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INTRODUCTION



IHTRODUCRION

Problems such as inseot resistance, hagerds
and envirvonuental pollution inherent In the use of
chemieal insecticides heve made it negcessary to seek
non=insecticidal nateriale and wetheds to combat the
ingect foss. Microbiol contwol meking use of
pathogeniec nmicroorgeuisms is one among the inportent
non-inceeticidal control measures. There has besen a
great' increess in ocur knowledge of mierebial diseases
of iunsecte during recent years. The principal groups
of orgasiems reeponsible for lnfectious disease in
insects ares viruses, bacteria, fuungi, protozos,

nemstodes and rickettsiecs,

The dipeasen coused by viruses are peraaps
the meat opectacular of all afflictions to which bthese
arthropods gre subject. According to Ignoffo (1963)
viras disenses reprcsent approximaiely 25 per cent of
the total recorded diceases of insects and at a minimal
estinates 12 t0 15 new viruses ave described each year.
The field of insect wvirology has broaodened considerably
during reeent yoars and much bheodway has been made in
this line in countries like U.E.A., Canada, U.X., Fronce

and the T.8.%.He There &ye sgvgral cases of successiul
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‘aze of insect viruses, especielly the muclear polyhedroses
and grenmuloses, in the coatrol of insect pests {Baleh

and Bird, 19443 Thompoon and Stelnheame, 19503 3ivd,
19533 Hall, 1957; Kelsey, 1957; Hoiwen and Harwey,
1958; Abul-Hogr, 1959; Ossoweki, 19593 Tanadn end
Reiner, 1962; Ignoffo et al., 1965).

Studier on iunsced viruses zre, howeaver,
rather limited in India., Only very few virus diseases
of inseoct peste have bsen reported oo far in India and
these include 8 puclesr polyhedrosis of Heliothis
grmigora (Patel e} al., 1968) end Prodenia litura

(Romokrishnan wmnd Tiwarl, 1969) and & pox-like virus

disease or Ameagia moorel (Hoberts end Grancdos, 1968;

Hathur, 1971). [Ihese studies are only preliminary in
nature ead no detoiled Informaticn on the host-pathogen

relatiouships Is available on any of these diseases,.

in view of the above, the present studies were
taken up. The study included & preliminary survey of
imporsent lepidopiercus crop pests of Ceimbatore,
Tenil Hadu, for the prosence of nucledr polyhadrosis.
Some general oboervations were made on the diseases
detected with 2 detalled siudy on one of them viz., the
nuclear polyhedrosis of Spodoptera litura F. covering the
syuptomatology, histopathology ond some of the biochemical
changes in the lerval body.



REVIEW OF LITERATURE



RLVIEQ OF LITHRATURE

Inseet viruses and the diseases coused by
them have been the subjoects of several anthoritative
reviews in receny years (Borgoid, 1953, 1958, 1963;
Smith, 1955, 1959 a, 1962, 1963, 1967; A4lzews, 1963;
Aruga, 1963; Huger, 1963; Ignoffo, 1968; Vago and
Bergoin, 1968). Pathophysielogy of virus infected
insects has hoen reviewed by Sergold (1959), Ailzawa
(196?), Bong (1963 &) end Mertignoni (1964 a).  The
literature cites over 30 exauwples from diffcroent payts
of the world in which arthropod vimees were used to
control cconomically luportant pests (Ignoffo, 1968).
These examples arce clted in the reviews of Smith end
williems (1958), Tanada (1959 a), Franz (1961), Cemeron
(1963), Vogo (1964), Heimpel (1965) and Ignoffo (1966,
1967, 1968). The mass production of viral pabhogens
nas been dealt with by Martignoni (1964 b), Vasiljevic
(1964) and Ignoffc (1966). Henes & detailed review
is not atteaplted hers, Literature relevent to the

present lavestigation alone is reviewed hereunder.

{

fuclear polvhedrosis of Heliothis spp.

[ally (1891, 1892) working in lNorth America,
quoted by Steinhaus (1949 a), firet reported a wilt



digesse in the lervas of H.grmigera. Sounsbary (1913)
made a fragmentavry reference 0 a “eatorpillor wilg®

of H.obegtus from lucerne fields of South Africa.
Chepman aad Glaser (1915) listed the corn earworm,
He.obsoleta F. (= H.zes (Boddie)) among 34 species of
insects showing wilb dlseeses. Paroons (1936) was bhe
Tiret to delinitely inewinincete a virus as the causative
agent of wilt diaease of the boll worms, H.armleere aad
he conld artificiaolly wransmit the dlosase in the
laboratory. Stahlor (1939) observed thai the disesssd
loxvas of H.armipera assumed & metallle luatre, stopped
feeding, becane paralyzed and falled 4o mouls. Upon
death the euntliole blackened mmd beceme volt end sticky
60 tha! the lesst tension pulled it apart allowing the
liquefied body contents to flow out. ¥When vhe larvae
were fod on lettuce or alfalfa the moritality was higher
than when Shey were fed on tomato frults or corn meal,
Ho polyhedral bodies were detoeoted., The first
ph&tamlcragraphs of inclusion bodies and portially
occluded virions of d.grnigore nuclear polyhedrosis weve
published by Smith and Rivers (19%6). Additional
pactomicrographs of virions from H.armlgera end H.zea
were later publiched by Zergold md Ripper (1957) cnd
Gregory et ol. (1969) respectively.



Steinheus (1949 a) reported a wilt dissase of
the larvae of de.phloxiphege and observed the presence
of polyhedrul bodies in the infected larvas. He (1957)
found a nuclesr polyhedrosis infection in lorvae of cthe
tobaceo budworan, H.virescens collected from Loulsiana,
Conker (1955) reported the oceurpence of a polyhedrel
diseape in the larves of gde.axmigora oa cobton plants in
Ugenda and he (1958) desoribed the symptoms of the -
digease. The diseased larvae developed typlcal wilt
sympbons and they were usually found suspended from the
food plant by the nind prolegs as & limp and flscecld
sac Lilled with liquefisd body contenta, The body well
readlly ruptured on touch. The diseagsd larvae were
alse found as Ylackish stalng on the Lolisge whers they
had turst liperating the liquefied body contents.

A maelesr polyhedrosic of the salflower leef
worm H.peliigera (Scaiff.) was reported from Israel by
Harpas and Flotkin (1965). fhe syamptoms and pathology
of vhe diccase generally ropembled those described for
ovher anucleay polynedroses of lepldoptercus larvae,
ilowever, the hanglng down of cadavers, commonly regerded
g distinctive of deash by naclesr polyhodrosic was
Lfound to be o pecondary snd nonw-chersacieristic

nanifestation. Uistopathological studles sbowod



infection of the fat body, hypodernis, tracheal matrix,
blood cells and midgut epltheliam,

In a study of the virulence of muclear
polyhedrosis virvus of H.pep end d.viresecens, Igonoffo
{1965) oboerved that ipitiel lerval mortolity occurred
%3 days afver inocwlation and approximately 35 per cend
of the total wortality was resched on the sixth day
Loz g.ggg and¢ on ceventh day for g;vireecegg. 4llen
and Ignoffo (1969) reported thut based on iDg, values,
5 deys cld lervas of H.z2ea were more susoceptible tham

5 days old ones {0 & maclear polyhedrosis virus.

According to Bergold and Ripper (1957) the
polyhedra isolated from diseased larvae of H.armigers
were irregular in shape snd varied in diemeter {rom
O.7 toO 1.2/u, the majority measuring 1.1)u. The
virus particles were vod shoped end arranged singly,
thﬁﬁgh thern were very few wvirus bundles eontalning
éast lixely only two rofa. Ihe average dimeééions of
the oingls virus rods wsre about 320 & 10 W x
9C + 10 B4 o These authors nemed the virdas bhgy
isoleted as Jorreline arnlgera. Cooker (1958) observed
the polyhnedra from H.armigera to vary from 1 to Z/u in
dismeter. The polyhedra lsolated from i.peliicexs
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varied from 1 to 3}1 in diameser {llarpez and ﬁlct&in,
1965). Grogory et £l. (1969) deoceribed the inclusion
bodies and virions of H.zea nmaclear polyhedrosis.,

The polyhedre were lrregular and spparently oix cided

in outline. dhe averags diamster wes 916.4 x 9.5 ma
with o renge of 300 teo 224015n; No surface patterns

or prominent structures were apposrent. The wvirlons
occurred singly end bundles of virions were never
observed. ‘*he virus rods measured 336 + 22 x 62 + 4 A

on an averast.

In India, Patel et al. (1968} reported the
incidence of & nuelear pelyhedrosis in a labeoratory
culture of H.armigers in Gujaras giving s twilef note
on the synptoms.

tuclear polyhedrosis of Spodoptera spp.

Cramb (1929) reporied the occurrence of a

disease presumed to he polyhedrosis, in Prodenia litbosis

in Burope. Adccording to Blanchard and Conger (1932) a
polyhédral dipenge war the most inportant La2ctor in she
natural control of the yellow striped army worn,
¥.pragfica Grote in central end northern Califoranisa,
western Hoveda and southern Uregon. This disease was

reported to effect the laxrvae ia the fourth and last



insters turaning then reddish vrown hofore death slter
which the body cells dlsintegroted repidly into & dark
watery mass waleh hung limply on the leaves snd stens,
Steinhens (1949 a) published the photomicrographs of
the virua rods of the nuclear polyhedrosis of
2.praefica and later described snd named it zs
Borreline olothris (Steinhous, 1949 b, 19%3%). The
oocurrence of thic discase in Kgypt was recorded hy
Avul-desr (1954) end in different parts of Californie
by Bteinhsns end Mereh (1962).  According to Stoinhaus
{1960) the affected lervae turned reddion brown bolfore
deaths The lateral stripes und dorsum of the young
laxrvee bezeamo pinkish in colour. There appeaxed to be
an aocumalasion of pink grenules in the clear areas of
tha integument. Infected larvae swelled up

coneiderably.

bephyeme frugiperds (= Spodontera frupiverde)

was listed by Chapmen and Glaser (1915) as belng
sugeeptible to & polyhedrosls viraus and Allen (1921)
reported an outbreak of thie dispase in ilisoissipi.
Lator Steinnous and Mapsh (1962) noted 1ts cccurronce
in Loulsisna, 4 puclear polyhedrosis of DLavhygma
axige (= S.exigus) was first xeported by Steinhous
(1949 b, 1951) who photographed the virus rods. The



virue rods measured approximately 270 x 40 mile
According to Hunder and Hall (1968) the polyhedra
measured 2.05/11 on an average with a range of 1 to 6)1
and the virus rods always occurred in bundles of

2 to 7 rods.

The occurrence of a nuclear polyhedrosis in

P.ornithogalli (Guenee) was first reported by Steinhams
(1949 a). Later in 1962, Steinhaus and Marsh noted

its occurrence in various parts of California. Diseased.
specimens of another armyworm, P.terricola (F.) received
from Ceylon was diagnosed by Steinhaus and Marsh (1962)
as affected by a nuclear polyhedrosis. The virus rods
measured approximately 300 x 60 mfm

A nmuclear polyhedrosis of the lawn armyworm,

Spodoptera mauritia (Boisduval) was discovered in Hawaii

by Bianchi (1957). According to Tanada and Beardsley
(1958) this virus disease played an important role in
the natural control of the lewn armyworm in Hawaii.
Tenada (1960) described the symptoms and cemsative
agent of this dlsease. The larvae shortly after
succumbing to the virus showed the typical symptoms of
nuclear polyhedrosis., Darvae in the early instars
turned pale two to four days before death and at death

had a whitish or creamy appearance. Older larvae when
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infected greaduslly iturned slighély pole with a2 pinkish
tinge severel days before death, though the change in
colouration wag not marked as In the younger larvae,
The period of lethal infection varied with insters
from 3 to 10 days. The first six larvel instare

ware nighly eusceptible to the virus, but the less
instar seemed to be falrly resistant. The dismeier
of polyhedra varied Ifrom 1.07 0 3.22 }1 with & mean of
1.61/1. The virun rods measured 324.7 + %.37 x

61.9 + 0,59 Eya.

A disease,probably the mmelear polyhedrosls,
of P.litura was reporied as early as 1913 ia Egypt,
where there was & heavy mortality of the insect as &
result of infection (Dudgeon, 1913). This insect
had been sinmilerly atvacked in Indo Caina where Coresche
(1937) tremomitted the discase to healthy larvee by
feeding them on leaves treated with an extraet from
diseased individuels. JLater in 1937, Wilecox and
Bhagat also observed this dlsease in Egypt.  Abul-Basr
{1954, 1956) found that this dlcesme was a typical
nuclear polyhedrosis, The natural infection in the
field ranged from 5 to 20 per cent in different seasons,
The disease developed repidly in sumnuner and slowly in

winter, the larvae dying in 4 to 5 dnys in pumner and
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full symptons being developed in 10 to 12 days in
winter, Bergeld and Flaschentrager (1957) isolated
the polyhedra and virions Ifrom diseased larvae collected

from Bgypt end they nemed the virne as Jorreline litura.

The polyhedrs were irregular in shepe mmdé varied in
ddamater from ebout 1.2 te 3.2/n, the majority weasuring
about 1.8/u. Zhe virus rods occurred in buandles of
several particles and there wers comporatively few
single virus particles. The avarage)dimansiena of
singlc rod still possegsing developmental nembranc were
about 320 £ 20 x 100 % 10 e

The polyhedral virsl discose of P.liturs in
Egypt was further investigated by Hafesz (1958). Vhen
first, third and fourth instar larvae kept in batohes
af 100 in laboratory ceges, were fad on clover leaves
spreyed In the field with & suspeusion of 25 million
polyhedra/ml, 21l died within 4% days. [Doss of appetite
sppeared in 3 Lo 4 days before death. VWhen full grown
larvae were infected artiiicislly there was 59 to 73
per cant mortality among the reﬁuitant pupae as gonpared
with 33 %o 36 per cent auong conﬁéol and adults emerglng
Ifrom the survivore wers malformed, did not oviposit ond
goon dled. [Flels tesbe conducted by Abul-Naoy (1959)

on cotton, sweet poitato ond mulze showed that the pest



population was reduced below the e¢counomic level in
cotton and sweet potato. Grown up Prodenia lervae on

malze were not succesafully infaected.

Studies by Harpaz end Ben~Shaked {1964 )
irdicmted that the generation to generation transmission
of the nuolsar polyhedrosiz of F.litura involved a
rather compliceted genetic mechanism. Further
experiments by Hen-Shaked end Harpez (1966) indicated
that the endocrine mechanlsm regulating growth and
developriont was involved in the aetivation of iatent
nuclear polyhedrosis in S.litiorolis. Studies by
Kislev et &l. (1971) on the characterisation of nuclear
polyhedrosis viral DEA ond its comporison o the hosy
DHA suggested a latent iufectiéﬁjé.littoralia. Kislev
et ol. (1969) reporsed that the pelyhedra of

S.1ittoralis measured on an average 1.8}& in diemetar

with a renge of 1 o 3 u.  They further observed that

out of the four major types of haemcoytes differentiated
in the bloecd of this insecot, virus formation oceurred
mainly in the plasmotooytolds and only to o much lesser
extent in the granuler haemocytes and oenceytoids.
Adipohaemocytes were nover sgen to sustaln virus
developnent. Plasmotocytolids were observed phagocyuvosing

frea virue particles as well 0s several whole polyhedra.



In Indic, & mclesr polyhedrosis of P.litura
was first reported Lrow Delhi by Rasexrichnen and
Tiward (1969). They obverved that the dlseased larvas
4id not% ohow any ozternel symptom till & feow days
heiore death. Just before death the golour changed
to pinkish brown. The incubation perioed of the
dicease was 8 $o 9 days.

Yirus diceasgoes of Aneazeta spp,

There 18 no repert avoilable on muclear
polyhedrosis infection of Ampachka. Roboris zmd Granedos
(1968) and Mathur (1971) reported a poxs=like virus
diseape in the larves of thé red halry caterpiller,
A.moorel from Rajesthsn.



MATERIALS AND METHODS
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of 6 mw diamober cut out end placed over a wet filter
paper 40 aveld dyying up end inococulated with the virus
suspension were supplled £0 the larvae confined within

inverted plastie containers.

