, 1963
smith, 1967). In Q. grenosellg also the above tissues
were found to bs the major sites of infection. In
adaition to these major sites,virus multiplication was
observad in a number of other tlssues mentionsd above.
Infaction of these tissues wWas regorted previgusly also
in some lepidoptera, Tanada (1959%) observed infecitad
muscle cells of pPgeudpletia uniouncta. Benz (1963)
roported infection of merve shaath, ganglion cells and
miscle cells of Malacosoma glpicola while iAdams et ale,
(1968) obsezved polyhedra lin the nerve cord and connec-
tive tissues surcounding the ganglion of Cozamica picta.
Hamm (1968) found Infection of epithelial lining of

foregut and genglia of S. frugiperda, Mathad et al.,
(1968) found infection of neurilemma of norves, ganglia,
sarcolemmna connective tissues surrounding the mid gut

and wing buds in Z. ai.

Precence of polyhedra observed in tha midgut
epithelium in Qe grenosells 1saphsnomsnon a race in
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lepidopteran larvae infected by nuclear polyhedrosis
virus, Midgut epithelium was seen infected in T. pi
(Heimpel and Adams 1966) and in Mythimna separcata

(Sugun et ale , 1983) exposed to nuclear polyhedrosis

viruses,

No infection in the tissuves of silk gland, brain,
pericardial cells and wing buds coi.\lld be detectad in

the present investigationse

The nature of infection in the hypodermis of
0. arenosella did not differ from the previously rasported
cases, But the highly conspicuous thickening of the
hypodermis observed in the present study is not a conmon
foature, The normal hypodermal tissues mezsured 1320 nm
in thickness (wean) with a range of 1220 nm to 1470 am,
while the infocted hypodermis had a mman thickness of
2450 nn with a range of 1980 nm to 3020 nm, (lowever
watanabe (1968) had reported an abnormal proliferation
of cells in the epidermis of the fall wed wornm,
Hyphantris cunesa 4{nduced by infoction of a nuclear

polyhedrosis virus.

rnothaer striking feature observed in the histo=
pathological studles was the asynchronous infoction of tha
£at body cellse In latsr stages of infection even the
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adjacent cells in a region of the £at body wers in
ontirely differsnt stages of infection. ALl stages
ranging £rom those Of stroma and ring zone formation

£o tho cupture and rcleass of polyhodral bodies from

the nuclei could be gesne Lack of uniformity in the
iniaction of f£at body cells was reported by Harpaz and
zlottkin (1965) in He peltigors, ifnter and Hall (1968)
in §. sxigua, Jacod and Subremaniam (1972) in_P.litura
and sugun et al., (1983) in Lythimna separata. They
observed that the phancmenon might be due to the
infactive asgent inveding susceoptible tissues differently
at random or the ¢alls of the tissue having inhzrant
properties which caused the infection process to progress
at different rates. A progressive reduction of fat
vacusles and their total dissppearance in many arsas of
the fat bodiss in the £inal stage were observed and these
indicated a progressive utilization of stored fat by the
infected larvace The retarded feeding rate and lower
utilization of food materials by infected larvae might

hava causad tho depletion of stored fat.

The infoction in all the tissues had reached the
peak at 120 hour afiter inoculations Then the disinteo-
gration and rupturing of cslls which rssulted in the
relozse of polyhedra into the hasmocoel wege visible.



122

Infection of nerve gangllia end nerve cords cobservagd
could have caused the impalrment of locomotlion and
lack of rasponse to tactile stimuli and disruption
of various other phyaiological functions observed in

the larvae during tha stage.

The histopathological studies thus showed the
nuclear polyhe@rosis virus of Q. gtenosells as a poly
organotrophic virus, The extensive invasion of tha larval
tissues by tha pathogen indilcated 1tz high vizulence in
tha host.

The transmissicn of the virus througn egas of the
host 1o of vital importance in the prospact of contioll=
ing an insect pest using the microbial organism, It is
a vital moans of dispersal which may cause repeated
eplrootics in a pest population and thus provide an
economical and selfi-porpetuating mechanism of control.
Ignoffo (1968) had rightly recognised its usefulness and
recommended auto-dissomination, which involves the use of
host insect to introduce and spread an entomopatnogen in
the ecosystem, as a successful method for the dispersal
of a pathogen in the £ield,

A significant percentage of the caterpillars emsrging
from the eggs of moths, obtained from virus treated lacvee
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of 0. gronoselia, succumbed to viral infection and
died when the eggs were not surface sterllized and

ths mortality bacame negligible wnen they were surface
sterilizede. The eggs lald by infectsed moths obviously
had the virus on the sutfaceﬁof the c¢horion which might
have gone intc the emerging larvae when they bilts open
the cgg shall at hatching, !ortality observed among the
lazvane hatching out of surface sterilized eggs might
have cccurred due to the incomplete stzrilization since
the parcentags cobserved was very low and negligible.
Doane (1969) described a similar transmission of the
nuclear polyhedrosis virus of gypsy moth, whsn the
homogeneta of the eggs lald by the above infected moths
taken without surface sterilization, was fed to thc

thixd instar larvae of Q. arenosella, high mortality

occurred while homogenate of surface starilized eggs
causod very low mortality. These results also indicated
the transmission of the virus through surface contamina-

tion of the eggs.

The apparently normal moths emerging £rom a wirus
traatad population 0Z g. grencsells larvae laid a high
percentage of infected ecgys thus served to introduce amd
perpatuat= the pathogen in succeeding generaticns. An

apparent partial control agchieved by the NPV of
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De grenoselia might hence prove to be a compleve one
in ultimate effect.

