
STUDIES ON KENCHU VIRUS DISEASE OF 

SILKWORM Bombyx mori L. 

R. GOVINDAN 
M. Sc. (Agri.) 

DEPARTMENT OF AGRICULTURAL ENTOMOLOGY 

UNIVERSITY OF AGRICULTURAL SCIENCES 

BANGALORE 

1 9 8 6 



UNfVE^SnY LUWAilY 

1 3 f. 
1987 

ACCNO. ^^^S^ 

CL NO 



STUDIES ON KENCHU VIRUS DISEASE OF 

SILKWORM Bombyx mori L 

R. GOVINDAN 
M. S c {Agri.) 

Thesis Submitted to the 
University of Agricultural Sciences, Bangalore 

in partial fulfilment of the requirements 
for the award of Degree of 

jBnctor uf pHlosaplig 
in 

AGRICULTURAL ENTOMOLOGY 

Bangalore September, 1986 



JSPARSKBIS OF AOHICULXUBAL SmOMOLOai 
oiiTiiSsisT Of AGHicuxsuiua. acxuoss 

lAMALOBS 

CSRXZ7ZCAZS 

SbU U to certify that tht tlMsU tat l t l td •STUDIES 

01 KSmm TIROS DISASB OF SILKWORM BOWBTI MORI L*" •ttb«ltt«« 

in partUl f«lfllMnt of VQCfOR 09 FBILOSOFHT !• AGRICUIflSAL 

£RTON0L067y to tlw tJkil^roitF of A«rlettltttr«l SOtoMOo* 

Baog»lor«» 1« « zteord of boat fidt r«8«««reli %fork earrloA 

OBt Hj Mr«R.OO?inDiAI aidor ay fuidaaco eatf aoptrTlaloa aaA 

BO part of tbo tboaia has haoa wihalttoA for tbo award of aay 

otbar dofraa, dlploaay aaaoelataalilpt foUowatalp or othor 

•UilUr tltlas* ^-—^ ^ 

( t,K» T££R£SB } 
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49* Interaction effect of siBuitaneous infection 133 
with Kenchu virus and Sta^hyloooooua 
fi^uyeus in fourth ^instar m eooQia shsU 
weight» cocoon shil ratio and Both 



LIST or SABItBS 
(Oontlna«d) 

4€« Xnteractlsia effeot of sizsultaneoua Infection,•• 1 ^ 
wltb Ketichu virus and Staphyloeoocae attrtae 
in tnlUal flftfe Inetar eiibfOiSB on 

lisam larval weight* extent 9f cocooniag 
and 0909m weight* 

47* iBteraotlOD effect of sliBultaceoue Infeotlon*** 136 
with lenobu virus 'vni StaphylOQO<?Qttg attre«q 
In Initial fifth instar slilwom on ooooon 
ahell weighty cocoon shell ratio and noth 
•oergenoe* 

46« Xnteraotioo effect of simultaneous infection* •• 157 
with Keachu y^r"« f»a ^taphyloooo^uf ^u^f^^ 
in one day old f i f th instar siiKworai on 
isascliauB larval weight» extent of cocoonlng* 
oooo^a weight and pupal weight. 

49« Interact iDn effeot of alraultaneous infect ion* •• 159 
with Konohu virus and staphylooooous î areus 
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!• IFDRODTJOTIOH 

S«yloultaz« la an important agrobastd Induetiy 

proviaing gainful oooupatlon to famters and uaatj^-employti 

In Tuxal ar«a8 In oar country* TSetturaX silk ustd In tbt 

taxtila Industry i s produced Xiy serioiganons insects 

aaoQ^st wiiioh mulberry siiicvfozmt Bombyg mori L* § taear 

eilkwovmst Antheraea spp.f nuga silkworm* 4* assana 

Vsstvood and eri silkwozm, Samî  cynthla rioini Boisduval 

bare been oommeroially exploited* India i s unique in 

producing a l l these four types of silk and ranlts thljid 

in rav silk produotitm among serleultural nations by 

producing 6895 metric tonnes during 1984-85 (Anonymoust 198$)* 

Out 9i $f7$t996 Tillages in Indist serioultuxe was 

practised in 42»475 villages during 1982«-83« i!b9 industry 

provided employment to 44* 38 laJcb̂  persons (Anonymoust 1984) • 

Kaznataka state prodnoes bulk of Indian mulberry rav silk 

(4059 metric tonnes) (AnonyiMms, 1986)* Kslar» Bangalorot 

SufflkuTf Hysozs axxd Kandya are the xoajor serioultural 

districts of Kaxnataka* 

nulberry sllkisroriri cocoon crops are hi£^ly 

unprediotablo owing to the fact that the silkwozm, £• morl 

i s infected by a number of diseases and infested by pests* 

On account of the diseases* silkworm eococm crop production 

has remained as tbs most uncertain of a l l agricultural 

professions (Makerjli* 1912)* According to Aruga (1971)* 



ffloat of the danaga to sarloulturv in Japan can bt attributed 

to elXkwozm dlaeasas rather than unfavourable weather 

conditions that lead to poor harvest of mulberry* SuooeMi 

In serloultuse devolves on several asPeote* noBely* produetlan 

of ffiore quantities of nutritious oailberry leaf, brMdlng of 

high yielding eilicworiB breeds and adoption of appropriate 

silkworn rearing technology including prevention ai^ control 

of infectious diseases* Hence* " ê dtudy of sillcwom diseases 

i s very important not only to re ta in tiie current level of 

cocoon production but also to further increase the oocotm 

yields* ylaoherie* grasserie* imiscardine and pebrine are the 

major diseases of siUcwogBm, ^ morl* among %fcioh flaoherie i s 

more Important (Baaguptat 1950} ahoeh, 1962) and considerable 

cocoon crop losses are caused by this disease* 

flaoherie has been consldated to be the most serious 

malady* TiMk term flaoherie reterfs »o the flaccid condition 

Of silicworm larvae suffering from dysentry* Flaoherie mj 

bo oaased by several viruses vis** nuclear polyhedralf 

cytoplasmic polyhedralf infeotioas flaoherie and densonucleosis 

viruses (Aruga* 1971| Tokoyana* 19631 AISSMS ft, al*t 1964t 

\iatcumbe §1 ^ * • ^^76) and different bacteria (Ohitra 

SX, si* • 1975) • In EcuRiatakat several typos of f laoherio 

conditions are known based mainly on extoznal symptoms* 

file:///iatcumbe


Aooordlng to Shyamala (1978)» K^ehu i s a widely prevalent 

flaoherle In Kaznataî a* fhe etloXoglo agant of thia 

dlsaa^ has been proved to be ft «nl.l» •pberieal* nQ9»» 

oooXuded virus and cieasures Zl^^ jam in diaaeter (BBdlaa&l 

and Sbyaoalat 1989)» The highly Infectious nature of this 

virus was evident from the fact tbat only one per oval 

adalnlstxatlon of the virus to f irst Instar sUkwortsg MIS suffl-

o l ^ t to produce disease In a l l liss severity* The Kenohu 

virus infected SII^OZIBS usually produce chain excreta 

(Plate 1) followed by reddish tinge being Imparted to the 

voxsi (Plats 2) 4 

Although the Involvenent of a ^mll non-oooluded 

virus in producing K^̂ ohu Mas reported (lladliDani and Sbyaoalat 

t9S3)t the Identify or otherwise of the virus with other 

kncMB non-occluded viruses of silkwora such as infectious 

flaoherie virus at:d deneonucleosls virus was not established* 

Hence* as an init ia l step in the present work, eerologioal 

studies hare been conducted* 

Xn an attffinpt to mlnimiss the inoldenoe o^lghly 

infectious diseases 11^^ "Kenchu" In an econosaloally 

Important insect such as the silkwoj^, B« atorl* generation 

of infonnatiOB tm several aspects of the disecge Is an 

essential pre-requisite« Hanagtfsent praoticest rearing 



Pla(l« 1« Kenohu virus Infeoted fifth ioe'̂ ar silkerom 
•h owing obaia florere'la* 

PI«td 2« Senchu virus Infactefl aiDc^rae showing 
typical •Kenohu" symptoctti. 
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enylronmtntf rasletanoo of breeds - all these have their 

due role In l^e Inctdenoe and saverlty of expression of Hm 

disease* In the present investigatlotist laboratory studies 

(m the Influence of a few factors wliloh are likely to 

be affected in silkworm rearirgs, viz*, refrigeration of 

eggSf feeding of leaves o£ different maturity axA starvation 

have been carried out with special reference to the effect 

of the^ factors on Kenchu disease i2icidfince« 

Intej^cticm between bacterial ai>.d viral infections in 

insects are of oonmon knowledge* In the present study« the 

effect of simultaneous infection of Kenchu riros with a 

bacterial pathogen of the silkwormy Staphyloooocus aureus 

hae been investigated* 

She objeotlTcs of the present investIgations are 

indicated as followsi 

'̂l* Testing of different isolates of Kenchu virus 

against ar.tisera of Japanese Infeotious flacherls 

virus and Ina Densor.ucleosis virus of silkvoxm^ 

B. marir 

2* Effect of refrlgeratit* of oilfcwor© eggs and 

Kenchu virus infection in silkworm, 

i % Influence of xseleasing Kenchu virus uafected 

silkworms into heedthy poepilations in 

different proportions. f 



4» Influenoc ot nutrition an IntonsLty of Ktneba 

•Ifus inf«etlQn» 

5* Interaction effect of slmiitamotis infeoticm 

with Kenohu vixus and baottHoa * 

Stapb:vl.oooootts aureus in atlkworm* 
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I I . Kmim OP iiiP?;aiiTTmB 

Izieidenoe of diseases ani pesia is kmwn to ê a 

i&aJojr oonstraint la silksrorm ooooon orop product loiu 

Ooeoon erop loss due to diseases was eetlrated to be 0 f« 

30 per eeat In developing oountries of South East*Asia 

and 10 per cent in ad ênsed eouatxies like Japan* Chine and 

Italy (^navstty* 1965| Toieoyams» 1963)« The orop loes due to 

diseases has been estlBicitsd to be sbotit 30 to 40 pe« eeol 

in mdia (Jsna»clgagsn» 1911 }«< 

studies on a prelisinaxy survey of silk oooooa 

prediction ooadnotsd iQr the TTnlTevsity of Agrisulttural 

SoienoeSf iSangalorey durii^ 1977*78 in traditional 

sesieultural diet riots of Karnstaka revealed less of orop 

losses in seed areas compared to eomneroial ooooon producing 

arsss* Ths loss was 10 to 13 and 10 per cent, rsspsotivslj 

in sulti-voltine and bivoltine seed areas. ?U£thert the evop 

loss due to diseases w^ law durbg dry sonths (January to SSay) 

es eoBpared to the rainy sonths (June to Beoeaber) (Shyaasls 

m India flaoherie has been eonsidered to be the nost 

seriooe salady of silksom. It is reported to be responsible 

fojp 71 per eent of total ooeoon orop loss in the country 

(Sidhtt and Singb» 1968) and 20 to 40 per cent in Xarnataka 



(Chitre jglj^«» 1975) every year. Several typea of 

flaoherie conditions* namely* Kenshu (redoeM of elcln)^ 

sappe (Palenesfl of 0lciJi)» sarehilEke (chain ezer«la) aafl 

Sarajtu (neltinj? of oooooi») were recorded b—td mainly 

on external aynptODg (C^ltra eit ^ . t 1975)* According to 

SbyaaaXa (1978)* Renohu is a widely pxwalent flaoherie 

ooadition in Xarnataka* 

Since Kienohu virus disease of siliororD pertaiBiag 

to the preaenl objectivee of investigation i s comparatively 

l i t t l e explored* the other literature cvsilable on this 

disease as well as the information in respect of other 

virus diseasea of siltavom and other inseots in relation 

to the current objectives is presented below undev 

separate heelings* 

2.1 Kencfau virus disease 

2*1 fci Cauaal agent of ifenohu disease 

Kenohu Useese of sillcvorm was shown to be caused 

by a non-occluded* snberical virus rasesuring 27^2 xm i a 

diameter (Hadimani end Shyaoala* 19d3)« The virus vm 

extracted from whole body extract as well as faecal matter* 

f hs incubation period for manifestation of typical symptoms 

vis«* chain exoreta and •*K!enohu<* was found to be 4«3 to 

9*0 and 6«0 to 13*75 days* respectively with the art i f ic ial 

infection of different larval instars of siltorors. 
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Oell-free larval extraots from diseased sllIevorB 

larvae were used ag stoolc virus smpeiUBloiHi in ths 

above investi/rations. The evidence for the Involveseal 

of a virus in producing Xenobu disease was obtained by 

oomplerts elimination of baetsrla from the larval extrsBts 

bar (1) Oentrlfugatlon at 18000 rpm for 30 minutes (U) 

psMlag througli mlllipore f i l ter (0*45 •/" ) ( iU) adding 

streptopeniolllin. The disease was founfl to show serial 

traoBiBisslon* The presenee of a spherloal» non-oooluded 

virus in the eell-free eztrasts was oonflrasd from 

eleetron mlorographs* 

2.1.2 Symptoas of Bsnehu virus disease 

Several loeal names V1B*» Eampu saPPSt naeobu* 

JCempu naoohu ets»» are used for Ksmhu disease* 7hs 

disease Is eharaeterised tor stunted growth of the worm 

and pale« reddish appearanoe of skin* Chain exoreta Is 

also observed In most of the worms* Infeoted early Instar 

worms invariably die* If Infeotion ooours In late larval 

Instars* the worms beoome flaooid* m oase of lafeetlOB 

during thirds fourth and fifth Instars* the result Is the 

formation of oomparatively small and flimsy oococns* The 

surviving pupae are small» Inaotive and heire deformed 

wings* Furthers the resultant sioths are oharaoterlsed by 

the presenoe of sparse soales on the tody OM well as 

wings (Radimanif 1980)» 
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2»1»3 SuBoqptlMlity of dtfjCoyent Instara of slXiorojfm t0 

Growth Inhibition VOLS observed to be gr€at«r when youngtir 

larvae were infeoted omnpared to older larvae (BikAiMBi» 1980). 

Ihe weight reduction on 24th day of infeotion oom^red to 

uninfeeted controls in first* seccmdt third* fourth and fifth 

instars of a hybrid • Pure Mysore z NB̂ Bg was 93*96« 85«79* 

77.07t 16.19 and 0*46 per cent, respectively* Infection during 

third insteur and onwards resulted in some larvae spizming 

eoeoons and the percentage decrease in cocoon weight wae 

34*86, 29*72 and 0.06* xeepectively in case of infection 

in third* fourth and fifth instars* One hundred per cent 

mortality was observed When f irst and second Instar wozns were 

infected* Larval mortality corresponding to infection 

during third* fourth and fifth injrtars was 95*5* 85*5 and 

40*5 per cent respectively* thue revealing that the early 

in star eilicwoxma are more susceptible te Ken^u virus* 

2*1«4 susceptibility of silieworm breeds to Kenohu virus 

The relative susceptibility of two mutivoltine breeds 

(Pure Mysore and Rosa Mysore) and three bivoltine breeds 

(KB^Sj* ^ ^^ ^^Q) to Kenchu virus was investigated 

(sarayanaswBi^* 1983)* Pure Itysore was 13ie most misoeptible 

breed* The ETCQ for Kenchu symptom manifestation was 9 days 

12 h* 10 days 18 h* 10 days 5 h* 11 days 7 h and 12 days 
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for ?ur« Mysore« HOsa Hysorof !^^B2» I ^ soaA WB^^i^ 

respaotlvtly* when Kenohu virus etook eusp^islon %«i8 

adiBlnlBttred per oe. Th% weight reduction les more tban 

50 per oent in Pare l^sore compared to untreated teteli er«& 

before Stli day with viral dilutions of 10"* to 10*' and 

even in lower dilutions the tii&e required for 30 per cent weight 

reduction ranged from 9*0 to 19*^ days* In case of Hosft 

Hysore the time required for 50 per cent wei|^t rtduetion 

was 9*25 to m*S3 days with different viral dilutions. 

Weight reduction in m^ and KB^^ was less laarked ezospt at 

tO*^ and 10*^ dilutions and weight reduetion did not r e a ^ 

50 per o«at with other dilutions* Multivoltine breeds were 

Bore susoeptlhle than the biyoltins hraeds (!mrayanftswsiqr 

tlgl.f 198511) • 

2.1»5 EPizootiology of Kenohu virus disease 

The episootlologioal etudies on Kenehu virus disease 

were laade by sswarappa (1983)* The virus was found to lose 

the Infectivity on exposure to eunlight* Ten hours ezpoeam 

to direct sunlight under dry condition and 20 hours 

exposure under humid condition were sufficient to inaotivat* 

the vlrua* 

The virus retained infeotivity upto six iB!»ith8 of 

preservation at room temperature (25-30*0)« but the 

virulence decreased gradually (^marappa and Shyanalat 1984)* 
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RtXatlTt huoldity of th« atBoaphext had a signlfleant effaet 

on •Isttlenot* Iha loss of rlrultnco was quicker at lover 

humidity lerele (10 to 20 per eent) than at higher 

humidity lerele (50 to 90 per oent)« 

Peralstenoe of Kanohu TITUS in the ellkworm habitat 

was establlehed aa 4B to 56 per eent of vorme fed with th« 

washings of rearing ro^D dU8t» rearing tray and mountagty 

wherein the Kenehu disease existed In prerlous rearing* 

developed the disease. Znfeeted Individuals within the 

population spread the disease to healthy worms* Disease 

spread throughout the population was noticed with the 

presence of even 4 per o«it of the Infects Individuals* 

Presence of 20 per cent of Infected Individuals v̂ ae as 

effective as 40 per cent In spreading the disease throughout 

the population. Contamination hy the rearer due to 

handling of diseased and healthy worms simultaneously wfts 

found to aid In spread of disease as evidenced hy 60 to 64 

per cent of the worms developing the disease when reared 

with oontamlnatlon by handling (Bswazappa* 1983) • 

When Konohtt virus was orally administered to two 

eOBBiui lepldopterotts defoliators of mulberry vle«» tobacco 

caterpillar• spodoptera lltuza (Fabrlclus) and the black 

headed hairy caterpillar, Spllosoma obllqua (valker)» the 
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TlzuB failed io ozosa-lnfaot thost iaseets as Kcnolia 

n̂aptomey mortaIlty» weight reduction and presence of 

Tirus In oeU. free extract 0 were not obserred (Farajranaswasgr 

£t,aX«» 1986) • Also K«achu Tlrus wae not found to \m 

traneoaltted transovarlally in the ellicworm (!iarayanaswa;GD|y« 

19831 IferayanaewMBiy fii gl*» 1985a)* 

2«1*6 i^feot of aigtnfeotants on Kenehu virus 

Surface oontanlnatlon of silkworm eggs with E^oha 

virus that were treated with different disinfectants 

indicated that bleaching powder was not effective at three 

o^oentratiOfiB tried* Ĉ  26th day» a maxiJsuA of 24«57f 

24*35 and 22*73 fold increase in larval vieight over viral 

ccmtrol was observed in case of disinfection with foxflaliaf 

potaseiUBi pernianganate and sodiuffl hydroxidCf respectively* 

formalint potassium permanganate and 

potassiun hydroxide proved effective (mdlnanl, 1980)* 

2*2 SeafOlogloal techi.iquee for siaall noa-ocoluded virueea 
of sillî irorD 

2*2.1 Infectious flaofafarie virus 

She distribution of infectious flaoherie virus in sHicwoimt 

1* PP-ĝ  ^̂ îs investigated using fluoresctnt antibody technique 
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(Inoue and A3ruzawa» 1971)* Speolflo fluoresoenee In the 

Midgut appeared at 25 h after virus inooulation aBd 

beoaae more intense with the lapse of tide* 

Inoae (1972) ohserred through fluorescent antibody 

teehnique that the oultiplioatian of infeetious flaoherie 

Tirus oocuired ir, Hie goblet oelle of the midgut epithelium* 

Inoue and Ayuzawa (1972a| 1972b) employed fluoreseent 

antibody teohnlque to demonstrate the presenee of 

infeotioue flaoherie virus in the midgut epithelium of th^-^. 

sillcvorm, specific fluorescence was observed In tibie 

oytoplaen of goblet cells* It naa also noticed in the 

cytoplasm of eoluicnar cells, but the fluorescence was vury 

faint and the number of stained cells were few* Inoue 

(1974b) studied the multiplication of infectious flaoherie 

virus (XPV) in the susceptible and resistant strains of 

silkworm, B« mori ) ^ means of -^e fluorescent antibody 

method, which demonstrated the presence of lyv in the 

froeen sections of diseased midguts* Fluoreseent antibody 

test revealed that IfV multiplied well in the sane degree in 

larvae of both susceptible and resistant strains* In 

susceptible larvae the number of cells with fluorescence 

inor%:a8ed ^ust prior to death while La the resistaot larvae 
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Which vero alive to punat«« th« number of flnoreBceet oelis 

aleo inereaeedf but were cuK»h reduced temporarily juet 

after erezy moulting* The temporary reduction of t^e number 

of fluoreeeent oella during IFV infection in resistant 

larrae indicated that the infected goblet cells were discharged 

Into the gut lumen at every noult and the regenerative cells 

located in nidi of the midgut developed Into new goblet 

oelle for the physiological repair* Therefore» It vas Inferred 

that the regtnefetive ability of the midgut cells might be 

•elnly conoeroed with the resistance of silloi/srm larvae to 

the lethal infection of IPV« 

The interaction of silkworm viruses namelyt flaeherle 

virus* cytoplasmic polyhedrosls virus and tfnell flaeherle 

virus were investigated in the midgut of silkworm» J|* mo;î l 

by using fluorescent antibody technique (Sato and Inoue* 

1978), 

Shimleu (1982) developed an ensyme linked lomiHiosorbant 

assay (BLISA) for detection of the flaeherle virus of 

elllrworm. This techrloue proved to be specific for the 

flaeherle virus and virus protein of 3 ng/ml could be 

detected. The sensitivity of £3.181 was 6000, 17000 and 200 

tijiee higher than that of gel Immuno-dlffusL on» ring test and 

latex acgltttlnation, respectively*^ 
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Lat«x partiole agglutination test ufae used by Shlmlsa 

S l a l . (1983) for detection of flaoherle vtrus of sllicwoafBi* 

Ihls was also olalmed to be very effeotlye and sensitive 

method ennparatlvely* 

2«2.2 Ptnsoi^uoleoslB virus 

Imnunodlffusion test with tlie antiserum of purified 

Ina Isolate of sllicworm densonuoleosls virus (l% )̂ revealed 

tbat i t MS eerologioally quite different from the infeotious 

flaoherle virus of silkvorm (Raeda ft al#t 1977)% 

Watanabe and Sfclmlzu (1980) while studying the 

eplzootlology of densonuoleosls of sllicworm confirmed the 

presenoe of virus In the silî woxm rearing room dusts by 

follotfing gel dlffusiem test* 

fhe Taisanashi Isolate of the sllicworm densonuoleosls 

virus did not reaot with the antiserum against the Zna 

isolate and the small flaoherle virus in Immunodlffusion 

tests (Se4̂ tci» 1934)* (These viruses did not appear to share axgr 

antigen with the Tamanaehl isolate of jm* 

Zmmunofluoresoence observation was suooessfully 

••ployed to study the multlplication and infection of 

slUcwoxm densonuoleosis virus (Sato £ | sl*» 1978at 1978bf 

Kaeda and VfSatanabet 1978)« 

ju«|,«BiMT»OF*6flICULT0«ALSCI«»ICI«' o « r̂  o 

anvn. ftA.-.CiAi.Gr.:-v^ne«8. I 
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ih9 •nzyme linked counter liomunoeleotroplioresls y&B 

asad as a technique for dla|{noals of densoauoXeoala vlxua 

In stlkwoiSB (Wai« at a l . , 1983)* 

Axel£ai« and Shlialzu (1985) have developed dot 

Ixnmunoblndli:̂  assay (DIBA) for the detaotlon of daneonuoleoals 

Tirua of £ . mogl, Hie DIM (10 ng/ml) «a8 similar to 

Sazym9 llnKad IzuBonoaorbent assay (ELISAi 6 ng/ml) and thla 

assay was found to be IdOO, 1000 and 30 tlines BOSS sensitive 

than gel Ummanodlffusl̂ nt ring test and latex a^^utlnatlem. 

])ouble {;el diffusion test ima employed IQT Vkitanabe 

SX si* (1^^) "̂ 0 establish the serologloal eharaoterlstios 

of three densonuoleosls rlruaes of £• morl at Japan. 

ShliBlsu and Aralcata (1936) used latex agglutination 

test for the detection of densonuoleoals vlrua and oytoplasDlo 

polyhedrosla rlrua of the silkworm and found that It va» 

Bore sensitive than a l l conventional SGrol3gioal methodt 

but not superior to lusaunosorbant assay. 

2.3 ^ a c t of expasing sllkyoxiss In eayly stages to low 
teaiperature 3n subcecuent develo-iaeat of dlseasea 

Literature le available cm the effect of refrigeration 

of allkwoxffi eggs on hatching (raraBlnhamurthy, 1943a; 1943h| 

Devalah and Thor.tadarya, 1975). But iiif oâ nat Ion on tl^ 

effect of rf;frlgeratlon of egge on devalopKoat of disease/ 

le scanty* 
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Low t«mperatur« may tend to promot« tb« outbreaic of 

dlseaeoe In Inasota* 

ivuga and Wiatanaba (1959) obsarvad that iî an fl ith 

inatar allkwoxms wera exposed to 5*0 for 24 taours» tba 

fraquanoy of naoiaar polyhedroala Maa bi^ar In f^ bybrid 

tban in the Inbred Ilnae. fha msm tosidwnoy «a8 also 

obsertrad In the induotlon of oytoplasmlo polyhedroala 

durlcig BpTiiks rearing* 

OoXd treatacnt (5*0 for 9 to 5 boura) before or 

aftar per oral Infection with eytoplaanio polyhedroala 

•Irua enhanced the suaoeptlblllty of the allicvorxaa to tba 

•IruB (iruga j||,sl«» 1963)* 

According to Sldhu and Singh (1968)» alUcwozB 

larrae refrigerated for 24 boura at 5*0 before resuming 

feeding reauXted In 21«2S Per cent of grasserle ant 

18.75 per cant of flacherle dlaeasaa and the oorreapondlng 

flgurea for unrefrlgerated larrae wera 8«75 and 10.0 per emt^ 

raapootlvely* 

Vti (1983) reported that the ability of allknoxB 

larvae to reslat Infection of nuclear pol/bedroala ma vxy 

narkedly reduced when they were kept at a low temperatur* 

of 5*0 for 24 boura. Matsubara ^t al.- (1984) treated 
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different Instars ot B. morl at 5*^ for 24 boujrs axA 

Btudltd tht Dortallty rate at different oonoentratloas of 

KPV* The mortality of icfeoted fifth Inatar worms was 100 

per oent with -log 1 to -log 5 oonoentratlon While mortality 

was nil In unrefrlgerated and Infeoted worms with the sawi 

oonoentratlone of virus, fhe mortality of first Inslair 

refrigerated Infeoted worms was 20 to 90 per oent whllo^ 

It was 0 to 90 per oent in ease of unrefrlgerated 

infeoted worms* Slinilarly* in seo^md, third and fourth 

ins tars* the mortality of refrigerated infeoted worms was 

10 to 60, 70 to 90 and 100 per oent when compared to 0 

per oent in their eontrols* 

2*4 spread of virus diseases of insects and mites from 
i^afooted individuals in a healthy population 

Disease spread through Infeoted hosts is one of the 

prlnolpaX means of dispersal of viruses throughout the 

host environment* The pathogens are distributed through 

the faeoal matter of infeoted Individuals and also by 

regurgitation* After the death of infeoted indivldualOf 

their cadavers may form a potential souree of pathogMM^^ 

Steinhcuas and Thoa&pson (1949) observed all th# 

healthy alfalfa oaterplllars dying after a few days what 

they were released together with already polyhedrosio 

viru9>-infooted indlvldueds in rearing trays« 
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^Aooording io Bird (1953)* pert of th« population of 

Buropean saiv fly^ iJeodiprion iwalBei. beoaao iofoetod 

iQT oonsuBing nuolear polyhedrosis Tirus directly and part 

vae secondarily infected by cooing in contact with the 

foreer* 

ZB ^anuloais virus infection of oaterpillars of 

Perssctania i»lngii» the healthy larvae became infected Iqr 

ingestin(? food contaminated l}y saliva from diseased 

larvae (lower» 1954). 

^Jacques (1962) found the larvae of a;rieboplnsia jg| 

treated with nuolear polyhedra transsittin^ the virus to 

untreated larvae when they were reared together. 

