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INTRODUCTION



IMTRGDUCTION
■2ns black headed caterpillar, Poising aranosella rilk. 

(aaeohantia aerlnooa iieyriclt) Is a serious pest of coconut 
(Cocoa nuclfara L.) in many parts of South India, especially 
along the coastal tracts. The slender caterpillars having 
prominent black heads live under the leaves in galleries 
made o£ silk and excreted matters end feed on the green 
tissues, infested trees are easily recognised by dried up 
patches in the fronds and gradual withering.

The pest occurs in serious proportions in surener months • 
During the remaining part of the year tho past population is 
suppressed by larval parasitoids like Bracon brevlcornis, 
ifeom,, Ao an tales taragame Vior. . and Perlsierolo nanhantldle 
Muesebrock. and pupal parasitoids like Trlchospllus ouolvora 
Perr. and Brachymaria spp. Though insecticidal treatment is 
recommended in heavily Infested gardens, tho use of toxic 
chemicals will have adverse effect on the natural enemy 
complex, and the very operation of insecticidal spraying on 
the crown is hazardous.

Tha pest outbreaks occur in summer months and 
during the period the parasitoid population normally 
remains at a very low level. Application of insecticides 
may wipe out the parasitoid population completely, often
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causing a resurgence of the pest incidence in due 
course. Any microbial insecticide which does not 
kill the parasltoids will preserve the small auribor 
of parasltoids available for subsequent ruild up when 
favourable conditions return.

Among the different group of microbial insecticides, 
the viruses have a high potential for the control of 
pests. The use of such pathogens have gained importance 
in cha development of ecologically oriented crop past 
management programmes (Falcon, 1973}. Among the 
different groups of insect viruses the nuclear polyhodroois 
virus and granulosis virus (Uaculoviridae} offer great 
potential for the control of arthropods of importance 
in agriculture and forestry and this view is endorsed 
by several uorkers (summers et al., 1975; Tinsely, 1975J. 
Baculoviroses are corsidorad suitable for this purpose 
because of their prooablc efficiency and safety an use, 
good storage properties and relative ease of production 
(i'insely, 1979).

In India the exploitation of the above technology 
is yet to gain momentum. A potent virus causing heavy 
mortality in the natural population of o. aronosolla 
was reported by Philip et al., (1982). Jut tho much
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needed basic informations for judging the suitability 
of this pathogen for field control of the pest were 
lacking. Hence detailed investigations were taken up 
for studying the following aspects of the pathogen: 
symptomatology, susceptibility of different larval 
instars to the virus, morphology of the pathogen, 
histopathology, mode of transmission to the progeny, 
cross infectivity to other species of lepidoptera, 
persistence of tho virus on coconut foliage, effect 
of physical factors on the virulence of the virus, 
safety of the pathogen'- to non-target organisms and 
efficacy of the virus la controlling the pest in 
field.
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REVIEW OS’ IjISSR AM R E

A brief review of literature on nuclear polyhsdroais 
viruses relevant to the aspects covered in tho present 
studios is presented below*

2*1. aymotomatology

She symptoms caused by nuclear polybedrosis virus 
infection vary widely in different insect species*
General symptoms observed on lopidopterous larvae Infected 
with the pathogen 'were reviewed by Aisavja (1963) and 
Smith (1967). The skin of the infected larvae became 
oily followed by a colour change or development of 
a mottled appearance, as fcha disease advanced, the larvae 
become lethargic and they lost appetite and stopped 
feeding* *ha cuticle becaraa increasingly fragile 
and finally tho boay wall ruphturcd liberating the 
liguafied body content* in the later stages of the 
disease,the larvae showed a tendency to seek the 
highest point available and hang hasd downwards* She 
incubation period of tha disease varied from three to 
21 days* Subsequent, workera also reported symptoms 
similar to thosa described above (Patel et al., 1963;
Jacob and thomas, 1972; bathika and Jacob, 1974a;
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McCollom and Reed, 1974; Pawar and Raraakrishnan, 1974,
Rabindra et al,, 1975; Hair and Jacob, 1976; Jacqueraard and 
Delattre, 1977; Degacion and Gabriel, 1978),

But the death of the Infected larvae occurring without 
tho above typical symptoms was observed in Kellothia peltigera 
Denis and schiff. (Harpat and Zlotskin, 1965); and in H, 
armiaera Hubner (Jacob, 1972), Morris (1970) reported preco
cious development of antennae, mouth parts and partial fusing 
of ocelli in the larvae of Orgvla oseudotsuaata Me Dunn, and 
Dainbdina £1 seel lari a somnlarla Hulot when Infected with 
nuclear polyhedrosis in tho fourth instar, Jacob et al,,
(1973) found that the cadaver Of Spodoptera maurifcia Boisduval 
turned black in a short tirao after death, nuclear polyhedrosis 
infection Inhibited moulting in Spodoptera lltura Fabric!us 
(Jacob and subramaniam, 1974) and in hallothls armiaera 
(Rabindra and subramaniam, 1974), Rabindra at al,, (1975) 
conducted detailed studies on polyhedrosis'virus infection 
in the larvae of Chrvstodaxia chalcltas csp« (Plusla chalcvtes) 
and found that it caused hypertrophy of the nuclei of the 
midgut epithelial cells followed by rupturing of integument. 
Hair and Jacob (1976) observed that the nuclear polyhedrosis 
virus of Perlcallia ricinl Fab. caused the discharge of dark 
brown fluid through the mouth of thoir host. According to 
Jacguemard and Delattre (1977) the symptoms of virus infection



6

on DlttngonslB waters! Roth which usually appeared on the 
thelrti day after consumption of contaminated food c/era 
similar among different instars though the speed of 
mortality and per cent mortality varied in them. Rone of 
the larvae pupated and mortality was usually cosplete in 
six days, Legacion and Gabriel (1970) observed that 
son© larvae of Soodootara lltura which survived the 
infection of nuclear polyhedrosis gave rise to forms 
intermediate between larvae and pupae os well as adults . 
with malformad wings. Rao and Amonakor (1980) found 
that the flaccidity normally seen associated with poly
hedrosis in Lepidoptera was not seen associated with 
a nucloar polyhedrosis of Amsacta moo re! tioore.,

2.2. carpholoav of the polyhadra;

She size and Bhape of polyhadra very considerably 
in different insects and also In different tissues of 
the insect. According to Garhenson (1960) it was the 
virus that controlled the shape of the polyhadra rather 
than tho host cell. Canada (1960) recorded a larger 
polyhadra in Soodoptera maurltla which varied in diameter 
from 1.07 to 3.22 /u.

Bargold (1963) pointed out that in silkworm honfovx morl 
Linnaeus the prevailing type of polyhedra were dodecahedra, 
where as those of Lyraantria monacha Linnaeus consisted
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mostly of tatrahedra. In tho case of a nuclear poly
hedrosis of Barathra brasslcaa Linnaeus the diameter 
varied from 0.8 to 2.7 /U (Ponson and DaJong, 1964).

The diameter of polyhadra was reported to vary 
generally from 0.5 to 15 yu among different species of 
insects (smith, 1967) • Hunter and Hall (1963) found 
that the polyhadra of Snadoptara exjgua Hubner Varied 
in diameter between 1 to 6yu with an average of 2,5 /u.

Jacob and subramaniam (1972a) observed that the 
diameter of polyhadra from Amsacta alblstriaa wilt, 
ranged from 0.7 to 1.70 with an average of 1.17yU 
and in the case of iteliothis armigera and s. lltura 
the polyhedral bodies were irregular in shape and 
measured 0.5 to 1.4 yU in diameter with a mean of 
0.89 /U end 1.36 yU with a range of 1.2 to 2.3 yu.

LathiKa and Jacob (1974b) reported that the poly- 
hedra from S. mauritia hod on average diameter of 1.3 
with a range of 0.44 to 1.76 yu. Electron microscopic 
studies on polyhadra of Perlcallia rlcini Fab. by Hair 
and Jacob (1976) showed that they were irregular in 
shape and varied considerably in sisa with a diameter 
ranging from 943.6 ra to 1329 ra with an average 
of 1284.6 + 12.48 m^u.
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In Tloula oaludoaa £Sg., smith and Xeros (1954) 
observed that the virus rods were arranged in linos.
The virus rods occurred singly in H. armlaara (Borgold 
and Ripper. 1957)• Bergoid (1963) recorded upto 18 tods 
in one bundle in tho polyhadra of Lvmantrla monaaha.

In general, the nuclear polyhedrosis virus particles 
wore reported to bo rodshaped and were enclosed in an 
outer developmental msobrene and an inner intimate 
membrane. Though more than one virus particle was 
present in a developmental membrane, an intimate membrane 
contained only one viral unit (smith, 1967). sen to 100 
virions were found embedded singly or in bundles within 
each polyhadra and each rod averaged 400 x SO m in 
sisa (Ignoffo, 1963), Jacob end subramaniam (1972b) 
reported that tho virus particles of nuclear polyhedrosis 
of Amsacta aibistrigs Hlk. occurred singly or in bundles 
two to five rods while in H. aea and s, litura she virus 
rods were arranged singly and in bundles containing upto 
14 rods. Livingston and Yearien (1972) observed single 
virion in tho polyhadra or Pseudoolusia includens Walker 
and these polyhadra exhibited typical crystalline 
.protein lattices. Smirnoff and Ackermann (1977) reported 
that the baeulovlrus of European shipper, Th'/ira Ileus *

2.2.1. ilogpholoav of the virus particle
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llneola Ochis., contained upto 80 single enveloped 
virions. Abnormally short and abnormally long particles 
wero also observed. The bacllllform virions were enclosed 
in a polyhedral envelope. Polyhadra inclusion bdiies 
containing rod shaped virions arranged in bundles in 
the protein matrix were described by Peter (1981) in 
Lncanobia suasa Den & Dchiff.

2.3. Stage susceptibility

Differential susceptibility of lepidoptexous larvae 
of different ages due to nuclear polyhedrosis virus 
was reported by Glasser (1928), Bergoid (1943), stainhaus 
(1949a), Bird (1953), Bird and 'Jhalon (1953), Clark and 
Thompson (1954), iiorris (1962a) stairs (1965b), Boane 
(1967) Alien and Ignoffo (1969). Jacob and Subramanlam 
(1972b). Such increase in resistance to Infection corres
ponding with tho growth of the larvae was referred to as 
"maturation Immunity" (Tanada, 1956), but ignoffo, (1966b) 
attributed this partly to normal increase In. body weight 
which in turn diluted a constant viral cose.

hair end Jacob (1976) observed that in the case of 
the nuclear polyhedrosis of Pericaliia rlcinl Fab. the 
caterpillars of second, third and fourth instars were 
highly susceptible■ The incubation period was prolonged 
from 5.24 days in the second instar larvae to 8.20 days
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in the fifth instar larvaa. Hathew (1980) observed a 
prolongation of incubation period of NPV in tho larvae 
of flnadevldla aaaonls Pah., from 2.IS days in the first 
instar to 4*40 days in the sixth instar larvae* Tho 
viral infection caused 100 per cent mortality of 
first* second* third and fourth instars* The fifth 
and sixth instar larvae showed less susceptibility, 
the mortality being 90 and 70 per cent respectively. 
Bargorjon ot al** (1931) recorded an increasing resistance 
wish age in the case of nuclear polyhedrosis of Lymantrla 
dispar Idnnaeuso Chan et al.* (1931) reported that the 
infection of the first and second instar larvae was 
dose depen„ent arid a concentration of 1*9 x  IQ4”6 poly- 
hodra killed 53-92 per cant of trio larvae within 3 days 
of treatment.

Vail and Hall (1969b) studied the response of pupae 
and their resultant adults of the cabbage looper 
Trichoolusla ni Hubnsr to a nuclear polyhedrosis virus 
and found that diseased larvae Geldom pupated or gave 
rise to moths* Pupae were susceptible to NPV administered 
injection* tsotns enlarging from pupae infected with virus 
were frequently deformed and many lacked the dark pigmenta
tion of normal adults* Vail end Gough (1970) noted the 
infection of pupal tissues of T. £ji, also with the 
nuclear polyhedrosis virus*
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Marfcignoni (1964) succeeded in infecting tissue* 
of the adults of Parldroma saucla Hub nor by inoculating 
polyhedrosis virus• Hathew (1930) recorded the pupal 
and edult mortality in Anadevidla pooonls infactsd with 
nuclear polyhedrosis virus• Xiosuas o£ infected pupae 
were liquefied and the pupal cases wore seen fragile* 
Infected adults were usually raalfornwd, lacked tne 
normal colouration and their tissues and body fluid 
contained millions of‘polyhedral inclusion bodies*

2*4* HlBtoaatholoav of HPV Infected Insects

As the name implies the nuclear polyhedrosis viruses 
multiply in the nucleus of susceptible calls. Fat body, 
hypodermis, tracheal matrix, end blood cells were 
reported as tho major sites of multiplication of nuclear 
polyhedrosis viruses (Alsawa, 1963; Smith, 1967* Gksda, 
1970; injac et al*, 1973; Rabindra ancl Subramaniom, 1974), 
Several other tissues such as silk glands, muscle cells, 
nerve sheath, brain ganglia, gonads, I’alpighion tubules, 
connective tissues surrounding the midgut, epithalia of 
fore and hindguts, cardiac valve, pyloric valves and 
Iraaginal wing buds, have also been reported to be suscepti
ble to tho virus (Crake and ncdwsn, 19S9; Tanada, 1960; 
Bene, 1963; Arugua et al*, 1963; stairs, 1965a, Adams 
and Wilcox 1968; Adams et al*, 1968; i-lathad et al», 1968;
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Hamra, 1963; Vail and Hall, 1369a; Livingston and 
Yearlan, 1972; Hunter ©t al, 1973; Jacob and Subramanlara, 
1973),

Multiplication of nuclear polyhedrosis virus in 
the endoderroal calls is rather unusual. Virus infection 
Of midgut epithelial calls was observed in sawflies, 
Glloinia hercynlae Martiq and Heodlorlon ssrtifar 
Geoffrey, (Saleh and liird, 1944), Plusla chalcvtoa Csp 
(Laudato and toargior, 1363)« £« Ei (toimpsl end Adams, 
1966) Ceramrca olota Linnaeus (Adams et al,, 1963) and 
t.vtliirma unlouncta Haw., (I'anada and Hess, 1S70) and 
Psaudoolusln includens (Livingston and Vearian, 1972),

Infection of the mldgut cells of the Das tom 
hemlock loopor, Lrvnbdlna flscallarla where a cycle of 
virus multiplication was completed without polyhedral 
formation was reported by Cunningham (1971). Pawar 
(1975) al3o observed virus multiplication in the mldgut 
epithelium of Spodootara litura without polyhedron 
formation.

Injac et al, (1973) reported the nuclear polyhadro- 
eis virus of Hyphantrla cunaa Drury and they found them 
in the hearaocytas, The disease vias characterised by 
abnormal proliferation of hypodermal cells.
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Jacob and Gubrsmanlnm <1973) observed hypertrophied 
nuclei with condensation of chromatin material in moat 
hypodermal cells and some fat body cells of s« lltura 
at 40 hours after inoculation. At 72 tours polyhedron 
formation woo observed in idle nuclei of tho hypodsrtaal 
cells* Nuclei at various stages of infection were 
observed in the fat body, blood cells, tracnaa, muscles, 
ganglia, nerve sheath, silltglancia and connective 
tissues, infection appeared hignly advanced with die ruptur
ing of tha nuclei in hypodormis, traeneal matrix, blood 
cells and fat body at 120 hours.

£n Dasvchira mendoaa Idnnaouc fat body, hypodermis, 
nerve and blood calls ware the major susceptible tissues 
although polyhedra usre also present in various connec
tive and muscle tissues (Rabindra and subraraaniam 1975a),
In Pluaia poponia i’ab., virus developrasnt was observed 
in the fat body and hypodermis at 72 hours after inocula
tion and in tracheal matrix, gut epithelium, s&rcolamma 
of muscle tissues, neurilemma of nerve tissues and 
blood calls after 96 hours (Rabindra and subramaniaa 
1975b).

sugun at al, (1983) reported that though principally 
the nuclei of the fat body, hypodermic, hypodormal glands 
and tracheal matrix woro the target tissues for replica
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tion of tha poiyhsdroeis virus Of fVthlrana (Psaudaletla) 
san^rata lilk., later tha wing buds* iraaginal discs, 
ovary* tastes, silJcgland, Maluighian tubules and 
saroolcrnaa revaalod heavy infection. Finally polyhedral 
inclusion bodies wara also observed in nuclei of 
neurilanEna* frontal ganglion, thoracic ganglion and 
cerebral complex.

2.5. rade of virus transmission to tha orogeny

1'ram.ovarial transmission was observed in Bombvx morl 
by Conte (1307) and Bolle (1903). oagar (1960) observed 
virus like ixidias in tha eggs of sevon species of 
Lepidippera. Although transmission of the virus through 
egg was generally accepted* cte precise relationship 
of the virus to tha egg was a matter of dispute 
(Sorgold, 1353; Cl art, 1955; /Tirana* 1963).

.uird (1961) reported transovum transmission of 
nuclear polyhedrosis virus in the sawflico, Dlprion 
narcyniae iiartig hoodlnrlon sertlfar and i). lacontei. 
Smirnoff (1961, 1962) observed virus transmission from 
adults through eggs in oawflias a. swalnol. Trlchiocaroous 
irregularis Fallen and r. viminalls and once the virus 
bed been Introduced into the colony of ii. swainel it



15

was maintained for years by traneovum transmission* 
Martirjnoni and Eiilstaad (1962) could get tranaovum 
transmission of nuclear polyhedrosis virus by applica
tion of virus pasta to the external genitalia of adult 
female moths of tha alfalfa caterpillar* Collas eurvchema 
Boisduval.

Elmore and Howland (1964) reported trails ovum 
transmission of the virus when cabbage looper raothc 
ware fed with polyhedral no relationship was apparent 
between tho mortality of the progeny and tha number of 
polyhadra fed to the moths.

Horoaz and Ban-3hakad (1964) found that nuclear 
polyhedrosis virus of Prodeni a lit.ura uas transiaittad 
through egg and that it involved a complicated genetic 
mechanism. Brown end Swaine (1965) and Swaine (1966) 
obsorved that the larvae obtained from field collected 
females of 5* exempta developed tho disease even of tar 
adopting sanitary measures.

Doarte (1969) demonstrated that transmission of tho 
Virus in gypsy moth. Prothetrla djsoar took place by 
surface contamination of eggss. About 80 per cant of the 
larvae hatching from eggs of contaminated moths died 
of nuclear polyhedrosis in the first instar; the hatching



16

larvao getting the infection by ingesting part of the 
egg shells* Surface disinfection of eggs with 0*1 per cent 
sodium hypochlorite reduced the incidence of polyhedrosis 
in the susceptible larvae from 80*0 to 0*1 per cent*

Vail ano rfall (1969b) reported that large number 
of progenies raered from cabbage looper moths which 
wara infected wish the virus rarely ohowad infection.
In contrast, progeny of moth fed with tha polyhedra 
were often infected, though tho effect was unpredictable 
and code oa eliminated by surface sterilisation of 
eggs.

Pawar and ^amahrisiinan (1971) found than in 
£» liuura only a portion of the progeny of the infected 
female was diseased and the disease incidence was less 
in the eggs loro on eha first day than those laid on 
tna fourth day.

Hanrtn and Young (1974) reported that tho nuclear 
polyhedrosla of ii. aaa was transmitted by surface 
contamination of aggs with inclusion bodies which had 
passed through aha digastiva tract of adults fed on 
polyhedra. scanning electron micrographs shos*ed poly
hedra on the surface of eggs obtained from treated moths. 
They also found that males fed on polyhadra transmitted
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the virus to uic progeny «nan they paired uxfch untreated 
females. It was also reported that tha virus could 
pass from one £e nglc to ^nothor through tha nalos. 
Similar observations wore also nade oy Larionov anti 
Dakhalov (1974) on the transovarlal transmission of 
nuclear polyhedrosis of Lymantrig nongchg.

jiordin (1976) could demonstrate transovum trana- 
inirsicn of the nuclear polyhadrsois of fall web worm, 
dvphantrla cunaa oy contaminating t h e  adults with 
viral duet, hesigan^ end uatnad (197B) ^ound that the 
nuclear nolyheclrosis i/os trarsmittau by both transovun 
end trancovanal routes in i.ytninna separata. .o-nxri. 
(19S2) could demonstrate tranaovum transmission os a 
nuclear polyhodrosis virus of Hyonancrla cunea in 
Japan.

2.6. oc^-infactivity

Ignoffo (1963b) roportod that, six a p o c i e o  Of 
hsliothla wore susceptible to one isolato of nuclear 
polyhedrosn virus sue. tna virus Adulated from i^liothis 
peltiaera w a s  cro3s t r a n s m i o D i b l o  to threa other 
Haliothie sop. A polyhedrosis virus isolated from 
cphagtia (Cxdra) caufeella nlk., was found to be cross
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transmissible; to Plodia interpunafcalla .mbner 
(hunter et al., 1973).

Rski.nd.ra and subramaniara (1975k) reported that 
nuclear polyfiadrosia virus isolated from glusla psponla 
was cross infective to griehopluaia pi.. Rabindra and 
Subramoniam (1976) noticed tile infoctlvlty o£ tha iiPV 
of Plusia nhnlcvtes to £• cepdnis. Considerable crocs- 
infsctivity of nuclear polyhedrosis virus was scan 
within the sub fanily Plusinso (iiarpor, 1976), 
rfarpaa and Raccah (1979) found that tha NPV of sto-iopfcera 
llttoralis Boiaduval could bo cross transmitted to 
s. exiaua and s« litura.

soma cases of laterfamily and interordinal cross
infection have also been reported, idcawa (1962) found 
that tha larvae of Gal lor;, a mollonolla Linnaeus 
(Qalloridae) vnare susceptible to nuclear polyhadroois 
vrrus from a Hr; worm Bonfcyx nori (Eosabycidaa), Larva® 
of iiamsroblut o p . (Reuroptora) were fould sufCQptibla 
to nuclear polyhedrosis virus of Porthotrla disoac 
(Lepiwoptera) (Smith et al., 1959; Lidor, 1960).
A nuslecr polyhedrosis of Lvmantrla tilsoar sub sp» 
jaoonlca (Kotseh) vios not infective to o. m o d  but 
was infective to Euorocfcia similia Fuassiy, r.ondrallmus
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apecfcobilis Btlr## end Pvĝ srfia anastomosis tcitis UXk« 
(Aratake and Kay attire# 1972) Vail at al*# (1972) found 
that nuclear polyho&rosis virus i-solatad from alfalfa 
loops r# Autooraoha californlca £payar was infective to 
Tricftoalusla ni« Plufeella xvlostalla Curtis Snadoptsra 
gxigug, fisllothis sea* ^tiamene acrea Drury and 
Bucculatrix fchurbsrlella Linnaeus# Arataho and Kayamura 
(1973) could transmit the NPV of a* mori to Dendrollmua 
Gpactablls* Halacosoma ncustrla test scan Linnaeus and 
Sarnia (Philosomia) cvnthia praveri Butlerby oral 
administration and chilo suaoressalls tfllc**Galleria 
roQllonslla and D* snectabilln by injocfcion into tho 
haaraolymph* hyphantrla cunsa was found to be highly 
susceptible to the NPV of 'Jhvmolicus llnoola (bmimoff# 
1976)* Kaya (1977) raxiorted tha cross transmission of 
tho NPV of A# ealifomica uo forest defoliators includ
ing Alnophlla porastarla- Harris end U# cune^e Lav/is et al*
(1977) could transmit tho NPV of a# Californios to 
European com borer# Oatrinia nubilalis Ilubner# A 
nuclear polyhedrosis virus of Marrastra braonicac Id an ae us 
was found infective to PiparopBi3 uaterai (Jacquomard# 
1979)* dtairs ot al## (1981) reported tha cross trans
mission of the NPV of Choristonoura fumifarana Clemens 
to -rionopluqiq ni end Galleria mellonella. Jiialiothis
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P.oa. S. ni and Sphingid handuca eeatra Joh., wara
found to be highly susceptible to tho HPV of G« wsllonella
(Eraser and Bttairs, 1932).