A portion of the eggs lald by virus fod moths
devaloped into larvas which succunbsd to viral infaction
when the eggs were not surfacs sterllized and the mortas-
lity oecame negligible when they ucre surfaca sterilized,
Vail end Hall (19G9h) obtainad virus trancmlsslon to the
progeny of virug f£ad moths of cabbage loopsr and they
also found that the infectlion could .e eliminated by
surface starilization of eggse zamm gnd koung {(1974)
demonatrated the presence of polyhedra on the surface of
eggs laid by virus fed lyphentria gunsa moths, using a

scanaing electron microscope.

when the genitalia of mated Ecxﬁale moths were con=
taminated with ths virus, the mortality of larvae emerging
from =2ggs leid by tham reosched 41.89 pex: cents In this
case alao the mortality could he completely climinatad
by th2 surface starilization of eggse £imilar observaties
were reportad in the case of Colias eurythems, T. ni
(artignoni and rlilaotescd, 1962), He cunea (Rlmore and
nowlend, 1964) and in 8, mauritia (Jeir and Jacob, 1985).
The possibility of naturally contaminated adults serving
as virus carriers and nelping in the dissemination of the

virus in the £ield populaticn is indicated by this result.
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Thus, the above experimente showed that the moths
which emerged from larvac exposed to sublethal doses of
NPV and those contaminated internally through food or
extornally at the genitalia served as effective carriers
of the pathogen and helped in the natural perpetuation
and spread of the discase.

The feasibility of transovum transmission was indtcated
in the histopathological observations too. Viral infection
was seen in the epiﬂ-ilial sheath of the gonads. The cells
insids the follicles weare not seen affected. The polyhedra
present in the ovarian sheath might have contaminated the
surface of ova when raleased £rom the follicles and this
might have bescn the meschanism o0f transovum transmission

of the pathogen observed in the experimenta,

The cross~transmlssion studles showed that the nuclear
polyhedrosis virus of Q. grenosella werse infective to the
larvae of S, liturg (Noctuldae), S. mguritia (voctuidae),
anadevidia peponis (Koctuidae), Pericallig ricini (arctiidae)

and Diacrisia obligquas (Avctiidae) while the larvae of

Orthega exvinacege, Buproctis fraterna, Sylepta dercgata,
Margaronia indica and Cnaphslocrocils medinalis ware not

shisceptible to the pathogen. The NPV of O. arenosella was

transnissible to insacts belonging to different families
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of lspldoptera vig. noctuidae and a:ci:i’dae. similar
interfamily and interspecific transmissions were

nocticad sarlier alsc. Aizawa (1962) obtained success=-
ful cross transmission of the nuclear polyhedrcosis

virus of pombyx mori (Sombycidae) to Galleris mellonella
(Galleridaee). Fraser and Stairs (1982) reported the
cross transmission of the NPV of Ge mellonells
(Galleridae) to T. ni (Goctuidael, H. gea (loctuidae)

and panduca sextg (Sphingidee).

Based on the recovery of PIbBs/ml of body fluid
the susceptible species of insect could oe ranked in
the following descending ordesr of preforence for mass
muletiplication of the virus, Se. litura, S. maurlitla,

»
As poponis, Be ricini and D. gbliqua. S» licura and

Se mauritia were sturdy and more amenable €0 labora=-
tory rearing with shorter life cycles. They ware hence
preferred for large scale mulciplication of the WPV in
the laboratory. The virus thus multiplied in the
alternate hosts repcatodly did not show any loss of

infoctivity or ics virulenca to Q.arenosella. The

alternate hosts thzmselves being major pests of econo=-
mically important crops the possibility of using the
virus ae a broad spectrun microbial insceticide for

plant protection algo is indilcated.
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The stage susceptibility of an insect host to a
pathogen has to be ascertained for the proper timing
of introducing the pathogen in an ecosystem for bio~
control and it is wall known that the success of a
microblial insecticidea used in plant protection will
depend largely on this strategy., It was henco felt
essential to £ind out the optimun dose of the pathogen
ané the more susceptible stages of the pest for
evolving a proper tachnology to control the pest in
fislde Thils was done by the bloassay of viral activity
using the variocus larval instars as test organisms,
The Lcso values increased with increase in larval age
indicating that tha susceptibility of the pest decrea=-
sed with the incresase in ths ags ¢0f the larvae. The
Leg, for the fourth and fifth instars were 242.49
times and 3652458 times that of tho £irst instar
larvae while those of the second and third instars
ware 24.38 and 113.01 times higher onlys The resultse
showed that f£irsc, second anu chird instars were
suscaptible to moderate doses of the nuclear poly=
hedrosis vairus while the fourth and £ifth instars
required vory hign doses ot the viruzs for effective
kille Earlior studies also had chown similar results

with othar insecc species (Clark and Thowpson, 1954p



128

AbuleNasr, 1959; Tanada and Reiner, 19623 Stairs, 1968bp
Ignoffo, 1966ar Hunter and Hall, 1968; Lathika and
Jacob, 1974a; Pavar and Romarksihnan, 1975 and Nairp,
1981)¢ The mean timz taken £or death also was seen

prolonged with increase in age Of the larvas.