2he lorvae which had completely ingssted the
incculum weye transferred 0 individual plasiic coniainers

and gupplied with virus free {oliage every day.

Bistopathology

Fourth instor larves were inoculeted with 10°
§olyha&ra per lexva as described eaprlicr. A% 24 hr
intervals up to 120 hr of the wreatment, 3 lorvee cach
from the inooulated and control groups were selseted

ay rondom and used for nistological preparations,

The larvae were killed in not alecoholie
Souin's solution end allowed t0 moaik for approxinately
10 nimates, after which the emaller specinpens were cut
into two and lorger oneg into three ond transforred Into
cool sleouolic 3ouin's fixative for 24 hr (Drake and
Hetwen, 19%9). The f£ixed specimens wore soacked in
several chenges of T0 per cent ethancl until all the
yellow colour diseppesred, deaydrated in an ethyl
slcohol=butyl alecohel sacies and ewbedded in pavaffin

according to stendard procedures. iransverse and



el

longitudlnal sections were eut at 4 vo 6 microns. Tho
sections were stalned by an azan staining technique

éeveloped by Hamm (1966).

Zlectron mierographys

The electron micropraphs of the viruses were
prepaxred by Ir.Jean H.Adoms, Inseet Pathology Leboratory,
Selteville, Haryland, U.S.A.

Letimation of the chemical consiituents of larval body:

In 811 these studies early fourth instar larvee
inoculuted with a dosage of 10° polyhedra per larva (as
described alresdy) were used. Lervae treatsd similarly
but withowt the inoculun served &es control. Sauoples
were téken at 24 i intervels for a poeriod of 120 hr
aftor trentment. At esoh occcemlon ¥ samples were tokon
Irom treated end control groups, except for carbouydrste
and glycogen estimations where 5 sumples were talten.
fhe number of lorvae per s.ople varied depending upon
the weighis. The larvas were sceérved for 10 hr befors
anslysis. 41l analyses were done on whole bedy

honogonates oaly.

All estimationsg exeept torval nlirogen, urie

gold and pinersls wera done on fresh materials, Tobal



nitrogen, uric aclid and mloerals were estimaied on dry
naterials, For this purpose samples drawn ag explained
zhove were separately dried vo consbtont weight at 100°C.
fhe dried pamples wers powdersd and mixed and suitoble

aliguots were used for esanh estimetion.

1. Betimation of total nifrogen and urie acld:

Rotal nitrogen éaa astinated on 50 mg allguois
by a micro-Kjeldahl method. The ammonie evolved was
absorbed in 4 per cent boric acid solution and titrated
against standerd sulpnurle acid using a mized indicabor
of bromocresol green snd mathyl reé (Jookoon, 1962).
the tobtal ni%rogen content was expresscd s porcentage

oi dry welght,

For astimetion of uric seid 235 mg of the dried
snd powdered sample was homogenized with distilled water
agcording ¢o Uorsn (19%9) in a é&asa nortar end the
homogenate transferred Lo a cenirifuge tube., The
proteins were precipltated with btungstle acld according
to Haden (1923). Tho precipitete wae removed by
centrifugation and bthe scupernatsat made up to & known

volunie was uged for estimation.

Jric apid wos determined by the methoed of

Brown (1945). <he procedure outlined by Hewk gt al.



(1954) was followed except that only 1 ml of the
tungesic acid filtrate was used for each determination
and the amount of other resgents adjusted accordingly.
The optical density wes reed in 2 Spectronle 20
gpectrophnotometer at 520 gp wavelength, An
appropriate blank was run aimaltaneously. ‘“Zhe uric
acid content was calouluated by referring %0 & stendard
curve and expressed as pergentage of dry weighit. Fuve
urie scid (8DH, England) wao used to prepare. the uric
acid stenderd e outlined by Hawk et al. (1954).

2. sobimotion of total curbohydrate and glycogen:?

the analyses were mede on fresh naterials.
The total carbohydrutes nnd glycogen were exntracted by
the mathod of Crompton and Birt (1967).

Larvee were waohed in water, dried on filter
papeyr and welghed. Hach sample was then homogenized
in ice~c0ld 0.% H perchloric aedd for 2 winutes in &
glase mortar. The homogenate was kept at $°C
overnight (Orr, 1964) instesd of 10 minutes edophed
by Crompton md Birt (1967). Incoluble matiter was
ronoved by centrifuging for 10 minutes ab 5000 rpm cnd
washed twice in ice o0ld 0.3 { perchloric zcid by

redispersion and centriiugation. The three supernataais



were combined iate an acid extract and made up to a

known volume with dietilled wabey.

fhe total eorbonydrates was@atermined in the
acld extract colorimotrically by the smthrone wethod
of Fairbairn (1953) with 1 0l sample and 5 ml anthrone.
Efhe colour was read in e Klebt-Summerson photoclectric
colovimeier with No.66 filter. A suitable blank was ran.
4 stondard curve swas prepared for glucose (8D, Englend).
The colerimetric readings were referred to the standerd
curve and the carbohydrate content wes caleulated as mg

glucose/g body wolght.

Glycogen wos proeipitated fyrom the acid extroct
(10 ml) eccording to Roe gt al. (1961) by the addltion
of 4 volumes of 95 per cent (v/v) ethanol., he mixture
was kepb overnizht at 5°C. The precipitate wes
sedinented by centrifupgaticn at 5°C, redispersed in
fresn ethanol cnd resedinentod. <he weshed pelliets
ware Gried in a deslecutor and then dissolveé in & Runown
volume of distilled waber. Aliguote (1 ml) wore
estimated colovimotricslly for the glycogen content by
the smthrone method of Feirbairn (1953). Oyster glycogen
(2D, England) was uged 25 the standard. The colour
was road in e Zlett-Senmerson photoslestric colorimeter

with ¥0.66 filter. the glycogen eontont was caleulated



by referring {0 the svondard curve and wes exprossed as

mg glycogen/g vet weight.

3. Estination of total fat:

Analyuves were made on fresh larvae. Groups
of larvec were homogenised in chloroform-msthanel
(2:1 v/v) after the method of Foleh gb al. (1957) and
extracted at 60°C for 5 mimutes (Orr, 1964). The
iangoluble materlnl was separated by centrifuging at
5000 rpu for 10 minutes. The supermatunt llquid was
colleoted in 2 sepsrating funnel. The precipitate wos
resagpended in 5 ml of ehloroform-me shsnol and the
extraaﬁioﬁ procedure rapecetef. The supernatant wes
< add@od te the original one in bthe seporobing funnel end
partitioned sgoinst % per cent (w/v) ageous sodium
chloride (Schaeffer, 1968). The caloroform phase was
drawn off and the agueous phase washed twice with
chloroforn. fhe coubined chloroforn phase was dried
under reduced prepsure zZmd the lipid residue was dissolved
in o ninlme guantity of diethyl ether and ivaneferrod
to & weighing bottle. The ether was sllowed to
gvaporate completely and the Qry lipid residuc was
wolghod. The totcl fab content was expressed as ng/g
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4. Zatimation of nuclede wmglids wund probein:

zptimations were done on freah wiole body

homogenates only. IThe preliminery sepapation of
nicleic ceids ond protein Irow other frastions was done
following the methed of Urr (1964) sad Price (1969).
Groups of larvae (3 to 20) were homogenized in o glass
nortay at 0 %o 2°C with ico cold 0.4 ¥ perehloriec aeid
snd extracted overanight at 50, The howogenate was
then centrifuged at 5000 rpm for 25 ninutes st 5°C in
a refrigerated contrifuge. The supernatant was discerded
end the residue wes extracted twice with 0.4 &
perchiloric acid and centrifuged a9 before. This was
followed by extraction with 90 per cent ethenol wmd
twice with chlorofoxmemsthenol (231 v/v) at 60°C for

5 wminotes to rewove the lipids. ZSoach homogenate was
centrifuged at S000 rpm for 10 mimates. The lipid

frac residue was dried Iin & dosiccator over 0&@12.

The dry tissue wae suspended in 0.5 U
perehloric acld oand tho tubes wera haabed at 30°C fox
20 minutes in a water bath (Orr, 19645 Xilgore end
Palnter, 1964)., ALber this the ocuspension wag
c:xntrifuged ond the supernstant selutlon wan analysed
for nucleic seide. The reeldue weg resexrved for

protein extraction (Orr, 19643 Frice, 1969).
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i) Estimabion of Did:

DEA wae determined by the diphenylamine
method of Burton (19%6) in 3 nml f£inal volume. Sodium
galt of calf thyous gleand DHA (5D, Bagland) was used
ap the standard. The optical density was reed at
600 B2 in a Spectronie RO ppuctrophotometer. The
total DHA content was osleulated by referring o the
atandard curve and exprosscd as g Diia/mg bvody weight.

i1) Estimation of RANA:

RHA was determined In the perchloric acid
oxtract by the Uroinol meshod of Cerlotti (1955) in
10 ml finel vyoluwe. The optical deasiby was zead 8b
675 ag: in o Speovtronic 20 spectrophotoacier. Yeast
RHA (804, England) was used as the otandard. The total
RNZ was coleulased by referring to bthe standord curve

and expressed e pg REA/mg body weight.

ii4) Betimation of protein:

Frotein was oxirscted from the perchloric
aeld ineolubls residus cecording to Urr (5964)5 The
dry residuc was homogenized in 1 H HelOH and hested for
15 ninutes ot 100°C. “Phla was Glluted o Q.1 H KalH
by the addition of dlstilled water. Ihe undigsolved
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material was removed by centrifugazien at 5000 rpo for
20 minutes. The supernatant fluid wes asscyed for
protein by the method of Lowry et sl. (1951). Bovine
serun elbumin (Miles Laboratories, Lankakee, U.S.4,)
was used as the standard. The optical denslty was
read at 750 %n. in a ﬁpectranig 20 spectrophotometor.
The protein content was casleulated by referring to the

stendard curve and expressed as mg protein/g wet welght.

5., Bstimation of minerals

Ca, Mg, Ha, K ond P were estimated in ternary

aeid extract of larval materisl,

Aeid digestion: Larval samples, dried and

powdered, 0.5 g in welght were digested over & sand
bath with 15 nl of ternary acid mixture consisting of
nitrie cold, perchloric acld and salphuric eecid in the
proportion 10:1:34 till the solution became colourless
and clear. The solution wes cooled, filtered and the |
filtrate made up to 100 m)l =sad this exiract was used
for the estimation of Ca, Mg, Ha, K and P, Three
samples each from trested and untreated group for each

Interval were digested.



1) Calciums

Calelun was estimated by titration ageinet
0.02 8§ vorsenate. To a5 ml sliquot of the ternery
acid oxtract, 10 nl of 10 per cent KOdland @ pineh of
murexide iandicator powder were added and tinrabed
against 0.02 N vercenate until the vine red colour
turned to violet. Yhe ealecium content was expressed

&g percontage of dry weight,

14) Caleium + lagnesiumd

2o § ml of the acid extrast, 2 ml of & buffer
solution (i, 08 + #H,Cl - pi 10) end & few drops of
eriochroms black T indlcator were added. It was
titrated egoinet 0.02 0 verscnate until the colour

changed fyom red to blue.

The tltre velue corresponds %o the Qa + Mg
present in the aliquot and g concentratlion was
¢aloulated from the difference beotween the titre values
for Ca + lg and Ca.

i1i) Sodium and Potassium: .

i

Theaes minerals were estimated ueing an
BLL-Flemo photometer as described by Jackson (1962),

& pultanle aliguot of the ternary acld extract was
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nentralized by the addition of ammonls and used for
the flane photometric estimation. By referring to
etandard curves, the quantity of Fa and K were

calculated and expressaed ap percentege of dry weight.

iv) %otsl phosphorus:

The vansdomolybdopnosphoric yellow colour
method of Jackson (1952) wes cmployed. To & 5 ul
aliquot of the acid extrect 5 ml of vanedomolybdate
reagent wae addsd te develop the yellow colour, the
volume mede up 50 25 ml and' the colour intensity wos
read after %0 minuves in a Colsmen Nephocoloriumeter
at 470 %p. An appropriote blank was run simmltancously.
The total phosphorus content was calculated by refsrring
t0 a stondard curve and expressed as porcentage of

dry waelight.

6. Total hoemocyde count:

Barly fourth instar larvee were inoculated
with 105 polyhedra/larva as deseribed already.
Hagmolynph semples were drawn ot 24, 48, 72 and 120 hr
after treatment. Heemocytes of 10 larvae were estlnated
at each interval. Ifhe larvee were killed by immersing
in hot waber at 55° to 60°C for 2 to 3 mimates (Jomes,

1962). Blood was withdrawn by cutting a proleg oa the



aixth abindinal seguent with s fine scissors into a
Thoma white cell pipette and diluted witn 2 per cent
versene saline (Patton and Flint, 1959). The pipette
wad shaken for several minutes and the first three
drops were discarded. A hasmecytomeber (laproved
double YNeubemer ruling) cnanber was £illed and the
haenoeytes wore counted at a magnificatioa of 450 x

as outlined by Jones (1962) and the numbar of haemoeytes

per cnbie millimetre culoulated with the formula

haemocytes io five 1 um squares x dilution x depth fackor

Humber of asguares counted

The stetisticel 't' anzalysis was used for comporing the

differences between mesns.



EXPERIMENTAL RESULTS



EXPERIMENTAL RESULTS

A survey conducted in and around Coimbatore,
Tamil Nadu during 1968-69 revealed the dccurrence of
nuclear poljhed;osis in three species of lepidopterous
pests viz., the red hairy caterpillar, Amsacta albistriga

Walker (Arctiidae), the gram pod borer, Heliothis armigera

Hubner (Noctuidae) and the tobacco caterpillar,
Spodoptera litura Fabricius (Noctuidae). Some general

observations were made on the nuclear polyhedroses of

A.glbistriga and H.armigers while, detalled studies were

made on the nuclear polyhedrosis of S.litura. Detalls
and results of these studies are presented in the

following sections:

NUCLEAR POLYHEDROSIS OF THE RED HAIRY CATERPILLAR,
Amsacta albistriga W.

Caterpillars of A.albistriga showing

characteristic signs and symptoms of a polyhedrosis were

collected from groundnut (Arachls hypogaea) flelds at

Pollechi in Coimbatore District. Microscopic examination
of haemolymph and tissue smears showed the presence of
polyhedra. The inclusion bodies were separated by
maceration of affected caterpillars in distilled water



end purified by filtration and centrifugatlion.
Pathogenicity teste were msde on 8 to 10 days old
Amsactsa caterpillars collected from an apperently
disease free area. A tostal of 125 larvasg, in batches
of 25, wore inoculated Ly feeding them for 48 hr on
groundmt leaves contamineted with & heavy euspension
of polyhedra in 0.1 per cont teepol. Seventy Live
larvee of the same age group fed with groundnut leaves
wiich were sprayod with 0.1 per cent toepol alone
served as control. After 48 br, both contrel and
treated lervae were itransferved to Lresh untreated
lsaves and theyealter fresh leaves were provided every
day. Cheervations were recovded on the signs and
gymptoms and mortalllLy of the lervas. UOut of the 125
larvae inoeulated with the viras, 98 (78.4 per cent)
died of polynedrosis. Ho mortelity was observed in the

control group.

Slemg ond syvmptoms:

Infected larvae exhivibed losu of appetite and
became slugeish in movement within 5 to 6 days efter
ingestion of the polyhedra. %he larvae spsumed a dirty
vrown colour. Ueath occurred in 8 to 10 deays Wiﬁh

ligaefaction of internal tisoues. At death the cutiole



Fig. 1.

Technique of inoculation of larvae:

A, Castor leaf showing the paper gum tape
strips pasted over the lamina.

B. Larvae released over the inoculated
spot on the leaf and covered with
penicillin vials.

C. Castor leaf showing the inoculated
spots (arrows) fed by the larvae.






Fig. 2. Larva of the red hairy caterpillar,
Amsacta albistriga W. died of
nuclear polyhedrosis.
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Fig. 3. Electron micrograph of polyhedra
isolated from Amsacta albistriga
24900x.