2,7. Past control with nuclear polyhedronls virus

2,7.1, alo-assav of viral activity

Bio-assay technique has bean widely used to evaluate
tho pathogenicity of virus preparations, Bergoid (1953)
reported the of 1.2 million polyhadra to the
larvae of Bombvx mori and 5.5 million to the larvae
of gypsy mo fah ■ Po r tim tr 1 a dlsaar and tent caterpillar,
Kalaccsoma disstria uuBnur. Bird end iihalen (1953)
estimated tho to the larvae of •■leodlorlon sartifor.
so 100 to 500 polyhadra. Morris (1962a) estimated an
overall average median letnal dose (all instars) of
3000 colyhodra per larva of the western OoH loopar,
ha-ifcJina flacellarlg so.Tuilarla. Ignoffo (1965a) found
the of tho MPVoo 3 to 4 days old larvae of n. gaa
as 32 PIQs/mm2 of diet surfaea. '.Che values for
first; second and third insfcar larvae of Porthotna

ocsisnar wore 0,23, 2.3 and 2.5 pibs/ram or food 3U irfa c e  

respectively (Loane, 1967). An inverse roljtionship
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between virus concentration and LSj-q values were also 
observed for the first, second and third ins ter larvae* 
ilsgnolor (197€) computed tho ■u&gQ of tha HPV to third 
ins tar larvae of Porthstrla die oar as 1729 PIPs/Xarvae

6or 729 pIBs/rag larval body weight* Tho ^gg for 2.5 x 10 *
2.3 x 10S, 2.5 x 104, 2.5 x  103 and 2.5 x 102 PIBs/
larva w m*g a.l, 9.9, 11.3, 12*2 and 13.1 days respectively.

ttiang and Ulng (1975) reported tile hc&g for the
e n

third instar larvae of rrodania lltura as 1 x 10 * PlBs/nl. 
ilagnoler (1975) estimated values of .Jpv to third
and fourth Instar larvae of Malacosoma neuatclg at 140S
and 12320 PIBa/larva respectively. SUa hfgg values for

5 4 3 .the concentration 3 x 10 , 3 x 10 and 3 10 plBs/ml
were 5.9, 6.8 and 8.15 days respectively for tho third 
inatar larvae and 9.3 end 10.7 days for the higher con
centrations in the case of fifth ins tar larvae. Pauar 
and heaaxrionnan (1977) estimated tho values of
HPV for tho newly hatched ana five day old larvae of 
Sacdspteia lltura os 0.009 x 106 and 7.79 x 106 PSBs/ml 
respectively. The vaiuej for the concentrations
ranged from 5.41 to 9.95 days.
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The dosage raortality study on tho nuclear poiy- 
hedrosis virus of Soodoofcera lltura tor a carried out
by tooueion end Gabriel (1D7B) an^ ..honed that 17.5 10^,

7 012.1 x 10 anu 90.05 x  10 PIBo/ 50 ml .suspension igava
100 pur cent mortality of the? £ir_,t Inst.!!' Icrvae
after an average of li, 12.5 and 13*5 days respectively.
Tne “’■“‘SO ^or -ifth instar larvae witn the above
donas ueie l.-a 13.2 i and 12.81 Gave. Tho ^3-^ values
of the d?V te cglj Cornlca for cobra caterpillar.

, 5taza.nLca pi eta aero found to be C3 P-Os/mm and 3300 
iPHs/mn’* or diet surface for the first aac. third instar 
rospecw-vei/ ^uapinera end canooct, 1979).

nvono (1931) reported a 3400 folu increase in 
of *l-‘ J from n ?  first to fifth ins tar larvae of 

.ia.sestra brassiege i.hile w u  late fifth anu. sixth instar 
larvae ueee virtually resistant to virus infection, 
odmoo (1931) estimated the of t m r d  las ter of
Spo-gptara exenota as 4d.s fiuj/iorm and vameu.
frcsn 140. 2 and 221.3 tours doponaing upon do ago •

2.7.2. Field efficiency of

-h. forest I'ects controllad by the use of nuclear 
p ilynodrosic viruses '.nclude pine saufly. joouinrton
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aartifer (Bird, 1953), Groat basin tent caterpillar, 
Malacosoma S s agile Stretch. (Clark and Thompson, 1954), 
ftettls bagworm, KQtochalla -iunodl Haylacrts (Qjsowski, 
1960), Spruce sawfly, liiprion harevnlae (Bird and 
Burk, 1961) Jack pina sawfly, Diprion swainal 
(Smirnoff, 1961; Cunningham and Kntwlstle, 1981),
Spruce bud worm Chorlstoneura Cumlfarana (Stairs and 
Bird, 1962) and Gypsy moth, Porfcnetria dinoar (Hollinson 
et si., 1965, Lewis, 1901).

Many experiments were conducted on the control of 
cabbage looper, £ ,  ni by raaans of nuclear polyhedroBis 
virus. Hail (1957) obtained 100 par cent kill by a 
single application of 10 million polyhadra per ml 
while KcEvjen and Harvey (1958) found that 0,94 BE per 
acre was sufficient to initiate on epizootic. Hof fra as tor 
and Ditman (1961) reported the control of cabbage 
looper by weekly spraying of HPV at the rate of 5 h s /  

acre while Getzin (1962) recommended weekly applica-
O

tion of 9.5 x 10 PiBs/acre. Xgnoffo et al., (1965) 
reported successful control of batt worm H. sea and 
tobacco bud worm H. virescons on cotton by the applica— 
tion of Baculovirus ftaliothla.
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The NPV of Heliothis was applied on cotton at 
the rate of 10 to 100 6B per acre and it nad shown 
increasing yield (McGarr and ignoffo, 1966). Results 
of the field experiment by Allen et al., (1967) 
showed that five concentrations of NPV 1.5 x IQ11,
3 x 1011. 6 x 10U , 13 x 10U  and 18 x 1011 PlBs/acr* 
compared favourably with insecticides in controlling 
these pests. Other workers aloo reported similar 
results (Kinzer et al., 1976) though in some cases 
only marginal control was obtained (falcon et al.. 1965* 
.tfcGarr, 1968). Chapman and Bell (1967) reported that 
tha virus 6 x 10^ to 6 x 10^ PIBs/acre was as good 
as or batter then the insecticidal treatments.

Oatraan et al., (1970) raported that the NPV of 
Hsliothts, 228 I>B por acre caused 77 per cent marketable 
ears. Creighton et si., (1971) tasted H, zea NPV for 
controlling tne tomato fruit borer and found that 
fruit damage by H, aaa was 37 and 47 per cent for the 
two NPV formulations compared to 61 per cent damage in 
control.

Vail et al., (1972) also reported that in field 
plots of lettuce treated with NPV suspension of T. nl 
and a. cailforalca gave adequate control of cabbage
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loopar and beat armyworm* Pive applications of NPV at 
1.8 x 1011 PIBs/acre suppressed tha larval population 
of cabbage looper and tha crop protection achieved, 
indicated that this virus was as effective as commercial 
Insecticides (Jaques, 1975),

Jaques (1977) found tha efficacy of the HPV of 
cabbage lcoper at 7.5 x 1011 Pias/ ha for controlling 
tha cabbage loopar and the control obtained was compara
ble or batter than that by Bacillus thurlnalansis or 
chemical Insecticides.

Kostatter et al., (1979) and Vail at al., (1980) 
also found that the virus of A. callfomlca to be 
potentially useful pathogen for the field control of 
T. pi. Tho control obtained was comparable with that 
of chemical insecticides and Bacillus thurlnalensis.

The results Detained by dcntharam et al*, (1980) 
indicated that a field dose of 100 BC of NPV of S.Iltura 
*was sufficient to cnock the past population on cotton 
appreciably. Increase in mortality of larvae was more 
when the virus was sprayed along with molases. The 
s. Iltura virus at 7.5 x IQ11 PIB and 15 x IQ11 PIB 
equivalent to 125 and 250 B3 per ha and difiubenauron
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0*01 per cent gave only lees then 30 per cent control 
49 hours after application* Bub alter one week all 
the treatments gave good control of S, iltura on 
tobacco (6 an therein and Balasubramanian, 19B0).

2,7*3* Persistence on foliage
Continuous exposure at high field temperature was 

found to affect viral stability and inhibit viral multi* 
plication* (Bird, 1955/ Thompson, 1959/ Igr.offo, 1966b)• 
According to smith (1967) inclusion viru3ee could persist 
longer than non-lncluslon viruses because tho protina- 
caous crystal protected tho virus from the effect of 
unfavourable environment, ignoffo (1968) observed that 
the environmental factors such as light, tamperatura, 
rainfall, free water, pH and plant Interaction night 
have deactivated field applied viruses* But normal 
range of physical components of the environment were 
not found to ba destructive to most viruses* Laboratory 
tests indicated that normal field temperature (10-30°C) 
did not adversely inhibit viral activity or viral 
stability in diseased caterpillars.

The inactivation of Baculovlrug hallo this under 
field conditions was attributed to high temperature
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(Gudawskas and Cenerday, 1968), Eolar irradiation 
particularly in the UV spectrum (Bullock et el., 1970)

Cunningham (1970) found that tha nuclear poly- 
hedrosis virus of eastern hemlock looper, Larobdina 
flscollorla fiscellarla on balsom foliage remained 
fully effective for three days after spraying, declined 
in pathogenicity from the fifth day and uas completely 
Inactivated by tenth day.

Okaaa (1972) observed that the viral activity 
of the nuclear polyhedrosis of £. litura decreased 
rapidly after spraying under outdoor conditions, but 
much less in a glasshouse or darkroom. Under outdoor 
conditions tho polyhodra appiied in the spray with 
gelatin retained their activity than those applied 
without gelatin suggesting that tha thickness of 
gelatin coat on the polyhadra was a factor in preserving 
Viral activity.

Andrews and Sikorowski (1973) reported that 
persistence of nuclear polyhedrosis virus of H. gea 
was lost at night. Dew from cotton foliage was shown 
to contain various alkaline substances and the virus, 
although not affected by a pH of 9, but 99 per cent
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inactivated at pii 12. Such inactivation of Baculovirus 
of BaliothlE under fiald conditions was attributed to 
high pH of dew on cotton foliage (Andrews and Sikore/uski, 
1973r Mcload et til., 1977), Ignoffo et al*, (1974) 
found the half life of HPV of Hsliothis on soybean 
foliage to be between uwo and three days. Persistence 
of the virus was increased by the use of protectants 
and by caging the plants during day time.

Young and Yearian (1974) studied tho persistence 
of Hollothis nuclear polyhedrosis virus on foliage of 
cotton, soybean and tomato and found that the inactivation 
was most rapid on cotton with little activity remaining 
after 24 hours. persistence was significantly better 
on tomato than on other plants.

Boome and Daoust (1976) found that the activity 
of NPV of H. armiaera persisted more than 60 days after 
spraying. Sntwistle and Adams (1977) observed prolonged 
retention of infoctivlty of the NPV of Gllnlnia hercvnlaa 
on the foliage of spruce species.
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2.7.4. Effect of sunlight and ultra violet light on the
virulence of nuclear nolvhedroals viruses

Ultraviolet light was reported to deactivate 
viruses under laboratory conditions (Uatanobs, 1951;
Aizawa. 1955) • According to Hlrt et al.. (1960) and 
Turner and Kaplan (1965) sunlight 0V although not 
directly responsible might indirectly activate or 
catalyse reactions which resulted in viral instability 
and loss of inactivity. Bullock (1967) observed that 
tha HPV of Hallothis applied on cotton foliage lost 
most of its viral activity in one day and he attri
buted UV light to be a reason for this loss. Cantwell 
(1967) found that the HPV of I. ni and Untlqiaans acreae 
ware inactivated whan exposed to direct sunlight for 
three house.

Jaques (1967a) showed that deposits of polyhadra 
of cabbage looper virus on cotton foliage was practi
cally non-infactive one month after exposure to weather
ing and sunlight was attributed to this inactivation. 
a case of photo-reactivation of a UV inactivated granu
losis virus of Pieris rapae Linnaeus when exposed to 
direct sunlight immediately after exposure to the former was
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.studios on tho HPV of Datibdlna flscollaria
Bomniarj.a by Morris (1971) shoted -that UV radiation

oof predominantly 3600 a wavelength was slightly viricidal 
and that gamma radiation caused no substantial reduction 
in pathogenicity of tho virus* Out exposure to sunlight 
beyond £ivo hours decreased the pathogenicity of the 
virus and only eleven pec cent pathogenicity persisted 
aftar 3S hours.

Okada (1972) i'ound that tho viral activity of 
inclusion bodies o£ tne HPV of .[_• Iltura decreased 
rapidly after spraying under outdoor conditions but 
much lass in a glass house or dark room, die HPV of 
Malacosoma disstria was inactivated within 10 hours of 
exposure to sunlight (Broome at al,, 1974), kathika 
and Jacob (2974 c) reported that tha HPV o£ a. maurltia 
an thin films of PiBs on glass surface lost most of 
its infactivity oftor 96 hours o£ exposure to sunlight, 
okada (1974) found that egg albumen, egg yolk or arti
ficial diet and excreta of the larvae wore as effective 
or batter than gelatin In protecting tho nuclear poly™ 
hedroaie virus ol S. litura from inactivation by sunlight.

reported toy David end i'agnus (1963) •
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Elgaa (1975) suggested that tha rat* of Inactiva
tion depended on tha degree of exposure to weatharing 
and the persistence of the virus depended on this and 
tha concentration of tho bus pons ion, Eanoskaet al«»
(1975) observed on activation of virus of £« Californios 
by exposure to ultraviolet rays of 320 nra for 60-420 
seconds, deques (1977) reported that tha nuclear poly- 
hedrosie and granulosis viruses were rapidly inacti
vated by exposure to sunlight, strong acids, or alkalies 
and high temperatures, Inactivation by sunlight was 
apparently the mo3t important factor causing loss of 
activity of viruses in the field.

ClNarayanan et al., (1977) found that NPV of 
s. Iltura could not withstand prolonged day light and 
haat under field conditions and suggested that repeated 
application of the pathogen might be necessary for 
effective control of tha pest.

Tha NPV of Mvthimna separata was found to survive 
normal field conditions as regards temperature and ultra
violet light (Kajyunath and Methad, 1978). Pawar and

Iftamakrishnan (1979) obtained complete inactivation of 
the NPV of S. Iltura in 15 minutes when exposed to UV
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light and considerable loss in infactivity by eight 
hours of exposure to sunlight.

Tirana (1982) reported that the HPV of gypsy 
aioth, nysiantria disosr was highly sensitive to small 
doses of UV light, 96 per cant inactivation being 
observed when exposed for two minutes at 230-320 nm. 
i'urthar examination under the particular wavelength, 
using UV filters, showed that short wave length of 
both artificial light and sunlight had tho most pro
nounced inactivation effect on tha virus.

2.8. teat Inactivation of tha virus

Tho thermal inactivation of tha inclusions and 
enclosed viruses was different from the tnormal inacti
vation of most proteins in laboratory testing (Aieawa. 
1953; Bergoid, 19S3) . Several workers reported that 
higher field temperature affected viral stability and 
inhibited viral multiplication (Bird. 1955t Thompson, 
1959).

Korris (l97l) reported that heating the **?y of 
Lamb din a fiscal lp.ri a somniarla at 45°C for 200 hour® 
did not affect the final percentage of mortality.
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arsons et al., (1974) reported that tho ten hour 
exposure to sunlight caused total loss of activity 
of agusoua suspension of HPV of Malacoaoma dlggtrla.

Hair and Jacob (1976) found that the HPV of 
p. rlclnl was highly Ineffective even after 96 hours 
of exposure to a constant temperature of 35°C. 
nactignoni and Iwai (1977 »’/) studied the thermal 
inactivation of two strains of the HPV of prgyia 
paeudotaugata and found that they were Inactivated by 
a first order of reaction at 55°c and 6Q°C. Hie SV 
virulent strain lost its infactivity completely when 
exposed to 60°c for 240 minutes while the HV strain 
required 1320 minutes for complete inactivation at 
60°C. stairs (1978) reported the complete cessation 
of development of HPV of Galleria roallonella at 40°C. 
Pavar and Ramakrlahnan (1979) observed a gradual 
decline in the infactivity of S. Iltura HPV with pro
longed mxpoauru to 40 and 50°C.

Stairs end Milligan (1980) reported that the 
SO par cent of inactivation of HPV of £. mdlonalla 
was obtained with exposure to 42°C for 329 minutes.
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She purified virus had a higher initial virulence 
than crude virus and tha latter persisted longer 
in the field (Clnagar and Abdul Maoar, 19SO) •
Boucias et al. (1980) observed that tha HPV of velvet 
bean caterpillar, Anticarsla aemmatills Bubner 
replicated effectively at 26.7°C but tho incubation at 
higher temperature of 32»2°C caused 30~50 par cant 
mortality than at lower temperature.
2.9. Safety of nuclear oolvhedroalB virus

2.9.1. Safety to parasites and predators

Beegle end Gatman (1975) studied tha affect of 
nuclear polyhodrosio virus on I ni and its parasite 
Hypoootear exicua Vier. No difference in tha fecundity 
of parasites fhaa developed on virus infected hosts 
end those developed on uninfected host was noticed.
Female parasites laid as many eggs in virus infected 
host as they did in uninfected hosts.

Kaaoan and Gronor (1977) onserved that whan adults 
of Trichogramina cacoeciae Harchal ware exposed to a fresh day 
deposit of an aqueous suspension of the HPV of Hamestra 
bgassloao L , , there was no seduction in tneir parasitising
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ability. St was also shown that the deposit of viral 
suspension had no rapailant effect on the parasite.
Share was no adverse effect on the larval feeding 
capacity# adult female fecundity or egg viability of 
Cnrvsoon camoa staph.

ftaimo et al., (1977) reported that the larvae
e

of b. diaper reared on artificial diet when exposed 
to parasitism by females of Aoantales malanosealus Hats., 
which had been contaminated with the HPV showed no 
significant difference in emergence.

Jests on pathogenicity of the npv of ii. armiqera 
against emerged adults of four indigenous and eight 
ejcocic parasltoids, two species of chrysopa (ooth adult 
and larva®) two species of Coccinellid predatere, ono 
species of predatory mlto revealed that HPV was safe to 
all parasites and predators tested (Narayanan, 1980).
3.9.2. Safety to productive insects

Dhsduti and Mathad (1980) observed that the HPV 
of Kyfchlmna sopgrata Ulk. caused no significant harm to 
colonies of hrsis corana indies P. Narayanan (1980) 
reported thet the HPV of H. armfcrega was safa to two 
spades of silkworm.
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2.9.3. Safety to birds and flohas

Ignoffo (1963) conducted feeding tests of HPV 
of H, ;;ea to English sparrot/. Valley quail and 
Mallard duck and found that the NPV wan safe to the 
test organisms. Narayanan et al./ (1977a) reported 
that tha Spy of Araaacta alblstrlca wlk«, was harmless 
to comaion carp, Cvorinus carplo Lin,, Narayanan et al.,
(1978) observed that poultry birds when fed with the 
nuclear polyhedrosis virus of A, alblstriaa and a 
single heavy dose of 0.1 ml of tha virus suspension 
containing 16.48 x  103 plBs/bird did not show any 
dearrangeraent in their general condition, internal organa 
and biochemical content of blood.

Detailed studies were conducted using tha HPV of 
H, armlqara against two species of fish and poultry 
birds by Narayanan (1979). No deleterious effect, 
directly attributable to tha virus was observed.

Lautenscnlagar ot al., (1980) studied the natural 
occurrence of tha NPV of tho Gypsy moth, L.diaoar in wild 
birds. Infectious polyhadra wore found in the gut content 
of blue jays (Cvanositta cristata; Lin.), Towhaes 
(Plpllo erythrophthalraus) Jerd.), Pod backed Volac 
(Clathrlonomya gqoparl: jinn.) But ho observed that the 
birdp served only as carriers of the Virus,
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2.9.4. Safety to mammals

Xgnoffo and ila impel (1965) tested tna NPV of 
15* aaa on white mice and guinea pig. iSica and guinea 
pig were exposed to virus powder (500 g/raouse and 
100 g/guinea pig) in closed containers £or two hours 
and the animals were observed £or two months, dona of 
them became unhealthy and all the test animals made 
normal weight gain over the test period. Helojpal (1966) 
carried out a similar test with the HPV of T* ni and 
found that thore was no evidence of toxicity or patho
genicity to the animals tested, hautanachlager and 
Podgwaite (1977) found that white footed mouse 
(ParonvacUB leucooua, fdn) and short tailed onrew 
(Blaring bravicauua j Bin.) and two small mammal predators 
of Lymantrla dispar Hotsch., passed significant amount 
of tha nuclear polyhedrosis virus through their alimentary 
tract, resulting in the distribution of HPV in the 
natural environment.

Narayanan et al«. (1977b) exposed white mice to 
Baculovlrus amaacata and found that the animals wore 
healthy and there was no change in thoir bodily appear
ance. behaviour and feeding activity. Histological 
examination of heart, lungs, livor. spleen, testes and
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ovary showed no evidence of tissue damage and they 
ware similar to the corresponding tissues of the 
healthy animals.

hautenschlager et al.. (1977) reported that no 
adverse effect of NPV could be datected in white footed 
mica (Paramvacua leeuopuaj Lin.) short tailed shrew «
Blarlna bravfcauda) and Didelohio Virginiana Lin*. 
wi»n they ware fed with NPV infected larvae or provided 
with PXBs mixed in dog food or whan applied in a 
standard spray formulation.

Detailed studies were conducted using tha NPV of 
H. artnlqera against white rats by Narayanan (1979).
He found no deleterious effect directly attributable 
to tha NPV of H» armlqera on test animals when the 
virus was administered orally.

Lautenachlager et al.. (1980) studied the natural 
occurrence of NPV of tha gypsy moth h. dlsoar L. in mammals. 
Infectious polyhadra ware found in tha internal content 
of white footed mice (paromvscus leucopus), raccon 
(Prooyon lotorjbln.h and chip munta ('lamias atrlatus Hume.)
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It was noted tnat the mammals acted as passive carriers 
of the virus and aided its dispersal*

Dollar and Groner (1981) reported that the NPV 
of Mamestra brasslcag L. did not replicate in verte
brates and there was no risk to vertebrates in the 
use of tho virus for the biological control.



MATERIALS AND METHODS



MATCRlAtiS Al© MS2H0D3 

3*1* Mass culturing of Qolsina aranosella

Materials used for rearing the insects(troughs* 
bell jars and plastic containers) wera sterilised by keeping 
them immersed in 0*5 per cant sodium hypochlorite solution 
for one day (wlttig, 1963). They were then 'washed in 
distilled water and air dried* Tha smaller glasswares 
and tubes were sterilised by Keeping tham in a hot air 
oven at 180°C for three hours.