' When a sinprls citrus red nite (Panonychus c i t r i ) 

infeotcA with i t s non-inelusion virus was introduced into 

a population of 1* 59 20 and 80 nites oa^ed on a surface 

area of 45 to 75 CB*» the traOBiniseion of the dissass 

at 80 fflites level was hiishcr than at one and five Bites 

lerrsl (dilnore and Hunt̂ er* 1964)* 

^Staifs (1968) reported that fWtKrious feeding 

habits of larvae of (^alleria mellooella and MalaoosoBs 

distr ia iiwured the virus from a single diseased individuiA 

to reach some of the healthy larvae which» in turnt bessKS 

diseased thus insreasing the inoeulus in the popalalionr 
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Tlrus Infeeted Suvopesn red mitee, Banonycbua ulaj 

deposited inooulan on the leenrest prol^bly in excreta or 

oral seoretions at feeding eitea vtiieh was pioksd up orally 

^ uninfect ad nit as while feeding (Put nan* 1970)* 

Shgtr and Beavers (1970) demonatrated the non* 

inelHsion •irue infection throughoot the population of 

oitruB red mite» JP* eitri ly releasing virus infeotod 

indiviftuala into healthy population* Diseaso developDent 

throughout the population was rapid if the population 

density W«B high* 

(^ 
Healthy citrus rat Bites picked up the virus from 

oontaBinated surfaces of substrates rather than fron 

within the plant ce l l s . The isessiise of virus in the 

faeces of infected nitee waa also confirmed (Heed et ^4% 

1975). 

Selasny (1976) observed that in the population of 

oooomt beet let Orvotes rhinoceros the baculo virus #•« 

tramaitted inoet frequently when the uninfestsd individuals 

confeaoted the virus material ezeretsd Iqr the iafsstsd 

individuala* 

The faecal pellets from oyteplesmie polyhedrosis 

virus infected larvae of fall vsbvormr Pyphantria ounea 
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oontalned large nuabers of Inoluslon bodies sufpraailng an 

effective Qeohanlam of spread of the virus to healthy 

larvae (BouciaB, 1979). 

2*5 Effect of etarvation on the dsveXopmeiit of viral 
fllflcaaes m inseots 

Shortage of food fflay apparently result in the 

initiation of virus episootios in insects* starvation 

has been identified as one of the stress faotors. It 

Bay predispose the Inseots by oonstitutlonal veakening 

to the viral infect ions and thus aid the inoreasiag 

inoidense of diseases* 

Aseordinit to Jardins (1918), the polyhedral 

disease of the tea tortriZa Hoaona ooffearia did not 

appear to spread among the larvas unless there was 

overcrowding and laok of food* 

larval starvation in J* mori led to reduction in 

resistance to diseases (Xisaohira* 1930)* 

A Tiros disease of European sais fly» ftilpii^^ 

haroyniae was affected by crowdin/? and shortage of food* 

Density of saivfly population seemed to be the sost 

important factor determining i ts control effeot, the 



22 

pevoentage of diseased larvae inoreasing with pepalatioii« 

inl^pendently of secondary effeots of crowd lag, eueh m 

shortage of food (2aXoh and Bird* 1944)* 

Bdel'Men (1956) attributed the reduction in the 

biitlkreak of IraaHtria dispar infestation to the 

physiologioal weakening of the population aesooiated 

with fossed feeding on unfavourable food planks therel)!f 

increasing the inoiAence of polyhedral disease. 

Defoliation Iqr Jg* dispar was severe over a 

considerable area end the larvae were deprived of 

sufficient food thus resulting in heavy infection by a 

virus djjiease in that only 10 per oent of then pupiHed 

(Ssalay-fiarseOf 1957). 

fa l l l s (1939) found that due to heavy feeding of 

larvae of Anieota senatorial the food supply was rapidly 

exhausted in sunr;er and they were exposed toinfcenae 

eocpetition and starvation* Iherelqr they were forced t s 

feed on unsuitable foliage which resulted in heavy 

•ertality of last instar larvae due to a cytoplasaic 

polyhedral virus*^ 

Tanada (1961) observed a greater tendency to develop 

virus epizootics in Btythiana separata due to lack of food 

when the population increased rather than at low density* 
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She baeiBoIytnph -kitre of suolear polyhedrosls of tb« 

silksrorct Bom lane mori in starved larvae was deteralned by 

Aieawa and Furuta (1962). fhe level of the viriis shoved 

a deoreaset an Inorease and a stationary phase and the 

t i t r e was nearly the saise in starved as in nourished 

larvae* The number of ejrtoplasBlo polyhedra foreed in 

starved vorms WQB generally less than that in nornally 

fed larvaot and the mean siae of polyhedra in starved 

larvae T7as snallGr than that in larvae that had been fed 

Qornally* 

Starvation of silJoToros resulted in IB to 75 and 

21 to 29 per oent respeotively of inoidenoe of fiprsMevis 

aaS flaoherie (Sidbu and Sin^» 1968) ^ against 

8,75 and 10.00 per oent in well fed larva«« 

larvae of J , aori were observed to extend their 

larval period upto 11*6 days* when they were allowed to 

feed 4 hr/day as a^lnst 6 days required by those allowsd 

to feed 24 hs/day (MUthukrlshnan ^ j|^«» 1978)* A decrease 

in the shell wei/:^t with the deoreasin^ feeding rate was 

obserYsd* 

Starvation for fixed durations of 12t24» 36 and 49 

hours from fixst to fifth instar inoreased the BortalHy 

due to disessss in the silksom» B« aori subjectsd to 

longer period of starvation (Satsson et gl«t 1990)* 
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iBoidenoe of loss due to flaeheri« was nor" than nuclear 

polyfaodroBls and IrreapecUTe of instare* it wae aor« in 

sapeatedly atpxved wormB* lots due to nuolear polyhedrosit 

was s l^ i f ioant ly h l ^ in woras starved after second iBoult» 

fourth moult and in woros starved froa hatehing to fifth 

Insttv* fhUBt starvation r«de the werns euso<;plihLe to 

flaeh<;rie and frrasserie in addition to i t s edrerse effeot 

on growth* 

lisssralittta ano Punaicoshi (1989) studied the polyhedrs 

dissolving aotivity of silkworn frut juioe* ProloiKred 

starvation during aetive feeding periods oaused eignifioant 

dssrssss in the polyhedra dissol'vln^ activity* 

m ease of eri silIarom» Sswls eynlhia r i s in i 

fioisduval* the larval period* pupal periodf ooeoon weight 

snd fecundity per fesals wars 18*99 and 22*50 daysy 

200*1 j^49.7 ag and 199^23*36 eggs respect ively with 18 

hours feeding duration per dayt while with 24 hours fssftiaf 

duration the oorrestxmding figures were 17*01 and 20*40 

daysf 303*1^^46*1 ag and 294^32*30 egm (Srivastavt 

5t ja l* . 1932-^3). 

Wu (1983) observed that the reeistanoe of siltessrwt 

to nuclear polyhedroeis infecticoi was msrlGsdly reduced 

when th€y were starved for 24 hours at 25*C» 
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2»6 Effeet of leaf moturity on f^ro^b of insecte with 
BPeoial referenee to slltarogB 

SuoouleHt mulberry lenvee are fcnwvn to be 

nutritively superior for euooessful raisl i^ of silkvorB 

coooon crops of ôod quality as they contain hii*hcMr 

amounts of moisture* proteln» starchy total oarbohydratee 

and leas of fibre anfi ash (ABCtiyinouSt 19641 1965)* 

Quality difference due to maturity aeion^ top 

tender leave8» middle ĉ ature leaves and bot'iiom ov&e mature 

leaves of mulberry have been reported by several workers 

(Fraisse and Arnoux* 1954) KSafian» 1960t Aral and Ito« 

1963? Ito and Aral* 1^3t l^rayanan et, ^ . ^ 1967). All 

these workers were in r̂ '̂ neral agreement that top tender or 

comparatively less mature leaves are nutritively richer and 

produce better cocoon crops when fed to siltcworDs. 

Tarpiev (1963) reported that h i^er moisture content 

affected both edibility of the mulberry leaves and 

asslmllabillty of Its nutrients In slllcwi 

Low dietary moisture has been reported to bring 

about deleterious effects in phytophagoiui insects 

(Waldbauert 1963), 

Cocoon crop r^ultin/i? from feeding mulberry leaves 

of different maturities to silkworms were investigated 

in a series of 11 experitnents during the period of 
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f 966«-68 in west Beii^I ty lQri8hiia0«»nl el ^ « (1970). Mor̂  

suoeulenl leaves produoed on top tender portion of tw i^ 

were found to be superior to the leaves below aa reflected 

by the superiority of most of the coonoraic ohp.r;^ter8 like 

effeotive rase of rearin|?» ooooon weif^htf shell weight 

eto* Higher moisture content in tender leaves was not 

hareful to the silkworms* Over*^iture leaves were foun^ 

to be inferior. Feeding of tender leaves even to fifth 

instar did not produce any harmful effects and there wae 

definite improvement in ooooon and cocoon shell weights* 

in multivoltine breed-Wistari the effective rate of rearing 

of 80.0» 75»8 and 66,5 per centt cocoon weight of 1.03t 

0,89 and 0,76 g and shell wei^t of 0.121» 0*101 and 0.036 g» 

were observed by feeding tenderg medium and coarse lecrves^ 

respectively* 

fflfishnaswami ^ ^ . (1971) observed 19*1 g» 19 days, 

0*88 g and 0,119 g of larval wei^t (10 worms), larval period, 

s ingle cocoon weight and shell weight, respectively in 

silkworm breed 930 when reared on tender mulberry leaf 

while on medium and nature leaf they wore respectively 

19.1 and 18,6 gf 19 and 20 dejrsf 0,89 and 0,72 g and 0,108 

and 0,099 g during July-August rearing of 1968-under West 

Bengal conditions. 
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Aooordin^ to aahaan and mnSol (1977)» different 

types of Qulbcrey leaves from tree* lov cut enfl bushea 

had no effeot on the iiirei4?bt of silloirQrcs of nistari raoe 

Indioatlfvr tbat the three leef types htA similar nutritive 

value for j3or jyx aori L» 

Decrease in water oontent affeotod nitror^en 

utilisation effieienoy and lead to poor ^rorth in oonsuaes 

inseots (SeribeTt 1978)* There was decrease in conversion 

efficiency with decrease in leaf moisture oontent for larvae 

of different butterflies and moths* 

Zn Japan, it was observed that when siDarons were 

fed mulberry leaves under 30th order* they frequently 

matured one day later compared with those fed the uppev 

leaves, especially female larvae (Sudo ^ j^«, 1979). 

Si^ifioaat correlat ion coefficients were obtained between 

cocoon weight or cocoon shell wei^t and the leaf order* 

The sise of the cocoon also becnmn smaller as the loaf order 

went dowmrards* 7he difference in leaf quality derived 

from leaf order had -emarkable effects on t he larval 

growth and cocoon quality* A sigr^ifioant correlation was 

found between larval body wei^t after about fourth day of 

fifth instar and leaf order. 
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HarayanaPTQicash ^ ^ . (1935) studied the effect of 

dietary water content on food utilization and s i lk production 

"̂ ^"'-^g^ tnogj L, m both the hybrids ( » x WBj and 

L X KA)» decrease in watar content of BUIberry leaf affected 

different f^nps^etie paraeieters* BiiroXtine larvae thrived well 

00 tender leaves and the cross breed on oature leaves* 

Blvoltine larvae fed on fresh, tender leaves spu-ra leeger 

cocoons compared to cross toeed larvae t^ieh produoed 

heavier cocoons on ô ature leaves. 

According to Tesieshita and Tazawa (1980), at each time 

of (growth of mulbsrry leaf» the aminoeoids such as frlut«Bio 

acidf asPartic eoid« alanine occurred at a constant level 

regardless their ages. On the other hand* aspara/?ine and 

glut amine occumulated greatly in young leaves o(t actively 

growing season. Znoorporetion of ^C into total aninoaoids 

in 2nd, 7th and 23rd leaf order was 2.2 x 10*, 12.6 x 10* 

and 4.9 X 10* cpm per gram leaff respectively. The content 

of aeparagine was 7.9i 4.9 and 0 . 1 ^ moles per f^m ot leaf 

of the above respective leaf orders. 

Sudo et, jiJ, (1981) QOBparcd the quality of mulberry 

leeves of different nitrc^en nutrition for sillovorQ* A 

linear regression equation with significant minus oorrelaticm 

between the leaf order and sillcsrorm body weight, cooooa 

wei^it or cocoon shell weight existed. There was a 



89 

Bi^nificant negative oorrelatlcn between nltro^ren oontent 

in leaf ana lenf order. A hl/»toly al^if icant oorrele^ion 

wae found between nltrorren oontent In leaf and sllfawors body 

weli^t, ooooon welr?ht or shell weight. 

2»7 Effect of viral infeetions in late 1 rvel inetara 

Accordinff to VQ^O and Oayrol (1956)» the larvae of 

PI us la gptcca that became inf eoted with nuclear polybedroels 

virus when ful l fed* pupated in some oases but did i ^ give 

r ise to adults* 

The resistance to viral infeetione in Iteeudaletia 

unipunota was found to increase directly with the age of 

the caterpillar (Panada* 1956)* 

Hafe« (195S) investi|?ating on the poljrhedrosis of 

the larvae of Prodenia litura found that when full fed 

larvae were infected per oe» there was 59 to 73 Per cent 

mortality amon̂  the resultant pupae 9» oocoared with 33 to 

36 per cent anong uninfected ones« The adults emerging from 

the survivors were malfooBed and did not oviposit* lioth 

suirvival was found to be low* 

ienojlb(1966) olsesrved oaturation iamunity to 

nuclear polyhedrosis vir is iti both Heliothia aea and 

! • vigesoeooe* The large amount of pupal mortality in 
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aiBPag obBorved in tbe late sta^e of developoieiil 

IR four arosA of Conneoticut was a polyhedroais disease* 

Total motb îierf?cnoe was less than 50 per cent (Leon«rd( 1967)^ 

In laborato^ tests with a nuclear polyhedrosis virus 

infect inr? Feliothls aailgara^ Ati$er (1%9) observed eonplett 

Bortality wben yoanges larvae WPJFS infeoted* Vov«v«r» 38 

per eent of the older larvae died and tbe rest puRitedy hot 

only half of these gave rise to adults whioh in turn* laid 

unfertile e^m. 'Teel̂ und and Elatbad (1974) also reported 

Saturation j^oiunity to nuolear polybedroais virus io 

£• BeParata b^ed on decreased i)«>rtalityt IC-Q and IXeo* 

Jacob et, ^ « (t978) obiarvad that ths Ici-vae of 

!TyEPhula dapanctalia infected with nuolear polybedrc»i0 

daring Idler instare were able to complete larval developnefit» 

but died in pupal sta/̂ re* The effects of a nuclear 

polyhedrosis virus on various develoixic^nfcal stai^es ef 

9POf9P»1fa W^ffrg^^ ^gge Investi^ted with tbree^ 

conoent rat ions (ranf̂ inî  fron 102 z lOr to 102 x 10 Aarva) 

fad tc third and fifth instar larvae (Abul-^sr et ^ . ^ 1979). 

The mortal t̂y rate was 54 to 100 and 40 to 73 P<̂ r cent, 

respectively* Tbe TS^^Q (determined at ?0 to 34*C) Inoreased 

with lomrer doses and later aPPHontion of tbe virus to the 

larvae* Tbe larvae tharti survived treatment resulted in 

pupae of ligliter body wel^t than those developing from 
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untreated larvaet a higher proportion of deformed adults 

and feoalea with 22 to 48 per oent reduotloa in the total 

BUDber of eggs laid. 'She rate of nortality In the 

eggs and larvae that survived virus treatment was higher 

than that in the untreated feeales* 

Hadlnani (1980) olserved 40*50 per oent mortality of 

Pore I^aore x HBjDg worms* wPen they were Infeoted with 

Xenehu virus In fifth Instar* It resulted In 0.06 per oent 

reduotioi in ooooon weight* 

Aooordlng to Suteahmanyam and Aamaicrlshnan (1931), 

£• lltura Infeoted with nuolear poXyhedrosls virus failed 

to moult more than onoe tif^vs Infeotion* infeoted last 

Instar larvae failed to pupate and had prolonged larval 

stags* 

Sffeot of nuolear polyhedrosla virus Infeotlcii of 

PseudopliMla Inoludens on the eurvlvlng pupae an! adults en 

eeged soybean plants was studied I7 Toung and Tearlan 

(1982)* The mortality In the pupal stage was higher 

following the treatment in the fifth or sixth larval Instaf • 

2*8 interaotlons ampnget pathogens of Ineeote Ineludlng 
those of ailkworm 

Multiple Infeotiow ty different pathogens within 

an laseot ooour under lahoratory/commerolal rearing 
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oonditleas* These iDfeotlone nay ^ sinultansous ojr 

•ay 000U7 one after aRotbev* The resuU of the interaotion 

may he an intezfeirenset eo^ezlsteaee or vynesgitui* 

iFanada (1959) observed synergism between granulosis 

virus and nuolear polyhedral virus in the ar̂ yworm, 

Pseudaletia aeparat^, 

Enhanced interaotion was laoking in the mixed Infeotioa 

of s pruoe budworm, Ohoristoneura funi^erana with granulosis 

virus and nuolear polyhedral virus (Bird» 1959)# 

Stephens (1959) in her studies with nixed baoterial 

inf eot ioiB of l̂ eudomonas aeruginosa and S err at ia maroesoeai 

la gruHiboppers found mortality due to septicemia onlyf 

either one of the species predominating in the blood*' 

According to sfavetsova and Tsal (1962)t enhaoeei 

interaotion was absent when the two nootuld oaterpillarc 

^^''•t Jgr Otis ee-ipretuffl anA Hadena sordid a were simultaneously 

infected with granulosis virus and nuolear polyhedrosis 

virus* 

Aruga ^ ^ * (1963) found that when 0F7 of the pine 

Caterpillar^ Penflrolimus speotabilis was fed to first instar 

larvae one to five days before or simultaneously with wiHessm 

OPTi it interiered with the latter* On the other hand* the 
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sllkiTorm CP7 did not Interfere with the Infeot ion of pint 

eeterplllar CIT when it was fed one to two dei78 before the 

latter. 

The ellkwonn CW enfaanoed the Infeotion of the 

alfalfa eaterpillav (Colliie eurytheae) OVf when the two 

viruses were fed together to eeeond Instar siltarorws (tanaida 

and Changt 1964)* 

Aeeordlng to Arû a et ^ , (1965)» when the flaoherle 

•IruB was fed to sllkwom larvae prior to siltarorm QVf, it 

interfered with the infeotion of the latter* fwe applioations 

of flaoherie virus were muoh oore effeotive then a single 

application in oauaing the interferenoe* fhere was no 

apparent interferenoe when flaoherie virus was fed to sillHorB 

larvae after silkworm aV7m 

Although there was en inoreased peroentage of aortality 

0' Trlehoplusia 3^ when T7F7 and graRuloeis virus (OT) wera 

fed together to the larvaof the inereese wm not stglistioaXly 

sigaif loant froia that of the treatiBei^ with eaob virus 

eeperatel7» She inorease waa being cai»od 1̂  an additive effect 

of eaoh virus* neither interferenoe nor synergiss was 

observed b^ween these two viruaes (towe and Vasshlce* 1968a)* 
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£owe anfl VsJ^hke (1963b) reportodi an Interferenee 

effect in T,, j ^ when nv7 was adslBisteved 5 to 7 daye a^es 

0T« The mortality fron thie treat Dent was not deereaseAf 

but the larvae lived longer tban witb siBultaneow 

inooul^tion and no pclybedrosia was evident in iaf«»t«i 

la^eA* 

Studies on simultaneous infestien of ooaroa ooGkBhafer» 
ho 

MelWitha nelolontha ^ Jaoiims po: i l lae. HAolcBttaieUa 

Belolonthae and Vagoia vims aelolonthae indioated tbat the 

beoteriuo eeetced to inhibit Rickettsia* Tirus and aielcettsis 

vere more eompatible than baoteriun and aiokettsia (Hurpin 

and RobertB 1968)«' 

Treat meal of Peeudalet ia anipunota with W7 alone 

resulted in only one larva beeooin^ infested with this 

virus* Addition of Ht^slia stock of GT to !rr7 greaetXj 

enhanced the infection by the latter as shown by 14 out of 

20 larvae showing infection with WT alone or together 

witb 07* 07 at a concentration below its infection dcss 

did not enhance HFT (Canada and Huknharat 1963)^ 

Asargier et al« (1969) observed synergistic effect 

between f(P7 and DW of galleria cello nells# 
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ani Hikbsujl (1971) found that a atralB of 

strePtooocotts faeoalia - g* faeolac when fad along with 

Sene^JA piBOatorua to ailkvora Xarvaa faollitatad the 

lattajp to Invade the haeaoooel, ^. piaeaterua ^ Itaalf 

mm non-patho«?enio through per oa» but waa bi/^ly virulent 

when injected* 

ftien Blxturea of 97 eaPaules and nuolaabr polyhedra 

were fed to ?• UTiianata there waa direet ineraaae in 

nuBber of larvae infected with Wf as the ooneentration 

of the oapeulea inereaaed. A eapeule faotort poaalbly a 

protein rather than the virua particle occluded within the 

•apanlo waa reeponaible for enhancement of infection of 

IPF. Ihe eapeule factor enhanced the infection of IP? 

even when the larvae were treated under gnotobiotlc 

condition CSanada and Hutcoharat 1971 )• 

According to Ilbrdin and Maddox (1972)» the total 

larval mortality in ]][* cunea ia treatoenka involving virus 

alonet »w—a ap* alone and virua plus HCaaBa ap* wm Sft§ 

21 and 71 per oent» respectively. Ooiabinatien of virua plus 

Ifca—a apr reaulted in a lower mortality** 

She interaction between CP7 and infectiooa flacherie 

virua (IF?) of ailkworm, j« moyi waa investigated fe^ 

Inoue (1974a)« Following the alnultaneoaa infection of 
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BilktrorD with two viruses* independent oo-^eotistease wm 

observed in tbeit OP? Qultiplied in ooluianar cells and 

IP? Dtiltiplisd in goblet eel ls . Rovrevor* the period of 

lethal Infeotion was shorter on larvae aubjeeted to double 

virtui infeotion than on those infested with eaoh virus 

separately* 

SUrisu (1974) studied the lethal effect of secondary 

bacterial infecti(» en sillEworm larvae infect<!d with IFT* 

Ibe QortalitiT in the mixod infection with XFT and bacteria 

invading slQultaneously was the highest* But in the 

natural double infection» virus irifeotion happoaed prisavily 

and secondary bacterial infection occurred throu(^ nulbary 
i—• 

lecnres per os and the lethal effect was soderated* In the 

Case of silloronn reared under nsepfeic condition when the 

virus invasion was not accompanied \jy bastsrial infection 

the mortality of the gnotobiotic larvae becanc lower, when 

the gnotoblotic lairvae were subjected to bacterial oontaviaationy 

the sortality of the larvae increased Anpid^* Thus the 

silkwers nortality in viral flachcrie is considered to bs 

oauAed iQr the secondary bacteriosis which had been predisposed 

by the primary virus infection* 

X»oable infeotion with the viruses each of IFf* QVf 

and SF7 in the midgut of silkworm was investigated tfj sa(to 
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ana xaoae (1978), 7he flaeherle virus (Vf) nultiplled in 

goblet oelle andl CP? la oolunuiar cello of ai&gtzt epltlMlliui* 

Sh« iiUBbec of virU8*iiif««t0d oolls in the Biftgitt InfeeteA 

aoabl^ with flaebevle virus and sasll flaoherie virus (Sf?) 

mm apptroximately the sase oenpared to the total aonbers of 

virus^infeeted oells in larvae infested singly with FT or 

S?T« CP7 and S77 Bultiplied la the same ooluisagv SsU 

shoving CF? in oytoplasm and SF7 in the ntielsM* fhe 

larvae infected with t«o kinds of viruses showed an increased 

mortality and a low W^Q Value as ooaparad to those larvaa 

infested with single virus. $he studies retsaled the 

iadspeadsnt suit iplioat ion of virus in a !««?• infsstsi 

with two kinds of viruses* 

Xnoue (1981) conducted studies on the double Infection 

of aidgut epithelial oells with nuclear polyhedrosls vii«s 

(*JW) and eytoplaenio polyhedroeis virus (CP7). Doubls 

infection occurred in majority of columnar cells* Both 

viruses were obeeirved to be multiplying independently and 

fusion of two kinds of proteinaoeoua crystalfi was not 

observed* Rowevert a lot of nuoleocepilds of Vff atteohed 

to the eurfeee of CW inclusion bodŷ  followed with 

incorporation of some of then into the inolusion body* It 

was inconsistent to SFT polyhedron which Incorporated 

IP7 and its empty envelopes* 
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fbe assoolative effe«t of baeterla ^« PareeecenB aaA 

fH>phyXooooeua epp. 1B slllcRrorin was studied I7 TaaantharadaB 

and MaalrathnaimBa (1978). Two isolnteo 7X 42 and 7K 45 

helovgiss to staphylooeecas were potential aynerfflats of 

| [ , aaroQseeaa* Jl# magceeoeai VRI tosrether with 7B|2 or 7BI5 

was blî bXy Ieftlial« whereas* singly none of these straine 

•allied any damage* When TSf and TISI2 were fed te<6rether» 

oat of 50 BiXlaiorma 24 died amongst whieh 16 exhibited 

Sorratia ŝ mfrt qms* while inf eetion with 7S1 two days prior 

to 7812 resulted in mortality of 19 woros froa wtilAh 

no worm earpreesod Serrnt la ejrmptome and further inf eetion 

with 7Kf two days after 7^12 resulted in mortality of H 

out of 50 worms» and 20 worms exhibited Serratia ayai^oaa* 

Similar trend was observed even in efisociatioa with 7£^5* 

f hey inferred that Sergatia was invasive only when the 

•Mooiative organiaa WM already present in the RUt. Zft 

instead, Serratia was fed first to be followed later by 

Staphylocoooog, no damaife was seen* 

{he ba^teriat Aerobaoter aereoftenes and Proteiy 

Birabllis afî eoted dl«eative trast of geometrid, JfiBiii 

ffl'^f'Mfiit <̂ °̂  ^̂ ^ former was not oonsldered bigfaly patbo^enio 

sinoe it lac teed invaeive power to penetrate through aidgut 

wall* The possible proteolytic activity of Jg« mirabilla 

Bade the ^ wall more vulnerable to entrance of secondary 
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baoterluB^* aereogeneg Indioatlng the synev^lsllo effeol of 

-the two sp«cl00 CTirsoici anfl aaooah» 1980)^ 

SKteuetoto ^ ^ , (1935) eonfiacted studiee on eixed 

infection with infectioas fIaoh(a?ie virus (IP?) aod 

cndofreneoua baoteriuo •- Streptoocoous faecalie that fOMi 

the siain oomponent of intestinal flora of healthy ailiorovs 

larvae and earo^eneous hQcteritto •> Serratia ngfceeoena* Hi^ev 

virulence of ZP7 was aasocieted with these bacteria* 

&• J^awalig a* lO t̂ 10^ and 10^ s e U s M with IP7 at 10"^ 

dilution resulted in one hundred per oent eostelity of fifth 

inetar worms when inoculated during in i t ia l fourth instav* 

while the single latval weight at the end of fourth instav 

was 0*86, 0*84 and 0.31 g, rcspeetivelyi eorpared to 1.14 g 

in uninfected control batchy Inoeuldbion of fourth tnefeas 

wors?B with IF? (10*') alone, £• faeCBlie alone (ICr) and 

fi» pteroeaoenB alone (10 ) resulted in fifth iastar larvaX 

weight of 2*95t 4»63 and 4*31 g with larval toortality of 30,0» 

0.0 and 0,0 pe» cent while sioMltaneous infect ione with 

1 ^ "•" £• la££SiiS» I ^ **• £• nffoescfps caused larval weight 

of 2;t56 and 2.40 g respect ively» with mortality of 100 pev 

cent in eoofa case* Infliction with IPT followed by 1* fasoalls 

and £• marceeoene f?ave larval weif*t of 3«12 and 3.55 g 

respectively of fifth instar with moaatlity of 100 per cent 
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in both. On the other hanA* infeot ion with £• faeoalio followed 

by IFT yielAed fifth inatar larval waifffat of 3,13 g while 

that of £• BagoeaeeHB followtfl l^ TBI reeulteft ia 

3*95 g of larval weiiiht with mortality of 100 per eent*' 

UBlnf eeted oontrol had a larval weight of 4*58 g with no 

wsrtality* Ordinary larvae fed on artifioial diat or on 

Bulberry le^vjes were 10 to 50 times nore aensitive to IFT 

infeot ioB than gnotobiotio larvae in eaah instar* 

%tsaBoto SSL &k* (1986) studied the effests of 

anti^uvenile homone (AJH) OB nixed infeot ion of infest ions 

flasherie virus (iFf} and bastsris viB«» StreptooocoBs 

faeealis and Serratia maroeeoene in the sillororB larvaeV 

Trimoulter larvae were indueed ly adainiatrsliOB of AJH ia 

the third iastar* Xbe soseptiblity of triaoulters to sired 

infestioB of XF7 anS best aria was deterniBed* ffhes s aixture 

of ipv at 10" ,̂ 10*', 10"* aaA 10"^ dilutions with 5 . ^ntti | | i 

) was fed to fourth instar larvae that reoeived AJHt 

the per oeat sortality ivas 17«4» 34•B* 21*7 and 4*3 respsotively 

«b«i eompared to 100» 100, 30 and 10 per oeat in respective 

oontrols that did not reoeive AJR* When dilutions of 10*^, 

10"', 10*^ and 10*5 of IPT wars fed with g, faeealis (10^) 

to the fourth instar woma that had reoeived A^ tre«tBenl» 

the mortality was 21 .T* 21.7» 17.4 and 0 in eomparison 

to 100» 100 end 23 per oent in ease of the first three 
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eontvolva respeotiirtly* fh« aABiaifftsglioii of AJR to tlif 

lnfeet€4 larrae prevented Aealb fVM oeotovlng anfl the 

praeenee of aitbav of the baotevia in the intaatloe of tha. 