Fig. 4. Electron micrograph of sections of
polyhedra isolated from Amsacta
albistriga showing the arrangement
of virus rods (arrows). 95506x



Fig.4




Fig. 5. Electron micrograph of carbon replicas
of polyhedra isolated from Amsacta
albistriga. 23900x
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Fig. 6. Larva of the gram pod borer,
Heliothis armigera died of
nuclear polyhedrosis.






Fig. 7. Electron micrograph of polyhedra
isolated from Heliothis armigera
24900x.
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Fig. 8. Electron micrograph of sections of
polyhedra isolated from Heliothis

armigera showing the arrangement
of virus rods (arrows). 67422x
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Fig. 9. Electron micrograph of carbon
replicas of polyhedra isolated
from Heliothis armigera. 28722 x
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Fig. 10.

Fig. 11.

Healthy (H) and diseased (D) larvae of
Spodoptera litura 3 deys after ingestion
of polyhedra (inoculated in the early
fourth instar). Healthy and diseased
larvae now in the fifth instar. Note
the bloated appearance and slight
pinkish tinge of the diseased larva.

Healthy (H) and diseased (D) larvae of
S.litura 4 days after ingestion of
polyhedra (inoculated in the early
fourth instar). Healthy larva in the
sixth instar but the diseased larva
8till in the fifth instar. Note the
intense pink colouration of the
diseased larva.






Fig. 12.

Healthy and diseased larvae of
Spodoptera litura 5 days after
ingestion of polyhedra (inoculated
in the early fourthlesimes). Healthy
larva in the late sixth instar but
the diseased larva still in the fifth
instar. Note the pink colouration
and reduced size of the diseased
larva.



Fig.12




Fig. 13 and 4. Larvae of Spodoptera litura

infected in the fifth instar
showing the bloated appearance
and pink colouration.






Fig. 15.

Pig. 16.

Larva of Spodoptera litura which
ingested the polyhedra in the

second instar and died of nuclear
polyhedrosis in the third instar.

Larva of Spodoptera litura which
ingested the polyhedra in the
third instar and died of nuclear
polyhedrosis in the fourth instar.






Fig.17 and 18. |Larvae of Spodoptera litura
died of nuclear polyhedrosis
showing the characteristic
symptoms.



Fig.18




Fig. 19. Electron micrograph of polyhedra

isolated from Spodoptera TiTra.
24900x
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Fig. 20. Electron micrograph of sections
of polyhedra isolated from
Spodoptera litura showing the
arrangenent of virus rods
(arrows). 55952x
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Fig. 21. Electron micrograph of carbon
replicas of polyhedre isolated
from Spodoptera litura.
28722x






Fig. 22. ::; woigh{ of hoaltgy end NPY
ected larvae of podopicra
litura at different perio
er inoculation.

Fig. 23. Dry weight of healthy and NPV
infected larvae of Spodoptera
litura at different periods
after inoculation.
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Fig. 24.

l'.i.g. 25-

Mean length of healthy amd NPV
infected larvae of Spodoptera
litura at different periods
after inoculation.

Area of castor leaf consumed by
healthy and NPV infected larvae

of S.litura at different periods
after inoculation.
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Fig. 26. Section of NPV infected larva of
Spodoptera litura 72 hr after
inoculation showing the polyhedral
formation in hypodermis (H), fat
body (F) and tracheal matrix (7).
320x.,

Fig. 27. Section of NPV infected larva of
S.litura, 96 hr after inoculation,
showing polyhedra in different
tissues. 320x
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FPig. 28. Section of NPV infected larva of
Spodoptera litura 120 hr after
inoculation showing advanced
stages of infection in hypodermis (H),
trachea (T), fat body (F) and
miscle (M). 320x

Fig. 29. Section of hypodermis of NPV
infected larva of S.litura 120 hr
after inoculation showing the
advanced stage of infectionj;

P - polyhedra. 900x
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Fig. 30. Section of fat body of NPV infected
larva of Spodoptera litura 120 hr
after inoculation showing advanced
stage of infection.

P - polyhedra. 180x

Fig. 31. Section of trachea of NPV infected
larva of S.litura 120 hr after
inoculation showing advenced stage
of infection. 810x
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Fig. 32.

Fig. 33.

Section of hypodermis of healthy amnd
NPV infected larvae of Spodoptera
litura 48 hr after inoculation. 1000x
A - Healthy; B - Diseased

Note the hypertrophied nuclei (HN)
and thevirogenic stroma (VS).

Sections of hypodermis of healthy and
NPV infected larvae of S.litura 72 hr
after inoculation. 1000x

A - Healthy; B - Diseased

Note the thickened hypodermis with
fully developed polyhedra (P) inside
the hypertrophied nuclei.






Fig. 34. Sections of hypodermis of healthy and
NPV infected larvae of Spodoptera
litura, 96 hr after inoculation. 1000x
A - Healthy B - Diseased
Note the nuclei filled with polyhedra (P)
at different levels in the hypodermis.
Many nuclel are seen liberating the
polyhedra.

Fig. 35. Sections of hypodermis of healthy and NPV
infected larvae of S.litura, 120 hr after
inoculation. 1000x
A - Healthy B - Diseased
Note the dense groups of polyhedra (P).
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Fig.36, 37 and 38.

36.

37.

38.

Sections of trachea of NPV
infected larvae of Spodoptera

litura. 1000x

73 hr after inoculation: Nuclei
of tracheal matrix cells
enlarged in size with fully
developed polyhedra (P) inside
them.

96 hr after inoculation: Many
nuclei ruptured liberating the
polyhedra.

120 hr after inoculation:
Matrix cells in an advanced
stage of infection.
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Fig. 39.

Fig. 40.

Sections of fat body of healthy amd
NPV infected larvae of Spodoptera
litura, 48 hr after inoculation. 1000x
A - Healthy B - Diseased

Note the hypertrophied muclei (HN) and
virogenic stroma (VS)

Sections of fat body of healthy and

~ NPV infected larvae of Spodoptera

litura, 72 hr after inoculation.

A - Healthy, 1000x B - Diseased, 375x
C - Diseased, 1000x

Some nuclei in early stage (ES) of
infection and some others with fully
developed polyhedra (P).
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Fig. 41. Sections of fat body of healthy and NPV
infected larvae of Spodoptera litura,
96 hr after inoculation.
A - Diseased, 375x B - Diseased, 1000x
Many nuclei filled with polyhedra (P)
some nuclei in early stage (ES) of
infection and a few nuclei ruptured (R).
C - Healthy, 1000x Note the large fat
vacuoles (¥V).

Fig. 42. Sections of fat body of healthy and NPV
infected larvae of S.litura, 120 hr after
inoculation, 1000x
A - Healthy: Large fat vacuoles (FV) in
great numbers. B - Diseased: Polyhedra (P)
present on all the nuclei. Note the
absence of fat vacuoles.






Fig. 43-45.

43.

4.
45.

NPV infected muscle tissues of
Spodoptera litura, 1000x

72 hr after inoculation:

A, Infection (P) of nuclei below
the muscle sheath (MS).

B, Infected nuclei situated deep
in the sarcoplasm.

96 hr after inoculation

120 hr after inoculation:
Note the dense groups of polyhedra
below the sarcolemma and one cell

lysing (L)






Fig. 46.

Fig. 47.

Fig. 48.

Portion of a ventral nerve ganglion

of NPV infected Spodoptera litura,
72 hr after inoculation, 1000x

Section of brain showing polyhedra (P)
near the periphery, 72 hr after
inocul ation, 375x.

Infection of neurilemma (NL), 3™%.
A - 72 hr after inoculation, 375 x.
B - 96 hr after inoculation 1000 X .






Fig.

Fig.
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49.

50.

51.

52.

Section of midgut (M) of S.litura
showing infection of connective
tissue (CT) surrounding it, 1000x

Section of silk gland (SG) of
S.litura showing infection of
certain nuclei in the posterior
region, 375x

Section of wing bud (WB) of
S.litura showing meny nuclei
with fully developed polyhedra (P). 375x

A (375x) and B (1000x)
Sections of alimentary canal
showing polyhedra (P) in the
nmuclei of many cells at the
region of cardiac valve (CV).






Fig. 53. Total nitrogen content in healthy and
NPV infected larvae of S.litura at
different intervals after inoculation

Fig. 54. The levels of uric acid in NPV
infected as compared to healthy
larvae of S.litura at different
intervals after inoculation.
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Fig. 55. Protein content of healthy and NPV
infected larvae of S.litura at
different intervals after
inoculation.

Fig. 56. Total fat content of healthy and NPV
infected larvae of S.litura at
different intervals after
inoculation.
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Fig. 57. Total carbohydrates in healthy and
NPV infected larvae of S.litura at
different intervals after
inoculation.

Fig. 58. Glycogen content of healthy and NPV
infected larvae of S.litura at
different intervals after
inoculation.
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Fig. 59.

?.‘lg. 60.

Changes in DNA content of healthy and
NPV infected larvae of S.litura at
different intervals after
inoculation.

Changes in RNA content of healthy and
NPV infected larvae of S.litura at
different intervals after
inoculation.
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Fig. 61. Changes in calcium content of healthy
and NPV infected larvae of S.litura
at different intervals after
inoculation.

Fig. 62. Magnesium content in healthy and NPV
infected larvae of S.litura at
different intervals after
inoculation.
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Fig. 63.

Fig. 64.

Changes in sodium content of NPV
infected larvae of S.litura as
compared to normal larvae at
different intervals after
inoculation.

Potassium content of healthy and
NPV infected larvae of S.litura at
different intervals after
inoculation
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Fig. 65. Levels of total phosphorus in NPV
infected S.litura larvae as compared

to healthy larvae at different
intervals after inoculation.
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Fig. 66.

Average mumber of circulating
haemocytes in healthy and NFV
infected larvae of S.litura at
different intervals after
inoculation.
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wag very Iragile and in most coses it ruptured liberating
the now ligquefied body contonts (Fig.2). The cedavers
darkened rapidly end dried up. The larves generally
died over the folloge or at the bottom of the container,
The characterictic hanging dovm posbture sssumed by JPV
infeeted lavvae of maany other Lepidoptere was not

observed in this case.

Czuspative agemst:

The polyhedrs showed considerable variation in
8ize and shape (Pig.3). Diameters of 160 polyhedra
ranged fyom 0.7 %o 1.?/u with an average of 1,19 # 0.013/3
(standard exror of the mean)., The rod shaped virus
particles were arranged singly and in bundles of 2 %0 §
rode (Fig.4). <Ihs carbon replicss showed no surface

patterns (Fig.5).

HUCLEAR POLYHEDHOSIS OF TIE GRAM POD BORSER,
Heliothis sraipere iib.

A bateh of larvas collected from redgram
(Cajenus cejem) plents end resred in the laboratory in
1868 showed symptoms of a muclear polyhedroois.
Haomolymph and tiseue smears indicated the presence of

polyhedra, Pathogenicity tests were made on fourth
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instar larvee of H.armigera obtained from a disease
free culture reored in the laboratory. Polyhedra
collectod from diseased laorvee and purified by
filsration ang centrifugation were used for inoculation.
A heavy suspenslon of polyhedrs wag mixed with redgyem
flour eand £ed to 100 test larvas kept individually in
plastic containers. Approxinately 500 wg of the

wet mash wag provided to sach larva. One hundrsd larvae
were kKopt individually in containers and provided with
redgron flour webtted with sterile diastilled water to
serve as egontrol. After 48 hp, fresn redgraom seeds
ware provided as feeding materizsl for both control and
treatad larvac. Gbeexvations were made on the symptoms
snd mortality. Out of the one hundred treated lurvae,
96 died of mucleay polyhedrosis showing that the virus
was highly infectious. tione of the comtrol larvas
died of virus. The discease was later obgerved in the

Tield glsc.

Signe and symptoms:

o symptome were apparent until 3 to 4 days
after ingestion of polyhedra. Therealter the Lnfected
lervae exhibited loss of appetite end became sluggish.
Peeding ceoased almost ilmmediately. Duriang the inigial

stages, the skin wook on sn olly appoarance. As the



disease progressed the cutlele become exceedingly
freglle. In tha later stages of the disease, the
larvee sometimes disceharged a greenish brown liguid
from the wmouth end a brownlsh fluid through the snus.
Death ovcourred in 5 to0 9 days with an average of 6 deys, |
Caterpillors when Infected In the esrlisr siages
generally ned o short iancabation pexriod. Leaed lavvae
were found homging down from the top of the eontelners
(¥1g.6) or other support o which they were attached by
their posterior prolegs. They appeaved as limp =od
flaccid sacs filled with the liguefled body contents.
The cutiele ruptured at the aligbtest pressure,
liberating the liguefied body contents. Vhen dead
the young lervae were yellowilsh or cresmy sad the older
cnes reddish ox dark brown. The cadavers turned derk

in a short time and drvied up to 2 thin sesle.
\

Lervoe whioh ingested the polyhedra in the
later steges pupesed normally. dubt meany of them died
in the pupsl stage. The infeotod pupse woere obsorved
to rupture eosily on touch., The internal tiosues had

become disorgunized ond liguefied vy this tims.
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Caupative agent?

The polyhedre were irregular in shape (Fig.T7)
ond showed ccnslderoble variation in sige. Diameters
of 202 polyhedra ronged from 0.5 40 1.4/& with an
averege of 0,89 x 0,012 (stondard error of the naan),
Seetions of polyhedra showed virue rods occurring singly
(Fig.8), Carbon replicas (Fig.9) did not shov aay

surface patterns or structures.

barvae showing atypiesl symptoms:

1% could be ohserved on many occeasions, that
larvae inooulated with the virus died without showing
the typlieal symptoms of nuclear polyhedrosis. Larvee
ingculated in all the instars showsd occaslional cases
of atypleal death. Feeding by such lavvae ceased in a
late shage and the larvees remalned alive for a feirly
long period extending %o 10 to 12 days. During thic
period the larvae were gquite sluggish. Buat 1o colour
change or other aigns were apparent. A% death the
cuticle 4id not rupture. The internal tissues werse in
a partially Jdisorgonizged state, but not liguefled.
Haémo}ymph and tiosue smears however, showed preusence
of polyhedra. Farther it was also observed that lerge

mimbers of blood cells wore infected.
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their moult to the povrticular imstear. Piity lewvae of
each instoar were fed a dosage of 196 polyhadro per
larva as outlined under “Materials and Hethods”.
dnother set of 50 larvae of each instor treated
similarly tut without the virus incoulum served as

eentrol.

The experiments were confucted at room
tenmperature which varied betwoen 22.3° and 29.6°C. The
ralam;vn hawidity during the period ranged rrom 70 to
97 pex cent with o mean of 87. Dlagnosis of the dead

e na

larvae was dons by micxééeapia exemination of squashed

preparstions or tiassue smears stalned with glemsa,

The incubaiion period and perecentage mortolity
of the different inotars of the larvee are presented in
Teble 1.

it is evident from the table that the mean
ivecubatlon pericd inoreazed ag the lnstar of the larvae
advanced. Thus from 4 days for the second ianetar
lavvas the incubation period was raised to 7.7 duys for
the sixth inster larvae. Furisher the eecond, third wnd
fourth inzsar lervas were nighly susceptible $o the
virus recording o morfality of 96 to 100 per cent. The

2ifth instar larvae were less suseeptible to the vizus,

¥



to early fourth instar lervee as described ungser
“Hateriale and Yethods®, Fifty lavrvas were tested for
eapch dose., A get of 50 larvae treated similerly but

without the infoctive nsterisl served as control.

The experimentsz were conducted at room
tenperature whichn varied between 22,.3° and 2%.6°C. The .
relative humldity during the period renged from 70 %o
97 per cent with a mean of 87.. [Plagnosis of dead larvae

wag done as describod under the previous experiment.