The initial culture was built up with eggs of 
0, arenosella collected from field* The eggs were surface 
sterilised by immersing the leaf bits containing the eggs 
in 10 par cent formalin for one hour (lienneberry and 
Kiohaba, 1966)* They wera then washed in several changes 
of sterile water and tne moisture was than removed by air 
drying. Those eggs were Kept in clean sterilised glass 
trough for hatching. A bouquet of tender leaves of coconut, 
with the basal portion covered with wet cotton swab to 
maintain turgidlty. was provided in the trough as food for 
the emerging larvae (Fig.l). The top of the trough was 
covered with muslin cloth. On the third day of emergence the
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larvae were transferred in batches of 25 to 30 into 
sterilized glaao troughs containing fresh coconut 
leaves • She leaves wera then changed once in a weals* 
Larvae showing symptoms of diseases wera promptly 
removed from the culture* Tha larvae generally pupated 
on the leaves within tha silken galleries and the 
adults emerged in 7 to 10 days*

The adults were kept in glass battery jars for 
egg laying (Fig*2) in batches of five pairs. Ten per 
cent honey in cotton swab, was provided as food for 
the moths* Egg laying commenced one to two days after 
emergence and it continued for three to four days*
Fresh leaves were provided daily in the Jaro to serve 
as substrate for egg laying* Leaf bits bearing the 
eggs were cut out and the eggs were sterilised and 
used for further roaring as described earlier*

3*2* Multiplication of virus Inoculum
Tha primary inoculum was obtained from a dead 

larva of arenosella collected from field and poly
hedral suspension was prepared in distilled water* 
it was fed to the early instars of O* aronoealla in 
the laboratory by contaminating the coconut loaves 
used for feeding them* The polyhadra were collected



Fig* 1* A bouquet of coconut leaf exposed 
for egg laying*

Fig. 2. Opisina arenosella adults exposed to coconut leaves in glass jars for egg 
laying.
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from  in fe c te d larvae following the mathod described 
by smith (1967). Tba dead larvae were allowed to 
putriSy in distilled water in large conical £lasks 
for two to three weeks at room temperature. The 
polyhadra which settled aa a thin white layer at the 
bottom were collected and purified by filtration and 
differential centrifugation. The polyhadra wore also 
extracted by mascaration of dead larvae in a warring

Iblender and further purification by centrifugation. 
Tha purified polyhadra were suspended in sterile dis
tilled water and stored in a refrigerator at 4°c.

3.2.1. Preparation of a stock, suspension of the 
polvhsdra

Tho concentration of polyhadra in the stock ous
epension prepared uao estimated by a Wowbaur double 

ruled hae.i-.oey toaster following the method of bawls
7(I960). A stock containing 1.96 x 10 PlDs/rai was 

prepared by adding required quantity of sterile water 
and the same was used as a stock suspension in all 
the experiments.

3.3. Selection of tast larvae
Syu^tomatoiogy and incubation period of tha virus 

were studied in all larval instars. F o r the other
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experiments third instar larvae collected within six 
to eight tours after the second moult alone were used.
But for the transmission studies late fourth instar 
larvae were used.

3.4. Inoculation of caterpillars wltn the virus

She spot feeding technique developed by Jacob (1972) 
was adopted for all the inoculations. Pieces of middle 
aged coconut leaflets were fixed on a thick cardboard 
with pins, the undersurface of the leaf facing down, 
pieces of papor gum tapes, one inch square, with a 
circular hole of 6 mm diameter punched in the middle 
were pasted over the exposed surface, with a micropipette, 
0.05 ml of the polyhedral suspension containing 0.1 per cent 
teepol os wetting agent was placed on each of the circular 
exposed leaf discs and the suspension was allowed to dry 
at room temperature, one larva each was confined to each 
inoculated spot by rising an inverted penicillin vial (Pig,3). 
Larvae similarly fed with 0,05 ml of 0*1 per cent teepol 
in water served as control. Ths larvae which had completely 
ingested the treated leaf disc in 3 to 12 hours were 
transferred to glass troughs in batches and were supplied 
with virus free coconut leaf.



Tig* 3 Spot foafling tochni^ue Cor inoculating 
21PV to uhc. larva© oi QoXoina arenonella



Cl/S
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3.5. Diagnosis of the disease

Tho larvae dying with viral infection were diagnosed 
by microscopic examination of squashed preparations of 
tissues for the presence of polyhadra*

3.6, 'Jlcctron mlcrograDfty

The electron micrography of tne virus was got done 
by EI2P.C institute of Virology* Oxford* England.

3*7. .ii9topathology

Third instar larvae of 0. grenogella wore inoculated 
with a viral suspension of 1*96 x 10 PXOs/ml as described 
earlier* At 24 hour intervale and upto 144 hours after 
inoculation* throa larvae each from the inoculated and 
control groups wars collected at random and used for 
hiatopathologioal stuaias. A similar sat of larvae fed 
on o.l per cent teepol alone served as control* The 
larvae uero fixed in hot alcoholic Bouin's fixative.
After tan minutes smaller specimens cut into too and 
larger ones into three pieces uerc transferred to fresh 
fixative ond were kept at room temperature for 24 hours 
(Drake and McEwen* 1959). Than they were washed repeatedly 
in 70 per cent ethanol until the yellow colour was 
completely removed. The specimens wora dehydrated in 
an ethyl alcohol-butyl alcohol aeries and embedded in
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paraffin. Serial longitudinal and cross sections veers 
taken at five microns Mid were given azan stain as 
recommended by Hamm (196b)*

3.3. Assessment o£ tha mode of Virus transmission of 
tha npy to tha orogeny of the host

Two hundred^fourth instar larvae of o, aranogella 
were inoculated with polyhedral suspension containing

f*1.96 x 10 PXBs/ml by tha spot feeding tsecnnlque.
Another set of two hundred larvae of the sente age group 
fed similarly on coconut foliage treated with one per 
cent teepol in water served as control. Both lots 
were reared under aseptic conditions in glass troughs.
The pupae obtained from both groups ware kept separately 
in glass troughs. The moths on erasrgence. were grouped 
in batches of five pairs for egg laying as described 
earlier.

3.0.1. Assessment of transovum/tranBOVarlel transmission

One batch of eggs laid by moths obtained from virus 
treated larvae was surface sterilized by soaking them 
in ten per cent formalin for one hour. Another batch 
of eggs laid by the same groups of moths was left unsteri- 
lizod. Pour replications of SO eggs each from tha atori-
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lized and unstarilizsd lots were kept separately for 
hatching and symptoms of infection in tho emerging 
larvae were observed* similar lots of eggs laid by 
moths obtained from untreated larvae were Kept without 
surface sterilization as ccntrol. Tho larvae ware 
reared In the laboratory on fresh food material and 
the larval mortality, pupation and adult emergence 
were recorded*

Another lot of eggs obtained from moths which 
developed from virus treated larvae were divided into 
two batches* The first batch of eggs was throughly 
homogenised in a mortar and pestle, filtered through a 
cheese cloth and the filtrate was made upto a known 
volums by adding sterile distilled water, The second 
batch of eggs was surface sterilized by immersion In 
ten per cent formalin for one hour and a homogsnate was 
prepared as described above* The viral activity of the 
above homogenates mixed with teepol (0*1 per cent) was 
tested against third instar larvae of O, aranosella 
adopting tha spot feeding tecnnlque. Another set of 
larvae fed on leaves smaarad with distilled water con
taining 0*1 par cent teepol alone served as control* The 
larvae in each treatment ware reared separately*
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There ware four replications of 25 larvae each for every 
treatment* Tha larval mortality, pupation end adult 
emergence ware recorded*

3*8*2. Transmission through virus fed moths

Adults developed from disease free larvae reared 
under aseptic conditions were used in this experiment*
Five pairs of adults were fad with a polyhedral ouspon-

nsion of 1*96 x 10 PZBs/ml in 10 per cent sucrose solution, 
each pair was confined in a wide mouthed glass bottle*
The mouth of the bottle was covered with a nylon not 
over which was placed a cellophane disc of 5 cm diameter 
with a 2 mm hole punched at its centre* A cotton swab 
coated in the polyhedral suspension in sucrose solution 
was placed outside the cellophane disc and at the centre* 
The cotton swab was then covered with an inverted potri- 
dish to prevent drying* Tho bottle and petridish were 
again inverted and Kept* The moths could thus be fed on 
the HPV mixed food avoiding contamination of the body 
with the virus* Moths fed similarly in 10 par cent sucrose 
solution alone served as control* The moths ware then 
kept in tha laboratory in pairs for egg laying. Tha re 
were four replications for each treatment including 
control. Twenty five eggs collected at random from each
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replication was surface sterilized in 10 per cant formalin 
for one hour and kept for hatching* Another set of 25 eggs 
collected from the same pair was kept without surface 
sterilization* itarvae devalopsd from each replication 
were reared separately* Larval, pupal mortality and 
adult emergence were recorded.

3.8*3. Transmission through contamination of fanale 
genitalia

Ten gravid female moths reared from healthy larva* 
under aseptic conditions were selected, a polyhedral 
suspension of 1*96 x  10 PIBs/ml containing 0*1 per cent 
teapol was smeared on the abdominal tips of five female 
moths using a carnal hair brush. Abdominal tips of tha 
other five female motho were smeared with 0.1 per cant 
teepol alone and they served as control* The moths were 
than confined separately for egg laying* The eggs laid 
by the contaminated moths ware divided into three batches 
of 50 each* One batch in each case was surface oterilized 
in 10 per cant formalin for ona hour* The other batclies 
of eggs in each won kept without surface sterilisation 
and the emerging larvae were reared as above* An equal 
number of eggs obtained from contaminated moths was 
also kept for hatching and the larvae were reared separa-
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taly. Larval and pupal mortality end adult emergence 
were recorded* There were three replication* of fifty 
eggs each«

3.9. Assessing croae-lnfectlvltv of the virus to the 
larvae o£ different families of lepldooetera

croos-infsctlvity of the nuclear polyhedrosis virus 
of 0, aranosella to Soodootera lltura F. (Hoctuidae)« 
Perlcallla rlalnl F, (Arctiidao) and Suorocfcis frateroa 
Moore. (Lymantridaa) on castor. Spodoptera Kiauritla Bosid. 
Oioctuidas) and Cnaohalccrocis medinallo Ouen.(Pyralldae) 
on paddy. Jincrlsla oblljua Hlk.(Arctlidae) on sweat 
potato. Orthaqa exvlnaeane H. (Pyralidoe) on mango. 
Andadavldla peponls F (Hoctuidae) and Maraaronla lndlca 
saund.(Pyraiidae) on snakegourd and Svlaota derogata F. 
(Pyrnustldae) on behind! were studied.

The test larvae ware fad with leaves of their 
respective host plants treated with a concentrated poly- 
hadral suspension(1.96 x 10 PlBs/ml) containing 0.1 per cent 
teepol as wetting agent. After feeding on tho treated leaves 
for ona day the larvae were transferred to fresh uncontamined 
leaves and reared until pupation or death. Thera were twenty 
five larvae in each ssplication and three replication for each 
host. An equal number of larvae fed on laaves dipped in
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0.1 per cent teepol alone was kept as control* Obser
vations were made on larval mortality* pupal mortality 
and adult emergence* The larvae dying with viral Infection 
were diagnosed by microscopic examination o£ the squashed 
preparation of the tissues for the presence of polyhadra. 
Xhe concentration of polyhadra in the stock suspension 
was estimated by techniques described earlier* The 
purified polyhadra obtained from oaoh host was suspended 
in sterile distilled water and fed to the laboratory 
reared third instar larvae of Q.aranosella adopting spot 
feeding technique for assessing the pathogenicity of 
tha pathogen obtained from different hosts*

3*10* Evaluating the efficacy of tha virus against 
0. arenosella

3*10*1* Bloasaav of tho virus

Eight serial dilutions of the Pias were prepared from 
the stock suspension and lowest six serial dilutions ware 
used for the first instar larvae where as highest six 
serial dilutions were used for the other larval instars.

The test larvae ware drawn from tha disease free laboratory 
stock of arenosalla. All tha five larval' instars were 
used in the bioaeoay* Larvae of uniform age and size 
were used for each assay. Larvae were inoculated with



tha virus by tha spot feeding technique* After feeding 
the treated bits, fresh bits of coconut leaves were 
supplied to the larva confined individually in specimen 
tubes. Tha treatments were replicated Sour timas with 
ten larvae in each replication* The larval 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 smears from do ad larvae*

Tho mortality data ontained were subjected to probit, 
analysis (Finney# 1952)* The bC^Q of tho virus for each 
larval instar uos calculated* Tha LT^q values for the 
various doses of PIBs also were computed*

3*10*2* Persistence of tha virus on coconut foliage

Sight year old coconut palms grown in open field were
selected for the experiment* Sight hundred and forty^
6 mm diameter spots were marked on leaves which were
within reach from ground* loavaa under shade were avoided
for the purpose* Five micro litre of the virus suspension 

*7(1*96 x 10 FXBs/ml) containing 0.1 per cent teepol was 
placed over each marked spot on the leaves* Areas 
treated- similarly with five microlitres of 0*1 per cant
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teepol in water alone carved aa control. Thirty 
treatsa leaf spots eaoh ware cut out £rom tha treat
ment and control, at intervals of 12 hours and upto 
the and of 168 hours after treatment. The viral activity 
was assayed by allowing one third instar larvae to feed 
on each spot adopting the technique described earlier.
The leaves were maintained under room temperature which 
ranged from 28,5°C to 31.5°C and the relative humidity 
ranging from 70 to 80 per cent. Incubation period oi 
the virus, larval mortality, pupation and adult ennrgence 
were recorded. The data obtained were subjected to 
statistical analysis and LT^p values were also computed.

3.11. Effect of continual exposure of the nolvhedra to
a constant tamperatura of 3S°C on the viral activity

Dried films of polyhadra were prearad in thirty- 
nine patridishes and they were exposed to a constant

rttemperature of 35 C In an incubator. A similar lot 
kept under room temperature in another Incubator 
(disconnected from electric mains) served as control. 
Three dishes each were removed from both the incubators 
at 12 hour intervals upto 156 hours. These were cooled 
to room temperature and the HPV in each dish was then
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suspended in two ml sterile distilled water containing 
0*1 per cent teepol. The virus activity of these sus
pensions was assayed against third instar larvae o£
O. aranosella adopting spot Seeding technique. Ten 
larvae were used for each replication. The larval 
mortality at different intervals after ingestion o£ 
the virus was racorded. The data were subjected to 
statistical analysis and the values were also 
computed.

3.12. Effect of Infra-rad rays on viral activity

Air dried film of polyhadra prepared in thirtynina 
patridiohao os in tha previous experiments 'were exposed 
to infra red rays emitted from a Philips 150 u infra red 
lamp kept at a distance of 30 era from the sample. A 
similar lot kept under room temperature without exposiive 
to Infra rad rays served os control. At 12 hour intervals 
three patridishas were removed from the light source 
and frost the control group. Tha PIBs in aaah sample was 
suspended in two ml atarilo distilled water containing 
0.1 par cent teepol. Tha viral activity of the suspen
sion was assayed against third instar larvae of 
o. aranosella as in tha previous experiment. The larvae 
wore than kept at room temperature. Tha larval mortality



54

was recorded. Tha data obtained were subjected to 
statistical analysis and the values were computed.

3.13. effect oS ultraviolet light on viral activity
7Two ml aliquots of a suspension containing 1.96 x  10 

PXDs/ral vers taken in clean sterilized petridishas and 
the suspension in each dish was alloi;Qd to dry as a thin 
film under an electric fan. The dried films of polyhadra 
were then exposed to uv rayc omitted from a Philips UV- 
germleidal lamp kept at a distance of 30 cm from the 
dishes. Thirty nine dishes ware thus set up. some 
number of dishes with virus film kept in the laboratory 
without expon&ve to UV light served as control. A t  

12 hour intervals three patridishes each were removed 
from the UV source and control. Tha NPV in each dish 
was suspended in two ml sterile distilled water contain
ing 0*1 per cent teepol. The suspension from each dish 
was assayed by exposing ten,third in star larvae of 
O. aranosella adopting spot feeding technique. The 
larval mortality was recorded* The experiment was 
carried out under room tamparaturo onion ranged from 
28.5°C to 30.5°C and relative humidity ranging from 03 
to 90 per cent. Tho data obtained were subjected to 
statistical analysis and the iffigQ values were computed.
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3*14* Safety of tha pathogen
3.14.1. Susceptibility of silkworm to HPV of 0. aranosalla

These studies ware conducted on third Instar larvae 
of Bombvx marl. Twenty larvae were inoculated with 
0.05 ml of polyhedral Inclusion bodies (1.96 x  109) as 
done in the case of o. aranosella. An equal number of 
larvae were allowed to feed on mulberry leaf discs 
treated with sterile distilled water containing 0.1 per 
cent teepol alone which served as control. When tho 
leaf spot was oaten completely the larvae ware reared 
in individual labelled containers, fresh uncontamlnatad 
mulberry leaves were provided daily. There wero four 
replications for each treatment, fcarval mortality, 
pupation end adult emergence were recorded*

3.14.2. Susceptibility of Bracon brevicomln to HPV 

°f 0. aranosella
Adult of 8. bravlcorals reared under aseptic condi

tions were usad in this experiment, fifty early third 
instar larvae of £• arenoaella were inoculated with 
polyhedral suspension of 1.96 x 10 PIBs/ml adopting the 
spot feeding technique* Another set of larvae of the 
same age group fed with virus free coconut leaves served 
as control. Inoculated and untreated larvas were reared
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under aseptic condition* They wera divided into five 
groups of 10 each. Ten adults of B. bravicornls were 
reloaaed into each tube* The adult mortality* general 
behaviour* and fecundity of the parasite were recorded*
The emerged parasites wera reared separately in labelled 
gloss specimen tubas for recording the disease develop
ment if any*

in a second experiment ten pairs of adults of 
0, bravlcornls were fed with a polyhedral suspension of 
1*96 x I07 PXBs/ml in 10 per cent sucrose solution 
provided in cotton swab Kept at the side of glass tube*
The mouth of tho tube was covered with muslin cloth*
Adults fed similarly with 10 per cent sucrose solution 
alone served as control* Five replications were Kept 
for the treatment end control* After feeding* each 
group was given third instar larvae of £* aronooella 
for oviposltion* The general behaviour of the parasite 
and adult mortality were recorded. The tests were 
conducted at room temperature ranging from 25 to 26°C 
and relative humidity of 37 to 90 per cent.

3.14*3. Susceptibility Of Trlchoaollus pupivora to HPV
of 0* arangsella

Fifty early fifth instar larvae of 0* arenosalla ware
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inoculated with polyhedral suspension of 1*96 X 10 PIE*/ml 
by the spot feeding technique described earlier* Another 
set of fifty larvae of the same age group fed with virus 
free coconut leaves served as control* Both inoculated 
and control larvae were reared in groups of eon each 
under aseptic condition in glass specimen tubes* The 
pupae obtained from both groups were kept separately. 
Twenty T, ouolvora adults were released into each of 
the specimen tubes* The general behaviour of the para
site and emergence of adult parasitolds from the pupae 
Yjore recorded* T, ouolvora developed from each group 
of pupae were maintained separately for recording disease 
development if any*

3*14*4* Effect of tha HgV of 0. arenosgllgL on white mice 
and white rats 

Two to four week old randomly mated non Inbred lines 
of white mice (average weight 25.99£>g/ range 25r000 to 
26*900 g) wera used in the study* a highly purified virus

psuspension containing 21*44 x  10 PlBs/ral was orally 
administered @0*2 ml/animal* Ten animals receiving only 
0.2 ml of sterile distilled water alone were used as 
control. The animals i«re maintained in separate cages 
in groups of five each. Each treatment and control 
were replicated five tirass. Standard food and adequate
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quantity of water was supplied £d libitum.

The general appearance end behaviour of tha 
white mice were recorded daily and the body weight 
and temperature were recorded at weekly intervals for 
31 days*

In a second experiment 25 numbare of four to 
seven weak old randomly mated non inbred lines of white 
rats (average weight 108,20 g; range 107,40 to 109,00 g) 
were chosen and purified virus suspension containing 
21,44 x 10° PZBs/ml was orally administered Q 0,2 ml 
per aninal, Ten white rats receiving 0.2 ml each of 
sterile distilled water served as control* The animals 
were maintained in separata cages in groups of five each 
and each treatment was replicated five times while the 
control had two replications only, standard food and 
water were supplied £& libitum. The animals were exa
mined doily for general appearance and behaviour for 
21 days. Body weight and tender at uno were recorded at 
weekly intervals,

At tha end of the test period of 21 days* the test 
animals were etherised and blood was withdrawn by 
cardiac puncture from two animals in each replication* 
Potassium oxalate was used to prevent coagulation*
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The blood counts wars conducted following the standard 
procedures.

Than tho animals were dissected and wet weight of 
the important organs vis. heart, liver, lungs, spleen, 
kidney, ties tea and ovary ware recorded. Grose patho
logical end histopathological observations on the above 
organs wore also made.

3.14.S. Effect of HPV or O. arano_sclla on developing 
chick ombrvo

3.14.5.1. Selection of egos
Hundred numbers of embryonatad chick eggs ( 7 to 

9 days old) wera used in the study. Care was taken to 
select only naturally clean, [radium siaed, white shelled 
egg with a fertility rate of above 95 per cant. Shis 
ensured embryos of normal df mansion. All the eggs were 
incubated in the horisontal position. Curing the entire 
preinoculation incubation period they ware turned twice 
daily through 180° in order to assist symmetrical embryo
nic development and prevent adhesion of tha embryonic 
membranes »
3.14.5.2. Condlinq

Tha progress of embryonic devalopmont was followed 
by candling tno eggs daily during incubation period.
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Cendling consisted of viewing tha egg against a con
centrated light source# so that the shadow of the tnbryo 
and its associated structures were visible.

3*14.S.3. Inoculation

MPV was Introduced into tha Ghorio allantoio
membrane# allontoic cavity, amniotic cavity and yolk
sac. (Fig.4). Bach treatment was replicated five
titass with 20 eggs in each replication. Jgg shells
were surface sterilised by a swab lightly sgueased in
tincture of iodine. Care was taicen to avoid too much
soaking of the shell with the solution. Thay were
inoculated with 0*2 ml of highly purified viral suspen

Dsion (21.44 x 10 PlBs/ml)• "Twenty eggs receiving 0.2 ml 
of sterile normal saline served os control. The inocula
tions of viral suspension were conducted following the 
standard enfcryonatad egg inoculation technique of 
Hoskins (1967)»

The general condition of the embryo (dead/alive) 
was observed daily and at the end of the test period 
the embryos were killed by placing the eggs in deep 
freeser and chorio-allantoic mambrans# allantoic fluid# 
amniotic fluid and yolk were examined for the presence 
of polyhadra.



F i g . 4  i j e t n o d  o i l  I n o c u l a t i o n  o f  o m b r y o n a t o d  
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3.15. Field evaluation of ths virus

3.15.1. Preliminary field experiment

A preliminary field trial using four concentra
tions of the PIBs and endosulfan (0.05 per cent) as a 
standard was conducted at tha College of Agriculture. 
Vellayanl, during 1933. Teapol 0.1 per cent was used 
for suspending the PIBs in spray fluid. Tha npv used 
in the experiment was multiplied in s. lltura. Bach 
treatment was replicated four times.

Twenty four uniformly infested coconut palms 
(3 year old) were selected at random. Two hundred milli
litres of the spray fluid was sprayed on each frond 
using a knapsac sprayer. The control palm received a 
apray with 200 ml of distilled water containing 0.1 
per cent taepoi only. Observations on larval mortality 
were recorded three days after treatment. Larvae found 
living at the time of observation ware collected and 
reared in the laboratory for recording later mortality, 
if any. Tha pupal mortality and adult emergence were 
also recorded. The data were analysed statistically.
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To assess the efficacy of the virus under field 
condition a trial, using the concentration of PIBs which 
gave a mortality on par with that of endosulfan in the

*7preliminary experiitejnt vis.,22.14 x  10 PIBs/ml, was 
coiduefced along with endosulfan 0,05 per cant spray 
as standard* control treated with teepol Q./l per cent 
in viator was also included. Tha experiment was condu
cted in soma of haavily infested gardens in Qullon 
district. It was done in threa different locations 
in the area.