lawaa aotild not X»9 deteetad* Ihaii lawaa» that vava 

adBlBistejped AJff dweisg thlvd InstaTf trera iafaatad vith 

ZFT la the fourth Inatar la tha ppaaease of ^, faaoalis. 

tha hMtaria aOounaUtad la tha laWal iataatlaa* 

Bovavert in oaae of aiarad infaatioa of IF? aad £• mttcaa—ana 

to foujelh laatar ailiororoia that had xeeetfaA AJB Awriag 

thlva iaataVt tha baatarla ware not aoUaad latia Ustal 

inti^ina* 
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Daring the periods of 1981H986» studiw 

eoaauoted OB Ssaehu virua disease of 8iIki7orfn» Boafaqc 

Bori Z* st Separt Deal of Agrieultiiral Etftomoloĝ t 

Agvieulturat College* Bengalore-560 024 and Depart•*•! 

of Serioulturet College of Agrieulture* 9har«Bd"*980 009* 

Ualvereity of Agriaalittral SoieiioeB» Baflsalore-560 065« 

f he teehniquea employefl in the stadiea ave preaealaft la 

the folloaiag paces ander different headings* 

3»1 Siltogorm raring teohniguea 

5*t«1 Pieinf get ion of rearing ro— 

Two aepsisate aillaportn rear in;' vewMS* one fov 

reaffing healthy aiUmorioa and the other for rearing 

experiaenlally infeoted worma having aisiXar ooadit ions 

were wed. six daya prior to the hatohing of egpt the 

rearing rooms and eQuipaents we«e oleaned» washed and 

properly d is infeoted with four per cent formalin at the 

rata of 800 d per 10 m (Srlshaaawaai j i i^*f 1973) 

aaing Oat or Rooker sprayer, for effeetiva diaiafeetiotti 

the rooM ware kepi oloaed for 24 houra after aaaliag 

eraaks in deoray windowa and venliletors with papers*̂  

Aftarward8» the rearing venoss were used for ailkvorv 

rearing* 
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3#1«2 Silkirogm gearliM^ 

Par* Myterc Inreed of 8lllaro>rin» j . aogj was «nployod 

in all tb« «zperltrelite sinee it was provad to be tha most 

auaoQptlbla bread to &Qohu •ivua (aia8lGar» 1984t 

Vafeyaoaewaî  ^ jÊ .» 1985 b), Bgpi war a auvfaoa atarllisad 

with two per oaat forsialiii» waahad with atarila water and 

dried in ahade* f hey were leapt at 25 to 27*0 and 85 to 90 

per eent relative haaiidityt ereated uaing ooiat faaa ral^av 

atrip and eovering with paraftin paper* The egga were 

blaok^bozad f^ 24 houra in pin head at age followed %7 

ezpoaure in diffuaed ll^ht to obtain unifora hatobiag 

(Qrlahoaswavi* 1978b), At 10 a«w* freah tender aulberry 

leaf grown aa per reootninended praotioaa (nriahnaawaBly 

1978a), ohopped to bita of 0,5 oa were apread over the 

emerged larvae on egg eard and they ware bsuahed on to 

a paraffin paper spread in a wooden rearing tray* Wet fe«i 

rubber atrip waa feept al l around the ailieaerm bed in the 

tray and another paraffin aheet waa uaed to eever the bed, 

f be Paraffin paper and wet foam rubber atrip were uaed only 

upto the end of third larval inatarCexoepI daring aoulting 

perioda)* Vhe tr^ys were arranged in rearing raolea with 

lag* reating on ent wella. The woroa were fed five t: 

a day (Harayanan and Ohowla* 19651 SCiehntfwaid.t 1978b* 

1979) at 6 a«m,» 10 a,m,, 2 p,m,» 6 p,n, and 9*50 P,B. 
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with auitable quality mulberry leaf of f arledy XaiiTa*2 

in a l l flKpesimente unless epesifled utiAer specific 

ezperloeiils* Chopped leaf and unchopped leaf were fed 

to youa^ and late â e worniSf respectively* The spacing 

for worms and cleaning of beds and other rearing procedures 

were used as recommended by IQrishnaswami (197Bb), The 

actual rearing site was covered with nylon net to psevenl 

aji-f ly infestation as recommended by Jolly (1981 )• The 

ripe worms were sounted on bamboo nounta^es at the rate of 

50 , « » / « » Of moaaling apM. and tb . 0<»<K». . « • 

harvested five days after spinning, 

3.2 Preparation of cell free Kenehu virus ear^r t̂ 

Surface sterilised mulberry leaves treated with 

X̂ nohtt virus suspension were fed to second instar Pure 

Ifysore sUk^rms and the worms showing typical "XiiBBhu" 

symptoms were collected and the virus was extracted tgr 

following the (aethod of Inoue and Ayusefwa (1972a)» 

employed for infectious flaoherie virus of silkworm, as 

modified by Hadimani (1980), ;or isolation of the virust 

the esrperimentaXly diseased worms were homogenized in 

sterile pestle and i«>rtar containing Sorensen's phosphate 

buffer (0«72 M* m 7*2)• The ratio of larvae to buffer 

was 1t4(w/7)» The homogenised material was kept in 

refrigerator for 24 hours (Pomar and Thomast 1978). 



Then it was filtered fiset through eeves^l lajroeo of sterile 

ffiixBlin oloth twiee end later vith steiflle Wb«lBsii ito.t 

filteir paper* Tbim filtrate was cenlrifu/red at 5000 vpi 

for to Bisutes and repeated tbrioe* She eapernatant was 

eentrifai^ed twioe at 18«000 rpa for 20 Blaulea eaoh tlMi 

in a Besi 0«^4 refrigerated oentrifu^* The resultant 

supernatant was oolleoted and the presenss of the Seaohu 

virus CPlate 5) was eonf irtsed tgr electron mioroeoopj 

(Hiti^hi HU 117)« This forced the virus stoeic suspension* 

The stootc suspension was stored at S*0^ 

3*3 Test in/? of laolates of ifonohu virus against ant is era 
of infectious flaoherie virus and dengonuoleoBiB 
virus of sjlkwora 

The afftisora for infeotious flaoherie virus (ZF7) 

and densonuoleosis virus (PH7) of ailkworn were obtaintA 

froB s^risultural Experiment station, Zharaki* Japan* Ts 

know the aiiigenle relationship of Kisaobu virus with the 

antisera of iFf and ina 2}1?7» doaiOe gel diffusion test 

was oaxried out in this laboratory* Fluorescent Antibody 

test on the fiBBOhu virm infeoted midgut oelle was oarried 

out b^ Cr» Hajine Znoue* 

3*3*1 Celleotion of diseased arterial 

Silkworms showing typical Eenehu symptons were 

oolleoted froB different eerioultural areas of Ifernataica* 



Plata 3* FlatinuB ahadoiroaated Xisnoha virus (22i00Qx)* 



'^^^^^^^^jl^W^S^fS^if^l^l^^M 

I jiA^ZSSsv^^S^sSSiS^^R^^HfiSBuft^^Sv^^i^sC 

! rSi^aWBiSi^^^^a^^^^S^^ 

v?^*^^?ic^?2^?^K!?3^^;^^^ 

g^MBBwBfSgS^Ks^^gSCTfe^BMiffT^lgy 

1 S^^i^flBBI^iS^^B^^^^^^^ 

1 ^ ^ ^ M ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 

%Sfe 

^ 

•;>;v-;V..<«KV,-r 

Pil 
K::'**--a 

3̂  

-̂ '''**' 

^ ^ ? 

HP" 1 

|HK., I 

ŝ 
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All the saaples oolleeted were from ailiorovB eropa wbioh 

had suffered fron a n epiaootio of Ssnohu diae&ae. fha 

•ampXee were oolleoted fron i i i and Z7 inetars* 7b« 

areas oovered were aaiigalore« Kianaicapurat Cbaisaradanaî ar 

Ohitrs^or^a*' 

3»3«2 Pouble gel diffusion teat 

Salioe gel (1*5 per oeml) with sodius aside (ItlOOO) 

was uniformly poured on a clean glass mieroslide to a 

tbiokmess of 2 ina« Wells were dug at equidiotanoe froa 

eentral well* One ol of disti l led wat« was added to tbs 

original stoek ant i s era and then it was diluted l6-fold 

with physiologioal saline ana added to oentraX well* 

ABtigens-KBiKhu isolates oolleeted from Bengalorst 

Kaaak:apura» CfoamerajanQgar and Gbitradurga were added 

separately to the peripheral wells. It was inoubated at 

roora tsEperaturs for 48 to 72 hours* Then the gel was 

ezaQlned for preoipitia bands* Separate tests were run 

with XFT and BW antisera* 

3*3«3 Fluorescent aflfeibody teohnioue 

Epithelial cel ls from both anterior and posterior 

part of oid^ut fron K n̂ehu virue infeoted silkworm* were 

saeered on to clean glass slides* 7hs preparation was 

dried at room temperature for 15 oinutes* Then the ce l l s 
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were fixed with acetone for 10 minutes at roon teraperatiure* 

These cieriMiXides wore sent to Dr« Ka;|iDe Inoue for the 

flourescent antibody test (Inoue and Ayuzawst 1971)*' 

3»4 mfeetivity teohnioue 

mf set ion (pes oa) vith Ssneha visvm was done by 

feeding virus eontaminated mulberry leaf* Mulberry leaves» 

washed with tap water* were surfaee sterilised with 70 peg 

cent ethyl aleohol usin^ sterile eotton* snffioienl tine 

was allowed for evaporation of sioisture froa leaf surfaee. 

1*hen the required dilution of Ssnohu virus suspension mm 

uniformly ssioared at the rate of 0«2 nl for about 50 oa 

leaf axea end aufficieirt quantity of suoh oontaminated leaf 

was provided for first feed and further feeds were of 

uneontf^inated sulberry leaf* 

In the studies on interaotion between ISenohu virus 

end beoterial isolates* 0«2 ml of the appropriate virus 

extract was mixed with 0*2 nl of appropriate baoterial 
•> 

extract and the mixture was used on 50 oa of leaf* 

3»5 Effeet of refrift^rat ion of ailtogorgi eg*^ and iGenehn 
virus inject ion in allterorn 

Pure li^sore silkworta eg^ of onot three* five and 

seven dâ rs* a^Q were refrigerated for a duration of two, 

four* six and e i^t days eaoh at 5*C in a refrif^erator* 
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After the requJUed duration of refrigeration» the %gg% were 

released and icepk at room temperature* Retoiiliig pereentan* 

vae reoorded* The resultant worms were infeoted with Kienefau 

Tirus stooic suspension and observations were reoorded on 

wei4?ht of worms on seventh and 19th day after infestieiv 

number of worms enxerln^ eubeequeni Inst are and tine taken 

for 50 per oenk mortality* In addition* the other parameters 

l ike maximum larval we i^t , oooooninf?* ooooon weinsht* pupal 

welfThtt shell weight, number of oocoons formed and moth 

woergeaoe were also reeorded* 

3*6 Effect of releasing Benefau virus infeoted siliagogas 
into healthy populations in varioua propertions 

Second» third and fourth instar silteworiis wers 

separately fed with fCenohu virus Steele suspension and th«y 

were released at a density of 4» B» 16* 20 and 24 per eeHl 

in hcnlthy populations of respeotive inatsis* Oboervatioas 

were made on larval weight» number of worms entering suhsequeni 

instarSi instar duration* numb» of larvae oompetlSK 

eoeoonln^t ooooon weight* shell weight* pupal weight and 

•oth e&er/?enDe* 

3«7 Influence of nutrition on jirtensity of ggnehu virus 
inf eot ion 

3»7*1 Effaot of urderfeedlnff in early instar on eubseguent 
infeetion by KJenehu virus 

Silkworms from first to third instar w«?e roared 

separately by providing two* three* four and five feeds 
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per Aay, when they entered fourth anA fifth Inetars* 

iwnediately afttr third and fourth noaltf the woros were 

separately aAnlnletered 10 ^ dilution of stook Senohtt 

virus eactraot for the first feed* m both fourth and 

fifth Instars five feedings were provided per day vtth 

unoontaslneded mulberry leaf* Observations were recorded 

en larval weighty instar duratlont ooooonlng« ooceon 

wel^tf pupal wel^t» ooceon shell weight and moth 

effiergenee* 

3«7«2 Effect of starvation on Benehu -virus Infection In 
sUkworn 

fhlrd* fourth and fifth Instar sllkweri&s Imisedlately 

after soultli^ were separately starved for 12« 24« 36 and 

48 hours and after starving period* t h ^ were Infested 

with to*' dilution of Gsnehu virus for first feed only. 

Sultabls controls were also salntalnsd. Following were the 

trsatnrents* 

1* 1R> starvation -*- Infection 

2* lit starvation ind no Infsotlon 

5« 12 hours starvation -*- Infection 

4« 12 hours starvation only 

5* 24 hours starvatioB •*• Infection 

6« 24 hours starvaticn only 



7ft 9i bours siarvatioa * iBfaotloa 

8. 36 hours atasv&tion only 

9. 48 houss starvation •• Infeotioa 

10« 48 bouxB starvalilOB only 

Observations wtrt nade on larval v e l ^ » doration 

of moulting anfi instars* tnortality* oooooniag and veiglita 

of oooooBt pups atid ooeaott shsll and notb ener^anee* 

3«7«3 Bffset of fssdlag slltaroggis with leaves of aiffersal 
maturity on Kjenohu virus infest ion 

from the bef̂ innlag of third* fourth and fifth instsr* 

••parats betehes of woviw wsvt fsA with ( i) only tender 

Isaf (U) only middle leaves (mediUB aature leaf) and ( i l l ) 

only lower most leaves (ooarse leaf) la addition to twa 

batshsa fed with leaf suitable to the instar as rsoonmiended 

to that In&tay • the oth«Er beteh being fed with leaf 

rtaosaended to that Instsr but pretreated with wattr* Za 

the beginning of every inetar* the worms t̂ rere separately 

infeoted with ICenohu virus of 10 ^ dilution. TollowUlff 

wars the treatment at 

1« Feeding with tender leaf -*- Kenchu virua iafeoticn 

2* reeding with tender leaf only 

5* Feeding with mediua mature leaf (middle leaf 

order) **• Kknohu virua Infsotloa 
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4* Feeding with mediua natore leaf only 

5« Yeeding with ooarse leaf • boeha vtsvm infeotlOB 

6« Yeeding with eoarse leaf only 

7« fteamg with leaf reoommended to that instav 

retreated with water <f Xeiiehu virus infeotion 

8* Feeding with leaf reoowmenfied to that instav 

pretreated with water only 

9« Feeding with leaf reooonended to thgt inatar * 

Keaohtt virus infeotion 

10« Feeding with leaf resosBended fee thid instar only* 

Ohservedions on larval w e i ^ * mortaXity* durations 

of moulting and InetarSf ooeooning* ooooon weight« pupaX 

weighty shell weight and moth enos^enee were msdŝ  

3.10 Interaotion effeet of simultaneous infeotion with 
Kenohu virus and bnoterium - Staphylooooous aureus 

Roeenbaeh in sillcarorm 

3aeterial oulturet The Staphylooooous aureus oulturs 

was originally isolated from flaohcrie infested siltarosw 

in the Bepf̂ rtment of Miorobiology and Cell Biology* Indian 

Institute of Soienoe* Bangalore* The oulture obtained fiwi 

the Department was suboultured and malntainea in the 

University Serioulture laboratory at Dfaarvsi* 
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Sh« beoteriuBt ^. aurem was maiiitained on autrianl 

airar (Baaf Extract - 3 gt Peptone - 5 gi Agajp • If g aafl 

diatilled wates '^ i l i tre) elanta* Different dilutions of 

1* •areas nere evrived at by employing dilution plate 
7 € 

teobnique and bao^erial suspensions oontaiaing 10% 10 , 
10^. 10* end lo ' oel ls /s l were prepared in sterils 

distilled water. 

SilutioHB of 10*^, 10*' and lO"* of stook Btasha 

virus sztraet were also prepared* 

Simultaneous infection with different cone ent rat ions 

of Xenobu virus and the bocterial suspensions individually 

as well as with all their possible eombintflions wais effstted 

in the beginning of third* fourth and fifth instars m lisil 

as one day and two days* old fifth ins tar silkRora* Tht 

following treatments were given . 

• 1 

• 2 

h 
h 
\ 

h 
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T^B, " Bnnhii Ttciu (10*^) • J. aiiiem at 10' oeUa/al 

' i"a • 
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TiBj -
YgBii " Ssnobu 

y^B, -

' A " 
TjB, -

T,«a -
TjB, -

0̂  " Biff«£ eoBtroX 

Og » Distilled watdif oontsol 

0. <* Iforaal untreated oonfejrol 

ObseinrationB were made on laetar durst ion* aoult JAg 

duration, number of worms entering? suleegueni instare, 

larval vel^tt larval mortalityt eoeooning, eooeen veiiiSlitv 

shell weî ftit» |ni|^ weight and moth emergeofte* 

3«11 Observations reoorded and statistieal anajyels 

The regular parameters like larval wei^t, moultiag 

duratioB, instar duration* proiqression of instaTf ffiortality» 
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extent of ooooonlng» welgbta of oooeoB» eooooo shell ani 

pupa» ooooon shell ratio and soth eaergenoe were recorded* 

The duredion of instar did not laolude the moulting duration* 

Though symptom exhibition la not an aoourate parameter for 

measurement of any diseasei the Seiiohu symptoms were clear 

enough for approximate estimate of the intensity of tlis 

disease and henoe it was considered useful as a paraaetar. 

V9W cent oooocning and moth emergence were based on initial 

Btiaber of larvae used* 

m all the esperimentst three replioetiona of 50 worse 

each were used* For recording larval weight* cocoon weight• 

eoeoott shell weight and pupal weight, ten individuals from 

cash of three replications were employed* to eases where 

individual waists of these were provided» usually the ae«i 

of five individuals for each of the three re^ioations wm 

arrived at* The data were analysed statistidally bgr one wagr 

analysis of variance after transformation to 

•liercfver necessary (Sundararaj ^ j|||*» 1972)* Shs datm 

with pGiroenta^^ were analysed after angular transformation 

of original fi^^es (Snedeoor and Oochrant 1972)« tks 

level of significance used in «?* and «t« tests 

P - 0*05* 
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The results of experlmentB oonduoted imdtr different 

objeotlves are presented in tie foXloving pages undtjr 

ooncerned headings* 

4«1 Testing of Isolates of Kenehu rix^s against antleeg^ 
of Infeotlotts flaoherle vtrus ar.6. Ina denaonuoleoaie 
Ylrus of sllJcwoxiB 

In double gel diffusion testt precipitation tani* 

were not formed hy Kenehu virus isolatesf oolleoted froa 

Sangalore* Kanakapura* Ohamrajanagar and Ohltzadurga» with 

the antlsera of either infeotlous flaoherle Tlrus or Ina 

deneonuolfosls ylrus of slliwojeB* 
c , 

Even In the fluorescent antibody examination of Ken^u 

Tims infected midgut eellst specifle fXnoresoenee was not 

produced with the fluorescen-lsothlooyanate conjugatti 

antibodies of infectious flacherle virus as well as 

densQnuoleosls virust when examined under fluov«M«it 

mierosoope* 

4»2 ^ f fo t 3f refrii^eratiop of silkworm eg«s ap thft 
development and intaisltv of Kenohu disease 

H i s of the multlvoltine race Pure ^sose* war« 

refrigerated at different stages of growth (onet three* 

five and seven days) for periods varying from 2 to 8 

days* Infection experiment was conducted by per oral 
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Inftotltm iBBnedlately aft«r hatohing. Appropriate lanlnfeeted 

Oi^trole were nalntained throughout* 

Ratehing of egge was not afftoted snoth as It zax«e& 

from d3«65 to 96*09 per cent in different treatinente 

ooffipaxed to 93*49 per oflnt In mxrefrlgerated eggs(APPendlx I)* 

fhe larval wlfi^ts of ten vorms each reeoxded on tfae 

7th and 15tfa day are presented la (Cable 1« ^m adyerse 

effect of refrigeration of egga f^ more than two day« 

vae evident at aU stages of esi^afilc growth* Statlstleally 

slgnif leant reduction in larval weight ranging fron 0*0243 g 

te 0*0349 g %(a8 seen on 7th day as eompared to unrefrlgerated 

or 2 day refrigerated treatments (0*0673 to 0*0768 g) In 

larvae hatching from onog tnreet five and seven day-old eggs 

refrigerated for periods above four days* Hore iaarl£ed» 

etatlstloally significant dlfferenoes in larval weight and 

else were also observed or. the 15th day (Plates 4t5t6 & 7} 

%Aloh further substantlatea the growth retarding effi(ot of 

refrigeration of eggs £ox mors than two days at any stage of 

develepa^nt in the egg* Unrefrigerated oontrol larvae acd 

lervae from soTen day-old eggs refrigerated for two days 

manifested body weights ranging fron 0*5103 to 0*3992 g 

as compared to the range of body weights 0*1249 to 0*3751 g 

observed In the other treatments on 15th day* 
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lablt 1* Effect af refrigeration of elllcwora eggs and Kenoha TIXUS 

infection <»i larval weight (g) 

Si. 
Ro« 

1. 
2« 
5. 
4. 
5. 
6. 
7. 
8, 
9-

10, 
11* 
12. 
15. 
14. 
15. 
1€. 
17. 

Sreatxoents 

Agf Of egg 
(daye) 

One day 
One day 
One day 
One day 
a%ree days 
Xtaree daya 
fiuree days 
Three days 
Plve days 

> yive days 
Five days 
FiTe daya 
Seven days 
Seven days 
Seven days 

• Seven days 

Duration of 
refrigeration 

(days) 

Two days 
yoor days 
Six days 
Eight days 
Two days 
Four days 
Sis days 
Eight days 
Two days 
Four days 
Six days 
Eight days 
Two days 
FOOT days 
Six days 
Sight days 

> Unrefrigeraied control 

S*BB« 4 
O.]). at 5i 

Weight of 10 

7th day 

Infected Healthy 

0.0381 
0*0275 
0.0235 
0.0232 
0.0357 
0.0316 
0*0256 
0.0193 
0.0449 
0.0236 
0.0219 
0.0197 
0.0360 
0.0287 
0.0181 
0.0185 
0.0211 

0.0746 
0.0309 
0.0511 
0.0248 
0.0682 
0.0331 
0.0315 
0.0283 
0.0673 
0.0299 
0.0296 
0.0275 
0.0768 
0.0349 
0.0248 
0.0243 
0.0669 

0.0018 
0.00509 

worms on 

15th day 

Infected Healthy 

0.0865 
0.0840 
0.0630 
0.0629 
0.0638 
0.0637 
0.0557 
0.0338 
0.1054 
0.0669 
0.0658 
0.0316 
0.0712 
0.0631 
0.0401 
0.0298 

0.0324 

0.5220 
0.2159 
0.2101 
0.1713 
0.5177 
0.2747 
0.1918 
0.1393 
0.5657 
0.2767 
0.1835 
0.1709 
0.5992 
0.3751 
0.2005 
0.1243 
0.5105 

0.0119 
0.0336 



Plate 4* SUksrorBS on 15tb day» th«l reaalted fsea 
e«ven days old e^^ refvi^evot ed for two days* 
AI Uninfeoted at Znfeated 

Plate 5* SlllororinB on 13th day* that resulted from 
seven days old eggs refrigecated^eli^ht Aeys» 
Vt TTninfeeted mt mfeoted 
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Plato 6* slXkwozBs m 15th day* that r«8Ult«a txvm fiv« 
days old eggs rafrlgazated for eight days. 

PI Uninfeotad pt Infeetad 

Plata 7* SlUnrarma on 15th day, that raaulted trm. 
OQxefrigeratad eggs. 

Qt TTnlnfeotad t̂ Infaetad 
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A superliapositlsii of Konohu Tlrus Inftotlon on lajrvae 

z«8ulti]3g ixom rofrigerated eggs oauetd a draetio 

reduction In larval weight as observed on the 15th dajf 

a trend vhloh was already evident even on the 7th day 

(ytg#1)« 

Inhibition of larval gJD»Mi)th was sianifeeted In 

imrefrlgerated treati&ent aa also tn the tvo day refrigexatiui 

troatiuent» OCk the 7th day, larvae from lnfeeted» unrefri-

gezated treatoent registered 0»0211 g as against 0*0669 g 

seen In l^e corresponding unlnfeoted control. The larval 

weights in t he different infected batches on ths 7th day 

iranged from 0«01d5 g to 0.0449 g« Righer body weights 

were recorded in the corresponding uninfected controls •> 

0«0243 g to 0,0768 g (Table 1)« Statistically distinct 

xeduetion in body weight as a eoneequeaoe of Kenchu 

virus infecxion was sean after 15 days Wĥ  the infected 

batches ooxrespondiog to the five to seven days old eggs 

sfiowed weights ranging frera 0.0298 g t© 0,1054 g as 

compared to 0*1243 g to 0*5992 g in uninfected* control 

larvae* The results also indicated a lao^ of significant 

interaction between refrigeiratlon and Kenohu virus 

infection* 



Fi«*1* Bffeet of jfefrl̂ et?s"t ion of allkwora egge aisft 
laiioha vli?u9 infect IOQ on lax^al wtl#t on 
••feotb day 



oos 

AGE OF EGG(DAYS) 

Day(Corrtrol) 
Qiy (Control) 

lDdy( Infected) 
(In/ecled) 

2 4 6 g 
DURATION OF REFRIGERATION (DAYS) 

FIGURE - 1 
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4«2»2 Inatag progrcBaton 

SuoeeesfuX oompletlon of Instars le a talr pol&tar 

to tiie vlgoiur and haalth of tht ellkmsn* Xnstar pvogreaelont 

eapeeially into tha HI Instcu*, has fumiahed usafoX 

Inf araatlon on tnl a aapeot (iSabXa 2 and Flg«2} • Za tb« 

baaithyt iminfaotad batches aabjeo^ed to a mild 

rafrlgeratlon of 2 days tn the oasa of ona to flra daya 

aid agga^ tha Xaxval prograsaloa Ifta tba ZZZ In star zengad 

high froB 92 to 93 par eont* W>v&>fer$ longor periods of 

refrigeration of egga tazided to daoraaaa the peroentage oS 

worms progressing Ir.ta the III Irstar (56,66 to 76*00 

per ea&t)* Ae xoTaaled from the datat the oold tolaraiioa 

oapaelty of Para Kysora ailkwom eggs tended to daorease 

with age* 70 &lta the eirtr«Be ex:am. leo of tme and seven 

day eld egg treatnientst the peroontages of worms entering 

III Inatar were 9i>*35 and 75«M per oant for a 2*day period 

of refrigeration and 76.00 and 5€*66 per cant for 8->day 

period* 

Infection '^th Kenobu virus led to a drastic 

reduction in the percentage of worms crossing the moult 

barriers from 90*66 to 71.34 and fram 97.34 to 18,66 

per cant for II and III instar entry raspeotlTely In 

larvma from unrefrlgerated eggs (Fig.2)* Befrlgesatlon 
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^ ^ * - ^ # — * , <—» . * " > • ^ ^ * ' ^ i * ^ 
- • W U>9v ^M9 2 t P - • « > «»CV OK\ OKN 
K>Ot) VOO vSch «^0 lAv- \00 0 « O*-
• • • • • * • • « • • • • • • • 

JAW Q ' * Qlf^ mKN JAOO : t t - ^CQ ' • t ^ 

• 

I 
CO e 

I 

I 
I 

I CD 

•a ••• 

CO m 

6U 

o o 
XiiT^ 

_? _i 00 ' • 
•" 

o o 
%-» 

• • C"-* * -
^> 

O O 
' k M ' 

CM 

(ecvi 
* • t > " « * 

• • 

O O 
^im0 

• • 
vo««*-
«-

O O 
' W 

O 

• • a* 

o o 
% i ^ 

VON 
• • 

c - ^ 
f 

o o 
^<' 

VOv-
• • 

\o^ IP" 

o o 
«». * 

VOO 
• • 

u \ ^ r-
••* 
B 
o 

^1 V OJ tt\ "^ v\ ve oo 



0^ 

00 

\o 

U\ 

iC\ 

§ 

CM 

1 

8^ 8R 8^ 8^ 8^ 8R 8^ 8^ 8^ 
• • • • • • • • • • • • 

oo oo oo oo oo oo oo oo oo 
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Pig*2* Bffeet of refvlgexretion of silkworm eflg* 
ftoa Senchu yixvm iafMtiOQ on porogroMiiOB 
-lo third iastar* 
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in combination with Konohu Tirus infeetion also led to a 

aarlced adverM influence an Isietar ptQgTeeaisnm R9weT«r» 

refrigeration, per &e» did not hare appreciable iiafluence 

On the severity of Kenohu InHtctlon as eTideneed by instar 

progrtssioxi* > 

Irrvspeotive of whether tbe egga were refrigerated 

or not, EtjQ for mortality ranged from 15»00 to 20,67 

days in virus itifeotlon treatments* 

••3 ^feot of releasing Kenobu virus Inoculated ailiiwonns 
into healthy potuljtions in various propartlans 

4»3»1 See and instar 

4*3*1*1 Larval weight 

The larval weights correspMiding to 10 worms on 7th 

day after ijifection were 0,3850, 0.3953 and 0,3997 c In 

respect of 2A§ 20 and 16 per cent density of infected 

IndlvidualSt rcepectively lAlch were slinllar wit|i «ach 

other and s i^l f icant ly lower coripsred to others. I«rval 

weight correapaniiing to control (0.4620 s) and 4 per c«it 

density (0,4630 g) was siaxlEmm and significantly more than 

in a l l the others (Table 3). 