The obssrvations on LGy, and LIg, values indicated
that . grenogella had to be exposed to large doses of
the pathogen as thoy advanced in age. Such resistance
associated with thas growth of the larvee was regarded
as maturation iwmunity by Tanada (1956). But Ignoffo
(19662) suggested that it might possisly be attributed
to tho normal increase in body weight which ‘dilutes’

a constant viral dose. This was corchoratsd by the
chasrvations of Caplunera and Canoset (1979) that L'CSO
values between £irst and third insters of gsbra cater-
pillor, Coramica plcts increased by 52 folds while the
body weight increased by 56 folds.

An inverse relationship batwaen I“TSO values and
the concentraticn of the virus was svident in the result.
Even with the same concentration, prolongaticn in the
mean tima to death and mso values ware poticed with
advencemant in ths age of the test larvae. These wers
more distinet at lowsr dosss of the virus than at higher

dosess. It is evident that at higher concentration of



ths virus the diszease initiated earlier and inflicted
high mortality within a short time interval than at

lowar congentrationa

The bioassay studies thus revealed the desira-
bility of controlling the pest ln the early stagasof
incidence since it will be pogsible to kill the sarly
instars wlth low dosages of the virus and thus render
the technology economically wiable., The data also
dndicate the extent to which the doses in the f£isld
have to bes regulated on the basis of the prevalence of
different instars of larval population in the £leld at

the tima of control opzratlon,

Apart from the infectivity and virulence of an
insect pathogen, its performance in £ield wlll depsnd
to a large extent on iis stability under the changlng

environmantal conditlona. It must remain visblo until
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it is infested by the target insect. Hence the informa=-

tion on the effective persistance of a candidate pathogen

on the host plaont was considored essential €0 assess
1¢s potential and to deotsrmine the reguired £regquency
of application in the £ield.

Nuclear polyhedrosis virus of Q. grenosella applied

on coconut follage and exposed to weathering retalned
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substantial infactivity upto 84 hours after treatment.
Then the virulance declined rapidly and there was
complete inactivation in 168 hours. Tho half life of
ths pathogen on coccnut £oliage was 83.25 hours.
Studies reportad previously have shown varying degree
of envirconmontal stability of nuclear polyhedrosis
virus. NPV of Eoliothis when applied to cotton foliage
lost most of its infectivity in one day (Bullock,1967).
Ignoffo and Batzer (1971) cbserved 70 per cent loas in
the infectivity of deliotnils virus in the lirst hour
aftar apgplication though 10 per cent of viral activity
renained even after 192 hours of exposure. Jradual
decline in pathogenilgity resulting in completa inacti~
vation in 10 days was reported in the case of NPV of

Le f£lscellaria gompiaria znd T. pi (Cunninghasm, 1970

and Jagues, 1871)e The nuclear polyhadrosis virus of

HN. gepuncgtalis rotalned substantial infectivity upto

98 hours of weathering on paddy foliaga (Lovanesan,

1879). The half life of thoe N2V of #zliothis on corn

sllk was estimated to o less than one day (Ignoffo et al.,
1973) while its half life on soybean £ollage was batwean

2 and 3 days (Ignoffo ai ale, 1974). The half life of

S. maurdtia 1PV on paddy foliage was catimated to be

90.12 hours {(Uair, 1981). Tac WPV Of Y. arcnosells would
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thus appear to bs much more persistent than pHeliothis

virus while it is less persisteni than the viruses of

Le fiscellarig pomniaria, T. ni, He depunctalls and
Se maucitia.

The effact of important factors which affect the
viability of virus under £ield condicions ware studied
separately to understand ths mechanism of the inactiva-
tion observsde. when expossd to a conotant tempsrature
of 35°C. the Anfectivity declinad rapidly bayond 84 hours
of exposurs. The half life of the virus was 87,10 hours
only. Carlier authors also had reported that continuous
exposure to higher range of temparature (35 to 40°C)
affectecd viral gtability and viral mul¢iplication signi-
ficantly (Bizd, 1955; Thompson, 1959 Ignoffo, 1966b:
Nair and Jacob, 197%: pawar and Ramakrishnan, ig79)-

But Jorria (1971) found that treating the WPV of

Leflscellaria somniaria at 45°C even for 200 hours did

not affect its infectivity. The NPV of S. mauritia

lost lts infectivity only when treated for 168 hours

at 35°C(Nair, 1981). The rcoult of the present study
chowed that the NPV of Qe 2zenocgells is mors thormwstable
than the other viruses studied except ths NPV of

Le figgellarig momnlaria and Se. mauritia,
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The HPV of Q. arenosella retained substantial
infectivity till 84 hours when exposad to infra red
radiations The half life of the virus was 85.22 hours.
The loss of virulence by exposurs to infra red rays
was also evident from increase in Lmso valuss, Czposure
of 105 minutes was sgufficient to cause £1£ty psr cent
reduction in infectivity when the NPV of H. guhog was
exposed to infra red radiation (Wordin, 1977). Dxposure
of the NPV Oof Je. mauritia to infra red radiation showed

that it retained substantial infectivity till 72 hours
with an estimated hslf life of 75,34 hours {lalr, 1951).
The results revsal that the NPV of 0. grenogelia is
little more stable than the NPV of 5. mguritia,