The trees in each location were divided into three 
blocks of thirty each, pre-treatment larval population 
was assessed by following tha methods standardised by 
George at al., (1982). On each tree the fronds were 
numbered serially. Fronds between the lowest and upper 
most attacked ones .,and the infected leaflets in them 
were counted, one fifth of the total infested leaflets 
were collected as sample at random* Thg larvae in tha 
leaflets were recorded ana tha larval population per 
tree was assessed as follows:

3.15.2. Main field experiment
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Pasts in tha leaflets sampled x Total No* 
of attached leafletsLarvas/tree=    ......- ■'■ 1 - i.— ........ ....

Ho* of leaflets taken as sample

The observations were repeated at weekly intervals for 
14 weeks* The data were analysed statistically*

3.15.3. Estimation of natural, parasitism
The extent of pupal parasitism in different plots 

of the above experiment was estimated by following the 
methods standardised by Pillai and Hair (1982). Thirty 
pupae collected at random from each plot at fifteen 
days interval ware maintained in the laboratory indivi
dually in specimen tubes. The emergence of different 
parasitoids ware observed and from the data tha percentage 
of parasitism was worked out.

Thirty pupal casea of 0. aronosolla from which the 
moths/parasitoida had emerged were collected at random 
from each plot in the experimental area at fifteen days 
intervals. Tha pupal cases were brought to the laboratory 
and examined. Based on the size and position of emergence 
hole the pupae Infected by Brachymarla sp. and Triahosnllua 
sp. were identified, counted and calculated tha percen
tages of incidence by the parasitoids.



RESULTS
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4*1. svsotomatoloay

The symptoms of nuclear polyhedrosis infection in 
tile larvae of oalsina aronosalla tilk. became evident in 
three to four days after ingastlon of the virus. The 
infected larvae became paler than the healthy ones 
(Fig.5) and soon they became lethargic showed a loss 
of appetite* They ware lass responsive to tactile 
stimuli. A dark brown fluid was sometimes seen discharged 
through the mouth which moistened the larval galleries 
on the leaves. They moulted,though the duration between 
moults got prolonged.

Two to three days prior to death the infected 
larvae stopped feeding completely, m  later stages of 
infection the body became very flaccid and they stopped 
their movement alto. Tha cuticle became very fragile end 
the whole body content became liquified and milky white 
in colour which could be seen through tha cuticle (Fig.6). 
The cuticle ruptured on tna slightest pressure liberating 
the liquified body content containing the polyhedra in 
large nimbars.

The infected larvae were found lying dead inside 
the leaf galleries and sonetimos they were seen coining



rig. 5 Healthy (top) and Diseased (bottom) larvae 
of Oplslna arenosella (three days after 
inoculation with MPV)

Pig. 6 Larvae of Oolsina arenosella just prior to 
death after inoculation of Ni?V.
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out o£ the gallerias and lying on tha loaf surface 
prior to death. The cadavers ware found sticking to 
the loaf blade with the ooalng body fluid, Ilia body 
than developed a dark colour (Pig.7) and in 24 to 48 
hours the whole body got deeply darkened (Fig.8).

Many of tha larvao which ingested the polyhedra 
in the later stages moulted as prepupae or pupae. The 
diseased pupae were dark brown while the nomal ones 
were light brown in colour. Soma of the diseased pupae 
exhibited the typical symptom of larval pupal mosaic 
also* The body tissues of tha infected pupae bacons 
disorganised, disintegrated and got liguifiad in due 
course as in the case of the larvae. The body wall 
became very fragile and ruptured easily on touchlibera
ting the body content with large number of polyhedral 
bodies, harvae when fed with nuclear polyhedrosis virus 
in late fifth instar stage pupated in course of time 
and 'gave rise to malformed adults with short and ruffled 
wings (Fig.9). In nome the moths were unable to come 
out of the pupal skin ana died within the pupal case. 
Malformed adults lacked tha normal colouration and their 
tissues and body fluids contained large number of poly
hedral inclusion bodies.



Fig* 7 Larva© o£ Qplsina aranoseila immediately 
a fte r death caused by nfv

Fig* Q Larvae o£ opisina arenooella 24 hour afte r  
death caused by NPV





Vlg* 9 Healthy motn* of Ooislna ^reaoggila (left) 
Ana aotn* infectea by NPV itigHt/



FIG 3
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4*2* 81sa and shape of polyhedra

The electron micrographs o£ the nuclear polyhedrosis 
virus of Q. arenosalla showed that the polyhedra were 
Irregular in shape, varying considerably in eiza (Fig.10). 
She surface of the polyhedra was smooth without any 
ornamentation* She carbon replicas of tha polyhedra 
did not show any surface pattern (Fig*11). she diameter 
ranged from 533*33 nm to 1666*67 nm with an average of 
1393.30 nm (Fig*12)* Section of the polyhedra showed 
that varying number of virus rods wera enclosed in one 
developmental membrane and hence it was identified as 
a multiple embedded virus (Fig.13).

4*3* Histopatholoqy

These histopathological studies were made on larvae 
hilled at the and of 24, 49, 72, 96, 120 and 144 hours 
after Inoculation with the virus. She course of infection 
as Observed in the different tissues, with tho aid of 
light microscope is presented below*

Twentyfour hours after inoculation

The polyhedral bodies were not visible in any of 
the tissues of infected larvae at this stage*



rig, 10 Kloctron micrographs o£ polyhatlra
isolated from Gaisina «rano3ella k 1JOOO





Pig* 11 electron micrograpno of carbon replica
or polyhadra ibolatad from oplsrna arenosella 
x 54000





rig. 12 Electron mlcrocjraohs or sections 
of polyhedr-a isolated from 
Opaslna arenosalla x 15000
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Pig. Electron micrographs or section of 
poly it-" dra isolafcsu ire."
Opinion arososalia. x S030Q

D Developmental manibranQ 
V Virions



FIG . 13
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ffortvelehfc hours after inoculation

idany of the nuclei of hypodermis, t a t bodies and 
corns nuclei of trachea# connective tissues surrounding 
the gut and the gut epithelium were seen hypertrophied 
with clear ring tones at the periphery (rig.14)#

Savantvtwo houra after inoculation

The infection progressed further and almost all tha 
nuclei of hypodermis, fat body# trachea# connective 
tissues surrounding the gut and gut epithelium were seen 
conspicuously hypertrophied (Fig.15). The Malpighian 
tubules# nerva ganglia and muscles were also seen infected, 
but it was only in the initial stage.

Hlnetvslx houra after Inoculation

In the cells of hypodermis, fat body# trachea# 
connective tissues surrounding the gut and in gut 
epithelium the infection had progressed further and fully 
developed polyhedra ware visible in tho nuclei (l’ig.16).
The infection in tfalpighian tubules# nerve gangalia and 
muscles also progressed further. Many cells of the 
epithelial sheath of tho gonads showed early signs of 
infection.



Fig* 14 Longitudinal sections of O.arenosella larva 
fixed at 48 hours after inoculation with the 
tJPV x 50

it - fiypodarmls 
F - Fat body 
T - Trachea 
G - Gut epithelium

Fig. 15 Longitudinal sections of _o* aranosella larva fixed at 72 hours after inoculation with the 
NPV x SO

H - ttypodermis
F - Fat body
T “ 5?raehaa
Q - Gut- epithelium
sA - xiuccles
cr - Connective tissues
[JTJ - Malpighian tubules
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one hundred and twenty hours after inoculation

The infection had spread completely over hypodermic* 
fat body* trachea and epithelial sheath of gonads* Fully 
developed polyhedra v;era visible in many cells (7ig*17).
The Infection hod advanced in nalpighlen tubules* nerve 
ganglia and muscles too*

One hundred and fortvfour hours after inoculation

At this stage many tissues (hypodermic, fat body, 
trachea) showed signs of disintegration* Fat bodies were 
seen heavily loaded with polybedra and some of them even 
ruptured releasing tho polyhedra into the haemocoel (Fig,18). 
Cells of muscles* nerve ganglia, i'ialplghian tubules* 
epithelial sheath of gonads and connective tissues surround
ing ths gut were also seen in the advanced stage of 
infection*

The precise hiatopathologlcal changes observed in 
the different tissues are detailed below*

Hypodormis

Photomicrographs of infected hypodermis at different 
intervals after inoculation are presented in Figs.19 to 23. 
The normal hypodermis consisted of a single layer of cells*



Fig. 16 Longitudinal sections of O. arenoaella larva at 96 hours after inoculation with NPV X5Q

a -  Hypodecifcts
ff -  Fat body
T -  Trachea
a -  Gut epithelium
M -  muscles
C£ -  connective tissues

Fig. 17 Longitudinal sections of 0, aranosalla larva 
at 120 hours after inoculation with NPV X50

H - rfypodarmis 
F - Fat body 
I - Trachea 
GO - Gonads
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r i g .  18 Longitudinal section os 0. aranoGella 
larva at 144 tours a fte r  inoculation  
with NPV K50

II -  ilypodornils 
V -  r a t  body 
T -  Trachea



L < t i ,  X



69

7681:109 on a basement membrane * so apparent changes were 
noticeable with light microscope at 24 hours after inocula
tion* Sari/ signs Of infection were observed in the 
hypodermis of larvae fixed at 48 hours after inoculation* 
At this stage (Flg*19) a limited number of the nuclei 
in tha hypodermis ware seen hypartrophled and they showed 
a chromatin condensation resulting in the formation of 
unified masses at the centos called 'Vircgenic stroma' 
(Xeros* 1956) with clear 'ring zones' at tha peripheral 
area* Xhe hypodarraal layar itself appeared swollen in 
most regions. Xhe infected tissues measured 2450 nm 
in thickness (mean) with a range of 1930 nm to 3020 nm*

In larvae fixed at 72 hours after Ingestion of the 
polyhedra most of the hypodermal calls had hypertrophied 
nuclei ana tne hypodermis appeared considerably swollen 
(Fig.20). on an average the infected tissues measured 
3560 nm in thickness with a range of 2979 nm to 4120 nm.

At 96 hours after inoculation the hypartrophled 
nuclei enlarged further and completely filled the calls 
and tha location of the nuclei with polyhedra in different 
levels gave it a stratified appearance (fig.21).

In larvae fixed at 120 hours after ingestion of the 
polyhedra* the cells were elongated and in many regions



Fig. 19 Section of the hypodermis of O* arenosella 
fixed at 48 hours after inoculation with 
SPV X2O0

H - Hypodermis
HN - Hypertrophied, nuclei
a - Ring sone

Fig. 20 Section of the hypodermic of 0. arenosella 
fixed at 72 hours after inoculation with 
HPV X200

II - Hypodermic
R - Ring Bone
HH - Hypertrophied nuclei
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the signs o£ disintegration were visible (Fig.22)» 
fully developed polyhedra were present in large numbers 
in tho nuclei.

At 144 hours after inoculation the hypodermis had 
more or less completely retracted from tha cuticle in 
many regions. The cells showed clear signs of disintagra- 
tion and the cell boundaries were lost tFig.23). The 
cells were seen ruptured liberating tho polyhadra into 
the haamoaoal.

Fat body

Tha changes observed in tha adipose tissues during 
the course of nuclear polyhedrosis virus infection are 
Illustrated in Figs. 24 to 28.

Tha normal fat body colic are characterised by the 
presence of large number of fat vacuoles in thair cyto
plasm, By 4B hours after inoculation the nuclei of a 
limited number of calls were ecen hypertrophied and in 
some of those tho chromatin had condensed to form central 
•Viroganic stroma* with ‘ring zone1 around (Fig.24).
Fat vacuoles were fower in number and smaller in size.



Fig.21 Section of the hypodermis of 0.
fixed at 96 hours after inoculation with* HPV X200

H - Hypodermis 
H - Nucleus

Fig. 22 Section of the hypodermis of o. arenosella 
fixed at 120 hours after inoculation with 
NPV X200

C - Cuticle 
H - Hypodermis 
N - Nucleus





Fig* 23 section of the hypodermis of o. arenosella 
fixed at 144 tours after inoculation with 
HPV X200

P - Polyhedra 
C - Cuticle H - Nucleus 
d - Hypodermis





In larvae fixed at 72 hours after inoculation tlie 
hypertrophied nuclei of infected cells enlarged further 
and completely filled the call membrane* The nuclei at 
various stages of infection could be seen in different 
lobes of adipose tissues* Even the adjacent cells could 
be seen in widely different stages of inaction (Fig.25).' (f\ 

The number of hypertrophied nuclai had increased considera
bly. The fat vacuoles waro very few in numbor and small 
in size.

At 96 hours after inoculation, the nuclei appeared 
as dark staining masses almost completely filling the 
cells (Fig. 26). i-Jany nuclei had fully developed polyhedra 
inside. The hypertrophied nuclei increased considerably 
in number and fat vacuoles were very few In the Infected 
areas.

in larvae fixed at 120 hours after ingestion of tha 
virus, the infection spread to move nuclei and fully 
formed polyhedra were present in majority of them (rig,27). 
Even at this stage nuclei at different stages of infection 
could be seen end the fat vacuoles cnowod a very marked 
reduction in number.



Fig. 24 Section of the adipose tissue of o, aranosalla 
fixed at 4S tours after inoculation with n p v 
X20Q

F - Fat body 
HN - Hypertrophied nuclei 
ri - ttuscle 
R - Ring cone 
V - Vacuoles

Fig. 25 ^action of the adipose tissue of O.arenosella 
fixed at 72 hours after inoculation with NPV
X2Q0

F - Fat body 
N - Nuclous 
V - Vacuoles 
R - Ring zone





Fig* 26 Section of the adipose tissues of o* arenosella 
fixed at 96 hours after inoculation with NPV 
X200

F - Fat body 
U - Nucleus 
p - Polyhadra V - Vacuoles

Fig. 27 Section of the adipose tissues of o, aronosella 
fixed at 120 hours after inoculation with NPV 
X200

F - Fat body 
P - Polyhsdra 
N - Nucleus 
V - Vacuoles





72

At 144 tours after Inoculation almost all tho fat 
body cells woro seen fully packed with polyhadra and 
fat vacuoles had completely disappeared* Disintegration 
of the tissue was conspicuous in many lobes and consti
tuent cells had got separated from each other. Rupturing 
of tho cells and liberation of polyhsdra were also seen in 
many lobes of the fat bodies (Rig.28).

liugcle tissues

Infection of muscles or muscle sheath Was not observed 
upto 48 tours after inoculation* At 72 hours after inocula
tion the polyhedral formation could bo seen in the nuclei 
disposed immediately beneath tho muscle sheath (Fig.29) 
as well as those placed deep in the sarcoplasm between the 
fibrillae* She infection had fairly advanced at 96 hours 
after inoculation and the polyhedra were distinctly visible 
below the sareolemma (Fig.30).

In larvae fixed at 120 hours after inoculation, the 
infeotion had advanced further with dense group of polyhe dr a 
seen below the sarcolemma whicn appeared loosened from 
the underlying calls (Fig.31). The polyhsdra increased 
in number and siae and many cello of muecle stowed signs



Fig. 28 section of the adipose tiesuaa of O. arenosella fixed at 144 hours after inoculation wrth NPtf 
X200

P - Polyhsdra
H - NucleusRlj - Rupturing and liberation of

polyhudra





Fig.29 Section of the muscle of 0. arenosella fixed 
at 72 tours after inoculation with NPV X200

H «• Muscle 
I - Infection 
MS - Muscle sheath

Fig.30 Section of the muscle of 0. arenopella fixed 
at 96 hours after inoculation with HPV X200

M - Muscle
MS - Muscle sheathp — Polyhadra.
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of rapturing and liberation of polyhadra (i’lg.32) at 
144 hours after inoculation*

Tracheal matrix

At 24 hours following inoculation no indication of 
infection could be observed in fcha trachea* At 43 hour* 
after inoculation nuclei of tracheal matrix cells through-I
out the body appeared conspicuously enlarged with clear 
'ring aones 1 (fig.33)•

The Infection had advanced and polyhedra were distinc
tly visible in most cells of trachea at 72 hours after 
Inoculation (Fig* 34}* The nuclei enlarged further as 
the polyhadre increased in number at 96 hours after 
inoculation (Fig.35).

At 120 hours after inoculation* fully developed 
polyhedra ware seen in most of the nuclei and cells 
started rupturing liberating the polyhedra into the 
surrounding tissues (Fig.36). The cells disintegrated 
extensively at 144 hours after Inoculation (Fig. 37).
The polyhedra ware liberated into the haemocoel in large 
numbers.



Rig. 31 section of tbs muscle of fl. arenoaella fixed at 120 tours after inoculation with BPV X200
U - £iuscle j? - polyhsdra

Rig.32 section of the muscle of O. arenosella fixed at 144 hours after inoculation with £)PV X500

P - Polyhedra 
m  - nuscle
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Pig* 35 Section of the trachea of Q. arenosslla 
fixed at 96 hours after inoculation with 
UPV X200

T - Trachea 
p - Polyliedra 
N - Enlarged nucleus

Pig. 36 section of the trachea of o. arenoaella
fixed at 120 hours after inoculation with 
HPV X200

T - Trachea 
p - Polyhedrap. - Rupturing and liberation of 

polyhodra





Pig, 37 section of the trachea of o, arsno&ella 
fixed at 144 houro after inoculation 
uith HPV K200

'£ - Trachea
p - Polyhedra
ru< - Rupturing and liberation of 

polyhedra
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She nut epithelium and tha connective tissues surrounding ..it

I'iKjra was no apparent difference between the enteric 
epithelium and connective tissues of healthy and infected 
larvae for tha first 24 hours after inoculation.

At 48 hours after inoculation sono cells of gut 
epithelium showed signs of viral Infection by their 
hypertrophied nuclei, infection was also noticed in the 
connective tissues surrounding tha gut(Fig. 38).

Polyhadra wars distinctly visible in most cells of 
connective tissues surrounding the gut epithelium and 
in some cells of gut epithelium at 72 hours after inocula
tion (Fig.39). 2ha infection appeared to be in the
matrix cello of trachea associated with the connective 
tissues.

At 96 and 120 hours after inoculation many calls of 
connective tissues surrounding the gut epithelium showed 
advanced stage of infection (9igs.40 and 41). In many 
calls the polyhadra were distinctly visible at this stage.

At 144 hours after inoculation most of the cells 
showed signs of disintegration and rupturing and libera
tion of polyhadra into the haemccoel (Pig. 42).



Pig. 38 Section of the connective tissues surrounding 
the gut and gut epithelium of O. arenosella 
fixed at 48 hours after inoculation with NPV X200

GT — Connective tissues 
G — Gut epithelium
N — Nucleus

Pig. 39 section of the connective tissues surrounding 
the gut and gut epithelium of 0. arenosella 
fixed at 72 hours after inoculation with NPV X200

P —  Polyhedra
CJ —  Connective tissues
G —  Gut epithelium
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Pig. 40 section o£ fcno connective tissues surrounding the gut and gut epithelium of 0. ersnosslia fixed at 96 tours'" after inoculation with upv
X200

CZ - Connective tisauas 
Q - Gut epithelium
ll - duciaus

Tig. 41 section oJ fcno cennoctivo tissues aurrouncling 
tho gut and gut epithelium of o. aronosallg at 120 tours after inoculation uifc.1 wpp X200

p - Polytodra
CZ — wonnactivs tissuesg - Gut epithelium





P i g ,  4 2 section of the connective tissues aurrounding 
yut and gut epithelium of o, arenosella fixed 
at 144 hour© aftor inoculation with ns»v X500

P - Polyhadra 
0 - Gut epithelium
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Malpighian tubulas

Share was no apparent difference between the 
Malpighian tubules of healthy and infected larvae for 
the first 4a hours following infection*

caventy two hours after inoculation many nuclei 
were seen infected (Fig.43). The polyhedra were seen 
fully developed at 96 hours after inoculation (Fig* 44)*

At 120 hours after inoculation the Infection wa> 
seen in more number of cells (Fig.45) and by 144 hours 
most of the cells in the Malpighian tubules were heavily 
infected* Come of tha cells ruptured liberating the 
polyhadra (Fig* 46) into the h&emocoel.

Herva ganglion
Tha ganglion did not show any infection at 24 and 

48 hours after inoculation*

At 72 hours after inoculation commencement of infec
tion could ba seen in the neurilemma surrounding tha 
ganglion (Fig.47)» At 96 hours the polyftsdral infection 
could ba oean in ganglion cells and in neurilemma (Fig.43). 
At 120 hours after inoculation the infection became 
severe (Flg*49) and as a result of this the neurilemma



Pig. 43 Section of tile Malpighian tubules ofa. erenosalla fined at 72 hours after inoculation with £J?V X200
/H - (lalplghicjl tubules 
N - nucleus

rig. 44 Soation of the Malpighian tubules ot 
a. aranosella fixed at 96 hours after 
Inoculation with N1?V X200

tfl? - Malpighian tubules 
p - polyhedra



>  *  
V.  V



rig. 45 Section o£ the Malpighian tubuleo ofo. arenosslla fixed ac 120 hours after inoculation with UPV M200
ni - Malpighian tubules 
'-1 - Enlarged nucleus

Pig. 46. Section of the Malpighian tubules of
0, arenosella fixed at 144 hours after 
inoculation with HPV X2GQ

MS — Malpighian tubulos 
P - Polyhedra





Fig. 47 Section of tha nervs ganglion of o» aranosella fixatl at 72 hours aftar inoculation with nPV 
K20O

LJQ -  tierva ganglion 
tit -  ueurl lemma

Pig. 43 Cection of tha norvo ganglion of Q.arenosalla fixed at 96 hours aftor inoculation with MPV 
X2Q0

KG -  nerva ganglion 
Kh - i-iQurilomnia
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got loosened. The infection was intense in the 
neuropile mass (Fig*SO) and neurilemma (Fig.51) at 
144 hours after inoculation. Fully developed polyhedra 
also could be seen in the infected nuclei.

Goneds

The epithelial sheath of gonads was seen infected 
at 96 hours after inoculation (Fig.52)• At ISO hours 
following infection the epithelial sheath was seen 
completely infected (Fig.53). At 144 hours after inocula
tion disintegration of cells and rupturing of the nuclei 
occurred leading to the liberation of polyhedra into 
the surrounding madia (Fig.54).

4.4. Transmission through eaos

Table 1 given the par cant larval mortality, 
pupation and adult emergence from eggs of moths obtained 
from virus treated larvae, only 1.02 par cent of larvae 
from surface sterilized eggs died of nuclear polyhedrosls 
virus while there was 43.72 per cent mortality of larvae 
reared from unsterilized eggs. Ho mortality occurred in 
larvae which emerged from the eggs of healthy virus free 
moths kept as control. But 2.56 per cent pupal mortality 
due to nuclear polyhedrosls virus was observed in the lot



Fig. 49 Section of nerve ganglion of 0. aranosalla 
fixed at 120 hours after inoculation with 
MPV X200

UO -  Horva ganglion 
p -  Polyhedra

Fig.50 Section of tha nerve ganglion Of o.orenosella 
fixed at 144 hours after inoculation with 
MPV X500

p -  Polyhedra
MG -  serve ganglion cells





Fig. 51 Section oi tha nerve ganglion Of0. arenonella fixed at 144 hours after 
Inoculation witn UPV X500

ilL - neurilemma 
P - Polyhedra
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Fig. 52 section of the gonads of o» aronc __
fixed at 96 hours after inoculation with 
UPV X200

LS - epithelial sheath of gonads

Fig. 53 Section of tncs gonads of O.^ranoaella 
fixed at 120 hours af car inoculation 
with BPV X200

P - Polyhedra
£S ** Epithelial sheath of gonads
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Sable 1* Effect o£ surface sterilisation o£ the 
eggs obtained from moths roared out o£ M£>V infected and uninfected larvae of 
O. arenosella.