The weight of ten worms in control was the highest 

(2.0900 g) on 15th day after infection. !l̂ ere was a 
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Table 3« Impaot of releaelng K«nohu virus inoouXated sllkvofras 
Into b«altl^ populations In various proportloiis In 
ssoond iiastar an larval t^lght 

SI . 
H0« 

1. 

2 . 

3. 

4. 

5 . 

6. 

?• 

Otn&lty of Kencbu 
virus Infsotsd In* 
dividual8 rtleaasA 

4 per cent 

S per o«:it 

12 per otBui 

16 per Q&ai 

20 per cent 

24 per oent 

Weight of 
10 worms on 

7th day 
(g) 

0*4650 

0.4^10 

0.4190 

0.3997 

0.3953 

0.3^50 

Untreated oontrol 0*46^ 

S*£m« jk 

C«P« at 3li 

0.0081 

0.0249 

Weight of 
10 voros on 

15th day 
(g) 

1.5952 

1.5069 

1.2694 

1.0425 

0.995a 

0.8545 

2.0980 

0,0478 

0.1472 

HaximuB larval 
wsight of 10 

WOZBS 
(g) 

11.1635 

10*6740 

10.1857 

9.4750 

3.5340 

8,0897 

14^5270 

0.5931 

1.827 
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gzadttal yet statlBtleaLly algnlfloant d«ez«aM la lartal 

wtlght atttndant on ztitftsiag infeoted IndlTldtisls 

(1,5952 t» 0#8545 g). A slffillar tr«3d was aleo obsarved 

1B the oaxliBum lairval weights recorded* 

4«5«1*2 Moaltlpg duratlap 

ouratloa of seoond mouit la different tr«tMnte 

ranged frea 22*67 to 27*35 hr« fhe delay In moaltlng 

time In 20 and 24 per o«at treatioenta nae found to be 

statletleally significant and higher than In t he o19key 

treatiBeats (Sahle 4)* Duration of third moult In 

different treatments ranged from 24#33 to 34.00 hr* At the 

higher releases of 12 to 24 per cent (30 to 54 hr) the 

delay was statlstloally highly significant. A oiore 

proifiiounoed prolongation of IT moult duration ae eompared 

to IX and III moults was seen In al l conoeatratlom 

above 8 per o«it (52.55 to 53*00 hr) as against 28.00 te 

50*55 hr In control and 4 per cent treatment respectively* 

••'•^•5 3;ngtar dttratlon 

fhere ifas a statistically significant prolongation 

ef all the Instars from n t o 7m The second Instar duration 

was 3*08 days In healthy control aa again el 4*00 te 4«67 

days In the different releases of Infected worms* She III 
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fabX« 4* Zmpaot of rtleaslng Kenohu Hrua inooulattd ellkwojeiBa 
Intd healthy populations in imrtous proporttona In 
second Instar on ooaltlng duration 

SI* 
H9» 

Density of ^enehu 
virus infected 

individuals 
released 

^eciOrA 
moultinn^ 
durai:i3n 

(Hr) 

fhird 
moulting 
duration 

(rr) 

?oart!! 
moulting 
duration 

(Hr) 

1. 

a. 
% 

4* 

9. 

6« 

?• 

4 per cent 

8 per oent 

12 per oent 

16 per oent 

20 per eent 

24 per oent 

Untreated oontrol 

S«SBl*;f 

CD* at 5^ 

22.67 

23.53 

23.35 

24.67 

27.33 

26.67 

23.33 

0.94 

2.896 

25.00 

26.33 

30.00 

51.67 

55.35 

54.00 

24.55 

0.81 

2*496 

50.55 

52.35 

55.55 

54*67 

56.55 

58.00 

28.00 

0.77 

2.572 
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Inotar naa 4*75 daye long in oontvoX i^loh WLB izioz«a0«4 

to 4*92 to 6*75 in tfa« treated ones and the IT Inetaf 

diuratlQD was again ninimum in control (5«08 days) as 

oompared to 6.08 to 12*08 dekys in differsnt rsleaaes* flit 

•agnitude of difference in duration of V inetar was 

eomparable to that reoorded for IT inetar (9«08 days 

in Qontrol and 10*50 to 15*58 days in batohes eontainiag 

the rsleased infected individuals) (Table 5)« 

4.3*1.4 Inetaj^ progressioi^ 

There MIS CO significant difference in the 

percentage of worca entering the III inetar* Release of ei^^t 

to 24 pear cent density of infaeted individuals into healthy 

batohes in ^9 11 in star resulted in a statistically 

significant decrease in the percentage of vozsas progressing 

to the I? instar (94*00 to 73*53 per oent) as ooapared to 

98*00 per o«it in control larvae* Slfferenoes in woxns 

entering T instar in 6 to 24 Per cent treatiaents 

were statistically borne out as compared to 90*67 per otfxl 

in control larvae (Table 6X* 

4* 3* 1*5 ET̂Q for symptom exhibition and nortality 

There was a gradual deoxease in t he £T^ for symptev 

expression as tl^ percentage of released indivlduflds 

increased (22*33 to 13*33 daysX* Similar effect was also 
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^ble 5* Impaot of rtleasing K«nobtt virus Inoeulated sllkwofna 
into healthy popuX-atlorss Irs various proportions In 
seoond Inetar oti duraticsi of instars (days) 

HO, 

1* 

2* 

% 

4« 

f* 

6. 

7» 

Stnsity of Kindha 
virus inooulated 

individuals rolsaatd 

4 per oent 

8 per oent 

12 per oent 

16 per cent 

20 per o&xt 

24 per oent 

Untreated ccBatroi 

S«Eau^ 

O.p. at 59( 

Second 
tnstar 

4*0d 

4«08 

4*00 

4*2$ 

4»53 

4«67 

3. OS 

0.10 

0,508 

Third 
inetar 

4*92 

5.25 

5.50 

5.75 

6 , » 

6.75 

4.75 

0,15 

0«462 

Fourth 
instar 

6.08 

6.50 

6.53 

7.42 

9.08 

12.08 

5*08 

0*29 

0,708 

fifth 
inaatr 

10,90 

11.42 

12.67 

13.33 

14.29 

15.58 

9.08 

0«29 

0,708 



68 

TabX« 6« Ziapaot of reitaeing Kenohu Tlrus Inoculated elXkiraxBa Ir̂ to 
b«althy populfliloiis in various proportions in ssoond InstalP 
on extent of voztts «ntdrijQg to sii'iaeQUttit lnsteu>3(Per owt) 

SI* 
Dsiuiitjr of Konohu 
•1x118 laoottlated 

individuals 
rsleaasd 

Waroe 
entering 
third 
instar 

Worms 
eotsxing 
fottrtli 
Instav 

worias 
enteriat 
f ifth 
Instar 

f. 

t« 

3* 

4. 

$ « 

€« 

4 per cent 

8 peir o«nt 

12 p«r cent 

16 per oent 

20 per oent 

24 per oent 

Untreated coritrol 

96,00 
(ai .2i)» ^ 
95.00 

(79.80) 

96.6T 
(81.81) 

94.00 
(76.34) 

93.33 
(78.29) 

91.33 
(75.26) 
100.00 
(90#00) 

4.92 

15.161 

1^ 

94.00 
(76.59)» 

90.00 
(71.eo) 
82.00 

(65.04) 

79.33 
(66.03) 

76.67 
(62.68) 

73.33 
(59.12) 
98.00 

(83.44) 

2.70 

8.320 

angular transformed values 

81.33 
(65.73)» 

82.67 
(65*49) 

79.33 
(63*00) 

63.33 
(52*76) 

59.33 
(50.42) 

55.33 
(48.07) 
90.67 

(72*82) 

2.92 

8.998 

8*Sikt 

0«B. 0t 59̂  

• figures In parsntbesos are 

liS «* NCQA ŝlgnlfloant 



69 

reoorted for Bf̂ ^ for mortality i*hloh ranged bctwMB 

30.00 to 17.67 daye in release perc«itag«8 ranging ttvm 

4 to 24 per oont (StUo 7). 

4»3»1.6 Ooeoonlnn and ooooon. pupal and ooooon afael̂  

Tht drastlo effoct of roleaslng Kanohu virus Infeetod 

silkworme into healthy popttlatitms at aa low a lerel as 4 

per cent (tht least ezaained in the present investigationt) 

was olearly felt in the number of ooooons spun which happens 

to be one of the laportant eeonanio traits In praetieal 

sericulture* It vas 30 per oent as oompared to 90.67 

per oent in healthy• ocntrol worms* The severity of effect 

was also evident in the 24 per cent treatment t^ere 100 

per oent mortality was noticed (Table 7 and Fig*3)* fht 

p«voentage of worms spinning reduced gradually %ilth tht 

inorease in the percentage of release* 

There was a gradual decrease in oocoon wei^it as 

the percentage of infected-individuals released increased 

(Table 8}« The cocoon weight reduction from 8 to 20 per c«it 

treatments vas fotaid to be statistically significant 

(7*010 g in control and 6#471 to 6*102 g in treatments) # 

A similar trend was also noticed in the pupal wei^t end 

cocoon shell weight* Bowevert i t was interesting to note 

that differences in cocoon shell ratio were of small 
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ICable 7* Impeet of releasing Kenoha virus iaoeulatsd silkirovMi 
into healthy populations in various proportions in 
second instar on WBQ for Einchu sympton exhibition 
Q.VA mortality anfl €xfenl of oosooning 

S i , Density of Xenoha virus 2?.^ for lieneha BĈ o for -p^g eent 
HO, inooulatefl inflivlAuals gymploB exbibi- ««>irtality eooooning 

rsleased ' % ion (days) '^^* > 
• » * — < > • > « » * — M W W N — w l W — 1 — l ll£S£Si 

n 4 pel eeat 22«33 50.00 30.00 
(4.773 ) • (5.504 ) • (33.20 ) • • 

2* 8 per cent 22.00 23.00 24.33 
(4.740) (5.290) (29.55) 

5 . 12 per cent t9.00 26.67 22.00 
(4.414) (5.163) (27.95) 

4 . 16 per sent 17.33 22.00 10.00^ 
(4.220) (4.742) (18.42) 

5. 20 per cent 16.33 20.33 7.00 ^ 
(4.100) (4.509) (15.24) 

6. 24 per osfld 13.33 17.67 0.00 
(3.718) (4.222) (0.00) 

7. triilreatea oontrel 0.00 0,00 90.67 
(0.707) (0.707) (72.15) • « M * « M M I M I M M » I 

S.En.^ 0.068 0.068 3.747 
O.S. at 51^ 0.209 0,209 11.544 

• Figures in parentheses arex/x -f o.^ transformed values 
• • Figures in parentheses are angular transformed values 



Flg*5* iartent of cocoonin^ ae Inflaenoed Ijy 
release of ifenebu vixus Infeeted indlviduels 
Into healthy populations in different 
psoportiODs in seeond^ third and fourth 
inetare. 



I I Inslar 

KX) 

90 

80 

70 

60 

50 

z -

a 
in 

z 
§ 
o 
o 
o • - i AO 
z 
UJ 

u 
K 
UJ 

Q.I30 

20 

10 

O 
Q: 

O 

mm 
III In^Jar 

IV iTOtar 

rr 

4 8 12 ''^ 20 2̂ » 

Figure- 3 pER CENT DENSITY OF INFECTED SILK WORMS 



71 

ZelAe 8. xmpaot of releasing Eeaobu Tiros iaooulated silkvoras 
into healthy popalations in various propoiilioni in 
stoonl iastar on ooooon weiAh1» pupal wtigM* soeoon 
shell w e i ^ end ooooon abeXl ratio 

Density of Kenohu 
8l« virus inoculated 
To. individoals 

relumed 

Weight 
of 10 

ooeooBs 
(s) 

weight 
of 10 

W e i ^ of 
10 ooooon 
Bbells 

OOCOOB 
Shell 
r«tio 

1« 4 per eefll 

2* 8 per eeal 

12 per oent 

4« 16 per eenl 

5* 20 per oent 

€• 24 per oent 

7« tTntreated oontrol 

6.925 
<2.742)« 

6.471 
(2.639) 

6.261 
(2.587) 

6.158 
(2.576) 

6.102 
(2.568) 

0.00 
(0.707) 

7.010 
(2.740) 

5.9815 
(2.5456)• 

5.5750 
(2.4643) 

5.3390 
(2.4266) 

5.3154 
(2.4103) 

5.2840 
(2.4033) 

0.00 
(0.7071) 

6.0247 
(2.5537) 

0.8707 
(1.1707)* 

0.8602 
(1.1662) 

0.8110 
(1.1449) 

0.8069 
(1.1430) 

0.7770 
(1.1299) 

0.00 
(0.7071) 

0.9372 
(1.1987) 

12.26 
(20.49)< 

13.29 
(21.36) 

12.95 
(21.07) 

13.10 
(21.19) 

12.74 
(20.38) 

0.00 
( 0.00) 

13.39 
(21.44) 

S.BB.+ 
CD. ? 55$ 

0.032 
0.0986 

0.0326 
0.1004 

0.0087 
0.0268 

0.26 
0.801 

# figures in parentheses are.i ^ ^ Q • transforsod valnss 

• • flgorss la PforenthMes are angular tre^fomed valuss. 
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nasi^tude and a deficltt trend was not sem (xtaagm 12.26 

to 13*29 per oent) in the treated batches* 

4»5»2 fhlrd In stair 

4»?*2.1 larval welf^t 

fhere vrae no oignlfleant deorease In larval weight 

on liie 7th dayt the weight ranging froB 0.6638 to 0.7642 g/10 

larvae (Table 9)« The differences becane zoora pronounced 

on the 15th day* There was a gradual deorease aooompanyiî  

the Inoreaae in t he peroentage release (1*9435 to 1.4797 g)* 

The corresponding cantrol larvae registered 2*7897 s/lO larvae. 

The adverse effect of hS^ ztlaases was clearly 

evident In the pronounced reduction in maximum larval 

weight (7*7457 g te63480 g/lO larvae) as compered to 

14*3207 g in healthy larvae (Table 9)# 

4*3*2«2 I^oultlng duratiin 

The duration of III moult was not significantly 

affected by the release of Infeeted individuals in all 

the levels tried* Fourth monlt duration* howevert was 

significantly Inoxeased in 12 to 24 per cant treatment o 

(31*67 to 36«39 hr) as compared to 2d»00« 26*33 and 

30*00 hr for controlt 4 Per oent and 8 per cent* 

respectively (Table 10)« 
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Table 9» Bffeet of releasing Ssnoha virue Isooulated aillorom 
into healthy populotione in various proportions in 
third instar on laj:val wei#;ht (g) 

Density of Kenoha Weight of Weight of Haaciaun larval 
Sl« virus inooulated tO woros on 10 worns oa vsight of 10 
W»» individuals 7th day I3th day wovas 

released (g) (g) (g) 

1. 4 pes oem 0,7973 1*9491 11.0869 

i* 3 per cent 0.7474 1.9599 10.5929 

9» 12 per eeat 0.7444 1.7475 9.3949 

4* 16 per seat 0.t128 1.7912 7.7497 

$4 20 per oeat 0.7114 1.6797 7.1259 

i« 24 per sent 0.6638 1*4797 6.9480 

7« trnlreated eontrol 0.7642 2.7897 14.9207 

im w iiiiw •mm W W W W . * — w » i 

S»»i .^ 0.0229 0*0827 0,3914 

CD. at 5ll 0,0705 0.2548 1.206 
m 

m • 9»n«-8igBif loaBt 



74 

TfiU0 10* Bffeot of rtleaeing Ŝ mbu vlrttti iiiooalat«d slXlarorM 
inlo healthy populatloni in Tariout proportiow in 
third Inatar on moult in/? duretioa anfi ESCA for Seaeha 
•ynifloii nrhlbitlon ' 

PftBBlty of K:€>neha 
Si* virue inoculated 
Ilo* individuals 

released 

Tbire 
BOUltiRff 
durat ion 

CHr) 

Fourth 
moult lag 
duration 

S.Q for 
finvhtt flyraptoB 

exhibition 

1. 

2. 

51 

4 . 

9 . 

« • 

?• 

4 per oent 

8 per cent 

12 per cent 

16 per oeni 

20 per oent 

24 per cent 

24.00 

23.67 

24.00 

24.67 

27.53 

28,67 

UntreaieA ooatrol 24*67 

S.EB.jf 

0«D* «l 99t 

1.29 

3.975 
m 

26.35 

30.00 

31.67 

53.33 

32.67 

56.35 

2S«00 

1.08 

•5 -5 :LS 

25.35 , 
(5.074)• 

23.35 ^ 
(4.881) 

20.33 
(4.562) 

18,00 
(4.297) 

16.67 
(4.142) 
14.67 
(3.894) 

0.00 
(0.707) 

0.040 
0 ' V X 3 . 

MB • non-eiimifioaBt 
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4*3*2.5 Inetar dujgatlop 

Shere was a slgnif leant iuoreasc in III instav 

duration la 8 to 24 P«r o«it tceatntfitt (5*17 to 5»5d day* 

«• against 4*75 days la healthy wozng)* yourth lastajr 

dusatlon also oaalfastod slmllav beha^ouv* !£he data 

waira slgalfloaat statistically* She dxag la tha T laatar 

IMS more proaoanoad* For axampla» vlth 24 P^ oaat 

zaXeasot the delay la III lastar vas 0.83 dayt IT lastar «» 

5*41 days and Y Instar * 5*17 days (Sahle 11)« 

4*3.2.4 Instex proggeselon 

There was vary Xlttla fflortallty la aay of tha 

treatifiente and most of them progressed to the Z? lastar* 

However» the deleter! oa a effect began to he felt la tha aatsiy 

to 7 Insteur. Zn control batoha8« 96*35 par cant of wosna 

pitgrtaaad lata tha 7 lastar as compared to 89*33 to 69*35 

par cant la release treatments of 4 to 24 par cant (Sable 12)* 

4*5*2*5 ^gQ for Kanohu gynpton igmifgstation end mortality 

!?one of the healthy larvae exhibited Kendia mi^taaa* 

SSVQ for qyaptom escproealoa decreased gradually with 

inoreasing p«Kcentage release *25»55 to 14*67 days la 4 to 

24 per e«it treatmantsc thereby indicating tiia liM^ 

slgalfloaaoe of the result (liable 10)* 

Fifty per cant mortality was aot reached la ooatrol 

eosd 4 to 12 per cent ralaaaaa* la 16 to 24 per eeat 
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fable 11« Effeot of releasisg Kenoba virus Inooulatea •illwojpw 
into healthy populations in Yavious proportions in 
third iisstar oo inatar duration 

SI, 

1« 

e« 
3* 

4« 

9* 

€• 

?• 

Density of Kenohu 
virus iDooulated 

individuals 
released 

4 P€r cent 

8 per cent 

12 per eent 

16 per cent 

20 per oent 

24 pea? eent 

TJntreated ocntrol 

S.Bn.^f 

0*]}« at 35( 

Third 
instar 

duration 
(Bays) 

$•08 

$•17 

5*17 

5.25 

5.35 

5.58 

4.75 

0.13 

0,40 

Fourth 
instar 

duration 
(Days) 

5.75 
6.08 

<.50 

6,42 

7.08 

8.58 

5.17 

0.23 

0.708 

Flftll 
Instar 

durat iOB 
(Days) 

10.25 

10.50 

11.00 

12.08 

13.50 

14.00 

8.83 

0.17 

0.523 
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Table 12* Effeot of roleasioir Xenobu Tlsue Inooulated siltororas 
into be^ l̂thy populfltlons la Tarloua pro port lOM IB 
thi:i.'d inetar on eortont of worns entorJLng subsegueot 
Inetarst ^SKQ 'or novtality and eartent of cocooalng 

• » — W i l l i II 11 •! m«iiimm»mmmmmmmmmmmmmmm»mmmmmmmmmmmmmmmmmm m\imiiimmmmmmmtmmmm0mmKmmmmmmmimm 

Density of Sioobu ?er oent Per eeol SP-A ^°* ^^^ ô >̂  
SX« 'Virus inoculated worms worw rm25i«'i«*w ooooon-
to« inaividuals enter laff entering i^onawy ^̂ ^̂  

xielcaeed 17 invtar V instar (Basra) 

1. 4 par oeat 98.00 89.35 0.00 67.33 
(83.44)» ai .Ot)» (0.7O7)»« (55.15)* 

2* 8 per oent 100.00 81,33 0.00 62.67 
(90.00) (64.61) (0.707) (52.34) 

3 . 12 per cent 100.00 76.00 0.00 53.00 
(90.00) (60.85) (0.707) (40.72) 

4* 16 per eeni 100.00 74.67 13.67 41.00 
(90.00) (59.83) (4.297) (39.82) 

5 . 20 per eefll 100.00 70.00 t8«35 31.33 
(90.00) (56.81) (4.339) (54.02) 

6. 24 per cent 96.67 69.33 16.33 27.00 
(81.43) (56.59) (4.102) (51.50) 

7. iriikreated oontrol 99.33 96.35 0.00 92.55 
(87.29) (79.14) (0.707) (75.99) 

S.WI.+ 8.59 1.19 0.045 0.74 

O.D. at 5^ 7.564 5.385 0.1586 2.280 
M5 

« fli;arG0 in p^enthpsas are angiilar transforned values 
• • f i b r e s in parentheses are/x * 0.5 transformed values 

B >• FOB*SigBifiOBllt 
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Mleaeee* th% m^Q values ranged froia 18.67 to 16«35 dajs 

(Table 12)• 

4«9«2«6 QOQOQniafi anA QOQOJU and eihBlX wei^ta 

HlgbeBt peroentaf'̂ a of ooeoonlng vas obssrved la 

healtby oontrols (92*3!$)» IFhere «ae a gxadual« drastio 

MduetiOEL in 0000^ ling txm 67*33 to 27*00 per ocnt !& 

tbe treatiQents ranging tsoa A to 24 per oent release 

(S?able 12 and Tig* 3)* 

OOQooa weight %»s slgziifloaiitXy reduoed In 

releases of 12 and hlglier peroentac^ (6*3497 to 

5*4914 g/lO ooeoons) as eocpared to 7*2228 g in ocntzol* 

Similar trend was observed even with repaid to pupal 

«ei^t* Statletieal dlffetenees did not exist smsmg tiie 

different ezperlBiental treatioente in respeet of eoooon 

shell weight and ooooon shell ratio (Table 13)* 

4*3.3 FOiirth Inetar 

4*3*3*1 Itorval weight 

Signiiloa^t reduction in larval weight was observed 

on the 7th day In aU treatnontat ti9 wel^its ranging frea 

2*3031 to 2*6563 g/lO larvae* The correspondiag vnî ^t 

In oflntrol was 2.8312 g(Sable 14)* 

There was a gradual, significant reduotlon in larval 

tfeight CK the l^th day from 3«0270 g In 4 per e«it release 
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Table 15, Bffeot of releaalng Kenehu vlvua inoouletted sUkworisa 
into healthy populations in varloiie ivoportioiB in 
third Imtar on ooeoon wel^t» pupal urelght» oocoon 
shell wei^t and coooon shell ratio 

••••••MMm»«nM«>aMMi»aB«*i 

penalty of Xieaeha 
81a Ylrua Inoculdlai 
NO* iBfliiriaaala 

released 

Weight 
of 10 
oooooa 

(g) 

Weight 
of 10 
)upae 
ts) I 

weight 
of 10 
oooooa 
shells 

(S) 

Coooon 
shell 
ratio 

• • •kWNtMlnaaMMMraMaMMMIM immtmmmmtmmtmmmff^ 

4 per oent 

3 per oent 

9» 12 per oent 

4* 16 per cent 

9* 20 per oent 

<• 24 pcjr oeni 

6,7997 5.9250 0.8565 

6,6845 9,8164 0,3999 

6,9497 5,4700 0,8461 

6,2965 

5.3356 

3,4514 

7« Untreetea oontrol 7,2228 

5,4295 0,8057 

5.0560 0.7714 

4,5206 0,7441 

6.2794 0,8900 

12.56 
(20,68)« 

12.47 
(20,70) 

19.99^ 
(21.99) 

12.81 
(20.95) 

13.42^ 
(21.45^ 

15.65 
(21,66) 

12,20 
(20.47) 

CD. at 5^ 

0.2127 0,1984 0.0684 0.89 

0.655 0.611 0.2100 2.742 
US IB 

« Figures in p^trentbeses are angular traosforced values 

m » Ifon-slgnif ioant 
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Sable 14* Effoot of roleaslog SeTiohu visua laoeulated siliove. 
into healthy populatione In various proportions in 
fourth instar on larval weight 

S I . 
lo* 

1* 

2« 

5* 

4« 

5. 

€ , 

?• 

Density of Ssnohu 
irirus inooiilateA 

individuals relear 
•ed 

4 per oenl 

3 per eent 

12 par eenl 

16 per eenl 

20 per oenl 

24 per eenl 

OTntreated eontrol 

3«Sa»4 

a,S. ad 3^ 

Wei4»ht 9t 
10 w*ora« 

on 7th day 
(e) 

2.5912 

2.6963 

2.5651 

2.5290 

2.5280 

2.5031 

2.8512 

0.038 

0.117 

Weight of 
10 WOVMI 

on 15th day 
(§) 

8.0270 

8.0373 

7.5866 

7.4048 

6.8675 

6.6007 

10.5343 

0.1829 

0.5636 

tlEorlBum Inrval 
wei^t of 

10 worms 
(e) 

12.3427 

10.7097 

10.5247 

10.3200 

9.4590 

8.7937 

14.1817 

0.4907 

1.536 
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to 6,6007 8 in 24 Per ooct x«lea8« at oonpared to 

10*5343 g in uninfeoted wozns, fho variation wae simllair 

in rospoot of maxinua larval wtight alio (12*3427 to 8*7987 f 

in 4 to 24 per oent release)* Ten lainrato v/eighed 

14*1817 g vltbottt infeotion* 

4* 3* 3*2 Moulting and in star duration aid instar Proa 
Duration of ZV instar was extended only at Hie 

hlgiuir i>eroeiita«,e releasee of 20 and 24 per omtp the fttluss 

for insiar duration being 6*50 aŝ d 7*00 daysf reepeotively* 

Control worms shoved IV instar duration of 3*80 da;^ 

(TaldLe 15) • Duration of lY moult was not dL^nifloantly 

affeoted* 

Peroentage of worms ottering T instar registered 

signifioantly lower values of 92*00, 91*00, 89*00 and 86*67 

per cttut for 12, 16» 20 and 24 per oont releases* respeotivelj 

oompared to 98*33 per oent in unlnfeoted oontrol* Duration 

of y instar î as affected to a larger extent, a gradual 

Inerease from 10*08 to 13*00 days l»eing oanlfested la 4 %9 

24 per oent releases* l*he oontrol voxms requijsid 9*SS days 

for tfOiApleting the instar* 

4*3*3«3 13!1̂Q for lenohu gyiaptop aanifeetatlon 

Fifty per o«nt of tbs wonas shoved Kcnohu synptflMi 

only in 20 and 24 Per occt releases (19*33 and 10*33 days 

respectively) (Table 16)# 
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TaMe 15* Bffeot of releasing KenoHu virus Inooulaited slltarerM 
into beeiltby populsit ions in various pcoporlioiiB in 
fourth Iflslar on instar durst iont soultiBg durst ioa 
sna srtsnt of worns entering fifth instsr 

Density of Xeaeba 
Si* virus iaooulatsA 
!li»« in!i7i4u6(ls 

releasefl 

Fourth Fourth Per oent »4f*k 
initar moulting woras iMtar 

durst ion duration snteriog AuMtiAB 
(Pays) (Hr) 7 instsr *»««*"» 

1* 

2 . 

5 . 

4* 

9* 

< • 

f. 