“he percentege mortallty and incubation period
of the larvae when lactculated with the different doseges

of polynedra are presented in Tabls 2.
TABLE 2

Par cent mortsality and incubation periods of
fourth inster lavvae of S.litura when fed with
different dosages of nuclear poliyhedra

b4

Humber of Incubotion fumber dead % TGLLaw
polyhedrs/ period (days) lisy
larva Polyhed~ Othor due to
Range Keen rosis caases virus

10° 6=0 6.5 . 22 2 44

10t Gt 643 33 - 66

107 5w 5.8 50 - 100

10° 456 543 50 - 100

Control - - - - -
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1% shows thabt the mortality increesod with the

dosage recording 100 per cent kill at doseges of 10S and
&
10

period decreaped as the dosage waes increased. Ffhus the

polyhedreo per larva. Purther the aversge incubation

average ineubation period was 6.5 days with the lowest
dosage and 5.3 doys when the highest dosage was applled.

Ihe cansabive sgent:

The polyhedra (Fig.19) were irregular in shape
and varied conpiderably in size. The diometers of 87
polyhsdra ranged from 1.2 to 2.8,& and averaged
1.86 % 0,025 (standard error of tne mean). Zections
of polghedra (Fig.20) showed virus rods occurring singly
and in undles of 2 to 14 rods. Carbom replicas of the

polynedra (Fig.21) did not-ochow any surface pattern.

gffect of the diveage on the size and weight of the
leryae

a) Vet end dry weights:

Thene studies were nmade os fourth instar larvee
inoculated with 105 polyhedra per larva as outlined under
tateriale end Hethode®.  Thiriy larvae eash were
seloctod at rendom from both trected and unbreated groups

at 24 hr intervals for a period of 120 bhr. The first



sempling was done 24 hy alter inoculation. The wet
walght wﬁa determined after dividing the larvae into

3 groups of 10 each in weigning bottles. Then each
group was dried to constant weight at 100°C in a

hot air oven. The mean wet and dry woights per larva
were caleulated and expresced as mg per larva, Ths

N

molstuore percentuge was also worked out.

Zhe results are proesented ia Table 3 and
illustrated in Figs. 22 and 23. It may be seen that the

TABLE 3

Chenges in wet and dry welghts and molature
content of healthy and diseased saterpillers
of L.liturs

Poug Wet welght/ Dry weignt/ Hoioture
inocu- larva -~ Hean larva = lean percentage
lation (mg) ()

period

in hr Heoelthy Diseased Heslthy Diseased %;althy Discased

24 49.46 43.89 5.98 6.01 87.86 £6.80
48 127.45 123.83 16,93 17.21 86.70 86.30
72 23477 254 .51 25495 33445 87.67 £86.10
96 584 .83 560.70 76.10 50.08 86.97 86430
120 997.69 326.77 151.03 51.08 84.80 B4.37

o (P = 0,05)¢ Comperison of wet weighte

Healshy VS Diseased @ 24,88
Periods = 3933
Ianteraction = 55,63



healthy lervae lnoreased in wet weight with sdvencing
ege, the mean welght at 120 nr showing a twenty fold
lacrease over that at 24 hr. Fhe diseased larvae &aleo
gained in weight until 72 hr after treatment. At 96 hr
elso 1t recorded & aslight inorease, less than in hesalthy
laxvas., After 96 hr postetreatment the diseased larvsae
d1d not lncreage in welght, but recorded a slight
daecrease which was not significant statistieslly. Thus,
the results show that a retardstion of growth occurred in
dissased larvaes from 72 hy alfter itroatment. &
copparison between the wet welghts of healihy and

. diseased lorves at difforent periods would show that

the diseased larvas hnad o sligntly higher welight at 72 br.
But at 96 and 120 hr post-ireatment the diseased larvee
had considerably low welghts, the porceniege of reduction
from the weight or healthy larvae being 38.32 and

67.24 respectively.

The ohenges in dry welght of both healthy and
discased larvae followed a pattern similay to their
corresponding wet welght. ©Sut the dry weight of
diseased lervoe reuained more or less constant at 96 and
120 hr safter treatment. ILhere was no marked difference
bebween the moisture contonts of healthy and diseased

laevag, though it always recorded & slightly lncreased



level in heslthy larvoe, At 120 hw, both heelthy and
diseased larvae showed & decrsase of cbout 2 per cont

over the moisture coubsnt at 96 hr.

b) Length of the laryae:

The longth of lsrvas was desermined at 24 hr
intervalsg for a period of 120 hr after inocculeting fourth
instar larvee with 105 poiyh&dr&/l&vva. Ihe firat
measuyrenent was made 24 ar after treatment. Twenty fLive
larvae each in control and treated group were kept in
Individual labelled qon%aimera and the length of each
determined deily. A plastic metric scale was used for
the measurement., The l&cva to be measured was slightly
pressed to the scale and the reading token. The average
length of the larva in mnm wap calculated for each interval
for both treated and contrel group. The statistical
' anelysis was done for comparing the dlfference hetween

nene.

Ihe data on the mean length of uealthy znd
discased larvae ore presented in Toble 4 and illustrated
in Fig.24. 1t %3 will be observed that the leagth of
healthy lervee lncreased esteadily with advancing age.

Tous from 14.50 mn observed at 24 nr the length of healthy

larvee increased 50 37.48 ma &b 120 hr. The dloeased
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TABLE 4

Hean length of heslthy and HPV infected
lorvae of S.litura

Popt= Heon length of lsrva in

inoculation mg + 8.5

period in - ‘ .

hour Hoalthy Diseased
48 18460 & 0.33 17.92 + 0.28
72 24.04 + 0430 25.72 & 0.33
96 30448 + 0.60 25.76 * 0.54
120 37.48 + 1.18 25.64 £ 0.59

larvae csleo showed & stoedy increase untll 72 hr after
treatment, But after that no narked chenges were noted,
the larvae showing the same length at 72, 96 and 120 hr.

Comparing the length of both healthy and
dincesed larvee, it is seen thot there was no significant
difference in the length at 24 and 48 hr after treatment,
A%t 72 br, the disemsed larvee were longer than corresponding
nealthy ounes by 1.68 mme The statistical *t' anelysis
ghowed thle difference as significaant. Ab 96 end 120 hr
the disessed larvee were significantly shorter than

conparable healthy ones.
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Bffect of the diseape on the moultling of the larvses:

Phe eifect of virus infection on the moulting
was studled by inoculating fouarth inster lervoe within
& $0 8 hours of svhelr moult. %gé aconcentrations viz.,
103 and 105 polyhedra per lacva were fed to 50 larvae
each as outlined under "Materiale and Hethode". Fifty
lexvas trected sipilarly but withouts the infeotive

naterial served as control.

The experiments were conducted at room
temperature waich varied betwesn 22.1° ond 30.2°0. The
mean relative hunidity during the period wag 92 per oent
with & range from 74 to 98;

Table 5 sunmarizes the results of obmervations
ot the effect of virug infaction on moulting. The
healthy larvee underwent two moultings {(4th and S5th),
the fivat within 2 daye and the other within 4 dsyo.
Among the lervese inoculeted with the 103 polyhedra, all
had the first moult (4%h), bat only 29 underwent the
second moulting (Sth). The remaining 21 larvao which
were infected d4id not have the eecond moult (5¢h). Out
of the fifty lervas inoculated with 105 polyhedra all
had the first moulting (4th) while only one underwent
the second moulsing (3th). This laxrvee eacaped infection
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TABLE 5

Bffect of HPV infection on the monlting of
Se.litura when infected in vhe fourth instaw

Doscge " Incube~ live of laryes fumber of larvas
of poly= tion moulted to dead due to
hedra/ period ee—- - -
larva S5th 6th Polyhed~ OQOthars
Ingtar lInstar rosis
10° 6= 50 29 21 -
10° ST 50 1 49 -
Control - 50 50 - -

and had pupated, The resulis thus show that none of the
infeeted larvae, had undergone the second moult following
insculation and this moult generally occurred in healthy
larvao, within 4 doys aftor the initiation of the test.

gffect of the divsosme on the food consumpiion of the
laryons -

Qbservaﬁkans were made on the quentity (area)
of captor lesf eaten by the heelthy and diseased larvee.
Twenty five early fourth inotar lervae wore inoculated
with o {osage of ?05 polyhedre per lavva as outlined
under "HMaterials and Hethods". A gimilar muaber of

larves of the geme age wers kept @&s control., Daeh
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larve wes kept indlviduslly ia a battery jar. o
moasure the area of leaf consumed by the larvae each
larve was provided with & single whole leaf of castor.
Gefore being fed to the lerva the origlnal contour of

the leaf was marked on & metrie graph paper. The petlole
of cach leaf was kKopt dipped in water contained in a |
specinen tube., After 24 hr of fesding, the larvee were
tranferred to fresh leoves. e area fed by eanch larvae
was measured with the help of the groph paper on whlch
the outlines had been marked. The area of contumpition
was getinmated 88 sguare mm. Datinations were done in
this way for 120 hr at 24 hr intervals., The statistical
't' enelysis wes used for comparing the difference Beitween

means,.

Zhe resulits are sumsarized lu Table 6 and
illustrated in Fig.25. ‘There was no significant
difference in the leaf aresa coansumed during the Lirat
day by healthy snd dipeased lervae. OUn the second day,
the diseased lervae consumed s significantly larger w@esa,
showing an incresse of 105.08 per cent over healthy. The
leaf area fed by both healthy snd diseacped larvas were
again equel during the third day. But the diseased
larvae conguned o significantly lesser area of leaf on
the fourth day the reduction from thet of healthy being



TABLE ©

Aren of caetor leaf consumed by henlthy and HEV
infected laxvas of S.litura

Pogt= Leaf area consumed/larva in mné

inooulation (Mean) & S.8.

poriod in -

houy % increase

Healthy Diseased é;%rggae(a)
over healthy

72 1118.10 + 438,02 1122.75 + 254.26 + 0.42
96 2055.10 & 32.58 BB5,50 4 401.74 - 4%.96
120 5314.75 + 3435.52 - -

45.36 per ecent. The disessed lervae did not feed on
the £ifth dey. The vesults thus chow that the discase
caused a rotardation of feeding on the fourth desy and
feeding was oompletely inhibited on the fifth dey.

HISTOPATHOLOGY

Thesa siudies were made of laurvae killed after
24, 48, T2, 96 =2nd 120 hours of inoculation with the
virus., The course of the infection as observad in the
different tissues with tiae aid of a light mioroseope

is presented belows



24 hx after inoculation:

Ho changes were visible in any tiesue.

49 hr after inoculation:

Host of the cells of the hypodermis and some
¢elle of the fat bodles showed early signs of lafeotion.

72 hr after inoeulation:

Polyhedra were dletinetly vialble in most of
the cells of aypodermis, trachesl matrix and few cells
of fat bodies (Fig.26). iHore cells of the fat bodles
showad early slgns of infection. Many blood cells
also had polyhedra in their muclei. Polyhedra were
also visible in miscle cells, nerve ganglia, neurilemma
of nervae ooxd)bxain. salivary gland and connective

tisoue surrounding the midgut.

96 hr after inoculation:

The infection had fairly sdvenced in hypodermis
and trachesl matrix. Infection of faf body spread to
more nuclei and polyhedra wore vieible in them (Fig.27).
Many blood cells also showed advanced atage of infection.
Some cells of the foregut end moat cells of the wing bud
had shown polyhedra in their mmelel by this time.



120 hr after inooulation:

The hypudermis end tracheal matrix showed signs
of disintegration. Infection appeared more or less
cempletely over the fat body. Large oumber of blood
cells were seen heavily loadad with polyhedra and some
of thenm hed even rupturad releasing the polyhedrs.
Infection gpread completely over the cells of the wing
buds., Some of tho musole cells were &lso 1n an edvanced
stoge of infection (Pigs.28, 29, 30, 31).

the precime histopethological changse observed
in the different tissues due to the virus infection =rs
detailed below:

dypodernis:

Photomiorogrephs of the changes ogourring in
the infected hypodermis es compared to naon-infected
tiesue are given in Plge.32, 33, 34 omd 35, Tas average
thicknens of the hypodermal layer as measured at random
in 50 different reglons/day of infection are furnished
in Table T. '

Zhe normsl hypoderuis consisted of a single
layer of cella, resting on & basement membrane. The

cellas weve usually cuboidul ian shape, with their nuecled
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TABLE 7

Thickness of hypodernls of healthy and diseased
iarvas of Spodoptera litura at different periode
after 1naeu%ation

foaﬁ Avorage thiokness 1n/u ifa.m.

noculetion .

§§§§°d in Hoalthy bloeased
24 11 & 0.99 13 2 0.69
48 20 & 1.61 34 & 1,27
T2 1% + 5.%8 C 96 & 4.17
96 17 3+ 1.29 121 = 3.82
120 16 & 1.07 129 + 3.82

situated more towards the basement membrane. HNo

apparent changes were noticeable with light mlcroscope

at 24 hr posit-inoculation. The average thickness of

both healihy and diseased hypoderals d4id not show any
marked veriation. Barly sigas of infectlon were observed
in the nypoderais of larvae fixed 48 hr after inoculation,
At this stege (Fig.32) most of the nuelel wore
hypertrophied and oooupied o more centyel position
coupeared %0 the normal cell nuclel, Hany of the
hypertrophizd muclel showed chronatin oondensation to &

unified mase at the eonter (Virogenic stroma of Xeros,
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1956) with clear "ring zones® around the periphersl
area. Some of the cells had hypertrophied nucleli uat
rno viregenle strome, The whole hypodermal layer
iteelf appeared slightly swollen compared to the

noxmal tigsue,

In larvee L£ixed 72 hr after ingestion of the
polyhedra, the hypodermal cells in most regions of the
body showed thelr hypertropnied nuclel £illed withn fully
developed polyhedra (Fig.53). Polyhedra were either
few or not viasible in cells of the anterior region of
the thorax and lower region of the head. The hypodermal
layer appeared considerably swollen in most regions.

On an averoge the infected tlssue nmeasured 96/& in
thickness with & renge of 44 to 160/u whereas the
normel loyer variled in thickness from 8 to 28/u with
an average of 16,&. The thickening of the layexr was
not 80 mich marked in the snterlor region of the thorax

and venter of the head.

By 96 hr post~treatment (Pig.34) the hypoderamis
was enormonsly swollen recording nearly seven fold
increase in thicknesy over the unlniected layer. The
average thickness of the infocted layer was 121)& with

a range of 52 o 192/n. The normal layer on the other
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hend, neasured only 17/u in thickness with o range of

8 to 2e/u. Ihe cells were highly elongated at thie

time and the location of nuclel in different levels

in the hypodsrmel layer with polyhedra geve it o
siratified appearence. Hany nuclei hed raptured and
liberated the polyhedra by this time. The cells of

the hypodernsl layer in the ontericy region of the

thorax and lower region of the head also had fully
_developed polyhedra in their auclei, But the atratified
appearance observed in the other regions were abaent

here.

in larvee fixed 120 hr after inoculation, the
Bypodermis had more or less completely rotracted from
the cuticle in mony roglons and signs of disintegration
were viaible with the constituent cells gotting seperated
from each other (Fig.3%5)., Polyhedra were seem liberated
from many nuclel. Heasurement of the thickness of the
nypodermis showed no comspicuous change from that of
96 hr.

Tracheal matrix:

At 24 and 48 hr following imoculatlion no wall
defined indicetions of infection could be oboerved in
tracheal metrix cclle. In larvee fixed 72 hr podte
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troatment nuclei of trocheal matrix cells (Fig.36)
throughout the body appeared conspicuously enlarged

in size and contalned fully developed polyhedra., fThe
miclel enlarged further as the polyhedra increased in
number and at 96 hr post-treatment meny nuclel (Fig.37)
aven ruptured liverating the polyhedra into the
surrounding tissues and heemocoel. By 120 hr post-
inoculation, the matrix cells hed started disintegration
end they had lest their normal strueture in many spotse
showing disorgenized cell structure (Fig.38).

Fat_body:

The ehanges observed in the adipose tissue
during the course of HEPV infeotion as comparad o those
in tﬁe healthy lsrvee are 1llustrated in Figs.39, 40,
41 and 42. Table 8 shows alzge change as Jetermined by
meusurensat of 50 nuclei/dey of infectlion.

There was no apparent difference beiween
healthy and infected tissue Loy the Lfiret 24 hr following
infection. The normol £at body tells ware chaeracteriged
by the presencs of & laprge number of fat vacuoles in

thair cytoplasm,.