Treat-
Rents

No*
of
eggataken

MO.
of
eggs

Percentage 
of larval mortality 
due to

Percentage 
of pupal 
mortality 
due to

Percen
tage of
adult

chad other • 
causes

other
causes

gence

Eggs from 
infected 
moths 
(surface 
sterili
zed) 200 197 1*02 1.52 Mil Mil 97.46

Eggs from, 
infected 
moths 
(unsterilized) 200 195 48*72 1.54 2.56 Mil 47.13

Eggs from 
virus 
free 
healthy 
moths 
(control)

200 195 Mil 1.54 Mil Mil 98.46
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obtained from unsterilized agg*» TSia percentage* of 
adult emergence were 97*46, 47*18 and 98.46 in the lots 
of surface sterilized eggs* unsterilized eggs and in 
control respectively*

results of feeding third iaetar larvae with homogenates 
of surface sterilized and unsterilieed aggs obtained from 
moths which acquired the virus in tha larval stages are 
presented in Zable 2. Tha data showed that feeding the 
larvae with homogenafcas of surface sterilized eggs caused 
only 2*00 per cent mortality due to nuclear polyhadrosis 
virus* But when the homoganates of unsterilized eggs ware 
fed to tha larvae the mortality Increased to 35*00 per 
cent* There was no mortality due to nuclear polyhadrosis 
virus among the larvae fed with homogenate of eggs obtained 
from healthy virus free moths. Pupal mortality due to 
nuclear polyhadrosis virus was not oosarved cither in the 
group fed with surface sterilized egg homogenate or in 
the control* But 2*00 per cant pupal mortality due to 
nuclear polyhadrosis virus was observed in the group fed 
With homogenate of unsterilized eggs* The percentage of 
normal adult emergence were 96.00, 61.00 and 96*00 in 
the lots of larvae fed with honogenate of surface steri
lized eggs, unsterilisad eggs and eggs in control respec
tively*
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Table 2. Effect of feeding third instar larvae 
of o. arenoaelia with homoganata of 
eggs laid by moths roared out of 
larva® fed with HPV and of eggs laid 
by uninfected moths*

Troat- 1)0*
of

Percentage of 
larval morta
lity  due to

Percentage of 
pupal morta
lity  due to

Percen
tage of 
adult

larvae
fed MPV othor

causes
KPV Other 

causes
emergence

Homo genet* 
of surface 
sterilised 
eggs 100 2.00 2 .0 0 m i ^11 00,00

Komogenate 
of unoteri 
llzed eggs 100 35.00 2 .0 0 2.00 Mil 61.00

Momogennte 
of eggs 
from 
healthy 
virus free 
moths(con
trol) 100 m i 2 .0 0 m i  2.00 90,00
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4.4.1, Transmission through vlrus-fad mo tha

Table 3 presents the data on larval mortality, 
pupation and adult emergence obtained from the eggs of 
virus fed adults Kept with and without surface sterili
zation, It can be seen that there was 12,24 per cant 
larval mortality due to nuclear polyhadrosis virus in 
tha progeny obtained from unsterilized eggs while there 
was no mortality duo to nuclear polyhadrosis virus among 
the larvae emerging from sterilized eggs and in the eggs 
in control group. Progeny from unsterilized eggs of 
Virus fad moths recorded 2,04 per cant pupal mortality 
due to nuclear polyhadrosis virus but no pupal mortality 
was observed in the progeny from sterilized eggs and the 
eggs in control, Tha percentages of adult emergence were 
90,97, 04,70 and 98.99 in progenies reared from eggs 
obtained from virus fed moths of surface sterilized and 
unsterilized and in control respectively,

4.4.2, Transmission through contamination of female 
genitalia

The data on disease incidence in the progeny when the 
female genitalia were contaminated with tho Virus are 
furnished in Table 4* rfhen tho eggs obtained from conta-



Tablo 3« Incidence of HPV in the progeny of moths 
of 0. aronosoila fed with the virus

Treat
ments

NO.
of
eggs
tatan

No.
of
eggs
hat

Percentage 
of larval 
mortality 
duo to

Percentage 
of pupal 
mortality 
due to

Per
centage
of

ched .IPV other 
causes

HPV Other 
causes

adult
emer
gence

Eggs from 
virus fed 
moths 
sterili
sed 100 97 Nil 1.03 Mil Nil 98.97
Unsteri
lized 100 98 12.24 1.02 2.04 Nil 04.70
Hggs from 
healthy 
virus 
free moths 
(control) 100 99 Nil 1.01 Nil Nil 98.99
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Sable 4. Incidence of BPV in the progeny of 
0. arenosallg when the moths ua ra 
contaminated with tha virus on their 
external genitalia

No. No.Treat of of
ments eggs eggstaken hatched

Percentage of larval mortality 
due to

Percentage of Pupal 
mortality due to

HPV Other
causes

NPV Othercauses

Percen
tage of adult emergence

eggsfrom
virus
contaminated
moths
surface
sterilized laO
Unstari- 
Used 150

147 Nil 2.72 Nil Nil

143 41.39 3.30 1711 Nil

97.23

54.73

eggsfrom
healthy
virus
free
moths(con
trol) 150 140 Nil 2.70 Nil Nil 97.30
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minated troths wore left unnterillced 41.89 pec cent o£ 
the emerging larvae died due to nuclear polyhedrosls 
virus infection. But no death due to viral infection 
was observed when the eggs were surface sterilised.
Share was no disease incidence in control also. The 
percentages of adult emergence from surface sterilized 
and unsterilized eggs laid by virus contaminated moths and 
those in control lot were 97.23, 54.73 and 97.30 
respectively.

4.5. Assessing cross-lnfectlvlty of the virus to the
larvae of Insects belonging tn dlf'Psranb families 
lispidootera

Data presented in Table 5 showed that tils larvae of 
Qplalna aranosella. Soodootera lluura and spodoptera maurltla 
were highly susceptiola to nuclear polyhedrosls virus of 
o. arenosella recording 100, 30 and 79 per cent mortality 
respectively. The larvae of Anedevldia oaoonls,
Dlacrlsla obilaua and Perlcallia rlclni were moderately 
susceptible to the virus, the mortality recorded being 
70, 69 and 63 per cent respectively. The larvae of 
Orthaoa exvinaceaa. Buoroctls fraterna. Gvlaota derogate, 
iiaraaronla indlca and cnaohalogrocls madlnalin were not



Table 5. Infectivity of liPV o£ O. arenosella to third instar larvae 
of other locally available Lepidoptera which were amenable 
to laboratory rearing

Insects tasted
Percentage of 
larval mortality 
due to

incubation 
period in 
days

Xnfectl-
vity

harval 
period in 
days

Quantity of poly- 
hedra/ml 
of body 
fluidNPV other

causes
flange Moan

1. Ooinina arenosella 100 Nil 3 to 6 4.01 +VS 30 to 40 2.17 x 107

2. Spodootera litura 80 nil 2 to 6 3.09 ■frVQ 20 to 25 2.22 x 107

3. SDOdootara snaurltia 79 Nil 2 to 6 3.26 +Vffl 16 to 20 2.20 x 107

4. Anadevidia oeponis 70 Nil 3 to 7 3.46 +va 25 to 30 2.02 X  106

5. Paricallia ricini 63 Nil 3 to 8 3.18 +ve 20 to 25 2.09 x 106

6. Diacrisia obliciua 69 Nil 4 to 9 4.22 +ve 30 to 40 1.88 x  106

7. orthecra exvinaceee Nil Nil - - - -ve 25 to 30
8. cuoroctis fractema Nil 3 - - -V© 25 to 30
9. Svleota deroqata Nil Nil - - -ve 18 to 22

10. tiarqaronia Indies nil Nil - - -ve 15 to 20
11. Gnaohalocrocis

medinalis Nil 4 - *e -ve 23 to 25

00
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suscspfciblo %o nuclear golyhsdrosis virus of 
0. aranosella and the treated larvae pupated normally 
and adults emerged except for those uhich died due to 
other causes.

The mean incubation periods of nuclear polyhodrosie 
Virus in O* aranoBella. S.litura. £• mauritia. A. paoonls. 
P, rlcinl and b* ebllqua ware 4.01. 3.09. 3.24. 3.46,, 3.16 
and 4.22 days respectively. The numbers of pclyhadra par 
millilitre body fluid were 2.17 x 107, 2.22 x 107,
2.20 x 107, 2.02 x 106, 2.09 x 10G and 1.88 x 106 in 
O. aranosella. S_. litura. S, mauritia. A. paoonls.
£. rlcinl and D. ablicrua respectively. The pathogen 
multiplied In all the hosts wara equally affective end 
as virulent as the original stock obtained from 
Q. arenocella and umco cross infective to each other.

4.6. evaluating the affiaacv of the virile against 
O. arenosolla

4*6.1. Dioaesav otfehdvirus
The data relating to the experiraento are presented 

in Tables 6 and 7, appendix x and illustrated in Fig.55.
The mortality due to viral infection ranged from 100 

to 33 par cont for the first instar larvaa for the doses
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Table 7. Relative susceptibility of different larvalInstars of O. arenogella to nuclear polyhedrosis

Larval
instar Hstero-

genity
x2

Regression equation LCK*50CP IBs/ml)
Fiducial limits 

(PIBs/ml)
Order 
of relative
efficacy(ORB)

First 2.66 y <a 0.6059k  + 4.4277 9.247 4.730
15.010

-

Second 3.17 X a 0.5902x + 3.6114 225.424 92.045
456.801

24.38

Third 6.47 X = 0.4978k  + 3.4977 1044.961 507.692
1934.639 113.01

Fourth 1.3S Y = 0.3076k + 3.9693 2242.332 768.776
5367.845 242.49

Fifth 9.02 y = 0.2836k  + 3.4047 33775.361 14821.768
96205.522 3652.58

LCcq =■ Concentration required to give 50 per cent mortality 
to test larvae

« Xn all tho cases the data were homogenous at p => 0*05

cc-o



RGoponse of different larval inoturc of 
Owls ina aranoBolla to varying do3Q3 of 
nuclear polyhedrosis virus.
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ranging from 1•96 x  10® PIBs/ml t o  1.96 PIBs/ml. The 
tin* taken for death ranged from 2 to 9 days and the 
mean time taken for death ranged from 3.84 to 6.78 days.
For the different doses tried, the ranged from 3.08
to 8.70 days and the fiducial limits were also not seen 
high. The LTjjg values for the concentration 1.96 PIBs/ml 
could not ha calculated since the mortality recorded for 
this concentration was less than 50 per cant.

The per cent mortality of second instar larvae ranged 
from 100 to 40 for the doses ranging from 1.96 x  10® PIBs/ml

Oto 1.96 x 10 PIBs/ml. The time taken for death ranged 
from 3 to 9 days and the mean time taken for death ranged 
from 5.06 to 7.50 days. The LTSQ values for the different 
doses ranged from 4.28 to 6.24 days. At the lowest con- 
centraticn of tho virus tested (1.96 x  10 PIBs/ml) the 
ZiTgg could not ha calculated as the mortality recorded 
was less than 50 per cent.

Mortalities ranging from 100 to 40 per cent ware 
observed for the third instar larvae for tile doses ranging 
from 1.96 x 10^ PIBs/ml to 1.96 x  102 PIBs/ml. The time 
taken for death ranged from 3 to 11 days and the mean time 
taken for death ranged from 5.18 to 9.50 days. For the 
different doses tried the hTS0 ranged from 4.32 to 9.64 
days. The LT5Q value for tha concentration 1.96 x 102PIBs/ml
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could not be calculated as the mortality recorded at 
this dose was below 50 par cent*

She per cant mortality of fourth instar larvae ranged
*9from 86 to 38 for the doses ranging from 1*96 x 10 PIBs/ml 

to 1*96 x 102PIBs/sti1. She time taken for death ranged 
from 4 to 13 days and the mean time taken for death ranged 
from 6*98 to 11*47 days* The LTg0 values for different 
doses ranged from 6.91 to 10*38 days* The hTg0 values for 
the concentrations 1*96 x 103PIBs/ml and 1*96 x 102PXBs/ral 
could not be calculated as the maximum cumulative morta
lities recorded were below 50 per cant*

The per cent mortality of fifth Instar larvae ranged 
from 62 to 14 for the doses ranging from 1*96 x 10 PIBs/ml 
to 1.96 x 10 PIBs/ml• The time token for death ranged from 
4 to 15 days and the mean values ranged from 8*19 to 13*57 
days. For different doses the 1>TSQ values ranged from 9*77 
to 11*99 days. The hT^Q values for the concentrations 
1*96 x IQ4, 1*96 x 10S and 1.96 x 103PIBs/ral could not be 
calculated as the maximum cumulative mortalities recorded 
in the treatments ware below 50 par cent*

The bCjQ values of nuclear polyhedrosis virus to 
first* second* third* fourth and fifth instar larvae were
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9.247, 225.424, 1044.951, 2242.332 and 33775.361 PIEJs/ral 
respectively. Taking the iiCg0 to ths first instor es 
standard tins concentration required to cause 50 per cent 
mortality of second, third, fourth end fifth Instar 
larvae ware calculated to ba 24.30, 113.01, 242.49 and 
3652.53 times higher respectively (Sable 7).

4.6.2. Persistence of the virus on coconut foliage 
exposed to waatherinq

The response of third Instor larvae of O.arenosalla 
to the nuclear polyhsdrosis virus exposed to weathering 
for varying periods on coconut foliage is shown in Table 3, 
appendix 1 and Fig.56.

The larval mortality due to nuclear polyhsdrosis 
virus was reduced from 100 per cent at taro tour to taro 
level at 163 hour of exposure• Tha mortality was reduced 
below 50 per cent at 84 tour of weathering and the virus 
retained only 10 per cent of Its lnfectivlty at 156 tour 
of exposure. The virus was completely inactivated at 
168 tour of weathering. The mean time tgkan for death 
ranged from 4.50 days at zero tour to 27.13 days at 156 
hour. She values ranged from 4.54 days oo for the
virus unexpoced to '.leathering, to 13.20 days Cor the lot



Table 8. c-ffect of feeding third instor larvae of 0. aronosella on coconut leaves treated with 
polyhedr a 1 suspension (1.96 x 10 PIBs/ml) subjected to weathering for varyina periods.

Period or exposure to weathering (In hours)
0 12 24 36 48 cO 72 84 96 108 120 132 14 4 156 163

Per centage 
o£ larval 
mortality

ICO
(90)*

90
(34.26)

83.33
(65.88)

76 67 
(61.14)

66.67
(54.76)

60 00 
(5 3 77)

53.33
(46.39)

50.00 
(45 00)

43.33
(41.15)

40.00
(39.23

3o.63 
O'*.23)

3 3 33 
(3o,24)

30.00
(33.21)

10.00 
(18.44 )

0.00

Time taxen 
_or death 
(range) 3— o 3-9 3-9 4-11 4-12 o-l3 6-14 7-18 10-19 12-20 15-22 20-25 22-27 23-30
ean time 
taken for 
death 
(days) 4.50 5.85 6 52 7 82 10.00 l 0. o7 12 95 13.37 16 .24 17.75 20.77 23.12 25.12 27.13

LT5 0 (days) 4.04 o 54 7 02 0.27 10.23 <- 30 13 30 • . . * * * * # - ■ •
id jcial 

limits
4.34
4 .79

5 1? 
5.31

C 67 
7.54

3 12 
8 .4

10.62
12.33

1* 48 
1..4G

13.43
15.35 ■ ■ - • * m • • m • - ■ • *

* wHetero- , 
genity 3.09 2.12 10. fB 3.64 2.07 2.09 3 04 . • • • • • .. . . •
Re gression 
equations A B C D E F O • • - • •• • ■

A = Y »8 2a0x-G 444 H - Y 6.0l5x-O 071 C a Y ° - 32ax+l 4C6 I) “ Y n8.842x-l 344
t o V s) 30-x+l 436 t = Y = 2 020x-l 5-0 9 = 1 *= t.. 1 29x-0 . a99
* figures in the parc.nc.lv ,is are value- after an?ul„r transformations

** The data were homogenous at P n 0.05



ffig. 5b. .effect of vjcathering on the viral
activity of naclcar polyhedrosls virus of Poising aranosella applied on 
coconut foliage.
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exposed to weathering for 72 hours. The values
for the virus exposed to weathering for more than 72 
hours could not ba calculated as the mortalities observed 
were below SO per cent.

The half life of the virus (Table 12) on coconut 
foliage exposed to weathering was estimated as 03.25 hours.

4.7.1. Effect of exposure of the oolvhedra to a constant 
temperature (3S°C) for Varying periods

The data relating to the experiment end the results 
of statistical analysis are presented in Table 9. appen
dix 1 and Fig.57.

It is seen that the larval mortality due to nuclear 
polyhedrosis virus was reduced from 100 per cent for the 
unexposed virus to zero level at 156 hour of exposure.
The virus exposed to heat treatment for 84 hours retained 
infectivity to cause 56.69 per cent mortality of the 
larvae but further exposure gradually reduced the morta
lity and it reached to 13.33 par cent at 144 hour of 
exposure. The mean time taken for death was also prolonged 
from 4.70 days at zero nour of exposure to 13.75 days at 
144 hour of exposure.



Talle 9. Effect of continuous exposure of N?V of 0. g-ano^ella to a constant
temoerature of 35°C for varying periods

Pe*ioa or exjo ure ihours)

0 12 24 36 48 60 72 34 96 103 1 2 0 132 144 156
Percent- ge of larval 
mortality 100

*(90)
96,67 
(79. Sj )

3" O  
(c8.61)

30.00 
(63 44)

76 "* 
(61 14)

6c £7 
(54 .76)

eo oo
(50.77)

5t J9 
(48.35)

46.67 43.33 
(4 3-, 11) (41-15)

33.33 
(35 24 )

16.67
(24.12)

13.33
(21.39)

Tima 
ta ken 
for 
death 
(range) 3-7 3-7 3-7 4-3 5-9 6 - 1 1 6 - 1 1 7-12 7-12 8-13 9-14 10-14 12-15 .
î ean 
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 1 2 , 1 0 12.60 13.75 *

LT50
(days) 3.39 3.99 5*05 6 * 0 1 7.29 10.45 1 0 .o9 11.72 tf •
Fidu
cial limits 3*64 4 .13

3.76
4,40 4 .67 

5.63
5.39
6 . 2 1

6 . 8 8
7.90

10*39
13.24 10.03

1 2 . jo
11.19
12.41

. - .. • m . ..

He tero*^ 
genity 3.55 1.60 1 .62 6.44 4 03 9.25 13.92 1.92
degression equa 
tion A B C D E F G H

 ̂= Y  = 5.712x + 1 .631 B - i - 4.796x + 2 079 C - Y =  4 lt2x + 2.064 D =  Y - 4-755x + 1. 309
c. « Y = 3, 3 C 9x +  0.367 F » Y -  5.b73x - 1.126 G -  Y - 5.bf0^ - 1.017 H = r - 7.04tx - 2.537
* Fiyures in the puren^rwsis\ are valuec after angular trj isr3 -n t*ons

** The data were homogenous at P c 0-05
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Fig. 57. Effect of continuous exposure of nuclear polyhsdrosis virus of Qolaina arenoBalla to a constant temperature 
(3^C)
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Tha lnfectivity was fully lost at 156 hour of 
exposure. The Iffig0 values ranged from 3.89 days with 
unexposed virus to 11.72 days with tha virus exposed to 
heat treatment for 84 hours. LT5q values for the virus 
exposed to heat treatment for sore than 84 hours could 
not be calculated as the mortality percentages were below 
50. The half life of the virus (Table 12) continuously 
exposed to a temperature of 35°C was found to be 37.10 
hours.

4.7.2. Effect of Infra-rad radiation on tha viral activity

The results of bioasaay of the virus, exposed to 
infra-red rays for periods ranging from zero to 136 hours, 
against third inster Idrvae of Q.arenosella are presented 
in Table 10. appendix 1 and Fig.53.

Tha larval mortality due to nuclear polyhsdrosis virus 
was reduced from 100 par cent for the untreated virus to 
zero level at 156 tour of exposure. The data showed that 
the exposure of the virus to infra-red radiation for 84 
hours reduced the larval mortality to 56.67 par cent. 
Exposure beyond 34 tours caused gradual reduction in the 
larval mortality reducing it to 6.67 per cant at 144 hour. 
There was on increase in the moan time token for death 
from 4.57 days to 12.00 days with the increase in the



T jt It 10. t f f e c r j  / o t  O. a r e n o s^ l l a  to I n f r a  red rays o rn**
v i ^ i l  a c t i v i t y .

Period exposure ( in hours)

o 12 14 36 48 60 72 84 96 108 120 132 144 156

Percent- 100 96.r? 9f.67
age of (90)* (79.53) (79.53)larval 
mortality
Ti-e
taxed for 
death
(range) "
4“an tirr“ 
for 
death 
(days)

LT50
(day*;

Fidu
cial

limits
Hetero- 
genity
X2
degress
ion equa
tion

4.57

3.69

3-7

4.69

3.99

3.39
3.96

3.77
4.23

3.34 4.78

3-7

4.76 

4 06

3.83 
4 31

1.99

86.67 
(68.61)

4-8

6.12

5.86

5.61 
6 16

1.23

83 .3 3 
(65.88)

4-B

6 . 6 8

6.59

6.23
7.12

1.09

70.00
(56.79)

5-9

6.90

7,32

7.02
7.74

1.79

63.33
(52.71)

5-9

7.95

8.29

S.IB 
10.72

2.15

56.67 46.67 36 67 23.33 13.33
(48. B5) (43.11) (37.29) (23.86) (21.39)

6.67 0.00
U5.00)

6-10

9.00

9.57

9.51
10.96

1.10

7-11

9.71

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

10.18 11.14 12.00 12.00 ..

A = Y = 6.24 5x + 1.242 B = Y - 5.5l9x + 1.870 C = Y= S.84BX +■ 1.437 a = Y = 7.637x -0.863 ^  a 14>JL6
E = Y - + 0.513 F - Y <= 5.534x - 1.518 G = Y=> S.'7l)2x - 0.582 H = Y = 8.057x -3.157
* Figures in the oarenthesis are values after angular transformation
** The data were homogenous at P = 0.05

C£>
CJ1



Fig. 53. effect o£ exposing nuclear polynadrosis 
virus of Qpinlna aranosella to infra rad rays for different durations.
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duration of exposure upto 144 Hours* The IjT^q values 
ranged from 3.69 days for the unexposed virus to 9*57 
days for the virus exposed to infra-red radiation for 
84 hours* The LT^q values for the virus exposed to 
infra-red treatment for more than 96 hours could not be 
calculated since the per cent mortalities observed at 
these intervals wera below SO* The half life of the 
virus when subjected to infra-red radiation was estimated 
to be SS.22 hours (Table 12).

4.7.3. affect of ultra violet ravs on the viral activity

Table 11, appendix 1 and Pig.59 presents the result 
of bloassay of the virus exposed to ultra violet rays for 
periods ranging from zero hour to 96 hours against third 
instar larvae of o. arenoaella.