4 per eest 

8 per cent 

1g per cent 

16 per oeut 

20 per conk 

24 per oeat 

Tftrtrented eontrol 

S.Eo*^ 

8J)» «t 5^ 

5 •SO 

5.53 

6,00 

6.42 

$.30 

7.00 

5.80 

0.22 

0.677 

26,67 

26,67 

2B,00 

28.67 

30.67 

31.33 

27.67 

1.20 

3.697 

U.S. 

97.67 
(81.28)« 

96.00 
(78.46) 

92.00 
(73.57) 

91.00 
(72.54) 

89.00 
(70.63) 

36.67 
(68.61) 

93,53 
(82.51) 

1.044 

5.217 

10,08 

10.25 

10.33 

11.00 

12.08 

13.00 

9,25 

0.16 

0.495 

• Figures in parentheses are angular transformed valuss 

]r,S. « lTon-«igQifioaiit 
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I able 16. Btt9efi of rtleaslng Kisnohu vlraa iaooulated sUkiro: 
into healthy populations In variotia pjfopoftiom in 
fourth instar on BBen ^^' Xienohu ayispfeoffl exhibit 1089 
extenfe of eoooonlng^m ooooon veight 

Ŝ » BeBslty of SsRohtt 
Vo* Tlsus Inooulated 

jLadlTlduals 
released 

BP-Q for Kenohtt 

t iOQ 

Pev oent weight of 
eoo«omng ^0 eooooM 

(S) 

82«67 
(65,45)«* 

80.00 
(63.53) 

7«.00 
(60.69) 

68.00 
(55.56) 

61.35^ 
(51.53) 

51.35, 
(45*T7) 

97.00 
(80.02) 

1* 4 per cent 

2* 8 pee oenl 

3 . 12 per eent 

4* 16 p€r eeiit 

5 . 20 per eent 

6. 24 per oent 

7. Untreated control 

0.00 
(0.707)« 

0.00 
(0.707) 

0.00 
( 0 - 7 0 7 ) 

0.00 
(0.707) 

19.33 
(4.452) 

10.33 
(2.902) 

0.00 
(0.707) 

mummmmim* nmtrnmrntm^i^mmmt* 

O.B. 8(t 59S 

• Figures in parentheses 
*• Figures in parantbeees 

IG » Non-slgBifi^Oit 

0.418 

1.283 2«68 

7.1011 

7.0727 

6.9596 

6.9361 

6.9042 

6.4211 

7.2957 

0*222 

0*684 

ere\/x ••• 0.5 transformed talaes 
are angular transforned fa-̂ -ue* 
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4«3«3«4 OOQOonlng aid ooooan and ahtll vai^tfl 

A atgnifloaiit xeduotlon in tht 99XomtB&9 •£ 

larva« spinning ooooons was evldant* Tb«rt maa a gradual 

fa i l froBi 82,67 to 51*33 par o«it In 4 to 24 par oiBt 

tfftatmanta. With haaltliy batehaa* 97.00 par oont woiat 

Bpiu oooo3nB(Flg*3)* 

HO slgttifleant dlfferenoee vam oksexvad In ooooon 

walghta (laliXt 16) t walgbt of pupa* and eoootsn abtXl xatlo 

(Tabla 17). Soall bat slgnlfloant dlfferanoaa In Aal i 

valght wara aaan at all Ifaa loYela of ralaaaa (0*9162 ta 

0*6777 e) aa oeisparad to 0*9307 g/lO ahalla In eontroll 

A pafttaal of tha data so taji oollaatad on tha 

affoot of ralaaaing dlffezant proportions of Kanoha ylrus 

Inftotad Individuals to haaltliy populations nvaalad tba 

following Infonoatlont 

Tha larval valght at tha snd of tha fifth Instaar 

was slgnlfloantly roduoed Irrespaotl^ of stâ â of 

ln£MtlOB and par o«it ralaasa of infaotad lervaa* JA 

ganaialt tha aztcnelon In moulting duration was dapaaivrt 

on staga of Infaotlon^ fiia noalt liaadlataly aftar infaetloa 

waa not slgnif loastly affaeted wharaaa tha affoot eould bs 

prosilnsntly saan Is tha subsaqusnt maults* Ikistar durations 

vara found to ba slgnlfloantly inoraasad when stlaasss vei« 

mads In aarly Inatara* If ralaaass ot infaotad worms weso 
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TabXo 17. Bffeot of rtXeasing Kenoha virus inoculated sillBroi 
into healthy pe|«X«lioai in Tarleas proportion la 
fourth iBfrtar on pupal weight t ooooon shell weight end 
eoeooa shell ratio 

gĵ  Density of Xenohu virus Weight of Weight of 10 Ooooon shell 
\^* inoculated individuals 10 pupae cocoon sheila r«lie 
^ * released (g) (g) (%) 

1* 4 per oenl 

2* 8 per cent 

3* 12 per oeat 

4* 16 per oent 

5« 20 per oent 

6» 24 per oeal 

7« TItetreated eenlrol 

S*£a«J; 

0«9« at 59$ 

• figures in parentheses are 
9»8« • »bn-8igaifi0iart 

6*1202 

6.17i9 

9.9464 

6,0023 

3*^90 

5.5638 

6,3252 

0.2043 

0,629 
tv i^S, 

0,9162 

0.8930 

0,8343 

0,8467 

0.8173 

0,6777 

0,9307 

0,0211 

0,065 

angular traneforaed valmt 

12.97 
(21.11)• 

12.57 
(20,75) 

12.70 
(20,85) 

12.27 
(20.45) 

11.86 
(20.07) 

10,58 
(18.94) 

12.76 
(20,88) 

0.49 

1.509 
a J l . 
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B8d« In l8t0t Instarep tiit in f̂ltar proXoogatlan was not 

of high ma^ltttda but vtlXX ir«Htiaed statistlimll^ signlfloant* 

2h« Inatar progrosslon naa d«p«n4taiBt slg&ifloantly on tlM 

staga at vhloh t he Inf e«ted indiviattala wast ralatMi lata 

healthy popoletlaDS. fhe effeat vwindt aaiiead In tht 

iBtflar Sa %ilileh they vera raX^sad* hat the suhsequ«nt 

instars wave prolangad* ID aaaa of zalaasaa la IT laalati 

ap^neiabla affaot was not eeen in pmfitaflLon into ? Inatav 

although diuratlon of T iaatar was slightly Inezaasad* Sha 

S l ^ TBlaaC far GQ p̂tos axhihltlon redooad with the IneMaat 

la tha peroentaga zalaaaa of Infeotad Indivlduala* Hortallty 

oeuld ha ohaamredf lirraapaotlTa of pfiroentaga of infaetad 

vanaa ralaaaad» vhca tha ata^a of infeotlon MM aasijr 

laatawl awatagf valaaaa of Infeotad indlTidaala In 1? 

la alar did not result in tha appraolahla larval aortallty 

in any of tha valaaaaa* Oooooning aid eoooon paraoetaya vara 

also ohserved to oome dow with ioexeaaa ia the pgmnt^i» 

of zaleaaed infeetad indlvlduala* 

4*4 Inflttenoa of nutrition on Intensity of gtfaohg ritaa 

4*4*1 Undetfeedlnj^ 

She early Instar ellkwoms were started on a faadlaf 

regloe of 2# 3r 4 and 5 feeds/day^ the last one being tha 

standard praotloe# Znfeotl% traatawit waa Ifflposed ia tlNi 
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IT Instar and Y Instar: s^msattly* ]ly« feeds per day wsse 

glYtn In the IV and Y Instasa* 

4*4«1*1 yourth Inatajp 

4*4*1»1*1 gyaptqp aanlfefltatlon end larval weight 

BBalthy irorsis did rao't axhlblt any aymptoBs ot 

disaast Irrespeotlve of tha niabar of ilBads/day. BLseaea 

infeoted treatments Indloated slgnlfioant differenoee la 

S l ^ for aymptom expression <12*6€» 14*00, 1$,00 and 19«5S 

days in batches oorrespondlng to 2« % 4 BBA 5 feeds/day 

respeotiirely) (Table 18) • 

The rartininB body wiight attained by underfeeding 

in early inakars followed by nornal feeding in IT and T 

in stars was significantly differentt but the differences 

in aagnitttde aPong the treatments t̂ as low* In infected 

batches* there was a lowering in body weight irrospeotive 

of t3ie ntimber of feeds/day (13*438 to 14*933 g/lO larrat) 

as agiiinst 13»$73 g in standard oflntrol* BQwev«r» 

statistically significant differences were setfi in 3 and 9 

feed - treatiBflnts (Table Id)* 

4*4*1*1*2 Oocooning* eooOvn and shell w îflftts and moth 

The percentage ooooaning in noxsaal, uninfected 

larvae was 94*66 and higher than that in all othor treatnents* 

The low percentage cocooninc; ill normal batch could be attri^ 

bttted to non-spinning of silk in larvae idiich showed 
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Table 18* mfluenoe of OBAerfending earl? inetftx •iXlvorias 
follot7Gd iQT ICenchu virus infection in fourlli inBtar 
on BF50 for Sanohu eymptom exhibit ion» maxlQUB 
Inrval wei^t , extant of coooDnlng ana coooon wel^t 

SI, 
SMat meats 

W30 'or 
leneba 

synipt on 
exhibit loa 

iRrval 
vrolght of 

10 worni 

Per oent 
ooeooning 

Weiijht of 
10 OOOOOOB 

( « ) 

1» Two feeds/flay 
• Tlrua inf eot ion 

2* Two feeds/day 

3* Three feeda/dejr 
<•- Tlrufl inf e^ ion 

4* Thjeee feede/day 

5* Four feeds/dajr 
• Time iafeetloa 

6* Fcur faede/daST 

7* Five feede/day 
• Tlrua infection 

8* Five feeds/day 

12,66 
(5.6280)# 

0.00 
(0.7071) 

14.00 
(5.8060) 

0.00 
(0.7071) 

15.00 
(5.9356) 

0.00 
(0.7071) 

15.55 
(5.9775) 

0.00 
(0.7071) 

14.555 

15.977 

14.078 

15.175 

15.458 

14.̂ 728 

14.001 

15.675 

19.55, 
(25.85)* 
55.00 

(56.24) 

50.66 
(55.61) 

40.66 
(59.62) 

21.55, 
(27.44) 

42.66 
(40.77) 

20.66 
(26.48) 

54.66 
(47.69) 

8.589 

9,219 

9.522 

9.286 

3.165 

9.117 

8.485 

10.285 

S.SB.jf 0.0451 0.552 2.590 

C.3. at 5i 0.156 1.615 7.248 

• rigoree la parentheses are V x + o.^ traneformed values 

• • Figures in parentheses are anifular transforsei Vâ UM 

0.552 
1.067 
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noxnal body weight. Sh«rt MIS sigBlflMiilt bl|^ mâ DitaAt 

dlff«reno« la percentage oooo3nlng in al l treatments of 

underfeeding and underfeeding aoeomp«aied by Kenohu rirue 

Infeotlon* Zn uninfeoted batches tl^ pezeentags raaged 

froD 39*00 to 54«S6, 

ta infeotloD with Senohu viras« the pereentags 

oooeonlng was 19*?3» 30»66» 21*33 and 20«6€ In treatments 

reeelvlng 2« 3* 4 and $ feeda/day* 

Share wae marginal difference in ooooan welglkt 

In uninfected nomal and underfed batohes* InfOotloR, 

howerer* resulted In a slgnifioant reduction in oooocm 

wolfihta ranging ttm 3.163 to 9«322 g for 10 cooaDna as 

Siapnged to 10.283 g in standard oontsoX(Table 18). 

SSiere was no slgnlfioant change In pupal weight and 

cocoon ahell ratio as a result of underfeeding and/ov 

infection. It i s interesting to note that statlstleelly 

stgBiflsa&t differences occurred in cocoon shell wslght* 

She weights were less as a result of underfeeding 

either alone or with infeetloa (0.987 to 1.188 g as oonparsA 

to 1.282 g in control â « Moth emergenes was oonsiderably 

l0we» In al l treatments (healthy as well as InfSeted). 

Zn generalt aoth emeorg ĉe was higher with Increasing 

number of feeds in both infected and uninfeoted batches 

(!Eable 19) t 
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Tal»le 19* Xofloeaoe of unaerfdadinir earlj instar silfevoxas 
folloired ligr Keaohu Tlrue infedtlon In fourth imtar 
on pupal we 1 ^ 9 OOOOOR shell weighty eoooon ebtXI 
ratio and moth emergenoe* 

SI, 
no* 

SraatMBls 
Weight of 

10 pupae 
(ff) 

Wei|i;ht of 
1 0 OOOOOB 

shel la 

Coeooo 
shel l 
r a t io 

Per oest 
•oth 

eaergeaoc 

1. fwo feeds/day 7 #536 
* Tiros iafeotion 

2* 7wo fe€>ds/aaj 

6* Four feede/day 

8, Fife fesds/AaF 

8,186 

5* f hree fteds/day 8,223 
• Tiros infest ion 

4« ^hree feeds/day 8,276 

5« FOOT feeds/de^ €,98$ 
• Tirus infection 

7.906 

7. Five fseds/dtfjr 7.901 
<» Tiros infeetion 

8.962 

1.009 

1.050 

1.017 

0.987 

1.007 

1.183 

1.060 

1.282 

12.39 
<20.51)« 

13.71 
(21.74) 

12.48 
(20.67) 

11.92 
(20.21) 

14.54 
(22.39) 

15.03 
(22.82) 

13.52 
(21.53) 

14.33 
(22.25) 

11.00 
(18.95 ) • 

25.33 
(30.11) 

18,00 
(24.84) 

23.00 
(31.91) 

14.00 
(21.62) 

28.66 
(32.55) 

22.66 
(28,05) 

50.66 
(45.38) 

0.1). ad 5i 
0.395 
1t198 

0.045 
0.136 

0.700 

0.212 

2.680 
8.128 

•Figures in parentheses are awrolar transfomed Talaes 

SB « Sbn^ignlfloast 
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Maximum larvaL weight uas not tlgnlfloantly afftettd 

^ either imatxfeeding In early Inetara followed by normal 

feeding In IT and T instars and/or liifeotlon(7able20)* 

Pereentage of larvae spinning ooootma mm high la 

ualnfeoted* fully fed larvae (89*3»» ITiiderfeedlng aloot 

oauMia cniaal tat significant reduotlan In ooooonlag wltli 

reduction In the number of feeda/day (72*00 to 59*39 per 

cent) • Infection In normally fed larvae resulted In a lev 

parcttitage of oooooning (45«55)« Infection la underfed 

larvae reeulttd In lower percentage ooooanlng ranging frca 

28»g6 to 54*6$ (fable 20)« 

fht differences In cocoon weight« pupal weight and 

eO-so shell weight wert marginal yet statistically significant 

especially In the infected lots. A similar trend was seen 

for cocoon shell ratio also* 

Moth emexgeiiACft howevert wes elgnifleantly lowered 

as a result of either uadexfoedlisg or infection or both 

(59*55 in control and 58*00 to 22*00 in all other tremtMBts), 

A high degree of difference in im>th emergence was not ^own 

as a result of infectitm alone* Underfeeding appeared to b« 

the moxe decisive factor affecting moth emergence (Table 21)*^ 

fhe above results indicated a slight reduction la 

larval and cocoon weightSf but tbe per cent cocoonlag was 
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table 20. iRflu«noe of underfeeding eejrly Instar slXlnpom followed 
by Kenehu virus Infeotion in fifth instor on •urinuB 
larval wel^tg extent of oooooQing and weight of eoooon 
and pupa 

el Biaxlmum larval *__ ^,,-* Weight WeiiM 
« rp^^^^m^r^n weight of ;!f«S2fL of 10 of 10 
HO. Treatoeuto 10 worw ooeocniJar, eoooone pupae 

1* 

2 . 

3 . 

4 . 

5* 

6 . 

?• 

8, 

fwo feede/dajr 
• Virus infeotion 

Two feeda/dajr 

Three feeds/day 
-I- Tirua infeotion 

Three feeds/day 

?our feeda/day 
+ Tirus inf eot ion 

Four feeda/day 

Five feed a/day 
•(- f irus infeotion 

Five feeds/day 

S»Effl,JH 

O.D. at 5^ 

13.888 

13.083 

14.062 

13.816 

13.457 

15.464 

14.124 

14.379 

0.419 
1.270 

34.66 
(36,05)• 

39.35, 
(38.80) 

31.33 
(33.99) 

64.00 
(53.45) 

23.66 
(32.37) 

72.00 
(58.21) 

45 .33, 
(42.29) 

89.35, 
(71.54) 

2.990 
9.068 

8.472 

9.289 

3.432 

8.994 

3.372 

8.747 

8.938 

9.596 

0.171 
0.518 

7*414 

8.282 

7.317 

9.486 

7.547 

7.685 

7.842 

3.366 

0.185 
0.561 

• Fî rorea in Parent beees are angular traneformed velues 
HS * SOn^lgnificent 
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Talile 21. Xnfluetiee of unflerfeeaine early instar ailiawoj 
followed by Kraehu virus infect ion la fifth Ijwtav 
on coeocn shell weight» ooooon shell ratio aai aoth 
emerf̂ enoe 

8X« 
Ito, I rest seal* 

1» iMyo feeds/day 
• Yirus Infsoflioii 

2* Tiro feeds/day 

S* Three feeds/day 
4' Tiros infeotloQ 

4* Tbrae feeds/day 

5# l»or feec's/day 
• Tlrua infsetioa 

6. Feur feeds/day 

?• f ive feeds/day 
• Tirus Infeotloa 

8* Five f<:»eds/day 

S»Bm.jj 

C.D. at 5?« 
« Figures in parentheeee 

Weight of 
1 0 OOCOOQ 

shells 

n049 

0*988 

1.101 

0.970 

0.924 

1.049 

0.988 

1.207 

0.043 
0.150 

CNMKMI 
shell 

12.38 
(20.59)» 

10.65 
(19.05) 

13.06 
(21.19) 

10.82 
(19.19) 

11.04, 
(19.42) 

11.99 
(20.26) 

11.07 
(19.46) 

12.57 
(20,78) 

0.390 
'w148 

Per cent 
moth 

energenos 

22.00 
(27.72)• 

22.66 
(28.30) 

23.33 
(23.46 ) 

32.00 
(34.42) 

(31I5O) 

35.33 
(56.41) 

33.00 
(38.04) 

59.33 
(50.42) 

2.310 
7.006 

are anfrulcr transformed values 
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•l^palfloantly reduced as a result of underfeeding* 

Similarity Qoth ei&ergenoe was also drastically rsduoed* 

SupsrlBposition of underfeeding and Tims infeetlon 

further brought down the ext«it of moth saeigenoe* 

4«4*8 PS0t«<BOult starvations 

Zn thsse laTestlgatiovui silicwoiBS iiere given tb« 

mHBiH4ided number of feeds throughout the larval periodi 

She Btanration was impoeed after tb« II» XZX and XT 

moults separatelyf the periods of Starvation being 

12t24f 36 and 48 hours* Infection was carried out 

Immediately after the starvatioa peyiod« separately ftr 

eaoh instar* 

4«4«2*1 fhird Instair 

4*4*2*1«1 Larval weight 

On 7th as well as 15th day sfter the eoanmommA 

of the experiment t a gradual but signifioant lowerk^ 

In growth was £)een as eviSenced by ssduoed body 

w«ighta ia unlnfeoted lar?ae starved for different 

periods after moults (1*919 to 0*638 g as against 1*432 g in 

BOjmal larvat on 7th day and 4*326 g te 5*849 g as against 

6*821 g in normal larvae on 13th day)* There was marginal 

differezHJe in marlmma body «iwight as a result of po3t» 

moult starvation for different periods* 



95 

fable 22* I f foot of starvation &ra Senehu virus tnfeotion 
in third inster sillarorm on lecval weight 

» | W i M i — » « » I C I i i » i B — M i l l "Wi^M—M^—aprtWN»W»^M—»• 

SI. 
Wo* Sreat Bonis 

wci<?ht of 
10 woms 

on Ttb <5ay 

Weight of Slnrrle 
10 worn naxiouffi 

on 15tfe flay larval weight 
(g) (e) 

1» HO starvation + 0,528 
• iros infeotiOB 

2* HO starvation 

3* 12 hr starvation 
• ViruB infeotion 

4* 12 hr starvation 

5* 24 hr etaivation 
••• Yirus infeotion 

6. 24 hr starvation 

7« 36 hr starvation 
-*- ViifUB infeotion 

8« 36 h« starvation 

9« 48 hr starvation 
+ Virus infoetion 

10. 48 hr starvation 0,639 

3«683 1.615 

n432 

1.021 

1.319 

0.670 

1.118 

0.595 

0.884 

0.583 

6.821 

3.316 

4.717 

3.291 

5.849 

2.250 

5t231 

2*712 

1.750 

1.078 

1.460 

1.277 

1.555 

0.955 

1.661 

0,t98 

4.326 1.628 

S.Em. J; 

CD. fld 5^ 

0.056 

0.166 

0.307 

0.912 

0,0419 

0.1244 
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A dtoxvase in larval weight on th« 7th day as a 

MOuXt Of IzxfMtion WQ8 quite morkad oepeolally st tht 

bigh«r levels of starvation (Sable 22) • Ob the 15tfa dejr 

a zoarkedff highly elgalfloant reduotlan In body weigh! 

wee recorded with infeoted larvae (6.321» 4*717» 5*849f 

§•291 and 4*326 g fov 0* 12i 24» 36 and 43 te starvatione 

respectively wLthout iufeotion; 3.6d3* 3«316» 3.291t 2.250 

and 2*712 g/lO larvae for 0, 12f 24t 36 and 43 far starvation 

respectively with ixifectlon)* 

Haxlsium larval \feight IAS also slDllsrly affeeted 

tbottgb to a lesser extent. 

4*4*2.1.2 fij^fffgf a>->d moulting duration 

F0Bt<-inoult starvation led to a significant 

proloBgeti on of III iuatart III moult and XT moult and 

? inetar duration, fourth insteor duration was also 

signiflotfitly affected but the digree of prolongation 

was minimal (Tables 23 and 24)* Infection superimposed 

on starvation did not produce any noticeablo additional 

effeet of prolonging III inetar* III moult and X? 

instar* Kowever» the retarding influence of infeoticn 

was evident in the duration of XT moult especially at Hie 

hif^mg levels of starvation. 

file:///feight
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fable 23* Eff«ot of starvation and Keaofau Tlyus infaotloii in 
third instar silkworn on Boalting duration and 
inatar duration 

81* 
^ 0 * 

Treatmentŝ  
Third Third 
inatar moult ing 

durat ion d orat ion 
(Daya) (Bs) 

renrtb 
inatar 

duration 
CDaya) 

Fourth 
moult ins 
durat ion 

(Rr) 

1* lib atarvation 4«dS 
<f Tirua infeotion 

2* Kb atawation 

5« 12 hv atarvation 
^ Tirua infeetion 

4« 12 hr atarvation 

3* 24 h« atarvation 
-*• Tirua infeotion 

6« 24 hr atarvation 

7« 36 hr atarvi^ioa 
-*- Tirua infeotion 

&• 36 hr atarvation 

9» 43 lu? starvation 
• Tirua infeotion 

30*67 5.50 52*00 

4.08 

4.53 

5.08 

5.17 

5.17 

5.50 

5.42 

5*33 

25.33 

32.00 

23,00 

36.00 

50,00 

38.00 

34.00 

40.00 

5.00 

5*33 

5*67 

5.42 

5.25 

6.08 

5.83 

5*58 

24.00 

32.00 

26.00 

56*00 

32.00 

38,00 

32.00 

42.00 

10. 48 hr atarvation 5.33 37.33 5.53 J$*O0 

mm* 
1.760 0.180 

0.3). at 5^ 

0.100 

0.297 5.228 0.534 

1.750 

5.i99 
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liable 24* Sffeot of starvation anfl Ssiisha Tiros Infaotion in 
third instav silkworm on fifth instar duration^ 
eactent of eooooning, eoooon wsight and pupal vo i^ t 

WiWIW—'WiWiiMiWiWiOW uin—milini nini—m • iw n i n •»••••••<> Mi MIH w • •——»« 

Fifth Simarle Single 
B »̂ iti*A««i«)i>««t«i instar ^̂ sr oeiit ooeoon pupal 
» . s'eâ EieOTB auration oosoming weight weight 

(Days) (g) (g) 
• iWiiWi«iMiiii»iWi II • timimmmmmmmmmmmmm>aimmmmmmtm^mm»mmtmmimimimimmmm0mmitimm<mmmimiuammmtmm 

1* IRD Starvation 8,50 29.33 1»0302 0,3953 
••• Tiraa infest ion (32.77 ) • 

2* m ststfveAioa 7.67 64.00 1.0417 0.3324 
(53.13) 

5* 12 hr stawatioo 8.00 14.00 0,9556 0,8250 
• Tirua infeetiOB (21.97) 

4 . 12 hr starvation 8,00 25.33 0.9495 0.7934 
(30.20) 

5. 24 hr sta^eitioa 8,50 10,00 0,9525 0,8770 
• Tiros infection (18.44) 

6. 24 br starvsftion 8,75 26.00 0,9690 O.8357 
(30.66) 

7. 36 hv tftarvatiou 8.58 10,67 0.8707 0.7320 
• Tiros infestion (19.09) 

8 . 36 hr starvation 9.00 3O.OO 0,9366 0,8339 
(33.21) 

9; 48 hr starvation 9.17 9.33 0,8706 0,7543 
• Tir«i8 infest ion (17.76) 

10. 48 hr starvation 8,67 28.67 1.0074 0.8668 
(52.39) 

S.EB.+ 0,190 1,955 0,0222 0,0206 
CJ). f̂  5ii 0.564 5.810 0.0659 0.0612 

•Figures in parentheses are aWTular traflBforned values 
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4*4*2»10 Coo«onlng« eoooom and aheXX weight a and motl̂  

Tim per oimt ooooans spun ehow«d I«ss value with 

starvatlan (25*39 to 30»00) eoiapaired a«aln«l 64*00 p«y 

eent with no ataxvatlon In iinlnJMttd WOSBS. Almost 50 

ptx o«nt reduction In ooooon eplnnlDg was observed In oaee 

of al l periods of starvation elubbed vlth visas infeotion 

(9* 95 to 14*00 per cent) (Table 24) thus revealing tbelr 

oonbined effect* 

The single ooooon weight did not dhow imoh 

difference in batches starved ood uninfected (0*9493 to 

1.0074 g)* But the starved infected batches showed differences 

in coc3Qn weight ixi that i t was saoe with 12 and 24 hr 

(0*9525 to 0*9536 g) Oiich was higher compaxed to 

0*8706 to 0*8707 g observed with ntore duration of 

starvation* fhe cooo!]|i shell weightt pupcd x-̂ elght and 

cocoon shell ratio changes were moxs or less in the waam 

pattexn (Sables 24 and 25>* 

Further* the per cent laoth eaeisg^oe was alacst 

slmilcX in starved uninfected woros (29*33 to 28*00) ('fable 25) 

and starved Infected worms (6*00 to 11*33 per cent) 

separately ccnapured to 62*00 and 26*67 per cent 

respectively in their unstarved control and unstarved 

infected batoheSf thus indicating tliat these was combined 
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Table 29* Bffeot of siarvation anS Kiaaobu vJjrafl Infoction in 
third inatav ailkvom on ooooon ehall wei/rfat, ooooon 
shell ratio ^v& moth enert^atc 

g« Single !?bell Per eeill 
Sxeatmeats eoeoon abell ratio aotb 

aaasfrenee **• w«i«bt (g) (4) 

1, Wo etarvatiOB 0,1513 12.75 26,67 
+ TiruB infeetion (20.93)* (50.97 ) • 

2 . No atarvatioii 0.1401 15.49 62.00 
(21.55) (52.00) 

5* 12 hr starvation 0,1240 13.08 11.55 
• Tiri» infeetion (21.22) (19.66) 

4t 12 hr starvation 0,1557 14.24 25.55^ 
(22.15) (88.85) 

5 . 24 hr atarvatlon 0*1305 1 5 . P 9.53 
• Tlrus JLofe«tion (21.72} (17.96} 

6. 24 hr starvation 0.1235 15.2^, 24.00 
(21.36) (29.21) 

7. 56 br etervation 0.1119 12.80 8.00 . 
•f-Virus infection (20.96) (16.39) 

a, 36 hr atawation 0,1554 15.73, ,27.35^ 
(21.69) (51.90) 

9 . 48 br starvation 0,1113 12.79^ . ^*^^. 
• TlrUB infest ion (20,96) (14.05) 

to* 48 hr starvation 0,1521 19.15, 28,00 
(21.55) (51.77) 

»M»»W»i1iW • • 1 1 1 . ^ 1 • • • • < • » 

S.Bs . i 0,0054 0,340 1.570 
O.D. at 3i 0,0160 1.010 4.664 

• Fi^oree in parent beecs are angular transformed values 
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effoot of both Gtarvatlon aM lufeotlon an mo'th 

4«4«2»2 fourth Inotar 

4.4«2.2»1 ^tisyol w l̂fiftl 

Th« larval wel^t on sertntiday afttr beginaiiig 

th« •zperlintttt did not rary muob in unlnfeettd starved 

batohts (2*982 to 2,809 g/lO yogma) but differenot of 

hi^«r d8gr«« oould b« notle«d amongst w«pw tbat w m 

starved and Inftoted (2*062 to 2*756 g)* Svm tilt 

BaxlffluiB larval weight shoved the sane trend (fieble 26)* 

4*4*8*2*2 Qoeeonlnn̂ * eoooon and eoeeon shell weight and 
Bf̂ ĥ eB»̂ »fiffiyf 

IFhe extent of oooosnlng was drastleally affeoted 

by starvation Itself (12*66 to 20.00 p9X cent) ownpared 

te 70*66 per oent observed for onlxifeetedt unstarved 

control worms. Shot;̂ h Infection olnMied with starvation 

did bring dom eoooonlng significantly»the differences 

were siarglnal (4*66 to 10̂ 66 per cent) (Sable 26)* 

Ooooon weight and cocoon shell weight exhibited 

omly Btarglnal differences In starved uninfected lote» but 

appreciable dlffexenoes could be noticed In case of 

starved and Infeoted worms (Tables 26 and 27)•- Papal 

weight also showed the same trosd*' B»wevert̂  the difference 
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Xabl« ^# Iff cot of stcuTTatlOD and Kanobu virus Infcetlon in 

fourth inatar allkirom on lar f^ trtlgbt* ezte&t of 
ooooonlfig and ooo^on freight 

••••MIMMfNIn 

8X« Tf&tomitB on 7th <by IS^J 
jPar eent 
oooooniag 

Slnglt 
0009011 
wolght 

If fro staxvatiOtt 2*144 
•f TljruB Infootlon 

2« Ko starvation 2.723 

5* 12 hjf starvation 2*550 
• Virus infection 

4* 12 hr starvation 2*582 

$• 24 hjr starvatida 2*756 
•*> Tlrus Infeotion 

C* 24 hr starvation 2*727 

7. 36 hr starvatlw 2.174 
4> Tlrus Infaction 

8* 36 hr starvation 2.809 

9* 48 hr starvation 2*062 
•*• ylrus isf ootion 

10* 48 hr starvation 2*741 

15.74 

16.97 

14*24 

16.37 

15.18 

15.14 

16*23 

18.39 

6*95 

14.97 

13.33 
<18.38)# 

70*66 
(57.60) 

10*66 
(18.95) 

20*00 
(26*12) 

8.66 
(16.78) 

16.66 
(23.98) 

10*00 
(18.20) 

20.00 
(26.45) 

4*66 
(11.57) 

12.66 
(20.73) 

*» •" •— 

0*850 

0*987 

0*859 

0.943 

I.Off 

0.969 

0.845 

1.063 

0.622 

1.031 

S.EB. jK 

O.D* at 5% 
0*088 
0«261 

1 * 1 ^ 
3.386 

6.85 
20*351 

0.039 
0.115 

*flguros in partnthesss aro angular transforiQod vaXuos 
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Sablt 27* Sff«at of starration and Kenohu vivut ItutMtlon In 
foujrth Inetar silkvoxm on pupal w«lglit» ooooon shalX 
wilghtt ooooQn shell xatlo and moth •mergtnet 

Slnglo Single eooooa coooon Moth 
Si» in.^*««i*c pupal ^#11 shell enei* sreatnents ^^^ ^^^^ ^̂ ^̂ 5̂, ^ 

i$) is) ii) (?«) 

t* 

2« 

5. 