1t wag observad that expeosure to UV rays emitted
by the germicidal lamp caused a rapid loss in infectie-
vity of the virus resulting in complete inactivatlon in
108 hours. The half life of thae virus exposed to UV rays
was 54¢.43 hours only. The loss of virulence by exposurs
to UV was evident £rom the increase in LTg, valuss also.
The role of UV in zeducing the pathogenicity of the insect
viruses has bsen well documented. (Jagues, 1967:p vavid,
1969; Broome et ale., 1974y Ignoffo ot als, 1977p Witt
and Stalrs, 19777 Pawar and Ramakrishnan, 19/79 and Nalrc,
1981)+ Ignoffo ot als, (1977) found that the half 1ife
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of dmliothis NPV was 2,2 hours and Pawar and Ramakrishnan
(1279) obtained complete inactivation of the NPV of

Se litura by 15 minutes exposure to UV light,

among the environmental f£actore studiaed in the present
investigation UV radiatlon seems to bo the most important
one causing ths inactivation of the UPV of 0. prenosella,
Dut Gaugler and Bousch (1978) observed that germicidal
lap emlt rays of maximum effactive range (253.7 nm)
continuously ané so the rate of inactivation of micro-
organisms undar such lamp occur more rapidly then it
is possible under natural sunlight which has UV in the
range of 291 to 380 nm. ience he cbeerved that labora=-
tory results could not be related to £ield conditions.
However, the observations made by David (1966), Jagues
(1977..}, Ignoffo and Batzer (1971), Ignoffo et al.,
(1873), Young and Yearian (1974), torris and toore (1975)
end Timans (1982) that the virus which was shielded or
screenad f£rom UV rays in one way or other was more
persistent, lond support to the view that UV radiation
plays an important role in inactivating the virus in
£ield.

Baculoviruzs are known to be effective in contgolle
ing many insect pestse. In earlier days insect pathogens

were considered to ba safe and iﬁgxious ©o other organisms,
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Pnt with the large scale intreoductlon of microbial
insectlcides in the field of plant protaction,elaborats

safaty tests bacams nacassarys

Present studies showed that the NPV of Q.grenosella
has a wide host range evan with interfamily infectivity.
Safety to silk vworm, Bombyx mori 1z of considerable
importance in tracte with established sericulturs indus~
try and hence the pathogenicity/toxicity of the NPV of
£+ grenosella to che silk worm was ptudled in detail.
Results shoued that thz pathogen did not cause any
adverse effect on sllk worms. All the treated larvae
pupatad nosmally and ths adult. emergence algo was
normal. The mean welghts of ccooons £rom NPV fed and
untreated lots of larvas wars 1.560 g and 1.530 g
respectively. Thus tha virus was found to have no
edvorze effect on silk production too. Similar cbserva~
tions were mades In the caso of nuclear polyhedrosis

virus of Il. geparsty and philosomia ricini (Dhadutd

and :lathad, 19680) as well as the NPV Of I, grmigera
(Llarayanan. 1583} .

0. arenocsella is recognised as a pest amenable to
biological control. Field release of laoboratory bred

larval parasitoids like B. bravicornis, P. psphantidis
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and pupal parasitoids like Z. pupivora, Brgchymerias sppe
are being regulagly done for keeping the pest population
under control. Tha gafety of the vixus to such paraslitoids
must ba proved if the virus is to be included as a
component 1n an integratsd programma f£or controlling the
pagt, Henca safaty tests ware carried out with a larval
parasitold, Be brgvicornia ond a pupel parasitoid

Te puplvora. Tho results chowed thet the parasitolds
could develop even in tho visus infgcted hosts and it
did not direckly or indirectly cffect the dovelopment

of the perasitoids, percentage ¢ emergence, longsvity
and behaviour of the parasitoids. Gimdlarly tho virus
fed parasiteolds did not show any adverse effect on thoir
fecundlty, davelopment and survivale. Comparable results
ware obtained with the nuclear polyhedrosis virus of
Heliothis by Harayanan (1980).

Effect Of the virus on higher aninals wos studied
by exposing white rats and whita mice to massive doses
of the pathogen. Body weight galn, temperature, and
blood valuos of nucslear poly{mdmsis virus fed animalg
wars glmilar to thore Of untreated animals. The NPV
troated animals did not show any abnormality or patho-
logical conditicns during ths observation pericd of 21
davs. Histological studies of the orgons did not show
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any evidence of tissue damage. Similar rosults were
obtained for the nuclear polyhedrosis wirus of
e armigera fed to white rats (Narayanan, 1975).

Embryonic tissues are known to be highly sensitivs
to microbial infection by viréus of low levals of
antibpdies in the tissues and also by virtus of the
large number of actively dividing calls present. Hence
ambryonatad chick aggs were exposed to the NPV of
Qe grenosslla, Th2 vires edministered through diffsrent
routas did not affect the growth of the embryo upto
the end of the test pariods There was no changa in the
genoral gppaarance of the enmoryc. No differsnece could
be gseen in tho choriocallantolc memorane, allantolc
£fluig, amniotic £fluid and yolk cue to virus treatment.
Post-mortam oxaminationlof the embryo &id not show any

pathological change in the tissuss.