The infectivity of the virus was seen completely lost 
on exposure to ultra violet rays for 108 hours. The per 
cent mortality of larvae decreased from 100 to 6.67 per 
cent whan the time of exposure of the virus to UV rays 
increased from zero to 96 hours• The exposure of the virus 
beyond 48 hours caused rapid reduction in the infectivity 
and larval mortality was brought down to 6.67 per cant at 
96 hour of exposure. The mean tiras to death got prolonged 
from 4.53 days with unexposed virus to 11.50 days with



Table  11. E f f e c t  o f  exposure of M?V o f  0. a r e n o s e l l a to u l t r a v i o l e t r a y s .

Per iod of exposure ( In ho u rs )

0 12 24 36 48 60 72 34 9o 103

Percentage o f  l a r v a l  
morta l i ty 100 „ 

(90)
06.7

(63.61)
■>6.67

(61.64)
70.00 

(5o. 79'
56.67

( , 8 .3 5 )
43.33  

(41 .15)
26.67

(31.11)
10.67 

(24 12)
6.67  

( l a . 00)
0 0

Time taxen f o r  death 
( range 1 3-7 3-7 3-7 4-8 5-9 6-10 7-11 8-12 10-14 ■

Kean time tahen f o r  
death (aays) 4.53 4.64 4.37 6.43 7.88 8.85 10.13 11.00 11. 50 .

LT50 (dayj ) 3.69 4. u6 5.01 7.05 3.64 - - •• ■ •

Ficiucial  l imi t s 3 42 
3.94

4.10
4.67

4.66 
5 34

6.57 
7 77

3.04
11.48

-• •• •• ••

Hete^ogenity .X" 3.40 2.55 1.05 3.67 1.14 • • ■ • • - ■ •

« eg r es s i o n  aquation A B C D E

A = Y = 5 . a S . t  + 

D = i = 5 . 1 , Ox +

1.333 3 

1.712 £
= Y = 5 14 2x 

= Y = S. i  J7x

+ 1.425 

+ 0.592

C =  Y = 5 .01 2x + 0. 006 CD -  12.94

* l i g u r c s  in oarenthesi s  a re  value a f t e r  an gu l a r  t rans fo rmat ions
**  The data vere homogenous a t  P = 0.05

CD
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rig. 59. Effect of exposing nuclear polyhadroslo virus 
of Opislna agenoaella to Ultraviolet rays.



pg
f?

 
CE

NT
 

M
O

R
T

A
U

ty

T

F i e
5 9



98

virus exposed to UV rays for 96 hours*

She kSg0 values increased Srora 3.69 days with 
ur.expQEed virus to 8*64 days for the virus exposed to 
UV treatment for 84 hours. Tha values for the 
virus exposed to UV radiation for rasre than 4S hours 
could not be calculated as the per cent mortalities 
at these intervals fall below 50. The half life of the 
Virus exposed to UV rays was found to be 54.43 hours 
(Table 12).

4*3. cafaty of the pathogen
4 . 8. 1 .  Safoty to  silkw orm . aorabvx trorl

Table 13 presents the data on the effect of inocula
ting the nuclear polyhadrosis virus of Q » aranosslla to 
the third instar larvae of mulberry silkworm, bombyx mori. 
All the third instar larveo tested pupated normally and 
recorded 100 per cent adult emergence. Ho mortality wa3 

observed in control also. The mean weights of the cocoons 
were 1,560 and 1.530 g for tha nuclear polyhedrosis virus 
Sod and for tha control group respectively and the mean 
pupal periods were 14.71 and 14.92 days respectively.
The mean number of eggs laid per fertalo under treatment 
and check was 513 aid 507 respectively.



Table 12* Half life of HPV of Q« oronosella exposed to various 
physical factors of tha environment.

Treatments Uatero-genity Regression ojuvation Iialf life (hours) fiduciallimits

Exposure to constant , 
tanparatur® i
(35°C) )

4.690 Y = 2.21x + 3.33 37.10 73.79
99.54

Extxjsuco to Infra red ) rays ) 5.370 Y = 2.S4x + 4.14 35.22 75.61
93.35

Exposure to ultra ) 
violet light ) f .760 Y ■» 2.93x + 3.75 54.43 41.3966.53

Weathering on coconut ) foilago ) 1.053 Y <= O.5S0X + 3.53 33.25 70.26
69.17

Tha data were homogenous at ? - 0*05

COCO
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Table 13. EEfaet o£ oral leading of tJPV of 0. aranosella 
to Mulberry silkworm, Borebv;; morl

Bl .Wo. Cnoracteristico Treated Untreated
check

1. Per cent mortality due to 
virus infection

2. Percentage of larval a urvival

0

100

3. Average oocoon weights tg) 1.500
4. iteati pupal periods (days) 14.71
5. Percent of adult emcrgenca 100
6. Mean feiundity 513

0

100

1.530
14.92

100

507



4.8.2. Safety to Brecon bravlcomla

Tile data on tha general behaviour o£ the parasitoid, 
per cent parasitisation of the larvae of Q« aranosella. 
nuabar of cocoons visible and per cent mortality of 
adult parasite are furnished in Table 14.

Tha parasitisation of tho larvae of 0. aranosella 
infected with nuclear polyhedrosi* virus and those in 
control were 100 per cent respectively. The numbers of 
cocoons visible after the 9th day of liberation of the 
porasitoids were 40 and 41 in the treated and control 
groups respectively. Tha general behaviour of the 
paraaitoids in the treatment and control was normal and 
no mortality was observed among them. Thera was no 
mortality among the progeny of Q. bravlcomla obtained 
from nuclear polyhsdrosis virus infected larvae of 
Q._ aranosella and those from uninfected larvae.

Uhen the adults of B. brevicornis fed with nuclear 
polyhsdrosis virus, were released on the larvae of 
O. arenosQlla tha number of cocoons visible after 9th day 
of liberation ware 39 against 40 in control. no 
mortality of parasltoid was observed in treatment or in 
control and tha general behaviour was normal.
The larvae of Q. arenoaella parasitised was 100
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par cant in tha treatment and control groups.

4.3.3. Safety to Trichonollus pmalvora

Table 14 praoento the data on behaviour of tha 
parasitoid^par cent mortality of adult para3itold, number 
of adults emerged after 14th day of setting and par cent 
mortality in tha progeny.

it was seen that the general behaviour of the para
site id was normal and 100 per cant of the pupae exposed 
wore parasitised in treatment ana control* no death of the 
adult parasitoid due to viral infection was observed. The 
mean numbers of adult parasitoid emerged per pupa. 14 days 
after sotting, were 520 and 525 in nuclear polyhadrosis 
virus infected and control lots respectively.

4.8.4. safety to white rats and white mice

Data relating to the experiment are furnished in 
Table 15.

There was no difference in the appearance, behaviour 
and feeding activity of tha test animals and control. Ho 
death occurred in any of the virus fad or water fed animals 
during the period of observation. Body temperature was 
found to be normal during the entire te3t period in both



Table 14. Effect of NPV of O. arenosella on Bracon brevlcornis and 
‘Jrichonollua puoivbra

observations
B .brevicomis 
exposed to 
HPV infected hosts*

B.brevicornis exposed to 
uninfected 
hosts*

Adults of NPV fedB.brevicornis 
exposed to un
infected hosts

normal adults ofB.brevxcornis 
exposed to un
* infected hosts

n p v fed Normal T.nuoivora T.nuoivora 
adults expo- adults exposed 
sed to to healthy host 
* healthy host pupsa ** 
oupas **

Ho,of larvae 
under test 10 10 10 10 50 50
Ho.of
parasitoida 
liberated as 
seed 5 pairs 5 pairs 5 pairs 3 pairs 20 20
General behavi
our of the
parasitoida normal normal normal Normal Normal Normal
Percent parasl- 
tisatlon of the 
host 100 100 100 100 100 100
Per cent morta
lity of adult 
parasitoida Mil Hil Mil Mil Hil Mil
Ho.of cocoons 
visiblo/adult emerged 40 41 • 39 40 520 525
fsortality among progeny Mil ail Hil Nil Mil Mil

* risans of 5 replications
** iiesn of 3 replication
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Table IS. Effect of feeding white rats and white mice with 
tha nuclear polyhadrouie virus of o.arenoBella.

Observations white rate •Jhits mica
Treated Control Treated Control

Initial mean weight of 
trie animal (g) 107.400 109.000 25.000 26.980
Final mean waight of tha 
animal (g) 111.400 112.500 27.200 29.410
Mean weight gain (g) 4.000 3.500 2.200 2.430
Body raaan temperature 38.4°C 30.3°C 37.4°C 37.6°C

HaeToglobln (g/100 ml) 13.60 14.20 10.60 10.40
Lymphocytes 62.25 64.50 47.40 50.20
Neutrophils 35.25 32.00 49.60 43.30
Easlnophils 2.50 3.50 7.80 1.90
Basophils - - 1.40 1.30
tlOT.CC/tQS - - 1.30 1.50
Total count 6900/c tnai 6800/c smra 2500/c srani 2600/c :mm

Erythrocyte sedimenta
tion rate (E3R) 0 mm/hr 0 cta/hr 0 int/hr 0 mm/hr
Organ wet weight (mg) tiaart 0.499. 0.405 0.126 0.121

Lunge 1.753 1.789 0.166 0.143
Liver 3.543 3.473 1.155 1.110
Kidney 0.963 0.973 0.411 0.432
Qploen 0.507 0.520 0.118 0.108
Testes 0.072 0.075 0.111 0.118
ovary *• 0.066 0.067

* Kean of S roplications
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tha groups. Body weight gained in virus treated whit* 
rats and white mice also was on par with those of untreated 
animals* Ho difference due to virus treatment could be 
detected in total or differential counts of blood cells* 
or in erythrocyte sedimentation rate* Post-mortem exa
mination of various organs did not reveal any gross patho
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 evidence of 
tissue damage*
4*0.5. infectivity to the developing ctiick. embryo

Tha results showed that the nuclear polyhedrosis 
virus did not cause any mortality of the developing embryo. 
Ho death occurred in any of tha virus treated or normal 
saline treated chicle embryo during tha entire test period* 
All the developing embryos were found healthy and there 
was no change in their appearance and behaviour* At the 
end of the test period the embryos ware killed by keeping 
them in a deep freezer and post-mortem examination did not 
show any gross pathology in the internal organs. Histologi
cal examinations of the tissues also allowed no evidence of 
damage*
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4,9. Evaluation of the efficncv of tha virus In controll» 
lag Q.arenosella Incldanca In field

4.9.1. Preliminary field exoerlnant
Tha data relating to tha experiment ara furnished in 

Table 16. The higher larval mortality of 35.00 per cent 
was recorded in plot treated with Thlodan 0*05 per cent 
spray and it was closely followed by nuclear polyhsdrosis

nvirus sprayed at 22.14 x 10 PIBs/ml with larval mortality 
of 75.00 per cent* there being no statistically significant 
difference between tho two. The mortality in plots treated 
with nuclear polyhedrosis virus at 22.14 x lO^PXBs/ml was 
66.25 per cant and it was on par with the mortality in the

7higher concentration of 22.14 x 10 PIBs/rnl. Mortality in 
control plot was 3.75 per cent only.
4.9.2. Main field experiment

The data relating to tha experimunt are presented in 
Table 17 a to c* appendix XII and illustrated in Fig.60.

The data relating to the experiment in location 1 are 
presented in Table 17 a and illustrated in Pig. 60 a. The 
nuclear polyhedrosis virus as well as xhiodan gave signi
ficant reduction in larval population during the first week 
after spraying. The population in plots treated with 
thiodan and nuclear polyhedrosis virus ware 23.64 and 29.46



Table 16. Percentage mortality of third ..nstar larvae of 0,. aranosoila 
with iSPV and Ihiodan in field

Treatments
clean percentage mortality of 
larvae

Mean percentage 
mortality of 
pupae

riean percentage 
of adults 
emerged

22.14 x 107 PiBs/ral 75.00 (60.33) * 1)11 24.50
22.14 x  106 PIBs/ml 66.25 (54.51) Mil 33.75
22.14 X 10S PIBs/ml 43.75 (44.31) Nil 51.25
22.14 x 104 PZBs/m l 26.25 (30.05) Nil 73.75
Thiodan Q.05 per cent 85.00 (67.21) Nil 15.00
Control 3.75 (11.24) Nil 96.25

CO - 7.75
* Figures in parenthesis are transformed values in angles
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par tree respectively while in control the population 
was as high as 62*77 larvae par tree. Thereafter a 
gradual increase in mean larval population was observed 
in treated plots upto tha seventh week* while in control 
the population remained at the initial level* At seventh 
week the mean larval counts were 62*24* 46*63 and 62*30 
in Thiodan treated, nuclear polyhedrosis virus treated 
and control plots respectively* In subsequent observa
tions the population declined in all treatments including 
control* The population build up in nuclear polyhedrosis 
virus treated plots was much lower than that In Thiodan 
treated plot* On tha sixth week itaelf tha population in 
Thiodan treated plots (62.32) came on par with that of 
control (62.65) while the population in nuclear polyhedro
ols virus treated plot was significantly lower (43*76)* 
Even at the last observation on the fourteenth week the 
population in nuclear polyhedrosis virus treated plot was 
significantly lower than that of Thiodan treated plots and 
control* the population in the three plots being 35*93* 
42*90 and 44.77 respectively.

The data relating to tha experiment in location II 
are presented in Table 17b and Illustrated in fig* 60b*
As in location £ substantial reduction in population was 
observad in the virus and Thiodan treated plots during



• Tabic 17 Population O  »rcnai« 11a In flail tn<c < 4  tlth w v  Ihladea ind water (control) 
(a) Location f

|Jfl° ° H»an eiatar of larvae per obaerved at different, interval* after spraylmj O n  wejcaj

bef ore  1 2  3 4 5  6  7 s  9 1 0  11 1 2  13 H

tmtMnti
TModan 61 11 23 M 25 96 36 63 47 94 5 7 62 62 32 62 24 S3 52 5 0 57 49 86 4 7 0 3 4 3 &< 4 2 15 42 90 «« S7

O 05)1 [7 9 4 ) ' a M l ft 1 0 ) (C 0 6 ) (6 92) (7 59) (7 69) ft 99) 17 32J (7 H ) (7 06) (6 as) (6 62; ( 6 4 9 ) ft S 5) Cs 92)

NbV , 63 0 9 29 46 31 42 33 34 33 91 5 9 16 4 3 76 46 S3 35 12 3 2 36 32 2 9 39 59 37 97 IS 6 9 35 9 0 37 5 1
22 14a 10 
PlBs/el

(7 M ) ft 4)1 (5 * 0 ft 63) ft 62) <6 7 a) C6 62) (6 94) (5 91) (5 69) ft 6 a] ft P7) (6 1 6 ) cs 99) (6 001 ft 13)

Control 62 57 62 77 62 B£ 61 12 6 0 44 61 14 £ 2 66 £2 30 46 01 52 23 51 7 5 4 9 55 46 77 4 4 62 44 77 M &0
(7 91) (7 9 2 ) (7 MJ (7 9 2 ) C7 77) 0 92) (7 80) (7 69) 17 4 a) (7 231 17 19J (7 0 4 ) (£ fra) 16 6B) (4 6 9 ) (5 47)

C D 6 07 O 0 9 0 06 0 09 0 07 O 08 0 OS 0 0 9 0 11 0 11 0 32 O 16 0 13 0 IS 0 13

C p f o r  c o ap arlson  o f  treatm ent* a t  v arftx is  per od] °  o  09

0») lo c a t io n  13

Thiodan <3 66 23 34 27 74 37 04 44 05 53 92 59 20 60 as 54 07 46 69 49 I t 44 76 42 99 42 75 42 2tt 4$ 70
0 D5X (7 99) (4 a j ) f t 27) f t 09 f t 64) <T 1 4 ) (7 69) (7 83) (7 35) f t 4 1 ) (7 01) f t 69) f t 5 6 ) ft 54) (6 50) ft 76)

NPV
42 14 a iO7 42 B5 24 *6 27 60 3] 09 If? 2 6 40 06 41 09 46 47 35 44 33 10 31 43 32 02 32 32 3Z 06 32 00 Jl 64
P I  Ej>/al 17 ?7) f* 94) f t 25) (5 75) f t 0 2; (6 34) (6 41) f t 82) f t 95) ft 76) (s 69) f t 6 6 ) f t 66) CS 6£) f t 6 6 ) ft 97?

Control 62 96 65 37 63 09 61 79 63 15 61 47 63 46 63 62 55 56 51 34 So 7! 49 S t 4a SI 46 6 9 . 46 IS 54 70
(7 93) (7 91) (7 94) {7 921 (7 M l (7 97) (7 97) <7 99) (7 45) (7 17) (7 12) f t 04) f t 96) (6 8 7 ) £6 79) £7 53)

C 0 0 09 0 12 0 13 a 09 0 07 0 97 0 09 0 11 0 1L 0 11 0 1 0 16 0 I S 0 12 0 31

c  0 fo r 1 * 1 sen o f t r e a t  a*nt s a t v a T Lou 1 p ir to l l »  0 10

(c) l o c a t i o n  H I

0 06* 60 59 22 3o 25 SO 33 79 33 74 29 Ol 42 74 45 48 39 (0 34 2b 3) 89 iO 95 30 74 32 51 37 75 34 93
ft re.) (4 72) (5 05) ft 55) ft 91) ft 25) 56 Ji 1 f t 7<) £6 29) f t 85) ft 65) ft 56) Ci s o £5 70) ft 71) (5 91)

m v  
22 14 * 107 60 61 25 94 27 34 10 ?2 I f 14 31 7! 36 75 V> 05 32 51 31 60 31 24 30 70 JO 06 30 74 3t 20 )3 29
PlOa/nl (7 70) <5 09) ft ft 56) ft 59) ft S i) £6 0u) ft 31) £5 70) f t 62) ft 59) ft 5<) ft 56) £0 ft 59) ft 77)

Control 66 20 59 81 61 14 £1 01 61 26 61 40 61 IS 07 92 23 50 e i 50 35 50 25 40 U i t 6S 4G OS 55 20
f t 76) <7 73) (7 82) <7 01) f t B3) ft 84) (7 87) ft 8 0 ) C7 2 3 ) f t 1 3 ) (7 IO) 0 9 ) ft 94) 16 6 0 ft 7 9 ) ft 4 3 )

C D a 19 0 0 ? 0 oS 0 07 0 0 8 0 08 0 ° 7 0 1 0 0 0 9 0 0 8 0 07 0 11 & 15 O 14 0 30

C D for «np«rlaon af treatments at varfout par orf* ' O 09 
* Fjyures in the perenthe*!* were value* after J *  Lrantfonnat Ion

lo
g



Fig, 60• Affect of spraying nuclear polyhedrosis 
virus and thiodan on the population of 
Opislno arenosella In field.

a. Location I 
£>• Location II 
c. Location XXX
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the first week after treatment* She population in plots 
treat*(2 with 'thiodan and nuclear polyhedrosis virus were 
23*34 and 24*36 per tree respectively while in control 
tha population was as high as 62*87 per tree, a  gradual 
increase in pest population was observed Upto the seventh 
week in treated plots while in control the population 
remained at the Initial level* At the seventh week the 
mean larval counts were 60*86* 46.47 and 63.62 in thiodan 
treated* nuclear polyhedrosis virus treated and control 
plots respectively. In subsequent observations tha popula
tion declined in all treatments including control* The 
population build up in nuclear polyhedrosis virus treated 
plot 'was much slower than that in thiodan treated plots.
On tha eighth week the population of thiodan treated plots 
<54*07) came on par with that of control (55.56) while 
tha population in nuclear polyhedrosis virus treated plots 
remained significantly lower (35.44). During the fourteenth 
week after treatment also the population in nuclear poly- 
hedrosis virus treated plot was significantly lower than 
that of ■thiodan treated plots and control, tho mean popula
tion in three plots being 42.28, 32.00 and 46.16 per tree 
respectively.



The data relating to the experiment in location 111 
are presented in Table 17 c and illustrated in Fig.60 c. 
Nuclear polyhedrosis virus as well as -fchiodan gave signi
ficant reduction in larval population during the first 
week after spraying. The population in plots treated with 
■thiodan and nuclear polyhedrosis virus were 22.30 and 
25.94 per tree respectively while in control tha popula
tion was as high as 59.31. A gradual increase in pest 
population was observed in treated plots in subsequent 
weeks. At the seventh week the mean larval counts were 
45.43* 39.85 and 60.37 in T.hiodan treated, nuclear 
polyhedrosis virus treated and control plots respectively. 
In subsequent observations the populations declined in 
all treatments including control. The population build up 
in nuclear polyhedrosis virus treated plots was much slower 
than the build up in thiodan treated plots, in the tenth 
week the population in thiodan treated plots (31.89) came 
on par with that of nuclear polyhedrosis virus treated 
plot (31.24) while the population in control plots was 
significantly higher (50.35). During the fourteenth week 
after treatment the population in control was signifi
cantly higher than that of 'tihiodan and nuclear polyhedrosis 
virus treated plots, the population in the three plots 
being 46*05, 32.75 and 31.20 respectively.
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4.9.3. Incidence of paraaittcds In nuclear polyhedrosis
virus and Thiodan treated nlota and in control

Data on tha extant of natural parasitism of 
0. aronosalla larva in plots treated with nuclear poly- 
hedroaia virus and Thiodan are furnished in Table 16a 
and b, appendix XV and illustrated in Fig. 61a and b.
It was seen that there was 40.18 per eont parasitism in 
the insecticide treated plots and 39.20 per coat 
parasitism in the nuclear polyhsdrosis virus treated 
plots while the extent of parasitism in tho untreated 
control plot was 33.80 per cant. Thare was no signi
ficant difference among the traatmsnts with reference to 
the extent of parasitism. The per cent parasitisation 
by Triehospilus pupivora in plots treated with Thiodan, 
nuclear polyhedrosis virus and water (control) were 
3.16, 3,56 and 2.84 respectively while that of Brachvroarla 
spp, ware 37.02, 35.72 and 35*92 respectively.

The intensity of natural parasitism estimated from 
observation of empty pupal cases collected from treated 
and untreated plots are presented in Table 18b and 
illustrated in Fig.61b. It was seen that there was 44.30 
per cent parasitism in the insecticide treated plots end 
44.60 per cent parasitism in tho nuclear polyhedrosis virus



Table 18a. affect of spraying UPV and thiodan on natural 
parosltisatlon of the pupae of O. aranoaella 
collected from field and raared~in laboratory.