4* 

5« 

€. 

7. 

8* 

9. 

10, 

m starvation 
4 Tirus Infeotlon 

HO starratiQii 

12 hg starvation 
4* rirus Infeotlon 

12 hv starvation 

24 hr starvation 
4> Virus Infeotlon 

24 hv starvation 

36 hJT starvation 
4̂  Tlras Infeotlon 

36 hir starvation 

4d hr starvation 
4 Ylras Infection 

4^ hr starvation 

Smm*x 
C*})* at 59( 

0,740 

0.854 

0.760 

0.823 

0.901 

o»at8 

0.736 

0*921 

0.553 

0.896 

0.054 
0.101 

0.105 

0.128 

0.095 

0.116 

0.125 

0.137 

0.086 

0,138 

0.065 

0.130 

0.0097 
0.0288 

12.32 
(20.53)* 

12.99 
(21»13) 

11.03 
(19.32) 

12.26 
(20.47) 
12.14 

(20.38) 

14.02 
(21.95) 

10.39 
(18.70) 

12.99 
(21.08) 

10.45 
(18.81) 

12.81 
(20.75) 

0.830 
2.465 

9.33 
^(17.71)» 

63.66 
(56.20) 

10.00 
(18.28) 

18.00 
(23.37) 

3.00 
(15.90) 

16.00 
(23.37) 

9.33 
(17.63) 

19.33 
(26.00) 

4.00 
(10.90) 

12.00 
(20.23) 

2.280 
6.775 

US 
* yigttres In parentheses are angular transfomed values 
US " Ron^slgnlfloant 



104 

In starved amd unlnfeoted voraa was not appreolable* f1)« 

ooooon shtXl sat lo did not r t su l t in slgnlfloant 

dlff«x«no«« Moth tiBargenot was 12*00 to 19*55 P«r 6mt In 

starTOdt unlnfeotod l o t s showing diffeivnot only with 

56 hjr atarrat lon, whllt the same with starvation and 

InHsetlOD was reduced to a oonsldevabls eattent (10*00 to 

4«00 per oent)* In general the aoth eioergenoe oame dotei 

with Inoreeee in the duration of starvation* 

••••^•3 >lfth ins tar 

4*4«2*3*1 Larval weight 

She differenoes in larval we l^ t s an 7th day were 

mom Barked in starved and tminfeoted (7*656 to 10.391 g/40 

worms) ae well as in starved and infected hatches (7*096 to 

9*256 g) owoapared to 12*155 and 11f476 g in theiv 

respeotive eontrole (Table 28)* $he maximum larval 

weight also exhibited marginal differenoe (1*400 to 

1*545 g/larva) in starved and ualnfeoted WOIBIS wbeii 

emapared to 0*977 to 1*115 g in case of starved and 

infeoted womoii 

4«4*2*5*2 Ooeooning. cocoon and ooooon shell weights and 
moth emergwice 

^ o percentage of coooons spun was 20«00 to 5^«00 

per cent In slarved« uninfected worms compared to -9ie 

o»itrol(60*00 per cent) , the h i ^ e r value beli^ for 
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faUU 28, s f f t e t of starvation waA K«Kihu Hzus Infeotiwi In 
f i f t h iastar slUcvoza on larval u'elghtt •xtont of 
eoaoo&ljag axiA ooooon weight 

H9« fr«atiB«iit8 
?S^SLf ^ ^ Pt»0«nt !iSS^ 
00 7tli day ^*f~ ooeooaijjg 

^«^ (g) ir 
•WaWMWOMI* 

$• HO starvation 11.476 1*130 
<*- yljeuo infootion 

2. Ko starvation 12.155 1«999 

5« 12 hr starration 9*296 1*047 
• Tiral Infootlon 

4* 12 hx starvatioa 10.891 1*400 

5* 24 hr starvation 8.405 0*977 
'¥ Vlxal Infootlon 

6* 24 hg etacration 10*007 1*487 

7* 36 ^r stanratioB 7.434 1*1t5 
4* Virus infootlon 

8, 36 hr starvation 8*051 1*400 

9* 4® hr starvation 7*096 1*000 

10* 48 hr starvation 7*656 1*543 

22.66 
(28,25)» 

60.00 
(48.84) 

26.00 
(30.51) 

30*00 
(35*18) 

14*67 
(21.23) 

20.00 
(26*52) 

18.00 
(23.50) 

23.33 
(^ .73) 

14*00 
(21.09) 

26.00 
(30.50) 

0.848 

0*958 

0*738 

0.878 

0*588 

0*949 

0.762 

0.965 

0.764 

0.916 

0*508 0.083 

f#509 0«S4« 

• Vlgurss In parontheses art angular tranaf oxcod valuss 

0.2>. at 3lt 
2.85 0.056 
8.468 0.166 
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12 hx starvatlqiQ period only^ but W9xy aaoh lese than that 

of control thus revealing th« dotrlmental efftot of skarTatlOB 

aIoa«, slmilay trend of less soosoaing was obstrvsd in 

starved and Infeoted batohss (14*00 to 26*00 per oent)* 

Shs oooooos sptm by unstarvedt infeoted worms was 22*66 per 

oent (fable 28)• 

Tbe eoeoon weight has not eihoim difference due to 

the effset of etarvation (0«d78 to 0*965 g/ooooon) bat 

It was affeoted to a oonsidexaUe extent (0*588 to 0*7648 g) 

by the oomblned effect of starvation and Kenohu virus 

infeotion (Table 28), The imetarvedt unlafeoted woms and 

unstarved-infeeted worsts gave 0*958 and 0*848 g cocoon weights* 

respectively* Similar tr«id was noticed even with regard to 

pupal wei^tf oooocm shell weight and shell ratio (Table 29)* 

The difference in moth emer̂ jenoe was carginal (18*00 to 

22*66 per oent) in 8tarved<»uninfeoted worms except with 

12 hx starvatittn (28*66 per otfit) and the pattern wu 

similar even with starved and infeoted worms reeulting in 

lesser moth emergenoe (11*35 to 24*00 per oMit) eompared te 

18*66 per cent with on starved and infeoted wosB8(Table 29)* 

The above data revealed the general seduction in 

growth nd drastic reduction in cocooning and moth 

emcrgenee due to starvation* Starvation oonbined with 
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£abJl« 29* Effoot of starvation and Kenohu vlzue Infeotl^:! in 
f i fth Instejr elli^vozst on pupal wtlght, coooon shftU 
weight» Qoeotm shttll zotlo and moth enorgeno« 

« N 

SI* 
so* 

Sstataonts 
SlngXo 
pupil 
wtl£^t 

SingLo 
000 0011 
iOiolX 
W«l£^t 

(g) 

ratio 
(95) 

moth 
•Borgonot 

1* HO starvation 0,730 0,095 
4> Tixua liafootlon 

2* NO starvation 0*824 0*151 

5* 12 hr starvation 0.651 0.079 
•f Virus Inf eotlon 

4* 12 hr stawatioa 0.771 0.102 

S* 24 hx starvation 0.912 0.071 
* Tirtts InfsotiOB 

6. 24 hy t^axvatlott 0.810 0,135 

7. 36 hr starvation 0.668 0.090 
• Tlrus Infeotion 

8. 36 hr starvation 0.837 0.123 

9. 48 hr starvation 0.671 0«089 

10. 48 bx starvation 0.793 0.117 

11«40 
(19.37)* 

15.71 
(21.72) 

10.74 
(19.12) 

11.69 
(19.99) 

12.09 
(20.37) 

14. ao 
(22.13) 

11.95^ 
(20.19) 

12.72 
(20.93) 

11.60 
(19.91) 

12.69 
(20.89) 

18.66 
(25.91)» 

62.00 
(51.94) 

24.00 
(29.16) 

28.66 
(32.38) 

13.33 
(20.90) 

13.00 
(23.04) 

14.66 
(22.23) 

22.66 
(28.35) 

11.35 
(19.06) 

22.66 
(28.24) 

0.049 0.0091 0.560 2.870 
0.143 0^0270 1,665 3 . 5 ^ 

« Tigiires in parsnthesos £ur« a%uXar transformed valoos 

S.BB. 4̂  

O.O. at 5% 
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Kenohu yirus InilBOtloii eaueed a slight redootlon in 

laxval anA ooooon weights* but a Barked falling doim 

of eoooanlng and Both emergenoa* Additive effect of 

starvation and infeetlon Mae loort apparent la I I I and XT 

Instar Infeetlene eompared to y Inetar* 

4«4#5 Ifffeot of feeding tender* nedltM^ odaree or 
vster^aipplomented Xeavas to sllkyorffiB on the 
Ifiteaeltv of Kenohu ylrue Infection 

0ie feeding of tondert medium, ooasse and water 

supplemented leaves v»8 effected from ZXXt XT and T Instars 

aeparatelyt where ar t i f ic ia l Infection of Kenchu virus wks 

resosted to* Ihe Infection was carried out at the 

beginning of the renpectlve Ir. stars* 

••*»5.1 ghlrd insfear 

4*4*%1*1 W:yBl wylfil̂ f 

Small magnitude but significant differences wert 

observed In tiie 7th day larval weights (Table 50)* Leaf 

suitable for tiie Instar wiabled the larvae to attain a 

weight of 0*906 g» Larvae fed on isedlum aid ooaroe 

leavee registered a tfaall but significant reduction la 

larval weight* Infection with Koiohu virus led to a 

lowering of body weight but this effect wae not 

dletlaguliAiable from the lowering resulting froa 

differences in leaf quality« 
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XabXt 30« Iffeot of mulberry leaf OBtarity osA K«noha TIZQB 
infootlan in third in star tm Xoifal wtight» tmdersistd 
wojBBSf S&Q for Kecchu i ^ p t o a •xblbltlon and mortality* 

¥10; Treatment s 
i#*tirh* trf ^^'f « « " • 50 ' ^ Pe r cent 
Jn S!!««^ anderslEtd Kenohu mortality 
1« 7*rT«« *«>»Bfi Oil syEptoma up to I5th 

1« Tender leaf •«• 
VlruB 

2. Sender leaf 

0.805 

0,984 

3« Middle ojBler leaf 0,791 
• VlruB 

4* Middle ordev leaf 0 , ^ 4 

9« ooarae leaf 4- Tlrus 0,719 

6, OoavM leaf 0*786 

7* W&ter soaked leaf 0,709 
suitable to t!ie 
Inetar •*• Tlrae 

8, Water soaiied leaf 0,764 
suitable to 1 ^ 
inetar 

9, Leaf suitable to 0*765 
the InstavfYlrus 

10, Leaf suitable to 0,908 
the Ins tar 

30,66 
(33,56)* 

14,6i 
(22,19) 
» , 3 3 , 

(32.74) 

, 9.33 
(17.63) 

19.33 
(25,97) 

10,00 
(18.38) 

22.66 
(28.41) 

19.33 
(25.65) 

30,00 
(33,20) 

19,33 
(25,33) 

13,55 
(3.715) ^ 
0,00 

(0,707) 

14,00 ^ 
(3-806) 

0,00 
(0,707) 

12.33 
(3.581) 

0.00 
(0,707) 

14.33 
(3,850) 

13.35 
• (21.40)* 

7,55 
(14,42) 

16,00 
(23,55) 

7.35 
(14.94) 

10.00 
(18.38) 

5.33 
(10.40) 

25.33 
(30.22) 

0.00 10,00 
(0,707) (18.36) 

15.33 26,66 
(3,979) (30,09) 
0.00 17,33 

(0,707) (24.51) 

S.3m.+ 0,0348 2.55 0.052 3.02 
O.B. at 5^ 0,1030 6,981 0,154 8,972 

• ylgujces In parentheses are angular trantsforsied values 
•« figures in parentheses are 

yjt • 0,5 transforned values 
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B8Ay wtlgM dlffer9no98 In laaxliauiB vel^^t 

Inslgnlftoant bdtve«i Hie different leaf tyeatBi«R%«# 

Inf Qotlon with Senohu v'lrusy bovievert led to a slgnlf leant 

Xovejrios of laaxliQuiD body vietght(SabIe 31)« 

4«4«%1«2 Symptom aanlfestatlon and mortality 

Appearance of undereised worme as on itm 19tli day 

Indicated a low value of 9*53 and 10*00 per oent in tlie 

mediuD and ooarse l « f treatments* xespeotiirely* 

Dlffereneee in the other leaf types v̂ ere not slgnlfioant* 

Infection vlth Kenohu virus resulted in a atatistieailjr 

si^snif leant marked inoxeasa In 1Sm appeaxanoe of underelaai 

worms with tender and medium leaf feeding (fable 50)^ 

leuabtt qprnptOBs vera not aaen in uninfected 

treataants receiving leaves of different maturity^ 

All the infection treatm^its led to the matiifestatlon 

of K«3ebu symptoms (minimum sfe^ of 12:*35 daya in ooaraa 

leaf treatment and meKlBBus ET-Q of 15*33 days in tha 

oflntrol with recOHMi&ded leaf feeding)! 

Mertality upto the 13th day MQS TnininiMir (3*33 par 

cent) in coarse leaf feeding follovred \siy medium leaf 

treatment* It was 10*0 and 11*33 per cent in water 

supplemented and reoammendad leaf treatment at respectively* 

Significant mortality due to ijofection was soon with (a) 

leaf suitable for the inetar (b) water fortified loaf 
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Table 31* £ff «ot of mulbtrzy leaf mattirlty and Kenehtt virtac 
infeetloc in third In star on i&axlmum larval welf^tf 
extent Of oooeonlngt ooeoon weight and pupal wei«^i 

aim 
Ho. 

f# 

2« 

9« 

4« 

5. 

$ • 

7. 

a. 

9« 

10. 

Siijgie 
xsaziimni 

Sxeatments lamral 
weight 

(g) 

Tender leaf ••• Tims 

Sender leaf 

Hlddle order l e ^ 
+ Vlrua 

Hlddle ord«ar l e ^ 

coarse leaf 4 Tlxas 

coarse leaf 

liateir soaked leaf 
suitable to the 
In star -f virus ^ 

1*035 

1*561 

1.055 

1.624 

1.259 

1.55i 

1.005 

^ t e r eoaked l e t r ^•333 
BUitahle to the instar 

]«eaf eultaHle to 
Its tar 4 Yiras 

Leaf euital>le to 
Instar 

s*Bm« jt 
C«S» at 5^ 

i.ao 

1.561 

0,0739 
0.2200 

Per oent 
oooooning 

32.66 
(35.15)* 

47.33 
(43.47) 

31.33 
(33.83) 

5o*o« 
(48.88) 

36.66 
(37.26) 
68.00 

(55.57) 
18.6$ 

(25.55) 

73.35 
(58.69) 

,36.66 
(37.15) 

71.33 
(58.10) 

2.77 
8.229 

Single 
cocoon 

0.927 

0.986 

0.811 

0.989 

0.935 

0.999 

0.842 

noa9 

0.902 

1.068 

0.0485 
0.1440 

Single 
pupal 
wei^t 

(g) 

0 . 7 ^ 

0.880 

0.696 

0.852 

0.811 

0 .^9 

0.699 

0.959 

0.782 

0.928 

0.0371 
0.1100 

eflgores in paxwitheoee are angular t]»nsforffied values 
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and (o) ntdlua l«aX (sablt 30)* 

^*^*3.1.3 Pegeentage ooooontng. eoooon and ^•IX mi.sih\^ 

fhe pezoentage of worma splxming OOOOOBS was ft>uiid 

f toe high with reocBBaanded loaf f•ediog (71* 33). 

Addition of wattr to t!ie loaf gave a oooooalng value of 

73.33 per cmtm A signifloantly lesser oeeooning was 

ebeexvdd vith tender* and mediuQ leaf treatiBent8<47«33 and 

S6.66 per oent) v^creas ooarse leaf treatment utas not fomM, 

to siipiif ieantly af&et oooeoning (68*00 per oent) BB 

eompared to standard leaf feeding. Biseaee inoidenoe 

eubstatitlally seduced oooooning in all the treatoentSf 

aaxlzmiD effect being ee«i with i»ter treated leai«e(sahle 31). 

OOQOoin wel^^ts were eloUar in all uninooalateA 

treatmaits. signifleant reduction In cocoon weight 

oeeurred irith Infeoted vdrms fed on either water eoaked 

leaves or oediua maiurity leaf* Pupal weighte exhibited a 

slmilasr trend (Table 31). Xn al l healthy lotst differing 

leaf feedings did not exert any influenee en diell irelghl* 

fieereaeed shell weight was zegistered with (a) reowBendsA 

leaf (b) waterooaiced leaf and (c) zsedlum leaf treatzoents 

in the case of infection with Kenohu vims* Coeoan shell 

ratios were not influenced by the different leaf feedings 

either with or withaut infeotioc (Table 32)4 
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Tahl9 52* sffeot of auXbony leaf naturlty and Kenohu Tiz»8 
InfaotlOQ in tnlsd Instas on ooooon 8h«II v«i^titt 
doooon sfaoll percentage and moth tfserge&ot 

Sl< ^ ; fr«a«a«B«« 
Sli^glt ooooan oooooa Per oeat 
idiell ve i^t ehtXl moth 

(g) peroentage •mergano« 

1« 

2. 

5. 

4« 

5. 

6. 

7. 

8. 

9» 

Teiider leaf -i- Tlruo 

f^dojr leaf 

ItlddXe order leaf 
• Vlrae 

Middle order leaf 

coarse leaf •»• TlzQs 

Ooarae leaf 

;«itet soaked leaf 
et^.ltahle to tht 
lr.star 4- vlruo 
Water soaked leaf 
suitable to tb« lr\3tar 

Iteaf suitable to tbs 
In star 4 Tiros 

I8v iieaf sultabXt to thg 
Inetar 

• F 

s*m*± 
0«D. at 55( 

W.I262 

0,1289 

0.1098 

0.1558 

0.1226 

0 .1»9 

0.0699 

0,1293 

0.1147 

0.1547 

0.0066 
0.0196 

Igures In parentheses art angular 

13.59 
(21.63)» 

13.13 
(21.23) 

13.48 
(21.55) 

13.76 
(21.78) 

13.11 
(21.19) 

13.60 
(21.64) 

8.50 
(16.18) 

12.00 
(20. jr?) 
12.70 

(20.85) 

12.61 
(20.79) 

0.730 
2.168 

28.66 
(32.35)» 

30.00 
(33.19) 

^ .66 
(32.33) 

62.66 
(46.14) 

n . 3 3 , 
(31.50) 

51.35 
(45.77) 
16,66 

(24.04) 

38.66 
(38.43) 

25.33 
(30.07) 

50.66 
(45.38) 

2.170 
6.447 

t traneforoed values 
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Moth emerge&ee vas high with noocmendtd leaf asd 

ooarM leaf feedings (50«66 and SI1.95 per omxt 

rtaptotlTely) • Moth egaexgenot was only TO ptr eent vlth 

tender leaf* Infection resulted In a substantial deoxease 

in noth emergenoe with seooantonded leaf« water suppleiaented 

leaf t ooarse leaf and medluia leaf but not with tendtr leaf 

feeding (Table 32)* 

4*4«3«2 gourth instor 

4*4*3*2*1 Iiarval wei/̂ ht 

On the 7th day all the j.eaf tr^atiscnte Indioaied 

slmilsr body weights with the exo^lon of water treated 

leaves tdileh showed a slight reduetion* superimposing 

InfeetioB invariably resulted in a reduotion in body 

weight in owaperieon with the respective controls* the 

only exception being tender leaf treats«nt (Table 35) • 

|}o significant aaxiouiB body weight variatiac vas 

noticed in the uninfected larvae receiving different 

types of leaf* Infecti on also did not hanre appreolabl* 

effect except in cme instance •> water soaked leaf 

accompanied ^ny infection* 

4.4.3*2*2 ŷmptoia majaifestation and siprtality 

There were no significant differences in larvml 

growth resulting in undersized worms in all Hie treatments 

on the 10th day (Table 33) # 
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TsLtil9 ??• EttQttt Of mulboxzy leaf statuxlty and Eenohu virus 
in&ctloai in fourth instar an larral w«lght» 
undersized VOXIB8» nortallty and E ^ for Kenohs 
ayiupioui exhibition ^^ 

so. Txeattoents 

weight of 
10 worfflB 
on 7th 
dayî  

(g) 

Per eent 
undersized 
worms on 
10th day 

l?ex cent 
mortality 
upto lOtn 

day 

ElgQ f 0» 
Senohu 

exMbltlOB 
(Bays) 

"» 

1« Tender leaf 
• Tims 

2« lender leaf 

5.053 

%211 

3» Middle order leaf 2*396 
+ Virus 

4« «iiddXe order leaf 3*376 

5, coarse leaf 
+ Virus 

6» coarse leaf 

a«5i8 

3.267 

7* Water eoalced leaf 2*723 
suitable to the 
instar •*• Virus 

8« li^iter soaiced leaf 3*057 
suitable to ths 
instar 

9* leaf suitable to 3*^09 
the instar <¥ Virus 

10« l.eaf siiitAblt to 3*524 
the instar 

8.66 
(19.99)» 

6,00 
(14.1^) 

6*66 
(14.93) 

5.33 
(12.91) 
12.66 

(20.48) 
10,66 

(19.05) 
18.00 

(24.96) 

9.35 
(15.55) 

11.35 
(19.32) 

s«oo 
(16.35) 

22.00 
(27.87)» 

6.00 
(13.31) 
22.00 

(27.C1) 

4.66 
(12.03) 
19.33 

(23.55) 
4.00 

(11.28) 

13.33 
(21.09) 

, 5.33 
(13.30) 

3.33 
(10.40) 

14.57 
(3.894)* 
0.00 

(0.707) 
16.00 
(4.046) 

0.00 
(0.707) 
12.67 
(3.628) 
0.00 

(0.'?07# 

14.67 
(3.894) 

4.00 0.00 
(10.90) (0.707) 

15.6t 
(4.020) 

0.00 
(0.707) 

2.100 0,033 S.Em, j^ 

O.B. at 5?̂  
0.122 
0.366 

* Figures in parenthsees are 
«« Figures in pajnuatheaes are 

NS •* Honsi^if leant 

2.540 
7.546 6.239 0.098 

HS 
angular transformed values 
y* 4 S.5 transformed valuss 
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Mtetallty upto the lOth day was low and gIfttlatleaUj 

Inel^lf leant b«tw«0& leaf treatBcnts wltlioat Inf eotloiu 

Xezid«»t jD«dltuB| ooarat and mter tzeated leaf feeding 

eoapled with infeotlon resulted In a slgnlfleant Inojf̂ aftt 

in mortality on tbe 10th day* Kenaha virus symptoms 

not exhibited in larvae from different leaf treatments. 

£Ico ^^' K^ohu ŝ nnptOGi esprossion ranged from 12*67 to 

16*00 days in the different treatsiejQts Where infeotion 

oarried out (3>able 53)* 

4*4*5*2*3 QooQWilng* ooooon and ghell weights and moth 

Coarse leaf feeding gatre a maximum percentage 

oooooning of 79*33* With reoQuxaended leaf feeding it was 

71*33 per cent* Sphere was a tendency for a redi^tlon la 

perasnta^e ooooanln^ as the ooarseness of the fed leaf 

deoreaeed* There was a statlstioally eignifioant aesreass 

in ^e percentage oocoanting as a result of K îohu liifeotion 

in al l leaf treatments* An interesting point was noted 

that the response to Infection was mors with water sMksi 

and ooarse leaves as oompared to medium and tender leavesi 

fh&XQ were no sSgnlfieant differenees In eoooon« 

pupa and oooosn shell v^elghts and also cocoon ol^ell ratis 

in the different treatments (Tables 34 ûd 39) under 

infected treatment•« 
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3^1« M« Sffeet af mulbesxy Itaf siatujrity and Keaohu TIXUS 
Infeotion in foujrth Inetar silkworm im XarmX 
%r«ight» extent of ooooonlug* ooooon velglit and 
puj^ Height 

| g ^ ^ Single Single 

jjQ̂  Treatmentfl wSigSt ooeoonlag welgjit i i e lSt 
(gT (g) («T 

1. Tender leaf • TirttB 1.368 33.35 0.9285 0.7959 
(35.t9)» 

2. Tender leaf 1.495 58.67 0.9986 0.8732 
(50.04) 

5. Miaaie order leaf 1.443 47.35 0,9429 0,8123 
4 Ttrus (43.46) 

4. Middle order leaf 1.526 59.35 1.0145 0.8813 
(50.68) 

5. Coarae leaf + Virus 1.383 48.67 0.8298 0.7217 
(44.24) 

6* coarse leaf 1.410 79.35 0.8754 0.7516 
(65.92) 

7* leaf suitable to 1.244 21.33 0.8554 0.7038 
the In&tar 4 Vlxue (27.48) 

a. \^t«r soaked l e ^ 1.488 65.35 0.9774 0.8325 
suitable to the (54.07) 
Instar 

9. Lfief Bttitable to 1.379 56.00 1.0457 0.903* 
instar + Vlrub (38.70) 

10. Leaf iiiitable to 1.506 71.55 O.9883 O.858O 
instar (57.68) 

•tmmmtmtmiiammmmmummatmmmmmmmmtmmtn 

S.B3W+ 0.0463 4.39 0.0459 0.0421 
C.2)t at 55f 0.1390 13.042 0.1363 0 .12^ 

Figures in parentheses are angular transfonai^*.y^Xuee 
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Tabl« 9S« EffBot ot mulbexxy leaf isaturlty and Kviohu vlxui 
Infection In fourth inexiar on ooooon siieXi vrai^htt 
oooQtm shell ratio and moth eiQergeno« 

s i 
IJ* Treatments 

Single ooooon 
shell t^l/^t 

(g) 

Oocoon shell 
rat io 

Per eent 
moth 

emergen oe 

1« 

2 . 

3. 

4« 

5. 