It ie evident from the above results that tl';e Npv
of v, grenosella is safe to silk worm Be. mori, parasitoids,
Be brevicognis, T pupivera, Vertebrates like white xat
and vhite mico end even ths highly sensitive chick embryo,.
A pathogen safis to the nonetarget orgenisms can honce

bz recommanced for £ighting the pest in £icld,

& preliminary field exporimant was carried out for

chocsing a dose effectlive against the pest under £ield
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conditions. The highar larval mortality of 85.00 per
cent was recordad in plot treated with Thicdan 0.05
per cent spray and it was closely followed by RPV spray
at 22414 2 107 PIBs/il wWith a larvel mortality @f 75.00
per cent thsare being no statistical difference between
the two, Mortality in ths control plot was 3.75 per

cent onlye

Tho results of ths main £ield experiment showed
that a substantial reduction in pzst population wes
feasible with the NPV and the results were on par with
Thiodan sprayed at 0.05 per cent conceatration during
the first veek aftsr treatment, The population build up
in virus traated plot was slower than that of Thiodan
treated plotss. In the aixth week itself the population
in thicdan tresated plot came on par with that of control
while the population in NPV tregted plot was still
significantly lowers. Even during the 14th week the
population in NPV treated plot was significantly lower
than that of Thicdan treated plot snd in control. The
prolongad egfact obgserved in virus treated plot may
indicats th; egtablishiment and self perpetuating trend
of the pathogen among the host populatione The same
trend was observed in the results obtained from the

three locations.
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In an intsgratad control programre what is aimed
at is the regulation of pest population below the level
causing economic loss with least disruption ¢ the
natural balance. In the present instance the effective-
ness of WPV Of Q. grenosells against the post has been
demonstrated by the comparatively high larval mortality.
The experiment showed that the HPV at a dose of

22,14 = 107

PIBs/ml was as good as Thiodan 0.05 per cent
spray for the control of O. aromnosella in fisld, Tha
slowar rebuild of the pest population in virus treated
plot indicated that a less froquent sgpplication of the
microbial insecticides may be sufficient for tha control
of the past. Freguent epplication of insacticides may
lead to disruption of natural enemy complex and conseguent
resurgence of tha pests, Tha hazards in applying the
toxicants in the crown of trees and the possible environe
mental pollution also render the lnsecticidss less

preferable to the pathogen.

Ths incidence of paragitism in NPV and Thicdan
traated plots did not vary significantly. The lmpact
cf ths virus treatment which was found to he safe to
the development and setablishmsnt of the natural enemies
had to be reflectad in ths natural parasitold population
in virus treated plots in comparison with tho population
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in insecticide treated plots. kack of significent
data in this aspect of the experiment might be for
want of repsated application of the toxicant and
pathogen and due to the short span of time for which
the obzervations wers recorded. Lack of impact on the

establishment of Compolatis chloridae perasitising

He grmigera treated wvith an NPV was reported earller

also (aneon, 1983).

To sum up, the nucleur polyhzdrosis virus of
Q. grenosella was found as a mlcorobial insectlcide
highly infective to the pest and very virulent, invading
almost all the important larval tissues in two to four
days after inoculatiocn. t showed the transovum
transmigsion and thus revealcd the possibility for
self perpetuation in troated field populatlons of the
pestes Tho virus was cross infoctivae to gix lepidopteran
speciase S Mmauritis and Se iiturg_ which wvere more
amoneble to laboratory rearing were found to be more
suitable for the mass multiplieation of the NPV in
lsboratory. The virus was sufficiently persistent in
the field. In low doses,the pathogen controlled the
first three larval instars of Q. aranosella cffectively
and hence thes zreatment glven at the beginning of the
pest incldence wall provide an economically viable and



affective control strategy for combating the pest.
The pathogen wag found to be very safe to the non-
target organisms. The virus will thus admirably
£4% in an intagrated control atratedy against

Q. arenosalla. Being cross transmiosible to other

important c\mp pests,the possibility of developing

the pathogen as a broad spectrum insecticide also
exists,

140



SUMMARY



&UMLIARY

Detalled studies were carriad out on the nuclear
polyhedrosis virus of . arsposaslia covaring symptomatology.,
mopphology of the pathogsn, hostepathogen relationship,
mode of transemissicn to the progeny, biloassay of viral
activity, crose transmission to other spacies of
Jopidoptera, persistenca in fielg,effact of various
environmzntal factors on pargistence, szfoty o non-
target organismz and £ield efflcacy of the virus in

controlling the poste

Tor studying the symptonatology of the diseace,
different larval instars were exposad to the virus
adopting spot fesdiny tochnigue nd the infected larvac
ware reared in the lavoratorye Tha symotoms noted wera
broadly similar to thooe raported as typical for the
nuclear polyhodoris of lepldopteran larvas. Thyee o
four days after ingestion of the virus, the larvac became
paler and lethargic. Chey showed lose of appetite., Jusl
prior to death, feseding and movements Caased completaly.
The cuticle bocems fraglle and body tiseues got liquee
fled and milky white in colours Evon slioht disturbangss
by other moving larvas caused the rupturc of the body

wall and the relsase of polyhedral bodies. The cadavors
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ware found sticking co ¢he leaf blade which became
deaply dorkenad in 24 to 48 hours. Sowms of tho diseased
pupas exhibitsd typical aymptom of larval pupal mosaic.
Malformed adulcs with short and ruffled wings also
wmargede The boldy tissues and body £luids ef those
adults contained large number of polybadral inclusion

badlas.