Treatments
Percentage parasitisation observed at different intervals 

after spraying (fortnight)

1 2 3 4 S tie an
a} 4.20 3.10 2.20 2.70 3.60 ✓.*

Thiodan b) 40.20 31.30 30.00 40.60 43.00
c) 44.40

(41.80)
34.40
(33.90)

32.20
(34.53)

43.30
(41.16)

46.60
(43.08)

40.18
(39.31)

a) 2.70 4.70 1.90 3.80 4.70‘
UPV b) 40.60 29.70 30.20 44.00 34.10

c) 43.30
(41.10)

34.40
(35.90)

32.10
(34.54)

47.80
(43.72)

33.80
(33.57)

39.20
(30.78)

a) 2.70 3.80 2.20 2.60 2.90
control b) 37.30 34.90 30.90 41.70 34.80

c) 40.00
(39.22)

30.70
(38.51)

33.10
(35.13) 44.30(41.79)

37.70
(37.91)

38.00
(33.52)

a : Tric'noapiluo pupIvors £>« Brachyinsria app* c s  Total
* Figures in the parenthesis are trans formed values in angles



Table ISb. Intensity of natural parasitism of o. arenosolla pupae as observed on the basis of tha emergence 
holes In the anrnty pupal cases collected from 
field

Par cant parositia afcion of pupae at fortnightly intervals
1 2 3 4 5 Etoan

a) 3.80 3.70 2.90 2.30 3.10
Thiodan b) 50.70 39.60 30.40 49.90 32.00

c) 54.50 
(47.56)*

43.30
(41.16)

33.30
(35.28)

52.20
(46.29)

35.10
(36.35)

44.30
(41.74)

a) 4.90 3.30 2.70 3.70 4.70
BPV b) 52.30 47.30 26.30 40.SO 40.80

c) 57.80
(49.49)

51.10
(43.64)

31.00
(33.56)

44.50(41.81) 45.50(42.42) 44.60(41.30)

a) 2.90 3.30 2.10 3.30 3.70
Control b) 46.00 43.30 27.60 41.60 39.50

c) 48.90W4.36) 46.60(43.07) 29.90 
(33.IS)

45.50
(42.42) 43.20(41.11)

43.40(41.22)

a a ffrlchospi 1 us puplvora b: Brachymerla spp: ct Total
* figures In tho parenthasl3 ara trassformsd values in angles



Fig, 61, Parasitisation observed in nuclear
poiyhedrosis virus and Thiodan treated 
coconut plantations,
a) Assessed from the live pupae collected 

from field,
to) Assessed from the empty pupal cases 

collected from field.
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treated plot while the exuant of parasitiBation in tha 
untreated control plot was 43.40 per cent, Thera was no 
significant difference in the extent of parasitism. The 
per cent parasitism by Trietonoilus oupivora in plots 
treated with Thiodan, nuclear polyhedrosis virus end 
water (control) were 3.16, 3.96 and 3.13 respectively 
while that of Brachymeria spp. were 40.52, 42.02 and 
39.64 respectively.
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DISClESlaa

a nuclear polyhedrosis virus of Qpisiaa arenosalle 
was first recorded in India by Philip at al.» (1962). 
Basic informations required for developing a pest 
control strategy using the pathogen ueselacking. The 
present investigations Kara carried out with tha objec
tive of collecting these informations.

The symptomatology of the disease, nature of the 
virus, and its mode of transmission, eross-infectiyity 
to other species of lepidoptora, bloassay of viral 
activity, effect ox environrenual factors on the viral 
activity, tho safety of the virus to non-target organisms 
and its efficacy in controlling the peot in field were 
investigated.

The symptomatology was studied in detoil with a 
view to facilitating the identification of infected 
larval stages in field populations of the pest. The 
symptoms of the disease observed resembled the general 
symptoms of nuclear polyhedrosis of lepidopterous larvae 
detailed in the reviews done by Aitawa (1963) end smith
(1967). The infected larvae became paler than normal 
hoalthy ones and soon they became lethargic and showed
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a loos of appetite. Shay became bloated la three to 
four days after infection, in some cases,, a darK brown 
fluid was seen discharged through tho mouth. In later 
stages of infection, tha body of tha larvae became oily 
and thoy stopped their seeding and movement. She whole 
body content became liquefied and milKy white in colour. 
She colour could be seen through the cuticle. The 
cuticle becaroa fragile and ruptured even with slight 
pressure liberating tile liquefied body content containing 
the polyhjdra in large numbers, Usually the lepldopteran 
larvae infected by nuclear polyhedroois virus came over 
with the head hung downwards at the time of death and 
remained in the open. Tills behaviour was not observed 
in tha case of Q. arenosalla. Such exceptions wore 
seen earlier in Hellofchla polticara (Harpos and zlofckin, 
1965) and in H. armfqera (Jacob, 1972) also.

When tho infection of O. arenosella occurred in the 
lata larval instars^ tho mortality occurred in tha pre- 
pupal/pupal stage. Similar observations were made by 
Hafes (1958) in Prodenla llfcura and Tanada (1954) in 
Plarls rapae, Vail aid Hall (1969b), Vail and Gough (1970) 
In cabbage looper, Trlchoplusla ni and Mathew (1980) in 
■Anadevlala gooonlB infected with nuclear polyhedrosis 
viruses*
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Larvae Infected with sublathal doses of the virus 
pupated and moths emerged from them* But many of these 
moths were malformed end their tissues contained poly
hedral inclusion bodies* Sheemergence of such malformed 
adults was observed by Hafez (1958) in P. lltura. Vail

band Hall (19691 in cabbage loopar, Qi and Mathew (1980) 
in a * oeaonls.

Electron microscopic observations showed that the 
diameter of the polyhedra of o*arenosella ranged from 
533*33 nm to 1666.67 nm with an average of 1393.30 nm.
Smith (1967) had concluded that the diameter of tha 
polyhedra generally ranged from 500 nm to 1500 nm depend
ing upon the host species. But the diameter of the inclu
sion bodies of £. lltura ranged from 2500 nm to 4000 nm 
(Ramahrlshnan and Jiwarl. 1969) and of the polyhedra of 
Buaura suppressaria ranged from 600 to 2600 nm (chon at al., 
1981)* She size of the polyhedra of Q.aronosella was thus 
found to be within the normal limits. Varying number of 
virus rods occurred in bundles in each developmental 
membrane within the polyhedra and hence the pathogen was 
identified as a multiple embedded virus.

She tissues of tha larvae of O.aranosella Infected 
by the virus wars hypodastuls. fat body, trachea, muscles.
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gut epithelium, connective tissues surrounding the gut, 
Malpighian tubules, nerve ganglia and epithelial sheath 
of gonads. She hypodermis■ fat body and tractoal matrix 
cells ware recognized as the principal sites of multi
plication of nuclear polyliadrools virus (Aiaawa, 1963; 
Smith, 1967). In Q. aranosalla also the above tissues 
were found to be the major sites of infection. In 
addition to these major sites/virus multiplication was 
observed in a number of other tissues mentioned above. 
Infection of these tissues was reported previously also 
in some lepidoptera. Sanada (19593d observed infected 
muscle cells of Pseudaletla uninuncta. Benz (1963) 
reported infection of nerve sheath, ganglion cells and 
mUscle cells of Malacosoma alplcola while Adams et al., 
(1968) observed polyhedra in the nerve cord and connec
tive tissues surrounding the ganglion of Coramica plcta. 
Hamm (1968) found infection of epithelial lining of 
forsgut and ganglia of s . fruclperda. Kathad et al.,
(1968) found infection of neurilemma of nerves, ganglia, 
sarcolemma connective tissues surrounding the mid gut 
and wing buds in £. ni.

Presence of polyhedra observed in the midgut 
epithelium in o. aranosalla isaphenomenon a rare in
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lepidoptaran larvae infected by nuclear polyho&rosis 
virus. I-Sidgut epithelium was seen infected in T. ni 
(Kairnpsl and Adams 1966) and in Mvthlmna separata 
(Sugun et al. . 1963) exposed to nuclear polyhedrosis 
viruses•

No infection in the tissues o£ cilK gland, brain, 
pericardial cells and wing buds could be detected in 
the present investigations.

The nature of infection in tha hypodermis of 
o. arenoaella did not differ from the previously reported 
cases. But the highly conspicuous thickening of the 
hypodermis observed in the present study is not a common 
feature. The normal hypodermal tissues measured 1320 nm 
in thickness (moan) with a range of 1220 nm to 1470 nm. 
while the infected hypodermis had a mean thickness of 
2450 nm with a range of 1980 nm to 3020 nm. itowever 
hatanabs (196S) had reported an abnormal proliferation 
of cells in the epidermis of the fall web" worm,
Hyphantrla cunea induced by infection of a nuclear 
polyhedrosis virus.

Another striking feature observed in the histo- 
pathologicai studies was the asynchronous infection of tha 
fat body cells. In later stages of infection even the



adjacent calls in a region of the fat body wars in 
entirely different stages of infection. All stages 
ranging from those of stroma and ring none formation 
to the rupture and release of polyhedral bodies from 
the nuclei could be seen, hack of uniformity in the 
infection of fat body cells was reported by iJarpaz and
alotilkin (1965) in H. peltlaera. Hunter and Hall (1963)

ain S. exigua. Jacob and subremanlam (1972) in P.lltura 
and sugun et al., (1983) in Mvthlmna separata. They 
observed that tha phenomenon might be due to the 
infective agent invading susceptible tissues differently 
at random or the cells of the tissue having inherent 
properties which caused tho Infection process to progress 
at different rates. A. progressive reduction of fat 
vacuoles and their total disappearance in many areas of 
the fat bodies in the final stags were observed and these 
indicated a progressive utilisation of stored fat by the 
infected larvae. Tha retarded feeding rate and lower 
utilization of food materials by infected larvae might 
have caused the depletion of stored fat.

Tho infection in all the tissues had reached the 
peak at 120 hour after inoculation. Then the disinte
gration and rupturing of cells which resulted in the 
release of polyhedra into the haeaocoel were visible.



1 2 2

Infection of nerve ganglia and narva coeds observed 
could have caused tha Impairment of locomotion and. 
lack of rosponso to tactile stimuli and disruption 
of various other physiological functions observed in 
tha larvae during the stage*

The histopathological studies thus showed the 
nuclear polyhedrosia virus of 0, arenosella as a poly 
organotrophic virus* The extensive invasion of tha larval 
tissues by tha pathogen Indicated Its high virulence in 
the host*

The transmission of the virus througn eggs of tha 
host is of vital importance in the prospect of controll
ing an insect pest using the microbial organism. It is 
a vital means of dispersal which may cause repeated 
episootics in a pest population and thus provide an 
economical and self-perpetuating mechanism of control* 
ignoffo (1963) had rightly recognised its usefulness and 
recommended auto-dissomination, which Involves the use of 
host insect to introduce and spread on entonopatnogen in 
the ecosystem, as a successful method for the dispersal 
of a pathogen in the field*

a  significant percentage of the caterpillars emerging 
from the eggs of moths, obtained from virus treated larvae
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of 0. aranosella. succumbed to viral Infection and 
died whan the eggs were not surface sterilized and 
the mortality became negligible wnen they were surface 
sterilized* She eggs laid by infected moths obviously 
had the virus on the surface of the chorion which might 
have gone into the emerging larvae when they bite open 
the ogg shall at hatching* tftrtallty observed among the 
larvae hatching out of surface sterilized eggs might 
have occurred due to the incomplete sterilization since 
the percentage observed was very low and negligible. 
Doans (1969) described a similar transmission of the 
nuclear polyhedrosis virus of gypsy moth. When the 
homogonata of the eggs laid by the above infected moths 
taken without surface sterilization* was fed to tho 

- third instar larvae of O. aranosalla. high mortality 
occurred while homogenate of surface sterilised eggs 
caused vary low mortality* These results also indicated 
the transmission of the virus through surface contamina
tion of the eggs.

The apparently normal moths emerging from a virus 
treated population of o. aranoaella larvae laid a high 
percentage of infected eggs thus served to introduce and 
perpetuate tho pathogen in succeeding generations. An 
apparent partial control achieved by tha UPV of
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£• arenasella might hsnce prove to be a completse on* 
in ultimate effect,

A portion of the eggs laid by virus fed moths 
developed into larvae which succumbed to viral infaction 
whan the eggs were not surface sterilized and the morta
lity became negligible when they wore surface sterilised, 
Vail and Hall (1909b) obtained virus transmission to the 
progeny of virus fed moths of cabbage loopor and they 
also found that the infection could _e eliminated by 
surface sterilisation of eggs, warn® and ioung (1974) 
demonstrated tha presence of polyhedra on the surface of 
eggs laid by virus fed Hyphantria cunaa moths, using a 
scanning electron microscope.

When the genitalia of mated female moths ware con
taminated with tha virus,the mortality of larvae emerging 
from aggs laid by them reached 41.39 per cant. In this 
case also the mortality could be completely eliminated 
by the surface sterilization of eggs, similar observations 
were reported in tha case of Collas eurytheme, S. ni 
(Martignoni and i-iilstead, 1962), H. cunea (Elmore and 
nov/land, 1964) and in B , maurltla (Hair and Jacob, 1985). 
The possibility of naturally contaminated adults serving 
as virus carriers and nelping in the dissemination of tit: 
virus in the field population is indicated by this result.
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Thus, the above experiments showed that the troths 
which emerged from larvae exposed to sublethal doses of 
UPV 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 disease.

The feasibility of transovum transmission was indicated 
in the histopathological observations too. Viral infection 
was seen in the epithlial sheath of the gonads. The cells 
inside the follicles were not seen affected. The polyhedra 
present in the ovarian sheath might have contaminated the 
surface of ova when released from the follicles and this 
might have bean the mechanism of transovum transmission 
of the pathogen observed in the experiments.

The cross-transmission studies showed that the nuclear 
polyhedrosis virus of O. aranosalla were infective to the 
larvae of £̂. lltura (Hoctuidae), s. mauritla (Hoctuidae). 
anadevldla oaponls (Hoctuidae), Perlcallia rlclnl(Arctlldae) 
and Diacrlsia obllaua (Arctiidae) while tho larvae of 
Ortheoa exvlnacaaa, Buproctls fratema. Syleota derooata. 
Margaronia indlca and cnaahalocrocla medlnalls were not 
stisceptible to the pathogen. The NPV of o. arenosella was 
transmissible to insects belonging to different families
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of lapldopfcora viz. noctuidae and arctidae• Similar 
interfavnily and interspecific transmissions wars 
noticed earlier also. Alzawa (1962) obtained success
ful cross transmission of the nuclear polyhedrosis 
virus of nombvx mori (Bombycldae) to Galleria me Hone 11a 
(Gallerlldae). Fraser and stairs (1932) reported the 
cross transmission of tha NPV of a. mailonella 
(Galleribae) to T. ni (Noctuidao), n. zaa (Moctuidee) 
and Manduca soxta (Sphingidce)»

Qased on the recovery of PXBs/ml of body fluid 
the susceptible species of insect could oa ranked in 
the following descending order of preference for mass 
multiplication of the virus, s. lltura. s_. maurltla.
A. ooponls. rlcinl and £• obilrma. S,» lltura and 
£. maurltla were sturdy and more emanable to labora
tory rearing with shorter life cycles. They ware hence 
preferred for large scale multiplication of the NPV in 
the laboratory. Tha virus thus multiplied in the 
alternate hosts repeatedly did not show any loss of 
lnfectivity or Its virulence to o.aranoaella. The 
alternate hosts thamselves being major pests of econo
mically important crops the possibility of using the 
virus as a broad spectrum microbial insecticide for 
plant protection also is indicated.
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The stage susceptibility of an insect host to a 
pathogen has to be ascertained for the proper timing 
of introducing tho pathogen in an ecosystem for bio
control and it is well known that the success of a 
microbial insecticide used in plant protection will 
depend largely on this strategy* It was hence felt 
essential to find out the optimum dose of the pathogen 
and the more susceptible stages of the pest for 
evolving a proper technology to control the pest in 
field* This was done by the bioassay of viral activity 
using the various larval instars as test organisms*
The hCgg values increased with increase in larval age 
indicating that the susceptibility of the past decrea
sed with the increase in the age of the larvae* The 
IiC^q for the fourth and fifth instars were 242*49 
times and 3652*58 times that of tho first instar 
larvae while those of the second and third instars 
ware 24*33 and 113*01 times higher only* The results 
showed that first, second ana third instars were 
susceptible to moderate doses of the nuclear poly
hedron is virus while the fourth and fifth instars 
required very hign doses Of the virus for effective 
kill* Earlier studies also had shown similar results 
with other insect species (Clark and Thompson, 1954/
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Abul-Nasr, 1959? Tanada and Rainer, 1962; Stairs, 1965b; 
Xgnoffo, 1966a; Hunter and Hall, 1963; Bathika and 
Jacob, 1974a; Pauar and Romarkaihnan, 1975; and Hair, 
1931)« 2ha mean tlma taken for death also was seen 
prolonged with increase in age of the larvae.

The observations on LCg0 and LT-q values indicated 
that 0. arenoaella had to be exposed to large doses of 
the pathogen as thoy advanced in age. such resistance 
associated with the growth of the larvae was regarded 
as maturation immunity by Tanada (1956), But ignoffo 
(1966b) suggested that it might passisly be attributed 
to tho normal increase in body waight which ‘dilutes• 
a constant viral dose. This was coroborated by tha 
observations of Capinora and Canoset (1979) that BCgg 
values between first and third instars of zebra cater
pillar, Corarnica picfca increased by 52 folds while the 
body waight increased by 56 folds.

m  inverse relationship between BTSfl values and 
the concentration of the virus was evident in the result. 
Even with the saraa concentration, prolongation in the 
mean time to death and LT5£J values ware noticed with 
advancement in the aga of tha test larvae. Those ware 
more distinct at lower doses of the virus than at higher 
doses, it is evident that at higher concentration of
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the virus the disease initiated earlier and inflicted 
high mortality within a short time interval than at 
lower concentration*

The bioassay studies thus revealed the desira
bility of controlling the pest in the early stagesof 
incidence since it will be possible to kill the early 
instars with low dosages of the virus and thus render 
the technology economically viable* The data also 
indicate the extent to which the doses in the field 
have to be regulated on the basis of the prevalence of 
different instars of larval population in the field at 
the time of control operation*

Apart from the infectivity and virulence of an 
insect pathogen* its performance in field will depend 
to a large extent on its stability under the changing 
environmental conditions. It must remain viablo until 
it is infested by the target insect. Hence the informa
tion on the effective persistence of a candidate pathogen 
on the host plant was considered essential to assess 
its potential and to determine the required frequency 
of application in the field*

Huclear polyhedrosis virus of 0. arenosella applied 
on coconut foliage and exposed to weathering retained
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substantial Infectivity upto 84 hours after treatment.
Than the virulence declined rapidly and there was 
complete Inactivation In 160 hours. Tho half life of 
the pathogen on coconut foliage was 83.25 hours.
Studies reported previously have shown varying degree 
of environmental stability of nuclear polyhadrosls 
virus. HPV of Hallothls when applied to cotton foliage 
lost most of Its infectivity In one day (Bullock.1967). 
Ignoffo and Batser (1971) observed 70 per cant loas In 
the infectivity of Hellotnis virus In the first hour 
after application though 10 per cent of viral activity 
remained avan after 192 hours of exposure. Gradual 
decline in pathogenicity resulting in complata inacti
vation in 10 days was reported in tha case of HPV of 
h* flscellaria oomniaria and T. ni (Cunningham. 1970 
and Jaques, 1971). The nuclear polyhadrosls virus of 
N. dapunctalis retained substantial infectivity upto 
98 hours of weathering on paddy foliage (Dovanesan.
1979). The half life of tho N3V of .-Seliothia on c o m  
silk was estimated to bo loss than one day (Ignoffo et al.. 
1973) while its half life on soybean foliage was between 
2 and 3 days (Ignoffo et al*. 1974). The half life of 
K. mauritia HPV on paddy foliage was estimated to be 
90.12 hours (ciair. 1981). Tne t»PV of u. aronoselia would
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thus appear to be much more persistant than Hellothis 
virus while it is less persistent than the viruses of 
ij. flscallaria gorrniiarla. T. ni, H. dapunctalis and 
Q , maurltla.

She effect of important factors which affect tha 
viability of virus under field conditions ware studied 
separately to understand tha mechanism of the inactiva
tion observed, when exposed to a constant temperature 
of 35°C, the infectivity declined rapidly beyond 84 hours 
of exposure. The half life of the virus was 87.10 hours 
only, earlier authors also had reported that continuous 
exposure to higher range of temperature (35 to 40°c) 
affected viral stability and viral multiplication signi
ficantly (Bird. 1955; Thompson. 1959; Xgnoffo. 1966b;

- /
hair and Jacob. 1976; Pawar and Ramaltrishnan, 1979)•
But Morris (1971) found that treating the hpv of 
It. flscallaria flomnlaria at 45°C even for 200 houra did 
not affect its infectivity. The HPV of maurltla
lost its infectivity only when treated for 168 hours 
at 35° C(Nair, 1981). The result of the present study 
showed that the hPV of O. arenoaella Is more thermostable 
than the other viruses studied except the HPV of
B. flscallaria aomnlarla and maurltla.
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The HPV of 0. arenosalla retained substantial 
infectivity till 84 hours when exposed to infra red 
radiation* The half life of the virus was 85*22 hours.
The loss of virulence by exposure to infra red rays 
was also evident from increase in hT5Q values* exposure 
of 105 minutes was sufficient to cause fifty par cant 
reduction in infectivity when the HPV of H. cunaa was 
exposed to infra red radiation (Etordin, 1977)* exposure 
of the NPV of £.* rnauritia to infra red radiation showed 
that it retained substantial infectivity till 72 hours 
with an estimated half life of 75*34 hours (Hair* 1981). 
The results reveal that the MP V of aronoselia is 
little more stable than the WPV of £>• maurltla.

It was observed that exposure to UV rays emitted 
by the germicidal lamp caused a rapid loss in infecti
vity of tha virus resulting in complete Inactivation in 
108 hours* Tha half life of tha virus exposed to UV rays 
was 54*43 hours only* The loss of virulence by exposure 
to UV was evident from the increase in X/r5Q values also. 
The role of UV In reducing tha pathogenicity of the insect 
viruses has been well documented. CJaguas, 1967a ; David,
1969; Brooms et al., 1974; Ignoffo et al., 1977; Witt

/and stairs. 1977; Pawor and Ramakriahnan, 1979 and hair,
t /

1981). Ignoffo ot al., (1977) found that the half life
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of Hallothls NPV was 2.2 hours and Pawar and Ramakrishnan 
(1979) obtained complete inactivation o£ the HPV of
S . lltura by 15 minutes exposure to (JV light*

Among the environmental factors studied in the present 
investigation UV radiation seems to be the most important 
one causing tha inactivation of the tlPV of o. arenosella. 
But GQugler and Bousch (1978) observed that germicidal 
lamp emit rays of maximum effective range (253.7 nm) 
continuously and so the rate of inactivation of micro
organisms undar such lamp occur more rapidly than it 
is possible under natural sunlight which has UV in the 
range of 291 to 380 nm. Hence he observed that labora
tory results could not be related to field conditions, 
i-fcwever, the observations mads by David (1966), Jaquaa 
(1977,.), Ignoffo and Batter (1971), ignoffo et al.,
(1973), Young and Year!an (1974), norris and Moore (1975) 
and limans (1982) that the virus which was shielded or 
screened from UV rays in one way or other was more 
persistent, lend support to tha view that UV radiation 
plays an important role in inactivating the virus in 
field.

Baculovirus are known to be effective in controll
ing many insect pests, in earlier days insect pathogens

nwere considered to be safe and inox ions ĵ o other organisms*
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But with the large scale Introduction of microbial 
insecticides in the field o£ plant protection,elaborate 
safety tests become necessary*

Present studies showed that the HPV of o«arenosella 
has a wide host range even with intarfamily infectivity. 
Safety to silk worm* Hombvx marl is of considerable 
importance in tracts with established sericulture indus
try and hones tha pathogenicity/toxicity of the HPV of 
0.. aranosalla to the silk worm was studied in detail* 
jfesults showed that tha pathogen did not cause any 
adverse effect on silk worms* All the treated larvae 
pupated normally and the adult, emergence also was 
normal, The maan weights of cocoons from HPV fed and 
untreated lots of larvae wara 1.560 g and 1.530 g 
respectively* Thus tha virus was found to have no 
adverse effect on silk production too. Similar observa
tions were made in the case of nuclear polyhedron1b 
virus of il. separata and Philosomia riclni (Dhaduti 
and tiathad* 1980) os wall as tho HPV of ii» armiaera 
(darayanan, 1983}.