6* 

7. 

8 . 

9 . 

10. 

Tender leaf <f Tlzus 

lender l eaf 

Middle order leaf 
+ Virus 

tllddle order leaf 

O0'.ir3e leaf -f Virus 

Ooarse l e a f 

'"toter soakod leaf 
suitable to the 
instar 4> Virus 

>iater soaiced leaf 
suitable to the Instar 
Loaf suitable to 
£na.ar -f Virus 
Leaf suitable to Instar 

ft.SEui 
O.B. at 5^ 

0.1291 

0.1337 

0.1256 

0.1349 

0.0997 

0.1197 

0.1133 

0.1396 

0.1362 

0.1318 

0.0071 
0.0210 

13.90 
(21.35) 3̂  

13.39 
(21.40) 
13.33 

(21.39) 
13.29 

(21.39) 
12.02 

(20.26) 
13.64 

(21.65) 
13.20 

(21.27) 

14.29 
(22.21) 

13.11 
(21.17) 
13.36 

(21.41) 

0.490 
1.455 

24.00 
(29.32)« 
43.33 

(41.13) 
27.33 

(31.50) 
44.00 

(41.42) 
32.66 

(34.82) 
72.00 

(5^.02) 
17.33 

(21.70) 

33.66 
(38.42) 
28.66 

(32.12) 
46.00 

(42.70) 

3.540 
10.517 

* Figures In parentheses are 
m » Non-slsnl floa&t 

FS US 
angular transformed values 
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n»%h tfM£!geno« %ns highest with ooarse leaf 

feeding (72*00 per oent) wbloh vae slgnifloanlily hlghor 

than that for other leaf treatm«it8« Xnfeotlan resulted in 

a significant decrease la moth emergence in a l l oases* As 

in the case of percentage oooooolngt moth entigenoe was 

nsacimally affeoted ic t he case of superimposition of 

infection on vrater ^>aked leaf and coarse leaf treatmetnts 

(Table 35). 

4*4. 3* 3 ylfth in stag 

I4R¥tiauB> larval v̂ reight* cocoon and pupal weights in 

lartrae fr«ft different treatments with or lAtbout ir.^'ectlon 

were not signifioanlly affected (Tables 36 and 37) • Ooecan 

ebell weights were of the eepm order in a l l the treatxaents 

except in the virus infected batch fed on vat^x treated 

leasts* NO appreciable differences were noticed In shell 

ratios ia different treatments eventhough ^e data were 

•tatititioalJly significant* 

Percentage of coooonlng ranged fron 57*33 to 78.00 

in healthy treatment 8« Signlfiooit difference IAS soon only 

with coarse leaf where maximum cocooning occurred* Infection 

with virus substantially reduced cocooning in water soaked 

leaf* coarse leaf and tinder leaf fed batches (Table 36)* 

A similar trend was observed even in moth emergence 

(Table 37)« 
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Stable %» Effeot of mulberxy leaf maturity emd Kenohu v lws 
Infection in f ifth instar an isaxiiaua laxval weight# 
extant of ooo9!:«ilng» ooeoon weight axA pû â wei^i 

Si* 

u 
2« 

3» 

4< 

5» 

6 . 

1. 

8. 

9. 

10. 

TreatB^&tt 

Single 
ffiaximoa 
larval 
weight 

Per oent 
ooodoaiiiff 

Tenaer leaf + Tirus 1.284 41.55 
(39*68)» 

lender leaf 

Kiddle orddr leaf 
• Time 

HiSiUe order leaf 

Coarse leef -f Ylrus 

Ct̂ aree leaf 

1.297 

n 2 8 l 

1.285 

1»32S 

1*368 

Water Boai&ed l ea f 1«?39 
suitable to the Instar 
+ yiruB 
Water soo^od leaf 1.258 
otiitable to the instar 
Leaf suitable to the 
ins tar -f Vtirua 
Leaf suitable to the 
instac 

S»BD« ± 
0*2>» at 5% 

n i 0 9 

1*285 

0.0710 
0.2109 

.69 .35 
(57.20) 
54.66 

(47.69) 
57.55 

(49.22) 
51*33 

(45.76) 
78.00 

(62.34) 
32*66 

(48*0) 

73*35 
(38.93) 
58.66 

(50.02) 

59*33 
(50.45) 

3.820 
11.349 

Single 
ooeoon 
weight 

(g) 

0.9416 

0.9990 

0*8893 

0,9817 

0.8873 

0.9312 

0.9019 

0.8963 

0.9219 

0.9339 

0.0297 
0.C882 

Sirigle 
pupal 
weight 

0.8181 

0.8513 

0.7737 

0.6479 

0*7716 

0.3045 

0*7892 

0.8076 

0.7098 

0.3191 

0,0256 
0.0760 

!I3 WS 
* figures in parentheses are angular transformed mlues 
NS a N9n»signif ieaat 
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Sable 97* Effect of oialbeny le£f oaturlty and Kenohu rlrae 
Infectlan in fifth Inetar tm eoeoon ebell wei^^tt 
cocoon ^ e l l ratio and isotli eclergcinee 

Si . 3?reatiaint8 

Single 
oooeon 
ebell 
v?el|^t 

(g) 

Shell Per cent 
satlo motb 

( ^ enMgexiee 

1» lender leaf • Time 

2* t£eMer leof 

0,1175 

0,131€ 

3» Middle tsrder leaf H Vlruo C.1106 

4« Middle order leaf 0,1304 

3. Ooar&e leaf • yiruo 0,1107 

6, Ooar&e leaf 0.1217 

7, Watex odaked leaf 0.1077 
suitable to the Ifiatar 
• Ylrtto 

3 . Water soaked leaf 0.1247 
suitable t9 the inatar 

9. Leaf suitable to tbe 0.1271 
ins tar •*• Tirus 

10. Leaf suitable to the Inatar 0.1263 

12.46 
(20.67)» 

15.31 
(21.34) 

12,41 
(20.64) 
13.30 

(21.41) 

12.44 
(20.64) 

13.08 
(21.19) 

11.94 
(20.20) 

13.96 
(21.94) 

13.73 
(21.80) 
13.54 

(21.53) 

28.66 
(31.90)» 

64*66 
(53.65) 

40.00 
(59.18) 

46.36 
(43.08) 

36.66 
(57.a6) 

74.00 
(59.44) 

39.33 
(3a.o3) 

66.66 
(54.74) 

45.33 
(42.31) 
52.66 

(46.53) 

S . ^ . + 0.0041 0.290 2.510 
O.D. at 5^ 0.0121 0,861 7.457 

« figures In parentheses are angilar transtfomned ralues 
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A 8usv^ Of ^e ab07G data revealed that larval 

ooeo:>& weights were not appreciably affeoted while extent 

of ooeoonlng and moth eisergenoe were muoh elgnif loantly 

iiiflu^ioed* Coarse leaf feeding oaueed more oocooning 

«id moth emergenee* She effect of leaf maturity and Kencha 

vlztts Infection was orie of causing body vjel^t seduotlorit 

Inetar azid moult prolongatl^ eoA reduction in eurvival* 

V9 appreciable influence of leaf quality on the deTelopment 

and intensity of Kenohu infeetim %«B erldent from the 

present eacperlcients* 

4*5 Interaction effect of eimultaneoue Infeotloii witl̂  
KiBchu virus and Staphylococcus ^uyeus in the 

siUcwogp 

Simultaneous infection with Kenchu virus and 

&* m̂?<̂ ?̂ was investigated* Virus extract was used at 

three concentrations and the becterium was used at five 

eoncentratiotns* llie combination effects wiert studied lay 

infecting the early IXZ» IV and 7 instar sillcworms* 

Silicwoins izifeoted on tho 2nd and 3rd day of V instar we»i 

also Investigated separately and the results are presetited 

below* 

4*^*1 » r d jnsijaff 

4«3»1*1 34irval weijtht 

A etatistlcally significant reduotian In growth 

as evidenced by larval weight was clear In al l infected 



123 
Table 5S* Ztttersotion tffeet of alnultaneoue InfeotIon with Eanohu 

Yirus aaS Stai^iyloeoeoufl eureug in third inatar aillcaom 
on larval weight and duraiion of fourth aoult 

S l « »,»•.— 
90* 

f reatcsenta 

lEenohtt virus ^* aureus 

Weight of 
to rorna 

on 7th dear 
is) 

Weight of 
single worn 
on 15th day 

is) 

SuntioB of 
fourth 
EMUlll 

(hr) 

h 

h 

^ » i 
• l » 2 

V2B3 

^3»2 

^3^4 

10 r 2 

10 
10" 

r3 

10-
lo" 
10 
10' 
10-

r2 

10 
10-
10 

r3 

r3 

10 r 3 

10 
10-
10-
10-
10' 
10 

r 3 

,-4 

10*̂  o e l l e M 
10^ 
10? 
10* 
io5 
10^ 
10^ 

r 
10^ 
10* 

10 ' 

, 0 * 
10' 

10* 
10 ' 

f » 

• t 

f t 

f » 

• » 

> f 

• f 

t » 

> • 

i » 

»» 

f » 

» • 

f • 

» • 

• * 

Buffer control 
Disti l led water oontrol 
Uairogfted ooatarol 

0.698 
0,759 
0«863 
0,959 
0*94i 
0,901 
0.814 
0.875 
0.664 
0.806 
0.737 
0.961 
0.644 
0.827 
0.577 
0.767 
0.561 
0.736 
0.904 
0.827 
0.533 
0.761 
0.754 
1.092 

1.073 
1.021 

0.219 

0.317 
0.327 
0.567 
0.570 
O.6O3 
0.470 
0.681 
0.125 
0.165 
0.133 
0.241 
0.424 
0.166 
0.240 
0.239 
0.245 
0.217 
0.301 
0.252 
0,251 
0.285 
0.293 
0.751 
0.724 
0.710 

34.00 
36,00 
34.00 
34.00 
32.00 
32.00 
34.00 
30.00 
40,00 
34.00 
36,00 
34.00 
34.00 
32.00 
30,00 
32.00 
30,00 
32,00 
32,00 
30,00 
52,00 
32,00 
50,00 
24.00 
26.00 
24.00 

S.Effi. + 
O.D. al 55< 

0.037 
0.105 

0,023 
0,0654 

1.65 
4.694 



Piatt 8, sllk%ioj9Be on 15th day of Infection irith diff«r«nt 
dilat:l;^i8 of Kenohtt rixaa In thlvd Inetar 

V0XB8 Inftottd wlthi 10"^, 10"' ajJd 10"* Ktmehu vlrtt» 
OOBtrol vozsts t Baffext Distilled water and Untreated 

Piatt 9* SHJcworms on 15th dajr of infeotion with diffextnt 
eonoentrations of staphyloooeous auretta In third 
inatar* 

VOxiBs infeottd wltht 10**̂ , 10*, lo'j 10* and 1o' eelle/al 
Oontrol ifonaa i suffer* Biatilled water and Untreated 
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Plate 10. Sllkvoxma on 15th day of elffiultaneout Infeetlon 
with Kenohu vlrue and gtaphylococcus aureus In 
third IriBtar. 

WQxns 
iTifeeted withjf^B^ V̂ Bg V^Bj ?̂ B^ V̂ Bg VgB̂  ^^^ ^2^3 ^2^4 

TgBg VjB̂  VjBg VjBj VjB^ VjBj 

dontrol nozmst Buffer> SlstlXIed v/ater and untreated 

Plate l i t Sll^cvoxne an 11th day of tnfeotlan with different 
dilutions of Kenohu -^Irus in fourth Instar* 

Worms iKfeetcd wlthi 10 f 10*' and 10** CcBoha Tlrus 
control worctfi s Bufft̂ r̂  SibtlUed water and Untreated 



^ f f r M f^^ 
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trvaineBts on 7th day (0.539 to 0.961 g/lO wonMi) aal 

15th day (0.125 to 0.6di/wozm)(Fig.4 and Plates 8, 9 and 10) 

as compared to their respective controls of 1.092 g and 

0.751 gf respectively (1>able 3d). 

4«5«1.2 Moulting duration. Insty duration ai:id Inaty 
Progress lc« 

fourth moulting duzatlGn vias significantly delayed 

in all infected hatches. The per cent worms entering Into 

IV instar i«as noo-slgnlfleant. But the same entering 

to T Instar exhibited eignifloant differences in that la 

all infected batches there t̂fas less per cent of progression 

(2.66 to 54*67) cO||>ared to uninfected buffer control 

(86.67 per cent) (Table 38 and ?ig.5)* Differences In third 

in sfcar duration v̂ ere also non-significant while there was 

considerable extension of IT instar (4*58 to 6.50 days) 

compared to tmlnfeoted control (4*17 days) (Table 39). 

4«5«1.3 Ooeooning. cocoon and shell weights and mô |̂  

m9 

ooeooning was absent with 10 virus as Will as 

with all combindtions of virus and bacteria* thus indicating 

the pronomced Interaction effect in III instar(Table8 40 

and 41) • Howeverf among the surviving infected batohes» 

ooeooning was significantly reduced (4*66 to 25*33 per 

cent) aa against 81.33 per cent in control. Beduotioi 

in cocoon weight* pupal v;eight» shell weight* cocoon 



?lg«4* Znterafl'lion effect of aimultiiQeoas Infeotlon 
withJfencbuvirua and ^jftphylooooot^ a^mjg 
in third imtar flilkvoam m larval welpt 
on 15th di^. 
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Sable 39* Interaction effect of eimultaneous Infection with Xeasha 
Ti7U8 end StaPhyloooooua Aureuf in third instar ailknora 
on extent or tsrorme entering suoeequent inetara and inatav 
durat ion 

»•«»•«»••• 

S X « apM 
Sreataenfea 

8*« ••'•! "ii • • iiw iiiw mmii • •••! enteriiHI 
^^* XiBnohu TTima £* aoreua 17 laatar 

Per cent woraa Per cent worma 
entering 
7 inatar 

I I I IB- IT i n -
atar e^av 
duration duxiMDt 

(Hr) (Dajw) 

r. 

V t 

TgBj 

V2 

0« 

«3 

10" 
10* 
10-

10-*= 
10*2 
10-2 

10 
10" 
10 
10 
10 

r2 

•3 
1-3 
-3 

10 r3 
r3 

+ 

+ 
+ 

+ 0° 
o5 

10 
10" 
10-
10' 
10-
10-
Juffer control 
DiatiUed water 
control 
Untreated control 

«̂ 4 
0 

0^ 

of 

(p 

98,67(86.15 
97.67(74.58 

100.00(90.00 
ce lU/ml 99.33(87.29 

100.00(90.00 
98.67(86.15 
99.33(87.29 

100.00(90.00 
98.00(83.44 
99.33(87.29 
98.00(83.44 
98.67(86.15 

100.00(90.00 

98.67(86.15 
99.53(87.29 

100.00(90.00 
100.00(90.00 
100.00(90.00 

99.33(84.35 
98.67(83.45 

100.00(90.00 
100.00(90.00 
100.00(90.00 
99.33(87.29 

100.00(90.00 

100.00(90.00 

13.33(21.37 
28.67(32.33 
32.00(34.42 
42.67(40.75 
43.33(41.16 

44«67(44.24 
54.67(47.68 

52.67(46.53 
2.66( 9.27 
6.00(14.05 
7*33(15.47 

18,00(25.01 
12.66(20.76 
20.67(27.00 
20.00(26.45 
20.00(26.49 
16.67(23.56 
16.67(23.78 
32*67(34.84 
26.67(30.96 
26.00(30.32 
34.00(35.40 
36.00(36.70 
86.67(68.83 
84.67(67.14 

87.33(69.34 

S . E m , ••• 3.17 2.34 
0,D. ^ 31^ 9.£||9 6.658 

Vigorea in parantheaea are angulV traaaforciad valuea 
J • BOn-aignlfiOBnt 

92.00 
88.00 

89.33 
88.00 
88.00 
84.00 
86.00 
^ . 0 0 
92.00 
90.00 
86,00 
86,00 
38,00 
86,00 
84,00 
86,00 
86,00 
84,00 
86,00 

84.67 
84,00 
36,00 
88,00 
86,00 
36,00 

88,00 

2.03 
5 ^ 

5.58 
5.67 
5.17 
5.58 
5.58 
5.25 
5.00 
5.00 
5.67 
5.58 
5.83 
6.50 
6.00 
5.42 
5.33 
5.42 
5.08 

5.17 
4.83 
4.67 
4.83 
4.67 
4.58 
4.17 
4.17 

4.17 

0.21 
0.597 



Fig.S.mtarcctlon effeot of siEultaneoue infeotion with 
Siiielia visus ana StaPbylceoftous ĉ ggeufl in thijpd 
ioitar eiltarora on extetrt of woroe en«earing fifth 
ie&t&r* 
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Table 40* Zhteraotion effect of eimultaBeoiw Infeetloa with fiaaohu vlriM 
enS StflPhyloeoooiie wureua In t b i rd lOBtar slllnrorB on extent 
of oeeoonaig ana eoooon and pupal v e i ^ a 

* • • • • • • • • • •« • 

lfo» •-
Treatments 

Ssnohu 7 i rus |[« Qureue 
I » » i > — tW— Ml— l l i l • «• «•! • • ! • • • » « • 

Per cent Single ooooon Single pupal 
eooooninir welglit wel/5|ht 

' J 

h 

"4 

^»4 

'A 

V4 
'A 
T51, 

V4 

" l 

"3 

10-
10 
10-

-3 

0' 
0-2 
0-2 
at 
0-2 
0P5 
0 - ' 
0 - ' 
0 - ' 
r3 

+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
• 
• 

- 0,00( 0,00 
- S.00(16.0S 

4.66(13.42 

o j o e U a M 14.66 (aa.48 

16.00(25.37 
0? 
0* 
O' 
0^ 
0« 
o5 
0« 

o* 
of 
0« 
<? 
0* 

0" 

0* 
03 

• f 

f t 

f t 

f • 

• • 

• t 

f t 

• t 

f f 

f t 

f t 

f t 

f t 

f t 

f t 

f t 

f f 

• f 

Buffer control 

18,00(24,96 
22,66(2B.56 
25.33 (30,17 

0,00( Q.OO 
0,00( q.OO 
0,00( 0.00 
0«00( 0,00 
0.00( 0,00 
0,00( 0,00 
0,00( 0,00 
0.00( 0*00 
0.00( 0*00 
0,00( 0.00 
o.oo( 0.00 
0.00( 0.00 
0,00( 0.00 
0.00( 0,00 
0.00( 0.00 

81.33(64.50 
D i s t i l l ed water control78*67(62.56 
Untreated con t ro l 76.67(61.17 

• 0.000(0.707 
0.678(1.084 
0.649(1.071 
0.799(1.139 
0.670(1.083 
0.616(1.054 
0.644(1.069 
0.637(1.065 
0.000(0.707 
0.000(0.707 
0.000(0.707 
0.000(0.707 
0.000(0.707 
0.000(0.707 
0.000(0.707 
0.000(0.707 
0.000(0.707 
0.000(0.707 
0.000(0.707 
0.000(0.707 
0,000(0.707 
0.000(0.707 
0.000(0.707 
0.906(1.185 
0.892(1.179 
0.910(1.296 

0.000(0,707)•• 
0.580(1.039) 
0.559(1.028) 

0.692(1.091) 
0.584(1.041) 
0.528(1.012) 

0.553(1.025) 
0.552(1.024) 
0.000(0.707) 
0.000(0.707) 
0.000(0.707) 
0.000(0.707) 
0.000(0.707) 
0.000(0.707) 
0.000(0.707) 
0.000(0.707) 
0.000(0.707) 
0.000(0.707) 
0.000(0.707) 

0.000(0.707) 
0.000(0.707) 
0.000(0.707) 
0.000(0.707) 

0.704(1.133) 
0.756(1.120) 

0.783(1.133) 

S.Bm.+ 1.16 0.025 
C D . s i 5f« 3.300 0.071 

• Figures In parentheses are angular t ransfcreed vdaee 
• • Figures in parentheses are / f " T " o I ^ transformed •a lues 

0.014 
0.0598 
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Table 41* Interacticn effeet of sisrultaneous itifeetioB with Seaoba 

vicuQ and Staphyloqoaoua aureiw in third instar^slltafor* 
abell weif^tt abeil - ^ ' * --' — '̂̂  on 00000n r a t i o and noth enrgeaoe* 

;L 

Hfe* 
Treat meats 

Senohu vlrua g* murem 

Single oocooB 
ah e l l wel^l 

(e) 
Shell ratio MiBtb 

'5 

T,Bg 

TgB, 

TaB, 

T3B5 

1'5"4 

"1 

10 
10' 
10-

- a 
1-5 

10-
10" 
10-
10-
10 
10-
10-
10" 

,-2 

10 !-9 
,-3 

+ 

• 
• 
+ 
+ 
+ 
+ 

0 oella/Bl 
0^ 
0» 
0< 
o5 

0* 
oJ 

0* 

0* 

10 
10-
10-
10" 

'? 
10 
ViStvs ooRCsol 
Dtotllled walar oontsol 
Untrsated oontml 

0,000(0»707] 
0.091(0,768] 

0,085(0,765} 
0.101(0,7753 
0.079(0.760) 
0.081(0.762) 

0.083(0.763] 
0.077(0.759] 
0.000(0.707] 
0.000(0,707] 
0.000(0.707] 
0.000(0,707] 
0.000(0.707] 
0.000(0.707] 
0.000(0.707] 
0.000(0.707] 
0.000(0.707] 
0.000(0,707] 
0.000(0.707; 
0.000(0.707] 
0.000(0.707; 

0.000(0.707] 
0.000(0.707] 
0.130(0.795) 
0.129(0.793) 
0.124(0,789] 

l# 0.001 
) 13*10i 
1 12,94< 
1 12.68< 

• i n 8 5 i 
I 13.15i 
1 12.961 
I 1?.07( 
1 0#00| 
1 O.OOi 
1 0.00( 
1 0.001 
) O.OOj 
) 0.001 
) o;oo< 
) 0.001 
1 O.OOj 
1 0.001 
\ O.OOj 
\ O.OOj 
> 0.00( 

) o.oo< 
f 0.00{ 
1 14.39( 

1 14.541 
> 13.60( 

;o.oo)»» o.(K)j 
[21.17] 
[21.05] 
[20,83) 

[20.11) 
[21.28] 
[21.09] 
[20.25; 
: • . 00 ; 
[ 0,00] 
[ 0.00] 
[ 0.00] 
[ 0.00] 
: 0.00; 
[ 0.00; 
: 0.00] 
: 0.00; 
: 0,00; 
[ 0,00; 

[ fi*^\ 
[ 0,00 

[ 0.00; 
: 0.00; 
!22«27] 
[22.40] 

[21.63; 

1 4.66( 
1 4.66( 

1 13.33( 
1 12.00< 

1 13.53( 
\ 17.33( 
) 18.00( 
1 0.001 
1 O.OOj 
\ O.OOj 
1 O.OOj 
1 O.OOj 
) O.OOj 
) O.OOj 
) O.OOj 
) O.OOi 
) O.OOj 
) 0.00( 
) 0.00< 
1 0.004 

) O.OOj 
) O.OOj 

1 79.55( 
1 78.00( 

) 75.35( 

'0.00 )#• 

12.42) 
12.42) 
21.40) 

'20,09) 
21.27) 
'24.54) 
'24.93) 
' 0 . ^ } 
[ 0.00) 
[ 0.00) 
; 0.00) 
[ 0.00} 
[ 0.00) 
' 0.00) 
' 0.00) 

0.00) 
' 0.00) 
[ 0.00) 
' 0,00) 
; 0.00) 

' 0.00) 
' 0.(X)) 
'63.07) 
62.09) 
60.50) 

S.Em.;^ 0.003 0.48 
CD. at 59C 0.0095 1.365 

Plgurf»a m pore?i»hPBc!! are^x J- 5,5 tranaforoed value* 
risuree In Parmtheaea are angular traneformed Talaa* 

1.05 
2.987 
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BbelX zatlo and moth eisesgecoa wag evident (Tables 40 ani 

41)1. 

4«5*2 Fourth Instar 

4*5«2«1 Lag?al welgHf 

fb« weight of 10 worme on 7th day «as ooisldezably 

redttoed anongst iafeoted hatehes (2.372 to 3*672 g/lO weiBe) 

ooopared to that of control (4»771 g)(?lg.6 and Plates l i t 

12 aiad 15)* It %»6 Intere stlxjig to note that the weight 

zeduetlon was more with slmultaneotts infeetlon of higher 

doses of both bacteria and virus (S^ble 42) • She nRarimuw 

larval weight also exhibited the sasie tendency* Higher deee 

of virus as well as Its eomblnatlon with all baeterlal doses 

hsA detrli&ental effeot* 

4*5*2.2 Instar progression, noultln^ duration and Instsaq 

Though the progression of WOXIBS to ? Instar was 

statistically significant* the degree of differences was 

nlnlnial oonpared to healthy control (fable 42)* 'ourlh 

Instar duration* fourth moulting duration as well as 

fifth Inskar duration showed statistically significant 

differences in t he Infected batches compared to th« 

control (Table 43)*' 
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Iain* 42i InterBO'tlon effect of simultaneous Infeoiion with E*mha 

Tlroa enS Staphyloeeoeus aureus ia fourth lastaz ailtoora 
on extent or worn smeclng fifth Inatar ana larval weight 

KB* 
:!!reatnente 

Esnohu v i r u s £ . aureus 

Per oent worm weiirht of S t n s l s aaxlaun 
enter ing f i f t h 10 woriiB on larva l weight 

instar rth dayi (g) (g) 

' 1 
• a 

h 

' 1 * 2 
^'S 
' l " 4 
^ 1 ^ 
' 2»1 
T2»2 
' A 

' 3»1 

TjBg 

V4 
T5S5 

" l 
"a 
0 , 

10 
10 

r^ 
r3 

10 

0-2 
0-2 
0-2 
0-2 
0-2 
0-5 
0-5 
0-3 
0-5 
0-5 
0-* 
0-* 
o"* 
Q*4 

•f 

• 

• 

0^ 
0^ 
0^ 
0 ' 

0* 
0> 
o7 
0« 
( ^ 

0* 
05 

0* 

Buffer oo!itvol 

88,67(70.11 

94»67(76.S3 
90,00(71.80 

cells/ml 94.00(76.69 
92.67(74.53 
92.00(73.92 
94.00(76,42 
94.00(76.69 
89.33(71.05 
89.33(71.01 
88,00(70.09 
84.00(66.67 
92,67(74.67 
83.67(70.52 
86.00(63.56 
81.33(66.67 
84.67(67.14 
82.00(65.07 
80.67(64.00 
84.00(66.88 
81.33(64.53 
88.00(70.01 

90.67(72.37 
91.33(72.98 

Dls-uaiea water oostrol 94.67(76.70 
tfTitreated control 93.33(75.20 

2.643 
2.982 
2.747 
2.372 
2.76t 
2.739 
2.920 
2.829 
2.341 
2.539 
2.673 
2.729 
2.928 
3.265 
3.276 
2.865 
3.175 
3.429 
3.327 
3.671L 
3.448 
3.199 
3.287 
4.771 
4.973 
5.162 

0.000(0.707) 
1.094(1.262) 
1.147(1.283) 
0.975(1.214) 
0.904(1.185) 
0,939(1.199) 
1.189(1.299) 
1.158(1.286) 

0.000(0.707) 
0.000(0.707) 

0.000(0.707) 
0.000(0.707) 
0.000(0.707) 
1.219(1.310) 
1.054(1.246) 
1.033(1.238) 
1.075(1.254) 
1.247(1.321) 
1.477(1.401) 
1.461(1.418) 
1.285(1.293) 
1.246(1.321) 
1.197(1.302) 
1.771(1.480) 
1.730(1.494) 
1.696(1.431) 

S.E1S.+ 2.47 0»145 O.OJO 
a .» . at 5!« 7.853 0*412 0.089 

* Figures In pareothesea are angular trennforaiefl valaeB 
*• figures in parent bases are^/x + 6 . 5 traisformed values 
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Tlat« 12. Siltaronw on 11th a«7 of laftttion with 
different oonseolratloiM of gtapfaylooooom 
aureus in fourth instar. 
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Plate 131 SlXhwonia on 11th day of slDultaneous infection 
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fab le 43* Softtraot ion effect of sicultFtoeoM iafeol ion with Ktoofea 
Yiriis ?*nfl Stapbyloeoccue am?e<iB In fourth iMlar on fourth 

Lfth insxare duration mm fourth moulting duratloii ana f i f th 
• W » « » M i W i » i — « 

Treatment 8 
iro* Zenebu virua ^* aureua 

Fourth 
Inatar 

duration 
(Bayo) 

Fotarkh 
BOuXt ini; 
durat ion 

(Voura) 

Fifth 
inatar 

durat ion 
(Days) 

' 3 

h 

^ ^ 

Vl 

T2B5 
TjB^ 
T3B2 

^ 3 ^ 
•3^4 

^ ^ 

10" 
10-
10-

10 r2 

10-

10 
10' 

.•2 
-2 

10 r2 

10"5 

10-5 
10-5 

10 r3 
10-3 
10-4 
10-4 
10-4 
10-4 
10-4 

+ 

•f 

• 

+ 

+ 

lo''̂  oellsM 
lof •• 
105 
10* 
105 
10*̂  
1(^ 

10* 

loS 
10 ' 
10« 
105 

10* 
105 
107 
10« 
1 ^ 
10* 
10' 

99 

• 9 

f t 

» » 

• » 

• • 

f * 

fff 

t » 

• t 

f • 

Buffer oonlrol 
Dis t i l l ed wnter oontrol 
TJntreatecl control 

5,17 
4.33 
4.75 
4.83 
4*50 
4.50 
4.67 
4.50 
5.17 
5.17 
5.08 
5.08 
5.00 
4.58 
4.67 
4.58 
4.58 
4.67 
4.58 
4.58 
4.42 
4*33 
4*23 
4.17 
4.08 
4.17 

32.00 
32.00 
30*00 
32.00 
30.00 
30«00 
2H«00 
24.00 
36.00 
36,00 
34*00 
32.00 
30.00 
34.00 
34.00 
30,00 
34.00 
30,00 
30,00 
30.00 
30,00 
30,00 
28,00 
24.00 
24.00 
24.00 

10,75 
10.08 
10.08 

3,75 
8.50 
8.33 
8*48 
8,42 
9#83 
9,75 
9,50 

9,75 
9,08 
9#17 
9*08 
9.08 
9.08 
3.67 
8.67 
8.33 
8.33 
8.29 
8,00 
7.08 
7.00 
7,00 

C D , 5t 5f5 
0.09 
0.256 

1.28 
3.642 

0.17 
0.483 
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i«9*t*9 Ooooonlng. ooooan anl shall wel^tg and aotli 

Svm in case of Z? in star Infeotlon, ooooonl&f \mm 

not «noount«Md with 10 TLxas Inf •otlon as well as in Ite 

oomblnatlors vltli a l l bacterial dilutions. The percentage 

of ooooonlng increased with increase in tlie dilution of 

virus and bacteria (6,00 to 24»00 per cent with 10*' vims 

and bacteria and 28*00 to 40*67 per cent with 10^ virae 

and bacteria) compared to control (84«00 per cent) 

(sable 44 and j ^ s . 7 and 8) , Oocoao weightt pupal weight* 

shell weight and moth energe&oe (Fig*9) behanred in a similar 

manner* However* cocoon shell ratio exhibited s ta t i s t i ea l l j 

significant differenoCf eventhough the ma^itude ot 

difference was leseCSable 45) • 

4«5.3 yifth inatar 

••5»3«1 Init ial f i f th i n s t y 

She oaxiffluffl larval weight was significantly 

different In the different treatisants. It was considerably 

reduced with higher t i tre ot virus ard bacteria (12*691 %• 

14.389 g/l0 worms) canpared to ctatrol (16.030 g) (sable 46). 