ithe electron micrography of the virus was got down
by MERC Institute of Virology, Oxford, Englande The
polyhedra of nuclsar polyhsdrosis virus of 0, grangsslla
wore irrsgular in shaps and the surface wes smooth without
any ornauentaticn. Tha diameter ranged f£from 53333 om to
1666,67 nm with an average of 1393,30 nm, The virus was
‘multiple erbadded' singe a number of rods were enclosed

in one devalopmental msmbrane,

The histopathologlesl atwiies ware dons on thind
instar larvae killed at 24 hour intervals upts 144 hours
after inogulation, Azan staining technicque was adopted
for zhe purposea Ko polyhedral bhedies wacse visible in any
of the tissues at 2¢ hours afteyr inoculatione At 48 hours
aftar inoculation the nuclei of hypcdermis, fat body,
trachsa, connective tissues surrownding the gut and the
gut epithslium ware seen nypsrtrophied and got stained.
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The infection progressed further by 72 hours after
inoculation in thes abova tissuss. In addition to the
apove tissues Malplghian tubules, nerve ganglia and
muscles were also sseen infected. Fully developed
polyhedra werce visible in the nuclel of tha above tissues
by 96 hours after inoculatione. At this atage many of

the cel_lg of the epichelial sheath of gonads also
showed signs of infectione. At 120 hours after inoculation
the infection hed spread completely over the cells of
hypodermis, £at body, trachea and epithelial sheath of
gonads and by 144 hours aftor inoculatlon many tlssues
showed signs of disintegration and polyhcdra ware seen
roleased into the haemocoel. No infection in the tiegues
of silkgland, braln, pericardial cells and wing buls
could be detected. Thus til® nuclear polyhedrosis virus
of Q. grenosella was found 0 be a polyorganotrophic
virus and extenslive invasions of the larval tissues by

the pathogen indicated its high virulence.

Darly £1f£th instar larvae fed with sublethal doses of
tho virus pupated and emerged as moths, The eggs laid by
the moths caused significently high mortality amoag the
emarging larvae waile the surface sterilization of eggae
deprivaed them of the lnfectivlitye 7The homogenates of the

gbove two lots of egges vwhen fed to third instar larvae of
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Ce grenosella also showed the sams resultes. These results
snowed the occurrencs of transovum trancmisslon of the
virus in O, grenosella., When gravid motho were fed with
vicus contaminaked honey or when the extesrnal genltalla
wore smoared with the virug, the disesge uas tranamitied
to the next generation through ths eggse. Such egys when
surface sterilized lost the infoctivity. WThese results
also endorscd the possibility of transcovum transmission
of the virus by thez infected or contaminated roths. Tha
presance of the virus in the sheath Of the gonads sean
in histopathological ctudies also indicated thea transe
mission of the virus through the eggs. The moths of

O. grenogoells thus serve as effcctiva carriers of tha
pathogon and halp in the ngtural parpetuation and spread

0f the discace.

Cross tronamission studies of nuclaar polyhedrosis

virus of O, arenosalla to tan other species of lepidoptera

ware carried out and the virus wes found infectivae, to the
aoctuwlas L. liturs, Se faurditis, A. p2ponis ans arctiids

Pe ricini and gf gbliqua. The recovery ©f polyhadra was

higher in Lo liturs and S. moagclitage Those incects which
vere more amonable to loboratory roaring also were chosen
zs sultable alternata hosts for large scale multiplication

of nucleor polyhe.rosis virus of Qe granogalls ia the
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laboratory. Tha repeated multiplication of the virus in
altoernate hosts neither reduced its infectlvity to

Oe arenosella nor its virulonce. Results also indicated
the possibility of using the virus as a broad gpectrum
microbial insecticide agalnst all tne pests which were
found pusceptible to tha pathogen.

To £ind out the optimum dose of the pathogen and
the more suscaptible stage Of the pest for evolving a
proper technology for the control of the pest in £leld,
bicassay of tho viral activity was done using the dlfferent
larval instors Of O. grengsella. The L050 and I..Tso valuss
increased with the age of the host. The I“CSD values rangad
from 9,247 PlBs/ml for the first instar to 33775.361 PIbe/nl
for the £ifth instar larvag. Tha resulte indicated a pro=-
grosslve Gacroase in suscoptibility to the virus as tha
larvae advanced In age. It revealed the desirability of
applying the virus in the early stagas of post incidancs
in field since it is possible to kill thoe earliar instars
with low dosages of the pathogen thus rendering thz tecans-
logy economically viablc.

The stabllicy of the pathogen under fleld conditions
was ptudied in detall. Tha virus was applled on coconut

folliage and 1t was exposed to weathsring. uomples warce
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drawn at 12 hour intervals upto 168 hours after sprayinge.
The results shoved that ths virus retained substantial
infectivity upto 84 hours after spraying and tharsafisr a
gradual dacline in its vizulence was noticed leading to
complate inactivation ac 168 hours. The LTSO values also

increased with the incraase in thse duraticn of weathering.

Thz virus was exposed to the different componsnts of
the environment viz high tempsrature, infirared radlations
and ultraviolet rays to understand the mechanism of inacti-

vation of the virus,.

The half life of tho virus wvas found o be 83.25 hours
when subjccted to weathering on plant f£olilage, 87.10 hours
when hoated at 35°C continuously, 85.22 houre when exposed
to infrared rays and 54.43 hours whan exposaed to ultra~
violet rays. Tho most rapld lnactivation was caused by
ultraviolet rays followed by infrared rays and heat troat-
mants

The pathogenicity/toxicity of nuclear polyhadcosls
virus 6Ff Q. arenosella on silkworm, Bombyx morl was studied
extansively, The virus had no adverse effect on the

survival and devslopment of silkworm or production of silk,.
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O+ arenosella 1s recognised as e post amenable to
biological control and hange safety tests to a lazval

parasitold Be brovicernis ond a pupal parasitold

Lo pupivora were carried out cnd tha raesults showsd

that the wvirus neilther directly or indirectly affected

the developmsnt of the parasitoids nor thedr activitye.

fhe effect of virus on higher animals (white rats
and white mice) was studied and ths results showad that
tha virus neither ingfacted the animals nor did it cause
any abnormality in thelr physiology cnd bshavicurs
uistological studies of different organs did not show

any evidencz of tissus damage.