TADLE 8

Ohanges in dianeter of HPV infected and
healthy fat body nuclel of the larvae
of B.lituras

Pogt= Hean diameter in pn @ 8.E.

inoculation

ggg%oa in Healthy Digeased
24 8.7 £ 0.47 8.9 * 0.42
T2 10.5 + 0.%9 15.6 * 0,44
96 10,1 1 0,58  20.2 + 1.99

2y 48 hr poat-inoculation some of the nuclel
woere hypertrophied oand in some of thess chromatin
appesared to heve condensed to @ ceniral mass (Virogenic
stroma of Xeros, 1956) with "ring zones” around (Fig.39).
Fat vacuoles were emaller and less numerous in the
infeoted cells when compared with uninfected cells.
. Bat foi this change, the adipose tissue looked alike
in infeocted and healthy larvae.

In larvae fixed 72 hr after inoculetion nuclel
at various stages of infection could be eeen in dififerent



lobes of the adipose tissue (F1g.40). Even adjecent
cells could be found to be at different stages of
infection. By this time the number of hypertrophied
nucledie incroased considerably. Fhe average dlameter
of the fat body nuclei in the infected larvee showed
a aarked increeso. Hany nuclel kad fully developed
polyhsdra inside. BSome of the nuclel showed smell
polyhedre in the ring zone while & few others had both
small and fully formed polyhedra. The fat vacuoles
wera smaller in number znd size in the infected arcas.
Ihe normel fat body, on the other hand, h&d very large

fat vacucles in ;geat nunbars.

By 96 hr after luoculation, the infection had
spread to more muclel and fully formed polyhedrs were
prezent in lewge mumbers of muelel (Fig.41). The size
of nmaclel of infected fet body showed a two fold
increase os evidenced by the diemeter wuoasurements.

At this stege &lso the lack of uniformlity of infection
in the fat body was evident. \While many nuclel were
in the initiel stage of infection it was interesting

0 note that some nuclel had ruptured and released the
polyhedra. The fat vaoucles showsd & marked reduction

in size and number,.

N



In lervae fixed 120 hr after incoulotion the
infection had spread more or leso conpletely over the
adipose tisene {(Fig.42). The average oire of the fat
body muclsl in the infooted lorvac still continued to
inerease. Fat vaenole had almost disappeared fronm
most areas, The healthy larvee on the other hand had
£at bodios with large fat vacuoles and small auclel.
in %he infeected tiscues a majority of eells had fully
formed polyhedra inside thelr hyperitrophied melel.
Disintegration of the tissue was visible in many lobes.
However, 1t wae not diffioult to recognize oven at this
stege miclei which were in an early period of polyhaedral

formation.
Blood cellms

Phase coutrast examination ¢of haemolymph
from heat fixed larvae showed the pregence of polyhedra
in the nuclel of msny cells at 72 hr post-incculation.
By 96 hr nore celle were seen infected. Some of the
cells had ruptured liberating the polyhedre into the
noemolymphi. The infection further advanced by 120 hr
post-inooulation when lsrge mamber of maclel fully laden
with polyhedrsa, were visible. o attompt was made ©o
identify the types of hacmooytes infeoted.
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Magele tisaug:

Infection of muscles were obscrved from 3 days
after inoculation., At this. stege polyhedra could be
seen in the muclei disposed immediately bencath the
muecle sheath {(Fig.4% 4), os well es those placed deop
in the sercoplasn between the fibrillae (Pig.43 B).

As a remult of infeetlon and hypertrophy of the nuclei,
in many cases, sarcoplasm showed an apperent vasuolation
and the muasele sheath appesred o have loosened in the
vicinity of infected maclei. The infection advanced
furthar by 96 and 120 hr post-inoculation (Figs.44, 45).
Thougn musecles of sll yvegions of pody were infected,

the infeebion was generally limited to few spots in

a fibre only. [Harely large nunber of aaglel of a
oingle f£ibre were aleo seen infected.

dervous sypten

Polyhedral forsation was observed in the brain,
ventral nerve gemglia and the neurilemma esurrounding the
nerve cord., Polyhsdra were visible in all the above
mentioned tissues from 72 hr after inoculation. In
the gonglia (Pig.46) polyhedra were ocbserved in the
nearoplile mess. Infoction of brain was noted in certain

foei, near the periphery (Pig.47). However, the infection



of brain end genglia were of low magnitude only. But
the Infection appeared severe in the neurilemma
(Fig.48 4, B) of nerve cord. The neurilemma appeared

looeened from the inner cord as & resalt of the infection.

Connective tlssue surrounding the midmit

Polyhedra were observed at 72 hr after
inoculagion in several spote In the connectlve tisoue
sarrvounding the nldgut (Fig.49). $fhe infection appesred
to be of the matrix cello of tracheac aspociated with

the ecounnective tissue.,.

S8iik glends

In lervae fixed T2 by post-incoulation, some
cells of the posterior region of the silk glands showed
hypertrophied nuclel with polyhedra iasside (Fig.50).

ving bud:

Polynedral bodles were visible in meny cells
of the wing bud, 96 hr after infection and by 120 hr
most of the cells were heavily infected showing the
pregence of fully developed polyhedea (Fig.51).

Foremite
Yany colls of the forogut epithelium (Fig.52)
at the rsglon of ceardiec valve shiowed polynedra in their

hypertrophied muclei 96 hr post inoculation.
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BIOCHEMICAL CHANGES IN THE LARVAE OF S.litura AFTER

w.

INFECTION BY THE NUCLEAR POLYHEDROSIS VIRUS

Stufies were made on some of the biochemical
changes in the larvae after infection with the muclear
polyhedrosis virus. The quantitative estimations were
done at 24, 48, 72, 96 and 120 hr after inoculation of
the larvee with 105 polyhedra per larva as described
under "Materials and Methods", The results are

presented below.

I. Nitrogen compounds

1) Total nitrogen

The data on the nitrogen content of healthy
and NPV infected larvae at different intervals are
presented in Tableiand illustrated in Fig.53. It
will be seen that the average nitrogen content in
diseased larvae (12.79 per cent) was significantly
higher than that of healthy larvae (11.77 per cent).
In the healthy larvae, the total nitrogen content
decreased with age. The meximum level of 13.07 per
cent was observed at 24 hr, which decreased to a
minimum of 9.89 per cent at 120 hr. But in diseased

larvae, it is interesting to note that, the percentage



TABLE 9

Total nitrogen content in healthy and NFV
infected larvae of S.litura at different
periods after inoculation

Pogt~ Total nitrogen (% of %-increase
inoculation dry weight) (+) or
period in - decrease (=)
hour Healthy Diseased over healthy
\24 ‘ 13:07 12.60 - 3059
48 - 12,60 13.81 + 9.60
72 12.13 12.79 + 5.44
96 11.15 12,60 +13.00
120 9.:89 12.13 +22.95
Average 11.77 12.79 + 8,66
C.D. (P= 0.05)t Healthy Vs Diseased = 0.51
n n ¢ Period = 0.80
" n ! Interaction = 113

of nitrogen remained more or less at the same level

during the whole period of the observation, except at

48 hr when it recorded a significant increase over that

at 24 hr. No significent differences existed between

the nitrogen levels at other intervals.

The data further show that the diseased larvae

had a higher level of nitrogen than the healthy ones at



all intervals except at 24 hr when it showed slight
decrease. However, the differences were statistically
significant only at 48, 96 end 120 hr after inoculation.
The most pronounced increase in nitrogen content was

observed at 96 and 120 hr after treatment.

ii) Uric acid:

¢

The data presented in Table 10 and illustrated
in Pig.54 indicate that in general the uric acid content

TABLE 10

The levels of uric acid in NPV infected as
compared to healthy larvae of S.litura at
different intervals after inoculation

Post- Uric acid (% of % increase (+)
inoculation dry weight) or decrease (-)
period in - over healthy
hour Healthy Diseaged
24 2.46 2.52 + 2.43
48 2.25 2.40 + 6.66
T2 2.72 2.75 + 1.10
96 1.67 2.61 +56.28
120 1.35 2.51 +85,92
Average = .2.09 2.56 +22.48
¢.D. (P = 0.05): Healthy Vs Diseased = 0.18
" Con 3 Periods = (.28

n " ¢ Interaction = 0,39
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was higher in diseased larvae (2.56 per cent) then in
healthy larvae (2.09 per cent). The uric acid decreased
in healthy larvae during the later stages. But no ‘
significent differences were noticeable between the uric
acid contentsat different periods in diseased larvae
indicating that it maintained a more or less constant
level during the period of observation. It is also
seen that up to 72 hr both healthy and diseased larvae
contained more or less similar levels of uric acid.

But in diseased larvae the uric acid increased
conslderably during the later stages recording an
increase of 56.28 per cent at 96 hr and 85.92 per cent
at 120 hr post~treatment over the healthy larvae.

iii) Protein:

The results summarized in Table 11 anéQ
illustrated in Fig.55 reveal that significant @ifferences
existed between healthy and diseased larvae, the latter
in general containing a higher -level (60,10 mg/g) of
protein than the former (50.95,mg/g). In healthy
larvae the maximuﬁ content of 64,25 mg/g was observed
at 120 hr, while the diseaped larvae had the highest
level (67.59 mg/g) at 96 hr of treatment. When the
protein’eontent of healthy and diseased larvae at.the



TABLE 11

Protein content of healthy and NPV infected
larvae of S.litura at different intervals
after inoculation

A

Post- Protein (mg/g wet % increas;
inoculation weight) (+) or
period in decrease (=)
hour Healthy Diseased  over healthy
24 57.04 59.95 + 5.17
48 54022 52-59 - 3000
72 50.99 56,95 +11.68
96 " 61.56 67.59 + 9.79
120 64:25 63038 - 1035
Average 50,95 60.10 +17.95

C.D. (P = 0.05): Healthy Vs Diseased = 1.47
" " ¢ Periods = 2.33
" " : Interaction = 3,29

different stages are compared, it is seen that the
latter had a significantly higher level at 72 and 96 hr

after treatment.
II. Total fat:

The observations recorded (Table 12 and Fig.56)
reveal that the average fat content was significantly
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TABLE 12

Total fat content of healthy and NPV infected
larvae of B.litura at different intervals after

inoculation
Post~ Total fat (mg/g % increase
inoculation wet weight% +) or
period in - decrease (=)
hour Healthy Diseased over healthy
24‘ 33063 33022 - 1921
4-8 28089 26084 - 7009
72 30.16 35.81 +18.73
96 36.26 24 .31 ~32.95
120 43.56 22.46 ~48.,406
Average 34 .49 28,57 -17.16

¢.D, (P = 0.05): Healthy Vs Diseased = 4.66

i " ¢t Interaction 104453

tH

higher in heslthy larvee (34.49 mg/g) than in the
diseagsed ones (28.57 mg/g). The fat content in healthy
lapvae showed a slight decrease at 48 hr after treatment
and then started rising at subsequent intervals reaching
a maximm of 43.56 mg/g at 120 hr. The diseased

larvae also revealed a similar trend until 72 hr post-

treatment. But thereafter it declined sharply recording

—
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the minimum (22.46 mg/g) at 120 hr. A comparative
examination of the daily fat content in both groups
reveals that, at 96 and 120 hr after treatment the

diseaged larvae had significantly lower levels, the
percentage of decrease from healthy ones.being 32.95

and 48.46 respectively.

III. Qarbohydrates

Healthy and NPV infected larvae were analysed
for the total carbohydrates and glycogen.

1) Total carbohydrates:

~

The results summarizged in Table 13 and
illustrated in Fig.57 show that the diseased larvae had
a significantly lower level of total carbohydrates,
the average content being 4.17 mg/g in diseased and
5.14 mg/g in healthy. Both healthy and diseased larvae
followed .a similar pattern in the daily changes of
total carbohydrate levels until 96 hr. During this
period the carbohydrate gradually increased indicating
the accumilation of the same with age. But at 120 hr

post-treatment the diseased larvae recorded a sharp



TABLE 13

Effect of NPV infection on the total
carbohydrate content of the larvae of S.litura
as compared to normal larvae

Post- Total carbohydrate % increase
inoculation (mg/g wet weight) (+) or
period. in : decrease (-~)
hour Healthy Diseased over healthy
24 3.57 5.42 - 4.20
48 3.55 3.68 + 3.66
T2 6.25 5.24 -16.16
96 5027 5'05 - 4.17
120 ?-06 3-4‘3 ”51041
Average  5.14 4.17 -18.87

¢.D. (P = 0,05): Healthy Vs Diseased = 0.73
il " ¢ Periods = 1.14
Interaction = 1,62

n "

.o

decline while there was vexry conspicuous increase in the
comparable healthy larvae. At 120 hr, the carbohydrate
content of healthy amnd diseased larvae were 7.06 and

3.43 mg/g respectively.

| N
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ii) Glycogen:

In general the glycogen content (Table 14;
Fig.58) of diseased larvae was lower than that of
healthy larvae, the net decrease being 23.68 per cent.

TABLE 14

Glycogen content of the larvae of S.litura

during the course of nuclear polyhedrosis as
compared to healthy larvae

Post- Glycogen (mg/g wet % increase
inoculation weight) (+) or
period in decrease (~)
hour Healthy Diseased over healthy
24 2.28 2,02 =11.40
48 0.83 0.88 + 6,02
72 3.11 2.74 '=11.89
96 ' 1.82 1.65 .= 9434
120 3.40 1441 ~58.52
Average 2.28 1.74 -23.68
¢.D: (P = 0.05): Healthy Vs Diseased = 0.48
" " ¢ Periods = 0.75

The data show that in healthy larvae the glycogen content
inecreased from 2.28 mg/g at 24 hr to 3.40 mg/g at 120 hr
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interrupted by iemporary declines at 48 and 96 hf.

The diseased larvae exhibited a parallel trend until

96 yr after infection. But at 120 hr post-treatment

a notable decline in glycogen content was observed in
diseased larvae. Thus when the healthy larvae contained
the highest level of 3.40 mg/g at 120 hr post-treatment,
the diseased larvae had only 1.41 mg/g which was the

lowest level ever recorded.

IV. Nucleic acids

The quantitative changes occurring in DNA and
RNA in the larvae of S.litura during the course of
nuclear polyhedrosis and in comparable healthy were

estimated at 24 hr intervals.’
i) DNA:

The dally changes in the levels of DNA in
healthy and diseased larvae are presented in @able 15
and illustrated in Fig.59. It shows that the diseased
larvae hed significantly higher amount of DNA then
healthy ones. Healthy larvae had the maximum gontent
of DNA at 24 hr post-treatment which decreased gradually
during the subsequent intervals recording the lowest

at 120 hr. In infected larvae also the DNA decreased

\



'PABLE 15

Changes in DNA content in healthy and NPV
infected larvae of S.litura

Post= DNA ng/mg wet weight) % increase
inoculation (+) or ()
period in Heal D decrease (-
hour ealthy iseased over healthy
24 1;13 1002 - 9'73
48 0.74 0.84 + 13.52
72 0078 N 1 062 +107069
96 0.55 1.44 +161.81
120 0.45 1.31 +191.11
Average 0.73 1.25 + T1.23
. 0.08
¢.D, (P = 0.05): Healthy Vs Diseased = £8P0
" " ¢ Periods = 0412
" " ¢ Interaction = 0,18

at 48 hr., But at 72 hr it reached an altime high

followed by a significant reduction at 96 hr. At

120 hr post-treatment also it declined slightly but
However, finally it head 1.31/ug

ﬁot significantly.

m m
DNA/g as against 1.02 e DNA/,’\g at 24 hr. The DNA
A

level was higher in infected larvae than healthy ones

at all intervals except at 24 hr post-treatment.