(3. arenosalla is recognised as a pest amenable to 
biological control. Field release of laboratory bred 
larval parasitoida like a. bravicognls. P. naphantldls
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and pupal parasitoide litaa T. raupivora. Brachvmarla spp. 
as® being regularly done for heaping the peat population 
under control. The safety of the virus to such parasitoids 
must Isa proved if tha virus is to ha included as a 
component in an Integrated programme for controlling tha 
past. lianca safety tests v/ara carried out with a larval 
paraeltoid, fl. brevlcomla and a pupal parasltoid 
T. puoivoca. Tho results showed that the parasitoids 
could develop even in tho virus infected hoots and it 
did not directly or Indirectly affect the development 
of the parasitoids, percentage of emergence, longevity 
and behaviour of the parasitoids, Similarly tha virus 
fed parasitoids did not show any adverse effect on their 
fecundity, development and survival* Cocparable results 
were obtained with the nuclear polyhedrons virus of 
Hellothis by Harayanan (1280).

Effect of tha virus on higher animals was studied 
by exposing white rats and white mice to massive doses
of the pathogen. Body weight gain, temperature, and

tblood values of nuclear polyhedrosis virus fed animals 
wars similar to those of untreated animals. The WPV 
treated animals did not show any abnormality or patho
logical conditions during tha Observation period of 21 
days. Histological studies of the organs did not show
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any evidence of tissue damage, similar results were 
obtained for the nuclear polyhedrosis virus of 
H. armigera fed to white rats (Narayanan* 1979).

Embryonic tissues are known to be highly sensitive 
to microbial infection by virtue of low levels of 
antibodies in the tissues and also by virtue of the 
large number of actively dividing calls present. l-iance 
oinbryonatad chick eggs were exposed to tha NPV of 
o. arenosalla. Tha virus administered through different 
routes did not affect the growth of the embryo upto 
the end of the test period. There was no change in the 
general appearance of the embryo, n o difference could 
be 3oen in tho chorioallantoic membrane* allantoic 
fluid* amniotlc fluid and yolk due to virus treatment. 
Post-mortem oxaminatlon'of tho embryo did not show any 
pathological change in the tissues.

It is evident from the above results that the NPV 
of o. arenosella is safe to silk worm B. raorl, parasitoida, 
B. brevicomls. T« nuoivora. Vertebrates lika white rat 
and white mico and even tha highly sensitive chick embryo. 
A pathogen safe to the non-target organisms can hence 
be recommended for fighting the peat in field.

A preliminary field experiment was carried out for 
choosing a coaa effective against the pest under field
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conditions. The higher larval mortality of 85.00 par 
cent was recorded in plot treated with Uhiodon 0.05 
per cent spray and it was closely folio vied by HPV spray 
at 22.14 x 107 PIBs/ml with a larval mortality of 75.00 
par cent there being no statistical difference between 
tha two. Mortality in the control plot was 3.75 par 
cent only.

Tha results of tha main field experiment showed 
that a substantial reduction in pest population was 
feasible with tho HPV and the results were on par with 
T-hiodan sprayed at 0.05 per cent concentration during 
the first week after treatment. The population build up 
in virus treated plot was slower than that of Thiodan 
treated plots. In the sixth week itself the population 
in Thiodan treated plot came on par with that of control 
while the population in HPV treated plot was still 
significantly lower. Even during the 14th week the 
population in HPV treated plot was significantly lower 
than that of Thiodan treated plot and in control. The 
prolonged effect observed in virus treated plot may“7
indicate tha establishment and self perpetuating trend 
of the pathogen among the host population. The same 
trend was observed in the results obtained from tha 
three locations.
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In an integrated control progranme what is aimed 
at is tha regulation of pest population below the level 
causing economic loss with least disruption to the 
natural balance. In the present instance the effective
ness of HPV of o. aranoaella against the pest has bean 
demonstrated by the comparatively high larval mortality. 
Tha experiment showed that the HPV at a dose of 
22.14 x 10 PIBs/ml was as good as thiodan 0.05 per cent 
spray for the control of o. aronosella in field. Tha 
slower rebuild of the pest population in virus treated 
plot indicated that a less frequent application of the 
microbial insecticides may be sufficient for tha control 
of the past. Frequent application of insecticides may 
lead to disruption of natural enemy complex and consequent 
resurgence of tha past. Tha hazards in applying the 
toxicants in the crown of trees and the possible environ
mental pollution also render the insecticides less 
preferable to the pathogen.

Tho incidence of parasitism in NPV and Thiodan 
treated plots did not vary significantly. The impact 
of the virus treatment which was found to be eafe to 
the development and establishment of tha natural enemies 
had to be reflected in the natural parasitoid population 
in virus treated plots in comparison with the population
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in insecticide treated plots. back of significant 
data in this aspect of the experiment might be for 
want of repeated application of the toxicant and 
pathogen and due to the short span of time for which 
the observations were recorded, hack of impact on the 
establishment of Comnolatis chlorldae parasitising 
H« armigera treated with an HPV was reported earlier 
also (Anon. 1933).

To sum up, the nuclear polyhedrosis virus of 
a. arenosella was found as a microbial insecticide 
highly infective to the pest ana very virulent# invading 
almost all the important larval tissues in two to four 
days after inoculation. It showed the transovum 
transmission and thus revealed the possibility for 
self perpetuation in treated field populations of the 
pest. Tha virus was cross infective to six lapidopteran 
species. S.. mauritia and S. lltura which were more 
amenable to laboratory rearing './ere found to be more 
suitable for tha mass multiplication of the HPV in 
laboratory. The virus was sufficiently persistent in 
tha field. In low doses,the pathogen controlled the 
first three larval instars of O. aranosalla effectively 
and hence the ureatment given at tha beginning of the 
pest incidence wall provide an economically viable and
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affective control strategy for combating the peat. 
Tha pathogen was found to be very safe to the non
target organisms. Tha virus will thus admirably 
fit in an integrated control strategy against
O. arenosalla. Being cross transmissible to other 
important crop peBts,the possibility of developing 
the pathogen as a broad spectrum insecticide also 
exists.



SUMMARY
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Detailed studies ware carried out on the nuclear 
polyhedrosis virus of 0 . aranosalla covering symptomatology, 
morphology of tha pathogen, host-pathogen relationship, 
modo of transmission to the progeny. bioassay of viral 
activity, cross transmission to other species of 
lopidoptere, poreistonca in field,effQct of various 
environmental factors on persistence, safety to non
target organisms and field efficacy of tho virus in 
controlling tha pest.

Toe studying the symptomatology of the disease, 
different larval instars were exposed to the virus 
adopting spot feeding technique end tho infected larvae 
were reared in the laboratory, Tha symptoma noted were 
broadly similar to those reported as typical for the 
nuclear polyhsdoris of lepidopteran larvao. Three to 
four days after ingestion of tho virus,tho larvae became 
paler and lethargic. They showed loss of appetite. Just 
prior to death,feeding and movements ceased completely,
The cuticle became fragile and body tissues got lique
fied and railhy white in colour, fivon slight disturbances 
by other moving larvae caused tha rupturo of the body 
wall and the release Of polyhedral bodies. The cadavers
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ware found oticking to oho leaf blade which became 
deeply dortaned in 24 to 48 hours« Some of tho diseased 
pupa* exhibited typical symptom of larval pupal mosaic* 
Malformed adults with short and ruffled wings also 
emerged. Tiio body tissues and body fluids of those 
adults contained large number of polyhedral inclusion 
bodies.

Tha electron micrography of the virus was got down 
by herc Institute of Virology* Oxford* England. The 
polyhedra of nuclear polyhadrosis virus of 0. arenose11a 
ware irregular in shape and the surface was smooth without 
any ornamentation. The diameter ranged from 533.33 on to 
1666.67 nm with an average of 1393.30 nm. The virus was 
'multiple ambadded* since a number of rods were enclosed 
in one developmental membrane.

The hlstopathologieal etudieo wore done on third 
instar larvae Killed at 24 hour intervals upto 144 hours 
after Inoculation. Aran staining technique was adopted 
for tho purpose* Bo polyhedral bodies were visible in any 
of tha tissues at 24 hours after inoculation. At 48 hours 
after inoculation the nuclei of hypodertnis* fat body, 
trachea* connective tissues surrounding the gut and the 
gut epithelium ware seen hypertrophied and got stained.
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The infection progressed further by 72 hours after 
inoculation in the above tissues* in addition to the 
aoove tissues Malpighian tubules* nerve ganglia and 
muscles were also seen infected* Fully developed 
polyhedra ware visible in the nuclei of the above tissues 
by 96 hours after inoculation* At this stage many of 
the cel^ls of the epicholial sheath of gonads also 
showed signs of infection* At 120 hours after inoculation 
tho infection had spread completely over the cells of 
hypodermis, fat body* trachea and epithelial sheath of 
gonads and by 144 hours after Inoculation many tissues 
showed signs of disintegration and polyhedra were seen 
released into tha haeraocoel* Mo infection in the tissues 
of silkgland* brain* pericardial cells and wing buds 
could be detected. Thus tha nuclear polyhedrosis virus 
of O, arenosalla was found to be a polyorganotrophic 
v±rti3 and extensive invasions of the larval tissues by 
tha pathogen indicated its high virulence*

Early fifth instar larvae fed with subletha1 doses of 
tho virus pupated and emerged as moths* Tha eggs laid by 
the moths caused significantly high mortality among the 
emerging larvae unile the surface sterilisation of egga 
deprived them of the infectivity. The homagenates of the 
above two lots of eggs when fed to third instar larvae of
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0, arenosalla also showed the soma results* Thasa results 
snowed the occurrence of transovun transmission of the 
virus in O. aranosalla. when gravid moths were fed with 
virus contaminated honey or when the external genitalia 
ware smeared with the virus, the diseases was transmitted 
to the next generation through tha eggs. Such eggs when 
surface sterilized lost tha infoctivity. These results 
also endorsed tha possibility of feransovum transmission 
of the virus by the Infected or contaminated notha. Tha 
presence of the virus in the sheath o£ the gonads seen 
in histopathological studies also indicated tha trans
mission of tbs viru3 through the eggs* The moths of 
0* araaoaalla thus serve as effective carriers of tha 
pathogen and help in tha natural perpetuation and spread 
of the disease.

Cross transmission studies of nuclear polyhedronAs 
virus of o. aranosalla to ten other species of pidopiera
were carried out and tha virus was found infective, to the 
noctuicia i>. lltura. £,* maurltla. a, oeoonis and arctlids 
£• rlclni and D, obllaua. Tha recovery of polyhadra was 
iiigher in s. litura and s. mauritia* Those insects which 
were more amenable to laboratory roaring also were chosen 
as suitable alternate hosts for large scale multiplication 
of nuclear polyhe_ros±s virus of 0* aranosalla in tha
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laboratory* Tha repeated multiplication of the virus in 
alternate hosts neither reduced its infectivity to 
0* aranoaolla nor its virulence. Results also indicated 
the possibility of using tho virus as a broad spectrum 
microbial insecticide against all tne pests which were 
found susceptible to the pathogen.

To find out the optimum dose of the pathogen and 
the more susceptible stage of the pest for evolving a 
proper technology for the control of tho pest in field# 
bioassay of the viral activity was done using the different 
larval instars of 0. orenosella. The LC-q and LT5Q values 
increased with the age of the host. The values ranged
from 9.247 PIBs/ml for the first inatar to 33775.361 PIBs/ml 
for the fifth instor larvae. The results indicated a pro
gressive decrease in susceptibility to the virus as the 
larvae advanced in age. It revealed tha desirability of 
applying the virus in the early stages of post incidence 
in field since it is possible to kill the earlier instars 
with low dosages of tha pathogen thus rendering the techno
logy economically viable.

The stability of the patliogsn under field conditions 
was studied in detail. Tha virus was applied on coconut 
foliage and it was exposed to weathering, samples war®
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drawn at 12 hour intervals unto 168 tours after spraying. 
The results showed that the virus retained substantial 
infectivity upto 84 tours after spraying and thareafter a 
gradual decline in its virulence was noticed leading to 
complete inactivation at 168 hours. The b£gg values also 
increased with the increase in the duration of weathering.

Tha virus was exposed to the different components of 
the environment viz high temperature, infrared radiations 
and ultraviolet rays to understand the machanisra of inacti
vation of the virus.

The half life of tho virus was found to be 83.25 hours 
whan subjected to weathering on plant foliage, 87.10 hours 
when hooted at 35°c contin uo ualy, 85.22 hours when exposed 
to infrared rays and 54.43 hours when exposed to ultra
violet rays. Tho most rapid inactivation was caused by 
ultraviolet rays followed by infrared rays and heat treat
ment.

The pathogenicity/toxicity of nuclear polyhadrosis 
virus of aranosalla on silkworm, Dombvx aorl was studied 
extensively* Tho virus had no adverse effect on the 
survival and development of silkworm or production of silk.
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Q» arenosalla Is recognised as a past amenable to 
biological control and tones safety tests to a larval 
parasitoid 13. bravicornls and a pupal parasltoid 
T. uuplvora were carried out end tha results showed 
that tha virus neither directly or indirectly affected 
the development of tha parasitoids nor their activity.

The effect of virus on higher animals (white rata 
and white mice) was studied and tha results showed that 
tha virus neither infected the animals nor did it Cause 
any abnormality in ttoir physiology and behaviour, 
histological studies of different organs did not show 
any evidence of tissue damage.

Xhs effect of the virus on tissues of developing 
chick, embryo was studied. The virus was administered 
through four different routes into tha embryonated chick 
egg end tho results showed that tho virus did not affect 
the development of the embryo or its growing tissues.
Thus the nuclear polyhedrosis virus of £• arenosolla 
was found to be safe to silkworm, parasitoids, vertebrates 
and even the developing chick emoryo.

a  preliminary field experiment was curried out for 
choosing a dose affective against the pest under field 
conditions. Sho results of the experiment showed tnafe
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22*14 it 10 PIBs/mi waa on par with Thiodan 0*05 per cent 
in causing tha mortality of tha larvae of Q. arenosalla.

uhen tha above dose of nuclear polyhadrosis virus 
was compared with tftiodan 0*05 per cent in a field experi
ment* dona at three locations* both treatments were on par 
in reducing tha past population as observed one week after 
tha treatment. At tha seventh week tha population of the 
past in nuclear polyhadrosis virus treated plots was much 
lower than that of the Thiodan treated plots while the 
latter cane on par with the control. Thus in tho long run, 
tile nuclear polyhadrosis virus was more effective than the 
Insecticide in regulating the pest population. The pro
longed effect observed in virus treated plots indicated 
the possible) establishnant and self perpetuating trend of 
the pathogen in the host population.

The incidence of parasitism in nuclear polynsdrosis 
virus and Thiodan treated plots did not vary significantly 
probably because of the short duration of observations.
The nuclear polyhedrosis virus of O. arenosalla was thus 
found as a microbial insecticide effective in controlling 
tha past end it was found safe to non-target organisms•
This can bo developed as on effective component of an 
integrated control programme for the control of 0.aranosalla.

7
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Appsndix 1 

Abstract Of AUOVA

Of -'toan squares

Table 8 Total 23
Treatment 5 4.9673**
Block 3 0.0455
error 15 0.0565

Table 9 Total 44
Treatment ' 14 1012.51*
Srror 30 1Q5.73

Table 10 Total 41
Treatment 13 1378.04**
Error 26 35.95

Table 11 Total 41
Treatment 13 1779.47**
Error 23 71.73

* Significant at b% leva! 
** Significant at 1% level



HeGpo<i3o c f  O p r e tu jia ll i i  la r v a  to  d i f E a r e n t  d o ta s  o f  N u c le a r  p o ly h a d ro s is  v i r u s  admin 15 le r t d

to dlEf«r*nt Ic itars  (V|d* TobloNoC)

Appendix I I

tk«<i
C u n n ila U v *  per can t m o r t a l i t y  o b se rv e d  a t  In t e r v a ls  (  In d a y s )

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

f l n t  t f t i t s r  

1 t 95 X 105p ie s / ® l IS SB 74 100

2 ! 96 * 10 * P IB t/(»l IS 74 5s 94 100 - -

1 1 f t  X 10J P [Bo/ml 72 10 42 SO 93

4 1 94 x 162P IB «/m l 0 0 12 24 33 38 S3 78 —

5 1 96 X 10 PIBJ/|»1 17 5 25 35 40 4 7  5 32

A t  96 * 10 17 25 10 35 i s -  -

Second In * ta r  

I  I  PS X lO TP I B l/ «1 ao 36 59 eo 100 _ _ _

2 1 « >  lO ^P lfla/m l 14 34 64 ao 100 - - -  -

)  1 H  a IQ 5 P IB j/ * J  

4 1 »  K ^ P IB a / ia l

“ 10

to

36

12

56

so

70

64

96

84

- - -

i  I  96 * 103P IB s/m l - 4 6 11 26 32 76 - - -

6 I  94 x lQ J P I9*/iaI ( 9 a IB 29 49

T h ir d  I m L a r

I  I  94 x 107P IB t/ra l 26 36 50 74 100 - -  -

1  I  94 ■ I0 6P|B*/i*1 14 34 50 B0 96 -

J  1 96 x Jt>5P IS »/ m l 9 i 16 26 4a 00

4 t 94 x  lD 4P I0 s / r t 4 4 6 14 40 72 -

5 1 94 K 103 P is</ral - 4 6 9 12 3a 52

4 1 94 a 10J P iB «/ » il 4 6 10 16 24 40

F o u rth  I n s t a r

1 I  94 x l 0 7P ie * / « I 6 12 30 54 72 64

2 1 94 x  10i PtBs/p*l

3 1 94 X  t0 5P Ifls/ W

6

6
IS
10

12

20

5o

36
66

50

74
45

84

70 76

4 1 94 x 10^ P I B* /ml t 6 70 34 36 0 6 46 62

5 1 94 X 1 0 SP1Bi /<*1 4 4 10 IO 14 13 20 46

4 1 96 X 1 0 * P lB (/m l 2 2 a 12 14 20 38

F lE t h  In e ta r
*7

1 1 96 X 10 PIB«/raI 2 4 4 6 a 28 40 62

Z 1 96 X lO ^ lB s / r a t a 2 2 4 0 30 42 36 -
3 i  96 X 105? lB l/ m I 2 2 I 6 6 20 16 52

4 1 94 X  1 i f  P lb i/ in l 2 2 2 4 6 18 10 4*

5 1 94 x  10 5P m i/ x il 2 2 4 6 16 )0

a t 94 x io2Pia»/'nii - - 2 2 2 2 6 6



Abstract of Analysis of variance table relating to 
Table 17a to c

.Appendix III

d£ fS3 (iirea I)
(a)

•<S (Area XX)
Cb)

iis (Area £11) 
<c)

period 14 0.3255* 9.3396** 7*5499**

Treatment 2 6.7352** 9.1550*“ 12.7361**

P x  T 28 0.3331** TfrVf
2 .8830 wi1.7906

Error
(Pooled)

405 0.0115 G.G13G 0.0099

* Significant at 5:, level
*•* significant at 1« level



Appendix IV
Abstract of pooled AGOVA(relating to fable 16a and b)

Source Of
fean squares

Sable ICa Sable 1Gb

Period 4
Treatment 2
P x T 0
Error (Pooled) 20

63.331 
2.463 
9.013 
7.637

215.703
1.833

10.691
19.36
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ABSTRACT

She black headed caterpillar, Qpjglna arsaoaella Blk# 
(= Hsnhantis sarinopa tteyrick) is a serious pest of 
coconut, Tha slender caterpillars found under the leaves 
in gallerias made of silk and foreign matter feed on the 
chlorophyll tissues, Philip at al», (19823 reported the 
occurrence of a nuclear polyhedrosis virus in the larvae 
of 0. aranosaila. Basic information for judging the 
suitability of this pathogen for the control of the pest 
were laclting, Banco detailed studies were made on tha 
symptomatology, morphology of the pathogen, histopathology 
mode of transmission of the virus to the progeny, cross- 
infectivity to other species of lepidoptera, bioaosay 
of the virus, persistence of the virus on coconut foliage, 
effoat of physical factors on the persistence of the virus 
safety of the pathogen to non-target organisms and the 
efficacy of the virus in controlling the pest in field#

Tha required life stages of the past for Various 
experiments were obtained from laboratory cultures 
maintained under aspoptic condition#

The symptoms of the disease resembled those reported 
already for tee nuclear poiyhedrosds of other lepidopteran 
larvae. The typical behaviour of coming to the open and



orienting the body with the head hung downwards at 
the time of death, uas not observed in the case of 
0. arenOBella. Some of the diseased pupae exhibited 
typical symptom of larval pupal mosaic. Malformed 
adults with short and ruffled wings also emerged.

The inclusion bodies measured on an average 
1393.30 nm with a range of 533.33 nm to 1566.67 nm.
Tho inclusion bodies were irregular in shape and tha 
surface was smooth without any ornamentation. Tha 
pathogen was found to be a multiple embedded virus.

The histopathological studies revaaled that the 
hypodermis, fat body and trachea were the principal 
sites of virus multiplication. Xn addition to the 
above tissues, muscles. Malpighian tubules, connective 
tissues surrounding the gut, the gut epithelium, nerve 
ganglia and epithelial sheath of gonads were seen 
Infected, The extensive invasion of the tissues 
indicated the high virulence of the pathogen,

Tha female moths of o. arenosolla infected orally 
or contaminated externally served as effective carriers 
of tha pathogen to the next generation mainly through 
surface contamination of eggs(transovum). This facili
tated the natural perpetuation and spread or tho disease.



The tiPV of O, aranoaalla was found ccosa 
transmissible to £j. litura. £. mauritia. a . neponls. 
p. rlcini and c, obligua. t. lltura and s. maurltia 
ware found suitable altarnats hosts for largo scale 
multiplication of tha virus by virtua of thair 
amanability to laboratory rearing. Tho alternate 
hosts themselves being major crop posts, tho possA- 
oility of using sha virus as a broad spectrum microbial 
insecticide was also indicated.

Bioassay studies revealed She desirability of 
applying the virus in tha early stages of pact incidence 
oinco the later instars required very heavy docos of 
tha pathogen and that might render tha technology non- 
viable.

Tho HPV of 0. aranosella whan exposed to field 
condition(weathering) retained substantial infectivity 
upto 04 hours and then thoro uas a decline in virulence 
causing complete inactivation in 168 hours. Tho half 
life of tile pathogen on coconut foliage was 83.25 hours. 
This compared well with many of tha insecticides.

When exposad to a constant temperature of 35°C the 
infectivity declined rapidly boyond 84 hours and complete 
Inactivation occurred, at 156 tours of exposure. Tho half 
Ufa of tha virus was 87.10 tours, when tha upv of



o. arenosallo was exposed to infrared rays# substantial 
infectivity was retained up to 84 hours. Tha half life 
of tha vlruo was 75.34 hours. Exposure to UV rays caused 
rapid Iocs of Inactivity resulting in comploto inacti
vation in 108 tours, ino naif life of tho virus was 
54.43 hours. Tho i.iosfc ln»orcanfc factor inactivating tha 
Virus uao thus found to bi the UV rays in sunlight.

Tho virus was found to bo comparatively oafa to 
silkworm (Bq-idvx mari). parasitoids (uracon brevicornis 
and Trichospilus puoivora), Vertebrates (wnitb rats and 
white nice) and even to tho srnbroy.iated chick eggs.

in tha field evaluation of UPV against O.arenosellg
ythe virus spray containing 22.14 « 10 PlLo/ml caao on 

par with tho insecticidal treatment of fcniodan 0.05 
per cant.

Tho present studies revealed the m g h  virulence 
of the tipv. its ability to spread from parent to progeny, 
a reasonable persistence on the treated ioiiage 
safety to non-target organisms. It'“a pEomiaing micro
bial pesticide for tho control of J, arenoaaiin.. ,£ne 
fiPV can fit well in an integrated control programme 
against 0. ararsosella.