Tha effect of the virug on tissues of daveloping
chick embryo was studled. The virus was adniniastered
through four different routes into ths embryonated chick
ogg and the zesults showed thet tha virus did noit offect
the devalopment of the cmbryo or its growing tissusgs.

Thus the nuclear polyhedrosis virus of Se grenoszaellg
wan found o ba safe to silkworm, parasitolds, vertebrates

and even the dewvsloping chick emoryo.

A preliminory field experiment was carried ous for
choosing a dose affective against the pest undar field

conditions. Yhe resulis of the expariment showed taat
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7

22,14 % 10’ PIBs/ml uas on per with Thiodan 0,05 per ceat

in cauvsing the mortzlity of tha lorvas of Q. gtenosalla,

ihen the above dose of nuclear polyhnsdrosis virus
was comparod with thiodan 0.05 per cent in a field experi-
ment, dona at threa locations, both treatments were on par
in reducing tha past population as obzervad onc vweek aftasr
the treatment. At tha seventh week thz population of tho
pest in nuclear polyhedrosis virus troated plota uas much
louar than that of the Thicdan treatsd plots while the
lattar came on par with the control. 7Thus in the long run,
the nuclear polyhedrosis virus was more effective than the
insecticide in regulating the pest population., Ths pxo=
longed effect observed in wvirus treated plots indicatad
the posslble establishment and zelf perpatuating trend of
the pathcgen in the host population.

The incldance of parasitism in nuelear polyhzdrosis
viras and Thicdan treated plots did not very significantly
probably begeusse of the short duration of cbservationse
The nvelear polyhedresis virus of 0. grenosella was thus
founl as a microblal insecticids sffective in controlling
the peset ond Lt was found safe t5 non=target organlsms.
This can bo developed as on effective component of an

integrated control programne for the control of UL.grancgella,
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Appendix I
Abatract of AUOVA

a4z ¥pan sguares

Table 8 Total 23

Treatment 5 4.9673""

Block 3 0.0455

Lrror 15 0,0565
Pable 9 Total 44

Tregtment 14 1012.51°

Zrror 30 185.73
Torle 10 Total 41 R

Zreatment 13 1378,04"

nrror 8 35495
Table 11 Potal 41

Treatmont 13 1779,47°"

Error 28 71.73

* Signiflceant at 5% level
% cigniflcant at 1% level



Appendix I1
HeGpo<i3o cf O pretujiallii larva to difEarent dotas of Nuclear polyhadrosis virus admin15lertd
to dIEf¢<r*nt Icitars (V]d* TobloNoC)

CunnilaUv* per cant mortality observed at Intervals ( In days)

thet 1 3 s s 4 7 a 9 10 11 12 13 |4

flnt tftitsr

t 95 X 105pies/®I| |S SB 74 100

1 96 * 10*PIBt/(»l IS 74 5s 94 100 -

1 ft X 10JP[Bo/ml 72 10 42 so 93

1 94 x 162PIB«/ml 0 0 12 24 33 38 s3 78 -

196 X 10 PIBJ/|»1 17 5 25 35 40 47 5 32

t 96 * 10 17 25 10 35 is
Second In*tar

I PS X IOTPIBI/«1 ao 36 59 €0 100 - - -

1 « > 10~PIfla/ml 14 34 64 ao 100 . . .

1 H a IQ5PIBj/*J “ 10 36 56 70 96

1 » KAPIBa/ial to 12 S0 64 84

I 96 * 103PIBs/ml - 4 6 11 26 32 76 . . .

I 94 x 1QJPI9*/ial ( 9 a IB 29 49
Third ImLar

I 94 x 107PIBt/ral 26 36 50 74 100 - - -
| 94 m 106P|B*/i*1 14 34 50 BO 96 -

1 96 x J>5P1S»/ml 9 i 16 26 4a 00

t 94 x ID4PI0s/rt 4 4 6 14 40 72 -

1 94 K 103Pis</ral - 4 6 9 12 3a 52

1 94 a 10JPiB«/»il 4 6 10 16 24 40
Fourth Instar

I 94 x 107Pie*/«l 6 12 30 54 72 64

1 94 x 10i PtBs/p*I 6 IS 12 50 66 74 84

1 94 X tOS5PIfls/W 6 10 20 36 50 45 70 76

1 94 x 10nPIB*/ml t 6 70 34 36 06 46 62

1 94 X 10SP1Bi/<*1 4 4 10 10 14 13 20 46
1 96 X 10*PIB(/ml 2 2 a 12 14 20 38
FIEth Inetar

196 X 10*7PIB«/raI 2 4 4 6 a 28 40 62

1 96 X l0~IBs/rat a 2 2 4 0 30 42 36 -
i 96 X 105?1BI/mI 2 2 I 6 6 20 16 52
1 94 X 1if Plbi/inl 2 2 2 4 6 18 10 4%
1 94 x 105Pmi/xil 2 2 4 6 16 )0

t A x io2Piav/nii - - 2 2 2 2 6 6



Appendix ISI

sbstract of analyais of varlencs toble relating to
Pable 17a to ¢

ag {83 {area 1) 45 (area 1II) 3 Aren IIL)
(a) {b) {c)
Pariod 14 0.8255" 9,3396"" 7.8499""
& i w
Traatment 26,7852 941558 12,7861
PxT 23 p.3ss’” 2.8036"" 1.7906™"
oyror 405 0.0115 0,0138 0.0099