74
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This
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increase was highly pronounced at 72, 96 and 120 hr
after treatment. At 24 hr the diseased larvae recorded
a slightly lower level of DNA compared to the healthy

counterparts, though the difference was not significant.
ii) RNA:

The data presented in Table 16 and illustrated
in Fig.60 reveal that in both healthy and diseased larvae
, TABLE 16

Changes in RNA content of healthy and NPV infected
larvae of S.litura

Pogt- RNA (}xg/mg wet weight) % increase
inocuéaﬁion (+) or ( ),
perio D decrease (-
hour | Healthy iseased over heolthy
24 6016 4080 ""22.07
48 4.04 3479 - 6.18
72 3.18 5.29 +66, 35
96 3079 3-38 "12013
120 2.60 3439 +3%0.38
Average 3.96 4.12 + 4.04
¢.D. (P = 0.05): Periods = 0,51

" " g Interaction = 0.72
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the relative amount of RNA decreased as the larvae
advanced 1n age. However, in diseased larvae the RNA
showed a sharp increase at 72 hr after treatment and
then again declined. A comparison of the RNA levels
at different intervals in healthy and diseased larvae
show that the latter recorded a significantly lower
amount at 24 hr and significantly higher levels at 72
and 120 hr after treatment, the maximum increase
(66.35 per cent) being observed at 72 hr. The
difference noted at 48 and 96 hr post-treatment were
not significant. “ |

V. Minerals

The quentitative changes of calecium, megnesiumn,
sodium, potassium.and phosphorus in healthy and diseased

larvae were studied.
i) Caleium:

The analyses of the calcium content (Table 17;
the
Fig.61) showed thathgiseased larvae contained a
significantly low level (0.34 per cent) of calcium

compared to the healthy larvae (0.40 per cent).

In healthy larvae, the calcium level increased

at 48 hr then decreased at 72 hr and again increased at
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PABLE 17

Changes in calcium content of healthy and NPV
infected larvae of S.litura

Post- Calcium (% of dry weight) % increase
inoculation (+) or
period in Healthy Diseased decreased(~)
hour over healthy
24 0.41 0.3% -19.51
48 0044‘ 0-4'0 hand 9-09
72 0.31 0.35 +12.90
Average 0.40 0.34 ‘ -15,00
¢.D. (P = 0.05): Healthy Vs Diseased = 0,03
" " ¢ DPeriods = 0.04
" " : Interaction = 0,06

96 hr and maintained the seame level at 120 hr after
treatment. Similarly, the diseased larvae also showed
an increase and decrease at 48 and 72 hr respectively.

But at 96 and 120 hr the calcium level decreased markedly.

¢

Compared to healthy larvae, the calcium content

was significently lower in diseased larvae at 24, 96 and
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120 hr after treatment. The decrease was highly

pronounced at 96 and 120 hr.

ii) Magnesium

The data recorded on the magnesium content
are presented in Table 18 and illustrated in Fig.62,
TABLE 18

Magnesium levels in healthy and NPV infected
larvae of S.litursa

Post- Megnesium (% of dry weight) % increase
inoculation -~ c(i+) or ()
period in ecrease (-
hour Healthy Diseased over healthy

24 0.31 0.36 +16.12

48 0.35 0.34 - 2.85

96 0.35 0.40 +14 .28

120 0.38 0.38 -

Average " 0.36 0.37 + 2,77

It will be seen that the magnesium content did
not cheange significantly with age or due to induction of

diseasge.
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1ii) Sodium:

Statistical analysis of the data on sodium
content (Table 19) in healthy and diseased larvae showed

TABLE 19

Changes in sodium content of NPV infected S.litura
larvae as compared to normal larvae

Post~ Sodium (% of dry weight) % increase
inoculation (+) or
period in Healthy ~ Diseased  oocTedse (o)
24 0.37 0.37 -
48 0.42 0.44 + 4.75
72 0.45 " 0.40 -11.11
96 0.45 0.46 + 2,22
120 0055 0042 "‘23065
Average 0.45 0.42 - 6.66

that there was no significant difference between the two

groups (Fig.63).
iv) Potassium:

The data presented in Table 20 and illustrated

in Pig.64 indicate that on an average the diseased larvae
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TABLE 20

Potagsium content of healthy and NPV infected
larvae of S.litura

Post- Potassium (% of dry % increase
inoculation weight ) (+) or
period in decrease (=)
hour Healthy Diseased over healthy
24 5.00 4.90 - 2,00
72 4077 4.27 "10048
96 5.23 3.4% -34 .41
120 3.90 2.80 -28,20
Average 4.81 3.88 -19.33
¢.D. (P = 0.05): Healthy Vs Diseased = 0.26
" n : Periods = 0.41
" " ¢+ Interaction = 0,58

contained a lower level of potassium, than comparable
healthy ones. The potasdium content was lower at all
intervals iﬁ iﬁfected larvae than healthy ones. However,
the reduction was statistically significant only at 48,

96 and 120 hr after treatment. The most conspicuous
reduction occurred at 96 and 120 hr, the percentage

decrease from healthy being 34.41 and 28.20 respectively.’|
* ¥
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v) Phosphorus:

The data on the levels of total phosphorus
in the healthy and NPV infected larvae of S.litura are

21
presented in Tableﬁgnd illustrated in Fig.65. It is

"TABLE 21

Levels of total phosphorus in NPV infected
S.litura larvae as compared to healthy larvae

Post- Total phosphorus % increase

inoculation (% of dry weight) (+) or
period in decrease (=)
hour Healthy Disecased over healthy
24 1.17 1007 - 8054
48 1.20 1.18 ~ 1,66
72 1027 1015 - 9-44‘
96 1'18 1017‘ - 0084'
120 1.12 1.23 + 9,82
Average 1.19 1.16 - 2452
¢.D. (P = 0.05): Interaction = 0,10

seen that in healthy laxrvae the phosphorus content did
not vary significantly until 96 hr. At 120 hr it
recorded the minimum level of 1.12 per cent, which was

{

significantly lower than the level at 72 hr. The
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diseased larvae showed significant rise in total
phosphorus at 48 hr and then remained in more or less
the same level during the subsequent periods. When
compared to the healthy larvae, the phosphorus content
was lower in diseased larvae until 96 hr. However, the
decrease was significant only at 72 hr. But at 120 hr,
the phosphorus content in diseased larvae indicated a

significant increase over healthy larvae.
TOTAL HAEMOCYTE COUNTS

The average number of circulating haemocytes
in healthy and NPV infected larvae of S.litura are shown
in Table 22 and illustrated in Fig.,66. In general the
average number of [circulating ‘haemocytes in healthy
larvae increased with age with intermittant declines at
alternate interva;s. It incgeased from a min@mum of
17800 haemocytes/mm3 at 24 hr to a maximum of 33710
heaemocytes at 96 hr. The diseased larvae recorded
the maximum number at 24 hr and thereafter the THC
decreased at subsequent intervals reaching the lowest

mumber at 120 hr after treatment.

A comparison of the haemocyte counts of healthy
and diseased larvae at the different intervals show that

at 24 hr the dlseased larvae had a significantly higher
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Average number of circulating haemocytes in
healthy and NPV infected larvae of S.litura

Post~

Average number of

inoculation circulating haemocytes/ %;%?crease
period in > + S.B Jeomes
hou + S.B. ecreage (=)
over healthy
Healthy Diseased
24 17800 + 529.34 25230 + 1835.77 + 41.74
48 20280 + 350.90 18800 + 484.19 - 56.60
12 18890 + 617.76 15420 + 653.73 - 18437
96 33710 + 1371.05 11210 + 613,05 - 66.74
120 22180 + 1668.16 9650 + 613.88 - 56.49
number of haemocytes than the healthy ones. At all

subsequent intervals the diseased larvae recorded

gignificantly lower number of haemocytes than the healthy

individuals.
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DISCUSSION

The main objectives of the present studies
have been (1) to find out the ocourrence, if any, of
nuclear polyhedrosis infection in the major lepidopterous
crop pests of Coimbatore, Tamil Nadu and (2) to gather
as much basic data as possible on the dlseases detected.

The main findings are discussed below:

Out of the three nuclear polyhedroses observed,
that of Amsacta albistriga is recorded for the first time.

The symptoms of the nuclear polyhedrosis of Amsacta
albistriga generally resemble those described for other

miclear polyhedroses of lepidopterous larvae, as reviewed
by Aizawa (1963) and Smith (1967). The nature of
infection and the characteristics of the inclusion bodies
and virus indicate that the pathogen belongs to the

group Borrelinavirus causing nuclear polyhedrosis in

insects. The red hairy caterpillar is a destructive

pest of groundnut (Arachis hypogaea) and many other

crops. Outbreaks of this pest occur annually in an
epidemic form in different parts of Tamil Nadu. The
caterpillars migrate in large groups from field to

field devastating the entire crop. These characteristies

of 'the larvae are quite favourable for the natural or
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artificial spread of the disease. Hence field trials

on the effectiveness of the virus would be worthwhile.

The symptoms of the nuclear polyhedrosis of
Heliothis armigera observed in the present studies agree

with those reported by Stahler (1939) and Cosker (1958).
In the present studiles it was observed that the diameter
of the polyhedra ranged from 0.5 to 1.4 P with an
average of 0.89 e These measurements are in close
agreement with the inclusion measurements of H.armigera
by Bergold and Ripper (1957) and those of H.zea by
Gregory et al. (1969). But the nuclear polyhedra of
H.peltigera are comparatively larger in size (Harpaz and
Zlotkin, 1965). No surface patterns were observed on
the polyhedra of H.armigera in the present studies as
also the case with H.zea (Gregory et al., 1969). The
arrangement of the virus rods singly as observed in
H.armigera is in agreement with the findingsof Bergold
and Ripper (1957) though these authors observed a few
bundles with two rods. In Heliothis zea also the virus

rods occurred singly (Gregory et al., 1969). Thmus,

the polyhedra and virus rods of H.srmigera isolated in
the present studies are similar morphologically to those
of H.armigera described by Bergold and Ripper (1957) and
H.zea (Gregory et al., 1969).
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It was observed in the present studies that
some infected larvae of H.armigera showed atypical
symptoms. No previous report of such & phenomenon
has been recorded in H.garmigera. A more or less similar
observation has, however, been reported by Harpaz and
Zlotkin (1965) in E.peltigera. These latter authors
observed that caterpillars of the third ;nstar died
after virus inoculation without showing any characteristic
external symptoms and they concluded that this might be
due to the younger larvae succumbing to an earlier stage
of infection. In the.present instance however, larvae
infected in advanced instars also showed cases of
atypical death. ILittle can be sald now with regard to
the significance of this phenomenon. Comparative:
studies on the histopathology of both the .diseases must
be made before .any conclusion is made.

THE NUCLEAR POLYHEDROSIS OF THE TOBACCO CATERPILLAR

i

Spodoptera litura F.

This disease was fivst recorded in India from
New Delhi by Remakrishnan and Tiwari (1969). But no
detailed studies were reported. The present study was
taken up %0 gather information on the host-pathogen
relationship covering the symptomatology, histopathology,
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nature of the pathogen, the effect of the disease on
the larval size, weigﬁt, moulting and the food
consumption and the biochemical changes in the larvae
after’infection.

In comparing the signs and symptoms, the
nuclear polyhedrosis of S.litura resembles other nuclear
polyhedroses of lepidopterous larvae as reviewed by
Aizawa (1963) end Smith (1967). The infected larvae
appeared slightly bloated in 3 days. Similar

observations were made by Tanada (1954) in Pieris rapae

and Steinhaus (1960) in Prodenia praefica. This might

be due to the rapid hypertrophy and swelling of the
epldermis noted at this stage. The pinkish colour change
observed in the infected larvae may be as suspected by
Steinhaus (1960) due to the accumulation of pink granules
in the clear areas of the integument. It was observed
in the present studies that some of the larvae which ,
ingested polyhedra in the later instars entered the soil
for pupation, but came up to surface later on and died
of nmuclear polyhedrosis. A siﬁilar observation was

made by Vail and Hall (1969 a) in the case of
Trichoplusia ni. Pre-pupal and pupal mortality as

observed in S.litura have been reported by Hafez (1958)
in P.litura end Tenada (1954) in P.rapae. Stairs (1965)
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also observed pupal and a&ylt mortality in G.mellonella
Wt

when the larvae were fedAvirus in the later stages.

However, Vail and Hall (1969 a) did not find any pupal
or adult mortalify of I.nl when the late instar larvae
were fed or injected with the virus. Their data_
indicated that disessed larvae seldom pupated or gave
rise to adults. . The emergence of malformed adults from
larvae which survived virus infection and pupated were

also noted by Hafez (1958) in Pilitura.

The susceptibility of the larvae of S.litura
to NPV infection decreased with age. Similar observations
were made by Tanada (1956, 1960) in Pseudaletia

unipuncta and Spodoptera mauritia and Morris (1962 a)

in Lambdina fiscellaria somniar%a. Farther, it was
noted in the present studies thét lower concentrations
of virus inoculum resulted in a longer incubation period.
Alzawa (1953) reported that the length $f incubation
period depended upon both the size of the inoculum and
temperature. When the temperature was constant, the

lower the virus concentration, the longer was the

incubation period.

The diameter of the polyhedra of S.litura was

observed to vary from 1.2 to 2.8/a with an average of

1.867u. The virus rocds occurred singly and in bundles.
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These morphological characteristics of the pathogen are
similar to those reported by Bergold and Flasbhentrager

(1957) for Borrelina litura. The present measurements

of polyhedra of S:litura are not in agreement with the
inclusion measurements of P.llture which ranged from
2.5 t0 4 u (Remekrishnan and Tiwari, 1969).  The
inclusion measurements of two closely related species
viz., S.mauritia (Tanada, 1960) and S.exigua (Hunter
and Hall, 1968) are 1.61 u (1.07 to 3.22 u) and 2.05 p
(1 to 6/a) respectively.

Effect of the disease on larval size, welght and
moulting:

That growth is retarded in NPV infected larvae
has been reported in certain cases (Adams et al., 1968).
But no precise information is available on the effect
of virus infection on the larval size, weight and
moulting. The present studies show that there did not
exist mich difference in the mean wet weight of healthy
end diseased larvas until 72 hr after ingestion pf
polyhedra. But at 96 and 120 hr the mean weights were
distinctly lower in diseased larvae compared to the
healthy ones. The results thus indicate that in the
diseased larvae there was a retardation of growth after

the initial phase of the disease. This should naturally



be expected since the larvae fed very little on the
fourth day and completely stopped feeding on the fifth
day. Turther the muclear polyhedrosis is a debilitating
type of disecase as evidenced by the depletion of fat and
carbohydrates (Table 12, 13) observed in the present
study. The mean dry weight also showed a parallel
trend with wet weight. The observation that the mean
lengths of the diseased larvae were markedly lower than
that of healthy larvae at 96 and 120 hr show further

the retarding effect, the virus infection had on the
growth of larvae. Thig finding, plus the observations
on wet and dry weights would clearly show that the virus
infection had a tremendous retarding effect on growth
rate of the host larvae and this became more apparent
after the initial signs of infection were observed
externally.

Results presented also show that the healthy
larvae had undergone two moultings during the period
of observation while the diseased had moulted only
once and the subsequent moulting was inhibited. No
previous studies on inhibition éf moulting by NPV
infection are available. In the rickettsiosis of

Melolontha melolontha, Kreig (1958) and Niklas (1960)

found that except for larvae infected in the first
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instar, which as a rule died in the second instar, all
larvae died in the instar in which they had been
infected. An interference in moulting would signify
a severe interference with the growth and development
of the organism. The pertinent question then is

"how does the virus infection cause an inhibition of
moulting?" The fact that both healthy and diseased
larvae had undergone normally the first moulting which
should occur within 48.hr of the start of the experiment,
gshows that until 48 hr the virus infection did not
.affeet the moulting process. But the subsequent
moulting, which should cccur’within 96 hr after the
start of the experiment was completely prevented in the
diseased larvae. This might indicate that the
interfering factors were at work during the geriod

between 48 to 96 hr after infection.

It is now known that moulting and metamorphosis
of insects are under hormonal control. The basie
pattern of hormonal control in moulting as given by
Gilbert and Schneidermen (1961 a) involves, the
activation of prothoracic glands by a brain hormone
secreted by the neurosecretory cells of the brain. The
activated prothoracic glands respond to this stimulu?

by elaborating snd releasing a hormone, the prothoracic



gland hormone, which reacts wifh various cells of the
insect and starts them growing. In the case of

epidermis, the prothoracic gland hormone activates its
synthetic machinery to deposit a new cuticle and thus

initiates the moulting process.