{rooled) \

# Significant at 5. level
*r Slgnlflicant at 1% leval



Appendix IV

Abseract of pooled AIOVA(ralating to Zable 1i8a gnd b)

toan aguares

Source d
Tabls 1Ca Table 0L
reriod 4 B83.331 215,703
Tregcment 2 2.463 1.833
FxT 8 9,813 16,351
Srror (wooled) 20 74037 19.36
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ABSTRACT

The black hesdled caterpillar, Oplsing grencgsells t1ik.
(= Nophantis serivopa teyrick) is a serlous pest of
coconut; Tha slender eaterpillars found under ths leaveg
in galleries mads of ailk and £oreign matter Zead on tha
chlorephyll tissues. Philip et ale, (1982) reported the
oaourrence of a nuclear polyhedrosis virus in tha larvae
of D« grengsellas Basic information for judging the
sultability of this pathogen for the control of the pest
wara lacking. Honcs detailed studies were made on tha
symptomatology, moerphology o the pathogon, histopathology,
mede of tranemission of the virus to the progany, croas-—
infoctivity to other epecies of lepidoptera, bloaosay
of tha virus, persistence of the virizez on coconut follage,
effoct of physical factors on thoe persistence of the virus,
safoty of the pathogen to non~target organisms and the
efficacy of the virus in controliing the past in f£leld,

@he ragquired life ntages of the past for various
expariments were obtalned £rom laboratory culturas
malntained under aspeoptic condition.

The symptoms Of the disease regsembled thosa reported

alragdy for the nuclear polyhedrosés of other lepidoptaran

larwvae. The typical behaviour of coming to the opon and



ordenting the body wlth the head hung cownwards at
the time of death, was not obgerved in che case of
B. prenosella. Some of the diseased pupas exhibited
typlcal symptom of larval pupal nosalce ilalformsd
adults with ghort and ruffled wings also emergad.

The inclusion bodies mpasurcd on an average
1393430 pm with a rangs of 533,33 nm to 1666,67 nm.
Tho inclusion bodies were irregular in shgpe and the
purface was smooth without sny ornamcntations The

pathogen was found to be a multiple embedded virus.

The histopathological stucies revealed that the
hypodermis, €at body agnd trachea were the principal
sites of virus multiplicaticne In addition o the
above tissuas, muscles, talpighian tubules, comnactive
tigzuss surprounding the gut, the gut epithelium, nexve
ganglia and eplthelisl shsath of gonads were seen
infected, Ths extencive invasion of the tisgues

indicated the hilgh virulenca of the pathogen,

The female mothes 0f Q. grencgells infected orally
or ¢ontaminated externally served as effective carriers
of the pathogen to the next generation mainly through
surface conteminatlion ©f eggs(transovum). This facili-

tated the natural pecrpetuaticn and spread of tho diseasa.



The WPV of Qs greniosells wag found Cross
trensmissible to §. litura, S. oauritiae Je pawonds,

Be gieind and Be gbliquae Se liture and S. papsitia

were £ound sultable alternate hoats for large sceale
multiplleation of tha virus by virtue of thair
amanability to laboratory rearing. Tha alternate

hosts themselves belng major crop posts, the pogsie
pility of using cthe virus as o brooad spectrum microbial

ingacticlds was also indicaced,

Bloassay studies revealed the dsslrooility of
applying the virus in the eorly stages of pest incidence
since the later instars reguired vesy heavy docos of
tha pathogen and that might rendeor the technology none
viable.

Tho NPV of G. argnosella when expoced o field
condition (weathering) retained substantial infectivity
upto 04 hours and then ¢horc was a decline in virulcence
causing complete inactivation in 168 hours. Tho half
life of the pathogen on coconut £oliage Was 23.25 hours.

This compared well ulith many of the insecticides.

When exposod 0 a constont temperature of 35%¢ the
infectivity declined rapidly boyond 24 hours and cormplete
Anactivation oceourred at 156 hours of exposure. The half

1ifc of tho virus was 87.10 hours. When ths uPV Of



Qe azenosculla was exposed LO infrared rays, oubs tantial
infectivity was rotained upto 84 hours. The half life
of th- virus was 75.34 hourse xposure to UV rays caused
ranld loss of infectivity resulving in caomplote ineocti-
vation in 108 hourse. 7Zhe nalf life of tno virus was
54,43 hours. The st iAmporcant factor inactivating the

virus was thus found to ba the UV rays in sunlight.

The virue vas found to ba comparatively cafe o

silkworm (Po wyx wori), parasicoids (Bracon brovicornin

ang_Trichosplilus punlvoral), Vertebrates (wnite rats and

imite mice) and even to the embroyiated chick egyse

in tha field ovaluation oI IRV agoinst Qe.grenosella
tha virus spray containing 22.1¢ x 107211.;:/1-1 cana on
par with tho insecticidal treatment of tnlodan Q.05
Der ceont.

Zhe present studles revealed the nigh varulence
of the PV, its ability to apread Lrom parent to progeny,
3 raasonable persistence og the treated foliage ang
safoty to non-target: orgenisms. I “a peaising micrge
bial pesticide for the control of Ms grenosolla, Tae
[PV can £it well in an :ntegrated control programme

agalnst Y. prenosella,