It was observed in the present studies, that
the brainyyentral nerve ganglia and nerve cords were
infected. Morris (1970) hed observed that there was
an apparent reduction in the amount of neurosecretion 5

in the brain after NPV infection in Lambdina fiseellarie,

somniaria and Orgyia pseudoitsugata. Thus, it is

possible that in the present instance also, the infection
of the brain interfered with the neurosecretion.
Further, the infectlion observed in the ventral nerve
ganglia and nerve cord was likely to affect the
hormonal halance of the insect because these tissues
regulate indirectly the activity of corpora allata
through the neurosecretory systém (Scharrer and
Scharrer, 1963%). Moreover, the hypodermis had been
completely inactivated by the virus infection, thus
rendering it non-responsive to éctivation by the
prothoracic glands. Further, according to Locke and
Collins (1967) the hypodermis is continuously teking

up blood proteins and it does so most intensively when



its growth and cuticle deposition are highest. Nuoclear
polyhedrosis infection haws: been reported to cause a
decrease of haemolymph protein concentration in several
cases (Martignoni and Milstead, 19643 van der Geest

and Craig, 1967; van der Geest and Wassink, 1969;
Shapiro and Ignoffo, 1971; Young =md Lovell, 1971).
This may be happening in the NPV infected Spodoptera

larvae also, Thus, it is also possible that the
moulting might have been inhibited, at least in part,
due to lack of sufficient blood proteins to feed the
hypodermis for the formation of new cuticle. Further
the infection of many haemocytes and the reduction in
the total haemocytes observed in the present studies
also might have interfered with the moulting process

as according to Wigglesworth (1955) the haemocytes may
play some role in the interaction between the brain and
prothoracic gland. Thus, it may be concluded that the
above mentioned factors individually or collectively
brought about the inhibition of moulting in the NPV
infected larvae of S.litura. ,

Food consumption of the larva:

The observations on the leaf consumption of

healthy and diseased larvae revealed two interesting
\



phenomena, The virus infeption resulted in an

enhanced feeding on the second day. On the other hand,
it caused a retardation of feeding on fourth day and
complete cesgsation of feeding on the £ifth day. Though
loss of appetite end cessation of feeding have been
reported as a common symptom agsociated with, nuclear
polyhedrosis infections (Aizawa, 1963; Smith, 1967),
no quentitative data are available on this aspect.
Histopathological studies had revealed that the active
virus multiplication started on the second day after
ingestion of polyhedra. It might be that to counteract
the heavy demands forced upon it by the active viral
synthesis, the larvae were attempting to consume more
food as a compensatory function. But the virus had
overcome the animal systems in the course of infection
causing a general physiological debility which indirectly
would have been respounsible for the retardation and

cessation of feeding in the later stages.

HISTOPATHOLOGY

The fat body, hypodermis, tracheal matrix and
blood cells are the major tissues infected by nmuclear
polyhedrosis viruses (Aizawa, 1963; Smith, 1967).

The present studies showed that the above mentioned
tissues were the major sites of infection in the nuclear

polyhedrosis of S.litura also.



:In addition to the tissues mentioned already,
light to moderate in£§etion was  also observed in the
brain, ganglia, neurilemma of nerve cord, muscle cells,
connective tissue surrounding fhe midgut, silk glands,
wing bud and foregut of S.litura. Infection of these
tissues have been reported previously in a few other
Lepidoptera., Temada (1959 bf observed infected muscle
cells in Pseudaletia unipuncta. Benz (1963 b) listed

nerve sheath, ganglion cells and muscle cells among the
tissues infected by the nuclear polyhedrosis of.
Malacosoma alpicola. Stairs (1965) found infection

of wing discs of B.mori, Choristoneura fumiffrana and
G.mellonella. In NPV infected Zebra caterpillar,

Ceramica picta, Adams et al. (1968) observed polyhedra

in the conmnective tissues surrounding the ganglia, nerve
cord and brain and they suspected that viral replication
was occurring in the nuclei of the tracheal matrix
associated with these organs and tissues. Hamm (1968)
reported infection of the epithelial layer of foregut,
imaginal wing discs, brain, gilk glands and ganglionic
cells in SBpodoptera frugiperda. Mathad et al. (1968)

also found infection of neurilemma of nerves, ganglia,
brain, sarcolemma, silk glands, connective tissue

surrounding the midgut and wing buds in Trichoplusia ni:

R
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Vail and Hall (1969 b) observed infection of muscle
and genglia in T.ni infected with a nuclear yolyhedrosis
virus of the SEV type. ‘

The course of infection off various tissues
of S.litura follows very closely that reported by Hamm
(1968) in S.frugiperda. In the latter inseot all the

susceptlible tissues showed polyhedra in their nuclel

by 72 hr after inoculation. The present studies also
showed that a similer infeetion of tissues except, the
wing buds and foregut which showed polyhedra only 96 hr
following inoculation. However, the fat body was in
an early stage of infection at 72 hr and only few nuclei
had polyhedra inside, contrary to that reported in
S.frugiperda.

A definite sequence of infection of the various
tissues of S.litura could not be established. However,
Benz (1963 b) could observe the following sequence in
time, of development of polyhedra in the larvae of
Malacosoma alpicolas (1) fat body, (2) hypodermis,

(3) tracheal matrix, (4) muscular sheath, (5) nerve
sheath, (6) muscles, (7) ganglia and (8) pericardial

cells.
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The condensation of chromatin observed in the
nuclei of fat body and hypodermis of S.litura, apparently

is what Xeros (1956) described as Uirogenic stroma.

The'appearance of large nmumbers of polyhedra
in the hypodermal cells throughout the body coincides
with the time when the first sign of ihfection were
discernible externally. At this time the cuticle took
on an 0ily appearance and assumed a whitish or pinkish
tinge. This may, perhaps, be due to the accumulation
of large numbef of polyhedra in the underlying
hypodermis. Furthe;, it was also observed that the
infected larvae falled to moult 3 days after inoculation.
The,significance of this phenomenon in relation to the

hypodermal infection have been discussed earlier.

The nature of infection in the hypodermis of
S.litura differ from the previously reported cases.
Though hypodermis has been found to be & major site of
infection in lepidopterous larvae, the highly
conspicuous thickening and stratified appearance as
observed in the present studies is not a common feature.
However, Watanabe (1968) reported an abnormal
proliferation of cells in the epidermis of the fall

webworm, Hypandtria cunea induced by infection of a
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molear-polyhedrosis virus and the newly formed cells
due to proliferation were also infected immediately,
Though it was not possible in the present studies to
verify the phenomenon of a prbliferation of cells, the
stratified appeerance gave an indication to that
effect,

A striking feature of the infection of the fat
body of S.litura was its slow rate and lack of
uniformity. Full infection of the fat body was
observed only by 120 hr after inoculation by which time
the hypodermis end tracheal matrix had started
disintegration. But 1t is interesting to note here
that chromatin condensation of some fat body nuclei was
visible 48 hr after inoculation along with such
developments in the nuclei of'hypodermal cells. Further,
even adjacent cells of fat body showed quite different
stages of infection. Such lack of uniformity of
infection was also reported by Harpaz and Zlotkin (1965)
in the fat body of H.peltigera. In their study on the
histopathology of Spodoptera exigua nuclear polyhedrosis

Hunter and Hall (1968) also found advanced symptoms of
infection in the hypodermis and trachea while the fat
cells had not yet begun polyhedron formation. These

observations give rise to the questions; whether



different cells or regions of fat body vary in their
susceptibility to virus infection or is it a chance
occurrence only? or whether fat body is less
susceptible than hypodermis and tracheal matrix?

1t may perhaps be that, as suggested by Hunter and
Hall (1968), the infective agent either invedes
susceptlible tissues at random or that cells of the
trachea and hypodermis have inherent properties which
enable the infection process to progress at a faster
rate. Benz (1963 b) found that the fat body situated
next to the midgut were the first to show symptoms and
he suggested that after passage through the gut wall
the infective virus units were quickly absorbed by the
neighbouring cells.

The reduction of fat vacuoles in the early
stages and their disappearance in many areas in the final
stages indicated a‘depletion of stored fat. Biochemical
studies on total fat content (Table 12) also showed
that the infected larvae had very little fat in the
final stages compared to healthy larvae of the same age.

In the present studies, no infection of
nindgut, gonads, Malpighian tubes or pericardial cells

were observed, though infection of these tissues have
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been reported in closely related species, S.frugiperda
by Hamm (1968) and S.mauritiza by manac{a (1960). This
may be due to the difference either in the nature of
the infecting viruses, nature of the host species or
both. It is also important to consider the effects
of the age and stage of the host at the time of

infection and the amount of inoculunm.
BIOCHEMICAL CHANGES IN THE NPV INFECTED LARVAE

Nitrogen compounds:

The observation that the healthy larvae of
S.litura showed a decrease in total nitrogen content
with age is in agréement with those of Rudolfs (1926)
in Malacosome zmericana amd Ralney (1938) in Lueilia

sericata.

The NPV infected larvae had a more or less
constant level of total nitrogen during the period of
infeéection. Thus, comparing the healthy and diseased
larvae of the same age there 1s higher nitrogen content
in the latter than in the former, this difference
becoming more pronouced when the disease advances.
Similar increase in total nitrogen had been observed in

B.mori larvae infected by muclear polyhedrosis virus
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(Parasevich, 1952). The increased nitrogen content
of the diseased larvac may be due to (1) preservation
of large quantities of nitrogen in the form of
polyhedral protein since polyhedra consists of 95 per
cent protein (Bergold, 1963) and (2) the retention of
comparatively higher concentrations of uric acid which

is a nitrogen rich compound.

That the uric acid content in NPV infected
larvae of S.litura was higher than that in healthy
larvae is consistent with that reported in the larvae

of Neodiprion swainei by Smirnoff and Valero (1969).

It was also higher in the adipose tissue of

densonucleosis infected larvae of Galleria mellonella

(Smirnoff and Loiselle, 1969).

!

Uric acid may be formed as the end product of
protein and purine catabolism (Ghefafka, 19655 and/oxr
may arise by synthesis from other nitrogenoué wastes
(wigglesworth, 1965; Patton, 1963). It may thus be
presumed that muclear polyhedrosis -infection which is
accompanied by an enhanced protein and nucleic acid
metabolism result in an inoreased production of uric
acid in the host cells. Smirnoff end Loiselle (1969)

also suggested that, the increased uric acid observed



by them in the adipose tissues of densonucleosis virus

infected G.mellonella larvae reflected a physiological

alteration directly related to purine metabolism.

It may bve apﬁfopriate to recall here some of
the physiological functions attributed to uric acid
other than excretory. Iudwig (1954) suggested that
it may act as a source of nitrogen, particularly during
the pupal period. Studies by Mitlin and Mauldin (1966)

indicated tpax uric acid in the boll weevil (Anthonomus
grandis Boheman) is metabolically active and serves

as a source of nitrogen. Ross (1959) suggested that
uric acid may be involved in the synthesis of nucleo-
proteins. The learvae infected by the nuclear
opolyhedrosis virus are under heavy demands for nitrogen
required for the synthesis of viral nucleoprotein and
polyhedral protein. Thus, 1t 1s quite reasonable to
presume that the increased uric acid content observed
in diseased larvae has some such physiological role also

which needs experimental evidence.

The finding that the NPV infected larvae of
S.litura contained a higher level of total protein
corresponds to0 observations on the silkworm, B.mori
infected by NPV (Bergold and Friedrich-Freksa, 1947).
These autho;s found that in the diseased silkworm the
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protein concentration was higher (5.4 per cent) than in
healthy ones (3.4 per cent). Shigematsu and Tekeshita
(1958) reported that the total protein in the fat body
and body fluid increased in the later stages of nucleo-
polyhedrosis of B.mori larvae. Iater studies (Watanabe,
1967; Shigematsu and Noguchi, 1969; Watanabe and
Kobayashi, 1969 ;emd Morris, 1971) on protein synthesis
in NPV infected insects also shﬁwed that the total
proteinxcontent of diseased larvae was higher than that

of normal larvae.

It is now almost generally agreed that virus
infection of plants should be regarded as a chenge in
the nucleoprotein metabolism of the host (Bawden, 1959).
The same may he construed true in the case of virus
infection in animals also since; as remaxrked by Smith
(1967), "virus is a virus regardless of its
derivation"®. The change in nu?leoprotein metabolism
should have a still wider relevénce in the case of
nuclear polyhedrosis infections, where the virus rods
themselves are occluded in a hiéherly protein rich
crystals. ;

The conspicuous lncrease In total protein
observed in NPV infected S.litura larvae at 72 and 96 hr

after treatmént is evidently due to the increased protein



content resulting from active synthesis of protein

leading to the formation of millions of polyhedra.

It was also observed in the present
investigations that at 120 hr post-inoculation there
was not much difference between the total protein
contents of healthy and diseased larvaec. The healthy
larvae by this time were in the final instar preparing
to enter the pupal stage, when the synthesis of blood
proteins is maximum (Wyatt, 1961; Wigglesworth, 1965).
The diseased larvae on the other hand, were in an
advance stage of infection and the active synthesis of
viral protein might have slowed down. Thus, when the
normal larvae were actively synthesizing the protein
required for their next stage of growth, the diseased
larvae were in & more or less inactive and weak stage
wherein 2ll the metabolic activities had come to a
~standstill.

Total fat:

The pattern of fat accumulation observed in the
nealthy larvee of S.litura follows that reported in
B.mori (Niemierko et al., 1956), Pieris rapae and

Pieris napi (Strogaya, 1961) and Hyalophors cercopia

(Gilbert and Schneiderman,‘1961;b). wherein the fat content

increased sharply in the later instars.



The fat contegt of diseased larvae was observed
to decrease markedly in the later stages of infection
viz., 96 and 120 hr after treatment when compared to the
levels in corresponding perlods of healthy larvae. The
results also showed that in the diseased larvae the fat
content decreased from 72 hr onwards and no further
increase was observed. These alterations indicate
that, not only the infected larvae did not accumulate
fat after 72 hr of infection but also that, even the
stored up fat itself was being exhausted in the later
stages., Studies on the effeet of NPV infection on the
fat metabolismkf insects are very few. Mamednlyazor
et al. (1966) reported that jaundice infection of the
silkworm, B.mori caused some qualitative and quantitative
changes in the iipids viz., a decrease in the total
lipid level and an increase in free fatty acid level,
the changes being noted in the fifth and sixth days
after infection while there weweno differences on the
third day (before the appearance of jaundice). It is
reported that a’considerable number of insects utilize
fat as an energy source during starvation or quiescence
(Past, 1964). In the present instence, the diseased
larvae could have very little or no dietary source of
fat as they fed very little on the fourth day and stopped
feeding on the fifth day (Table 6). Thus, starvation

-
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may account for the fat depletion noted in the present
studies. ©Now it is clearly known that insects can
synthesize fat de novo from carbohydrates (Past, 1964).
The possibility of this type of tramnsformation in the
present case is however, doubtful because as is evident
from the histopathological studies the fat body, the
main site of synthesis and storage of fab, itself was
infected and that the infection reached the maximum
intensity in the last two days. The fat bodies
weakened by the virus infectlon can not accomplish its
main function of synthesis and storage of fat. So

in the absence of any dietary source of fat and with an
adipose tissue system that has been weakened and
disorganized by the virus infection, the stored up fat
itself was being mobilized for life purposes.

Carbohydrates:

The diseased larvae had in general a low level
of carbohydrates compared to the healthy counterparts
and the difference between them was highly conspicuous
at 120 hr, the diseased larvae recording a decrease of
51.41 per cent over the healthy larvae. Studies on
the effect of NPV infection on carbohydrates in

insects are rather few, Darren Kuang et al. (1966)



107

observed a depletion of total sugars in NPV infected
P,ricini Boisduval.

The depletion of carbohydrates may be due to
virus-induced metabolic alteration, to other factors
or to both. In the present experiments, the infected
larvae fed very littlé on the fourth day and stopped
feeding on the fifth day resulting in a state of
starvation in the final stages. Thus, starvation is a
possible explanation for the observed loss of
carbohydrates as observed by Mellanby (1932) in
Tenebrio molilor. Further glycogen, one of the major

fractions of carbohydrates in insects also showed a
drastic depletion in the learvae in the final stages of
infection (Table 14). This depletion will definitely
reflect in the total carbohyérames level. Thus,
decreased food intake, the virus induced metabolic
alterations and the depletion of glycogen appear %o
account for the low level of carbohydrates in the NPV
infected larvae of S.litura.

The accumulation of glycogen during growth
with temporary declines at moulting periods as observed
in the healthy larvae of S.litura is'similar to the
pattern reported, in silkworms, B.mori (Zaluska, 1959),
Antheraca pernyi (Smblin and Gudalina, 1957; Pravdina
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and Smolin, 1958) and Hyalophora cercopia (Bade and
Wyatt, 1962). According to Zaluska (1959) the

glycogen falls sherply during moulting in B.mori
presumably because ‘of cessation of feeding and the

demands for chitin synthesis.

The diseased larvae of §.;;§ggg recorded a
low level of glycogen at 120 hr after treatment and the
reduction was about 58.52 per cent over the healthy
counterparts. It must be noted here that the healthy
larves had just completed a moulfing by 96 hr while the
diseased ones did not undergo the corresponding moulting.
Thus, even without a moult, the glycogen showed a
decrease at 96 hr. Morris (1962 b) from histochemical
studies on NPV infected fat body of the western oak
looper, Lambdina fiscellaria somniaria also reported a

drastic reduction of glycogen between the fourth and
fifth day following infection. Sturtevant (1924)
found that bees dead from foulbrood contained almost
no glycogen. Comparable alterations of glycogen
metabolism have been demonstrated for mammalian viruses
and bacteria by Racker (1954), Gaylord (1958), Ermen
(1959), Kigoshi et al. (1959) and Bearcroft (1960).

The pertinent question, however, is whether

the glycogen‘depletion as observed in S.litura is due



to virus-induced metabolic derangement, to some other
factors or both. Rockstein (1950) in his review on
glycogen metabolism in insects showed clear evidence
that the glycogen content of normal caterpillars
increased with age. It is also known that starvation
brings about depletion of glycogen in insects (Mellanby,
1932; Steinhaus, 1949 a; Bamde, 1967)., In the
present experiment feeding by the diseased larvae was
at a low level on fourth day and practically nil on

the fifth day following infectiom. As regards
depletion of glycogen also,starvation is thus a possible
explanation. Recent studies clearly indicate that
insects possess enzgymatic mechanisms for the syﬁfhesis
of glycogen from monosaccharides (Chefurka, 1962}.
Bergold (1959) mentions that "the hexokinage activity
on glucose and fructose in the féi body of B.mori
appears to be decreased at the onset of symptoms of
polyhedrosis." Thus, it is also possible that the
glycogen depletion resulted (at least in part) from an
interference with enzymatic activity. Yet another
possibility is the dysfunction in endocrine mechanisms.
Wyatt (1967) stated that in insects, as in the vertebrates,
the regulation of carﬁohydrate metaboldsm is effected
in part by hormonal mechanisms. Histopaihélogical

evidences indicate that some dislocation in endocrine
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system has been brought about by virus infection. It
is thus possible that starvation and virus induced
metabolic alterations through its interference on
enzymatic and hormonal mechanisms, individually or
collectively might have brought about the depletion of
glycogen.,

Nucleic acids:

The decrease in the relative amounts of the
two nuclelc acids noted in the healthy larvae of S.litura
as they advanced in age is in agreement with thab
reported by Niemierko et al. (1956) in G.mellonella.

The present experiment indicated an increase
of total DNA in the dlseased larvee from 72 hr after
inoculation. Similar increase of DNA in NPV infected
B.mori larvee was reported by Tarasevich (1954) and
Yemefuji et al. (1954). Most of the recent studies
reﬁoﬁt the synthesis of nucleie acids in separate tissues
of the infected insects and as such they are not directly
comparable with the result of the present studies.
éowever. these later studies show that DNA synthesis in
the infected tissues increased progressively up to a
point prior to the completion of viral inclusion formation
(Morris, 1962 b, 1968, a, b; Benz, 1963 a; Shigematsu



and Noguchi, 1969 a, b, ¢). In the present
investigations polyhedra were observed in'the tissues
from 72 hr after infection. The total DNA content
was also found to increase from this time onwards.
The increase in total DNA is thus clearly the result

of DNA synthesized and incorporated in the virus rods.

The RNA in virus infected larvae of S.litura
showed a decrease at 24 hr and an increase at 72 and
120 hr after treatment. This is not in agreement with
the findings of Yamafujl et al. (1954) and Tarasevich
(1954) that RNA decreased in NPV infected silkworm,
B.mori. But later studies by Morris (1966) and
Shigematsu and Noguchi (1969 a, b, c) showed an increase
of RNA synthesis in susceptible tissues. However, the
exact significance of the alterations noted in total
RNA of the NPV infected S.litura larvae is not clear,

Minerals

Results presented revealed marked alterations
in the levels of only calcium and potassium in the virus
infected larvae. The phosphorus content was altered

only at certain intervals after treatment.

The calcium content decreasqd in infected

larvae. Such & phenomenon has not been previously



shown for virus—infected insects. Comparable :
alterations of calcium content have been demonstrated
for plant viruses by Wharton (1957) in TMV-infected
tomato, Narayanaswamy (1963) in PSMV-infected pigeon

pea leaves and Jeyarajan (1965) in PVY-affected chillies.
Gershenson (1958) reported that addition of cobalt
sulphate (0.05 per cent) to the food of B.mori larvae
decreased the frequency of spontaneous polyhedrosis,

particularly if calcium chloride (1 per cent) was added.

The observation that potassium decreased in

NPV infected Spodoptera larvae is in consonance with

that of Akune (1951) in B.mori. Arseniev and Bromley
(1951) reported that insufficignt amounts of potassium
in the oak leaves favoured the outbreak of polyhedrosis
in Antherasa pernyi larvae.

H

The reason for the decline of ealecium and
potassium in the diseased larvae is obscure. Howeve:,
in the light of the findings of Arseniev and Bromley
(1951) and Gershenson (1958), the present observations
on caleium and potassium in virus infected larvas,
perhaps, give an indication that calcium and potassium
act as factors increasing the susceptibility of larvae
to virus infection. But further studies are required

before any conclusion is made.
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The diseased larvae, in the present studies,
generally had a lower phosphorus content until 96 hr
after infection, though the difference was significant
at 72 hr only, Tarasevich (1952) found that polyhedrosis
infected B.mori larvae were deficient in phosphorus.
The increase in total phosphorus level observed in the
present instance at 120 hr may be the result of the
increased level of DNA and RNA recorded.

TOTAL HAEMOCYTE COUNT

The present studies showed that in the healthy
larvae, the average number of circulating haemocytes
increased with age interrupted by marked decreases at
premoulting periods. Similar observations have been
made by Patton and Flint (1959) on the THC of nymphs of

the American cockroach, Periplaneta americana L. and

Nittono (1960) on the THC of the silkworm, B.mori. In
the present studies the healthy larvae were in the
premoulting stage at 24 and 72 hr and at 120 hr, they
were nearing the pre-pupal stage.

The diseased larvae were in the premoulting
stage at 24 hr as thelr healthy counterparts. But
contrary to that in healthy larvae, the diseased larvae
showed a significantly higher number of haemocytes.
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Such increase in THC has been reported by Beard (1945)
in Japanese beetle grubs (Popillia jeponica) infected

with milky disease bacteria end by Sussman (1952) in
the silkworm, Platysamia cercopia infected with the

fungus Aspergillus flavus. Zelinskava (1968) found

that at an early stage of polyhedrosis of Porthetria

dispar, proleucocytes, macroleucocytes and active
phagocytes appgared. It mightlbe that the entry of
virus into the haemolymph stimulated mitotic division

of haemocytes as a protective function. Since meny
cells are capable of phagocytosing free virus rods as
well as polyhedra as demonstrazéd by Kislev gg‘gg.t(1969)
in S.littoralis, it would be to the animals' adventage

to increase the number of phagooyﬁes by mitosis under
such conditions. Tauber (1940) observed that the
presence of two bactergal pathogens in the blood of
Blattella orientalis stimulated mitotic division.

However, no such increase in THC was noted in the NPV

infected wax moth (G.mellonella) larvae in the early

stages of the disease (Shapiro,'1967). Further,

Shapiro et al. (1969) also did not observe any difference
in the THC of healthy and NPV exposed bollworms

(H.zea) for the first 3 days.
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In the present studies it was also observed
that the THC steadlly decreased in the infected larvas
from 48 hr onwards, recording a decrease of 67 and 56
per cent respectively from the corresponding healthy
group at 96 and 120 hr after treatment. Shapiro et al.
(1969).also noted a drastic reduction of THC in H.zee
larvae after exposure for three days to a high éose of
nuclear polyhedrosis virus, but not in healthy or in
larvae exposed to a low dosage. In the larvae of

G.mellonella infected with a miclear polyhedrosis,

Shapiro (1967) observed a significant decrease in THC
from 10 days after treatment. However, in none of

these earlier s%udies such a quick and marked decline

in THC, as observed in S.litura, were recorded. It is
to be emphasized here, that the dlsease in S.litura
larvae developed rather quickly killing them within 6
days of infection. Further, polyhedra were visible in
the muelei of many haemocytes from 72 hr onwards and
thereafter the number of disintegrating cells were on

the increase. The destruction of the cells, perhaps,
may account for a major percentage of decrease. Further,
Jones (1962) suggested that in most insects during larval
life the haemocytes increased principally by mitotie
division of the circulating hasmocytes. It 1s possible
that nuclear infection of blood cells, as observed in the
present experiment, interfered with the normal mitotic

* divisions.
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SUMMARY

Nuclear polyhedroses weweobserved in three
species of major lepidopterous crop pests viz., (i) the
red hairy caterpillar, Amsacta albistriga W., (ii) the
gram pod borer, Heliothis armigera Hb., and (iii) the

tobacco caterpillar, Spodoptera litura F.

Nuclear polyhedrosis of A.albistriga W.

1. The nuclear polyhedrosis of A.albistriga

is recorded for the first time.

2. The infected larvae of A.albistrigs

exhibited loss of appetite, became sluggish and turned
dirty brown in colour within 5 to 6 days after ingestion
of polyhedra. Death occurred in 8 to 10 days with
liquefaction of intern=l tissues. At death thé cuticle
ruptured liberating the liquefied body contents.

%

%. The polyhedra measured on an average
1.19 + 0.0?S/a in diameter with a range from 0.7 to 1.7}&.
No surface patterns were apparent over the polyhedra.

The virus rods occurred singly and in bundles of 2 to

5 rods.,
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4. The characteristiecs of the pathogen
indicate that it belongs to the group Borrelinavirus

causing nuclear polyhedroses in insects.

Nuclear polyhedrosig of H.armigera

1. Pathogenicity tests showed that the muclear
polyhedrosis of H.armigera was highly infectious.

2. The symptoms of g.armigerg nuclear
polyhedrosis were similar to those reported earlier.
Death occurred in 5 to 9 days. Dead larvae showed the

characteristic 'hanging' position.

3. Some of the larvae which ingested the
polyhedra died without showing the typlcal symptoms
though tissue and hzemolymph smears showed the presence

of polyhedra.

4. The diameter of the polyhedra ranged from
0.5 to 1r4}a with an average of 0.89/&. The polyhedra

showed no surface patterns. The virus rods occurred

singly.

5. The morphologlcal characteristics of the
pathogen closely agree with those described by Bergold
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and Ripper (1957) for Borrelina armigera and to those

of the polyhedra and virions of H.zea as described by

Gregory et al. (1969).

Nuclear polyhedrosis of S.litura F.

1. The symptoms of the disease resembled those
reported already for the nuclear polyhedroses of other

lepidopterous larvae.

2. The larvae infected in the earlier instars

assumed & greenish or greenish yellow paller and those
|

infected in the later instars turned pink or orange in

colour.

%. Larvae died over the surface of the leaves

or in the classical ‘hanging' pésition.

4. The susceptibility of the larvae decreased

and the incubation period increased with age.

5. The average incubation period of the disease

6 polyhedra per larva

when infected with a dosage of 10
varied from 4 days for the second instar to 7.7 days

for the sixth instar.



6. Fourth insfar lervae when infected with
103 and 104 polyhedra per larva had mean incubation
periods of 6.5 and 6.3 days respectively with mortality
of 44 and 66 per cent. ‘At dosages of 105 and 106
polyhedra per larva, these were 5.8 days, 5.3 days and

100 per cent respectively.

7. The polyhedra measured on average
1.86 + 0.0ZB}& in diameter with a range from 1.2 to 2.8)&.

No surface pattern was apparent for the polyhedra.

8. The virus rods occurred singly and in

bundles of 2 to 14 rods. *

9. The characteristies of the polyhedra and

virus rods resembled closely those of Borrelina litura

described by Bergold amd Flaschentrager (1957).

10. The infected larvae recorded low wet and
dry weights on the fourth and sixth day of infection
compared to healthy larvae of the same age.

11. The diseased larvae did not increase in
length after 3 days of ingestion of the polyhedra and
they were significantly shorter than healthy larvae on
fourth and fifth days.



'12. In infected larvae moulting after 3 days
of infection was found to be inhibited.

13. The‘digeased larvae consumed a significantly
larger area of leaf on the second day following ingestion
of polyhedra, Feeding was at a slower rate on the
fourth day and ceased completely on the fifth day.

14. Hypodermis, fat body, tracheal matrix and

bleod cells were the major sites of infection,

15. Light to moderate infection were also
noticed in brain, silk glands, foreéut. v?ntral,nerve
genglia, neurilemma of nerve cord, muscles and imaginal
wing buds and the connective tissue surrounding the

16. No signs of infection were apparent under

light microscopef24 hours after inoculation.

17. At 48 hours most of the cells of hypodermis
and some cells of the fat body showed hypertrophied

nucleil with. condensed chromatin material at the centre.

18. At 72 hour post inoculation polyhedra were
distinctly visible in the muelei of most of the cells of

hypodermis and tracheal matrix and in some nuclei of
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fat body, blood cells, nerve ganglia, neurilemma, .
braln and muscle tissues, silk glands and the ooﬁneotive

tissue surrounding the midgut.

19. By 96 hours the infection had greatly
advenced in hypodermis, tracheal matrix and blood cells
and to some extent in the fat body. further, some cells
of the foregut and wing bud also showed presence of
polyhedra.

20. At 120 hours all the tissues were in an
advanced stage of infection and signs of disintegration

were visible.

21. The infectlion appeared more rapid and
uniform .in hypodermis and tracheal matrix than in fat body.

22. Another feature of the infection was the
abnormal thickening of the hypodermis.

23. The diseased larvae had a higher level
of total nitrogen over comparable healthy omnes at all
intervals except at 24 hour. The increasé was more

pronounced at 48, 96 andtazo hours.

24. The uric acid content was always higher in
diseased larvae, the difference being more pronounced at

96 and 120 hours of inoculation.



25. There was a significant increase in total
protein content of diseased larvae over the healthy

ones at 72 and 96 hours,

26, The diseased larvae had significantly
lower level of total fat at 96 and 120 hours after
inoculation compared to the healthy larvae.

27. The total carbohydrate and glycogen content
decreased in diseased larvae and the reduction was more
pronounced at 120 houirs post-ihoculation over comparable

healthy ones.

28, DNA was significantly higher in diseased
larvae a% 72, 96 and 120 hours after infection.

29. RNA content was significantly low at
24 hours and high at 72 and 120 hours after treatment
in diseased larvas than in the healthy ones.

30, The diseased larvae contained a lower level

of Ca and K compared to the healthy larvae.

31, Sodium and magnesium content were not

altered due to the infection.

32. The total P was significantly lower at
72 hours while 1t was comspicuously higher at 120 hours
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in the diseased larvae compared to the healthy

ones.

33. The infection caused marked alterations
in the number of circulating haemocytes; It caused an
increase over the healthy larvae at 24 hour after
inoculation fol}:éwed by significant reductions at the

subsequsnt intervals.
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