She per cent cocoons spun was considerably low 

with Infected batches, particularly so to higher eonoentratla* 

of viruB and bacteria (48«00) compared to that with lower 

concentration of virus and bacteria (84*6$ per oint) • In 
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TaUe 44* Inttxaotion effect of slmuItaneouB Infeotlon with K«ii^ii 
TlsuB and StaphyXoooootts auyas in fourth Instar on extind 
of soQoonlSg, ooooos welgn^ a and pupal titlght 

— W W — M Ml • •» 

R 0 « mm 
Treatments 

Ktoohu virus £. aureue 
Fur ovit 
ooosontDS 

Siasl* ooooou slngl* papal 
«al«h« KtlCht 
(gT (s) 

'2 

>1 
B 2 

"4 
"j 

' l>5 
' l"4 

Vl 

TjB, 

V4 
» « ^ 

'A 
'A 
V4 

10 
10 
10* 

rJ 

«• 

• 

wm 

« 

10-2 ^ 

10-2 ^ 
10"2 • 
10-2 ^ 

10-a • 
1 0 - ' * 
l o r ' • 

1 0 - ' • 
1 0 - ' + 
1 0 - ' • 
10-* + 

10-* • 
10-* • 

10-* • 
10-* • 

10' rail 

10« . . 
^ . . 

I f l * „ 
105 , . 

10^ . . 
10« . , 

i o ' . . 
10* . . 

i o ' „ 
l o ' , . 
10« „ 

i o ' . . 
10* „ 

io' „ 
io" ' . , 

«** „ 
10* „ 

10* . . 
i o ' . . 

Buf fer oan t ro l 

Xtt.stilled water otmtrol 
Untreated control 

0.00 

20.00 

19.33 
32«00 
34.67 
37.35 
42.00 
40.00 
0.00 
0.00 
0.00 
0.00 
0.00 
6.00 

10.00 

13.33 
12.66 
24«00 
28.00 
30.67 
32.00 
32.00 
40.67 
84.00 
80.00 
80.67 

(0.00)« 0.00(0.707)•• 0.000( 

(26*49] 
(25.95: 
(34.42] 
(36.02] 

(37.65] 
(40.39] 
(39.22] 
( 0.00] 

( 0.00] 
( 0.00] 

( 0.00] 
( 0.00] 
(14.18] 
(18.20] 

(20.95] 
(20.76] 
(29.21' 

(31.91] 
(33.58] 

(34.35] 

(34.37) 
(39.61] 

(66.53] 
(65.46] 
(64*00' 

1 0.757(1.118] 

1 0.654(1.07^1 
) 0.663(1.077] 
) 0.758(1.121] 

) 0.634(1.065] 
1 0.611(1.054) 
) 0.678(1.084) 
1 0.000(0.707) 

) 0.000(0.707) 
1 0.000(0.707) 
1 0.000(0.707) 
1 0.000(0.707) 

1 0.753(1.119) 
1 0.644(1.100) 

) 0.581(1.039) 
) 0.774(1.128) 

) 0.738(1.111) 
1 0.684(1.085) 
1 0.828(1.152) 

1 0.810(1.141) 
1 0.715(1.115) 
) 0.878(1.173) 
1 0.885(1.176) 
1 0.913(1.188] 

) 0.88^(1.176] 

0.653( 
0.560( 

1 0.572( 

• 0.657( 
1 0.540( 
1 0.508( 

1 0.583( 
1 0.000( 

0.000( 
0.000( 
0.000( 
0.000( 

0.676( 

0.549( 
» 0.497( 
1 0.669( 
1 0.628( 

0.593( 
1 0.732( 

1 0.699( 
0.657( 

• 0.771( 
0.75d( 

\ 0.785( 

1 0.759( 

(0.707)< 

(1.071) 
(1.067) 
(1.035) 

(1.075) 
(1.019) 
(1.004) 
(1.040) 
(0.707) 
(0.707) 
(0.707) 
(0.707) 
(0.707) 
(1.084) 

(1.024) 
(0.998) 
(1.081) 
(1.060) 
(1.043) 
(1.109) 
(1.092) 
(1.075) 
(1.127) 
(1.121) 
(1.132) 
(1.122) 

S.£B. ^ 1.65 0.024 0.024 
(i*Ji. at 5)C 4.464 0.0682 0.0682 

f l^rea in parentheses are angular transfozmed values 
Figures In parentheses arev x • 0.5 tranafosned valaes 
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Flg»8« itrtoraatio!! effect of aimultpnecuB infection 
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Tabl« 49* Interaotion effect of sinultaneoas Infeotlon vith Kenchn 
Tlxus and staphylooocoua fu»e"» ^ fourth Inetar on OOOOOD 
ehell velgni» o oo o ̂n siiexl zat i o and moth eoesgenee 

• • • • • • • • H I M W i 

Ireataente 
lfo< Kenohn 

•Irue i . SU£SU£ 

Single ooQoon 
ehi^l weight 

(8) 

Ooooon alMll 
zotl* 

(X) 

Heth 
cgowt 
(50 

'5 

H 
h 

Ti" i 

TjBj 

TjBj 

V* 
'A 
Vi 
T5B5 
TjB4 
VjBg 

c. 

10 -2 

10 
10-

r3 

j -a 

) - ' 

) - ' 

) - ' 

) - ' 

) - ' 
, -4 

,-4 

•f 
• 

• 

+ 

10 

10* 
I0S 

10 ' 

10' 

10« 
io5 
10* 
10» 

lo ' 
10« 
105 
10* 
10 ' 
107 
10« 
105 
10* 

oelXs/, 
ml 

10 3 

Buffer control 
Dietilled vater 
control 
Untreated ocutrol 

0,000(0,707)< 
0.095(0.771) 
0.086(0.765) 

0.080(0.762) 
0.092(0.768) 
0.085(0.765) 
0.090(0.768) 
0.087(0.766) 
0.000(0.707) 
0.000(0.707) 
0.000(0.707) 
0.000(0.707) 
0.000(0.707) 
0.090(0.768) 
0.085(0.764) 
0.076(0.758) 
0.095(0.771) 
0.101(0.775) 
0.081(0.759) 
0.092(0.771) 
0.100(0.774) 
0.081(0.762) 
0.096(0.792) 
0.121(0.787) 
0.123(0.789) 

0.135(0.796) 

0.00 
12.78 
13*35 

12.27 
12.12 

13.55 
14.71 
12.99 
0.00 
0.00 
0.00 
0.00 
0.00 

12.11 
15»11 
13.39 
12.46 

14.15 
12.09 
11.10 
12.72 

1C.95 
11.01 

15.67 
15.55 

(0.00) •# 

(20*95 
(21.41 

(20.48] 
(20.28] 
(21.59 
(22.52: 
(21.08] 

( 0.00 
( o.oo; 
( 0.00 
( 0.00 
( O.oo; 
(20.33] 
(21.20; 

(21.37; 
(20.67; 
(22.01 
(20.18; 

(19.42] 
(20.84; 
(19.30; 
(19.37; 
(21.69; 
(21.55; 

15.13(22.87) 

0.00(0.00)*i 

14.00(21.9(V) 
13.33(21.33) 

23.33(28.88) 
24.66(29.70) 
31.33(34.02) 
39.33(38.83) 
37.33(37.66) 

0.00( 0.00) 
0.00( 0.00) 
0.00( 0.00) 
0.00( 0.00) 
0.00( 0.00) 
3.33(10.40) 
5.33(12.91) 
8.66(16.75) 

10.00(18.38) 

22.00(27.91) 
22.00(27.95) 
27.33(31.48) 
29.53(32.68) 

28.66(32.35) 
36.00(36.85) 
82.00(64.92) 
78.00(62.05) 

78.00(62.13) 

S.En. • 
O.fi. al 5% 

0.005 
0.0142 

0.76 
2.162 

1.36 
3.869 

Figures in parentheees are \/x + 0.5 traneformed values 
Fl urea in parent heees are angular tngasSommA yalues 



Flg*9» mtsraetion effeot of Bimultaneous l«)feoti9ii 
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Table 46. Interaotlon effect of stoultsmeous Infection with Kenohu rizus 
^ ^ Staphyloooootta aureua in I n i t i a l f i f th inatar ailicwoai on 
maximum larvai. weignt» extent of eocowning and ooooon weight 

Treatment 8 
1R»4 Kenohtt 

•irus 

Maximum 
larval 

weight for 
g. a s m s 10 Som«(g) 

Weight 
Per cent of 10 
oocooning cocoons 

(8) 

Bf 10 
pupa* 

(g) 

TA 

'2 

1 
2 

T,B, 

V2 
TjB, 

V* 
V2B5 
YjB, 
V,Bj 

V J 

0< 

10 
10 
10-

-2 
-3 

)-2 

»»2 

r2 

^-3 

• 
+ 

+ 
+ 

10*̂  c e U e M 

10^ 

10-
10̂  
10' 
10' 

6 

10-
10̂  
10' 
10 
10̂  
10-
10̂  
10-

6 

7 

Buffer oontrol 
Dis t i l l ed water control 
Untreated otaitrol 

12.703 
13.711 
14.403 
14.797 
15.077 
13.389 
15.241 
14.577 
12.691 
14.333 
13.343 
12.945 
14.389 
14*828 
14.060 
15.782 

14.357 
14*140 
13.873 
14.777 
14.572 
14.291 
14.973 
16.030 
17.557 
16.400 

73.33(58.92 
78.66(62.60 
84.66(62.22 
66.66(55.44 
76.66(61.29 
85.33(67.77 
78.66(63.20 
80.66(64.35 
48.00(43.85 
76.00(60.72 
70.66(57.37 
78.66(62.83 
74.33(59.01 

64.00(53.24 
75.33(60.37 
75.33(60.30 
76.66(61.17 
73.33(59.35 
81.33(64.84 
81.53(64.45 
89.35(71.05 
86.66(68.61 
84.66(66.97 
92.66(74.67 

92.66(74.53 
91.33(72.98 

7.413 
7.527 
8.890 
7.407 
8.473 
7.100 
7.850 
7.253 
8.987 
8.480 
8.113 
6.133 
7.253 
6.750 
7.730 
7.617 
7.410 
6.480 
5.850 
9.589 
8.223 
9.223 
9.283 
8.922 
9.048 
9.105 

6.153 
6.530 

7.653 
6.387 
7.437 
6.123 
6.990 

6.263 
7.890 
7.430 
7.077 
5.370 
6.223 
5.757 
6.747 
6.600 

6.407 
5.533 
5.017 
8.410 
7.173 
8.197 
8.080 
7.563 
7.827 
7.833 

S.£m,^ 
CD. a% 55( 

0.479 
1.362 

3.29 
9.361 

0.575 
1.636 

0.538 
1.530 

* Figuree in parentheses are angular transformed values 
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o^ntzol It vas 92*66 p«r cent(T&bIe 46 an& Flg6« 7 a&d 8). 

Oooocm wtlghtf pup£il weighty sfasll weight and moth 

•loergtxioe vas similarly affected (Tables 46 and 47)* 

However* dlfferenoee in the ooooon shell ratio remained 

no]>>signifleant* vhlch may be due to the lesser weights of 

pupae as well as eooo^^s in the different treatmente 

as oompared to ^ e l l ratio with oontrol where both shell as 

well as ooooon weights were higher* thereby oompensating for 

any possible differences in ^ e l l ratio* 

4*5*3#2 One day old fifth Instaj? 

7be maxinuuzi larval weight was significantly less 

In infected worms (12*213 to 13*062 g/lO worms) compared to 

control (i5*30 g)* Sven here the higher eonoentraticm 

of virus with bacterial dilutions gave less weight of 

12*397 to 14*160 g/lO worms compared to that with more 

viral dilution with bacteria (12*983 to 15*062 g) (Table 43)* 

Extent of coQOoning was ve27 much affected In that 

it v/as 34*0 per cent with 10 ' virus and bacteria (10' oells/Bl) 

as against 77*53 per cent with ICT* and 10** virus and 

%aoteria (10 oells/ol) compared to 92*00 per o«nt in case of 

oontrol(Table 48)r She cocoon weight* pupal weight* cocoon 

elMll weight and moth eiaergenoe were also affected 
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Tabic 47* Interaction effect of BimultaneouB Infeetlac wltb Ceneha 
YliTUs ajsd Staphylocopctts aursua In Init ial fifth ins tar 
Blll>-worm on ooooon snell wiigbtt ooooon shall zatio and 
moth tfoergwoa 

Treatinents 
vo* 

K«iohu vizuB §_. atttaaa 

Wit«ht of 
10 ^elXa 

(g) 

ooooon shell 
ratio 

Per cent moth 
emezgenoe 

"«^ 

"5 
»1 

"4 

' l»4 
y,B5 
TjB, 

TjB, 
TjB, 
T3B2 
V3B3 

V 4 

°1 

10-2 
10-5 

icT* 

-̂2 

0 '̂  
0-2 
0-2 

0 - ' 
n-3 

,-• 

t 
• 

+ 

• 

•f 

• 

10*̂  eeUs/nl 
10« 
105 
10* 
105 
io7 

10« 
105 
10* 
105 
lo'' 
10*̂  
105 
10* 
io5 
10^ 
10*̂  
105 
10* 
to ' 

Buffer control 
Distil led vater cortrel 
Untreated control 

0.877 11.96(19*93)» 
0,940 12.69(20.83) 
0.987 im2(19.43) 
1.000 13»53(21.61) 
noyr 12.26(20.47) 
0.913 12.93(21.06) 
0.980 12.50(20.73) 
0.950 13.07(21.13) 
1.027 11.41(19.73) 
1.033 11.80(20.06) 
1.003 ia.l6(20.38) 
0.745 12.25(20.45) 
1.007 14.19(22.10) 
0.950 14*02(21.95) 
0.967 12.63(20.78) 
0.993 13.14(21.23) 
0.973 13.7S(2U78) 
0.910 14.39(22.22) 
0.843 14.49(22.37) 
1.147 11.97(20.24) 
1.000 12.37(20.53) 
1.003 10.67(19.04) 
1.200 12.91(21.08) 
1.293 14.54(22.43) 
1.300 14.35(22.27) 
1.240 13.60(21.63) 

58.66(50.01)» 
64.66(53.54) 
72.00(58.21) 
69.33(56.42) 
73.33(59.06) 
76.00(60.72) 
73.33(59.23) 
73.33(59.09) 
44.00(41.54) 
66.00(54.35) 
63.33(52.79) 
69.33(56.39) 
69.33(56.45) 
60.66(51.24) 
58.00(49.66) 
65.33(53.98) 
68.66(56.02) 
74.00(59.39) 
66.66(54.75) 
67.33(55.4t) 
77.33(61.88) 
81.33(64.61) 
86.00(68.06) 
90.66(72.37) 
92.00(73.86) 
89.33(71.19) 

S.m. j ; 0.059 0.740 
C C afc 59̂  0.1678 2.105 

TO 
^Pi^uree in parenthaees are angular transfonaed values 
liS * Non-slgaif leant 

2.470 
7.021 
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Table 4S« Znteraotloo effect of elmultaneoua Infection with ICwaclia 
virus and gtaphylooocous aureoa in on^ day old f i f t h Inatar 
sUkworffi onmaxmum xarvai weigfitt extent of coooadjigf 
oooo^n weight and pupal weight 

Treatment a 

1?9« Xenohu vlxua £• aureus 

Kayimum 
larval 
weight 
for 10 
woxcis(g) 

Per cent 
oooooning 

Weight 
of 10 

eoooona 

Welidit 
of 15 
pupa« 

(g) 

^1 

^1^2 

^1^4 
^1^5 

V2B5 

V4 
V2B5 

Vl 
V3B2 

V3 
V4 

0« 

10 
10 
10-

1-2 

r3 

r2 

j"2 

^-3 

+ 

+ 

• 

• 

0 * 

0 * 

05 

0* 

fi 
3 

Buffer control 
Dlet l l led water 
Control 
Untreated cozitrol 

12*708 

13.264 
15.407 

cellB/iQlia213 
12.802 
13.763 
14.036 
14.172 
13.529 
13.589 
1 4 . 1 ^ 
12.897 
13.291 
13.713 
14.557 
14.343 
14.643 
13.622 
12.935 
14.753 
13.610 
15.062 
13.727 
15.300 
16.190 

75.33(60.23)* 
78.66(62.50) 

87.33(69.34) 
84.00(68.60) 
82.00(65.07) 
86.66(69.05) 
84.66(67.14) 
^ .66(67 .34) 
54.00(47.30) 

76.00(60.72) 
73.33(59.01) 
80.66(63.96) 
82.00(65.02) 
77.33(61.64) 
71.33(57.85) 
78.00(62.16) 
78.66(62.60) 
76.00(52.72) 
77.33(61.71) 
78.00(62.59) 
84.66(67.21) 
85.33(67.63) 
90.00(71.62) 
92.<6(74.53) 
92.66(75.06) 

15.503 92.00(73.65) 

6.667 
8.110 
9.060 
6.6O3 
7.657 
7.833 
6.597 
8.217 
8.160 

9.113 
7.607 
7.530 
6.123 
5.937 
6.167 
6.343 
7.520 
5.813 
6.633 
7.243 
8.190 
6.330 
6.673 
9.165 
8.748 

8.805 

5.743 
7.017 
7.970 
5.715 
6.757 
6.550 
5 . H 3 
7.170 
7.260 
7.953 
6.653 
6.207 
5.257 
5.133 
5.323 
5.457 
6.330 

5.577 
5.693 
6.347 
7.227 
5.522 
5.723 
7.830 

7.555 

7.560 

S.SB. • 0.441 2.37 0 . 4 ^ 0.457 
O.J), at 55< 1.253 6.736 1.378 1.299 

*Plgurea in parenthesea are angular transfonsed values 
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slgnlflCGxitXy (Tables 43 and 49)* But dlffertnoes in 

000oon shoXl ratio xvere not found to be Blgnlfloaat* 

4«3«3«3 TWO days* old fifth Inst^ 

In oase of infeotlaa wltb two days* old fifth Ins tar 

sUkworffiSf 0%nlfloant dlffostnoes were notloed in ofixloautt 

larval weight \Aloh were 11*436 to 14*179 g/lO troxms in 

Infeoted batohes oom{>ared to 17*380 g In ocntrol (Oiable 50)* 

Dlfferenoes in per oent ooooomlns and wei^t of 

ooooon and pupao wero found to be non-alsnlfloent between 

various treatrioitB* Ooooon shell weight was slgnifioantly 

less In infected batches (0*687 to 1*273 g/lO ooooon shells) 

oompaxed to eantrol( 1*187 &)• HDwev«rt ooooon shell ratio 

and moth ei&ergenoe were not slgnifioantly affeeted hy Infeetlfin 

with Kenohu virus and/or bacteria (Table 51)* 

from the above data» It Is olear that slDultaneous 

Infection of aliit%n>ria with Kenohu virus and baeterlum or 

with either QDO of them Individually was effective in oausii:^ 

reduction of many of the gro%nh paraneters studied in all 

the instars* Hetardatioi in growth was also evidenced by 

premature mortality under heavy infection aaA significant 

prnlongBtion in duraticn of Instars and moults vfhlch %;as 

especially evident In Infection in the eadLy instars* 

Sfa« interaction effect of simultaneoos Infection was 

file:///Aloh
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lablt 49« Interaotlim effect of slmiltaneoiifi Infection with Kendia 

virus and StaphylococoUB aureus in one day old fifth Instar 
edLliEwoai on oocoon sheii weignt* cocoon shell ratio and 
moth energ^oe 

llOi 
Traatmoit 8 

Kenohu virus §,, aureus 

Weight of 
10 cocoon 
ehelXsCg) 

Cocoon shsH 
ratio 

(?0 

Hotb esergenoe 
(?0 

^2 

h 

h 

^1»2 

Vl»4 

Vl 
V2 
V3 
V4 
V2B5 

Vl 
V3B2 
V3B3 

V4 
T3B5 

10 
10 
10" 

- 2 
- 3 

10 
10' 
10' 
10 

r 2 

10 

1-2 

- 2 
r2 
- 2 

10 r3 
10 
10 
10 
10 
10-
10" 
10-
10" 
10 

r5 
r3 

r3 

-4 

10'̂  cells/ml 
10^ 
105 

10* 
103 

+ lo'' 
+ 10^ 
• 105 
• 10* 
• 10^ 
• lo'' 
• 10^ 
-¥ 10^ 
• 10* 
-¥ 10 ' 
4 lo"^ 
• 10^ 
•I- 10^ 
+ 10* 
+ 10' 

Buffer omtrol 
ITlatlllcd water control 
Untreeted control 

0.837 
1.020 
1.001 
0.323 

0.820 
0.383 
0.790 
0.953 
0.783 
1.073 
0.903 
0.907 
0.783 
0.630 
0.800 
0.825 
0.863 
0.710 
0.730 
0.787 
0.870 
0.740 
0.883 
1.290 
1.152 
1.303 

12.67(20.79 
12.60(20.75 
11.09(19.46 
12.47(20.66 
10.71(19*12 
11.33(19.67 
12.25(20.45 
11.52(19.85 
9.76(18.06 

11.06(20.03! 
11.90(20.17 
12.13(20.41 
13.57(21.56 
10.93(19.30 
12.91(21.02 
13.08(21.11 
11,87(20.14 
12.8^4(20.44 
10.97(19.27) 
11.11(19.43! 
10.59(18.95 
11.5K)(19.85 
13.33(21.26 
14.05(22.03 

13.13(21.24 
14.84(22.67: 

66.00 
72. X 
32.00 
80.33 
76.33 
80.33 
78.00 
81.00 
49.66 
68.33 
67.33 
74.33 
74.66 
69.00 
66.33 
71.66 
75.i>0 
67.66 
67.00 
68.00 
79*66 
80.33 
85.33 
38.66 
89.66 
88.33 

(54.35)* 
(58.07) 
(64.94) 
(63.77) 
(61.07) 
(63.84) 
(62.10) 
(64.39) 
(44.39) 
(55.84) 
(55.20) 
(59.61) 
(59.38) 
(55.36) 
(54.28) 
(58.02) 
(58.75) 
(55.36) 
(54.97) 
(55.66) 
(63.29) 
(63.72) 
(67.53) 
(70.53) 
(71.69) 
(70.17) 

CD. at 59̂  
0.065 0.82 
0.1847 2.330 

ITS 
* Figures in parentheses ans angular tjrensforoed valuss 
fi& 9 Kozi"significant 

2.10 
5.969 
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lakl* SO. Intaxootiso atfaot of etoiltaoaoiia lefMttoB wttb Kwahu 

l&Btar si 
eoedaali^f cpooon w i ^ t and pu^tiX HX&i 9x%m% d f 

BO 

TnatmmtQ 
mmmmmmmmmmmmm mmm 

* K«BOhu H w e §/t 9liO^ 

llaximm 
Xanrttl 

for 10 
(6) 

0009311 ! • § 

wo^M 
of W 
oooodao 

volgbt 
Of 10 

'a 

»i 

"5 

' i "a 

'A 
YgB, 

' A 
' A 

»A 

V4 
'A 

10 ,•2 

10 ,-s 

10 ,-8 

10 ,-2 

10 
10-

i**2 

10 .-a 
10 .•5 

10 r 3 

10 r 5 

10 r 3 

10 
10' 
10* 
10-
10' 
10-

r 5 

10^ oelloAa 
10^ 
105 
10* 
i o ' 

• 10^ 
• 10^ 
• i o ' 
• 10* 
• i o ' 
• fXp 
• 10^ 
• 105 
• 10* 
• 10' 
• 10*' 
• 10^ 
• 10* 
• 10* 
• 10^ 

11.456 
15*a9R> 
14.19 
13.135 
13.896 
13.»5 
13.104 
14.071 
12.811 
12.981 
13.6» 
12.512 
i3.r?9 
13.021 
12.609 
13.901 
14.179 
12.686 
13.169 
12.793 
13.489 
13.505 
13.093 
17J aaf f ev oottttoi 

SlolUiod wotoir oantrol 16^595 
tlBtz«a%d ooDtsol 17.060 

84.66(66,99)« 9.340 7*907 
a4«00(66,49) 7.873 6.095 
84.66(67.98) 8,800 6.997 
d9.33(7l.51) 7.883 6,770 
84.66(68.06) 6.910 5.847 
«8«66(67.11) 7.137 6.067 
90.66(72.68) 5.890 4*963 
93.35(77.77) 8.263 7.147 
94.66(77.09) 7.300 6.513 
95.33(77.97) 6.747 5.807 
96.66(81.43) 6.950 6.015 
92.66('a.06) 6.440 5.^30 
85.95(66.70) 7.810 6.845 
91.33(75.35) 7.510 6.985 
88.66(70.75) 6.705 5.640 
84.00(69.21) 9.685 8.500 
90.66(72.89) 6.070 5.187 
90.00(72.51) 7.567 6.260 
84.00(67.52) 8.087 7.010 
81.95(64.45) 8,620 7,175 
87.35(69.34) 6.695 5.577 
88.66(65.71) 7.680 6,495 
92.00(74.10) 7.505 6.450 
92.66(74.55) 8.588 7.965 
92.00(74.39) 8.815 7*522 
94.66(77.90) 8,692 3,115 

O.D. at 3% 
0.458 
1.301 

3.71 0.737 
2.094 

•ft4|uxoa Ift pav«ntboaoa axo angular tisDafoiaod valuoo 
NS = Non-significartt 

0,688 
1.955 
IS 
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Sablt 51* Interaction effeot of slamXtaneous Infeotion with Ksnehii 
•Irus and StaphylooocouB aureye In two day« old fifth Instay 
sllinr/oaDa on cocoon eiieli wetgET, cocoon shell ratio and 
moth emergence 

!•« 

Treatments 

Kenohu virus g , aureue 

Veight of 
10 cocoon 
shell s(g) 

Cocoon shell 
ratio 
(90 

Moth 
eaergenee 

(50 

^i»t 

TgBg 

V2B3 

V4 
YgBg 

Vl 
V2 
V3B5 

V4 

Cl 
«t 
«3 

10' 

10 
to­

rs 

10 
10' 

r2 
2 

10 
10 

r2 
•»2 

10 

10* 

10" 

10 

•2 

r3 

10 
10 
10" 
10* 
10-
10-
10-

-3 
•3 
-3 

lo"̂  oeUs/ml 
10« 
t05 
10* 
10' 

• lo'' 

• 10̂  
• 10̂  
f 10* 
• 10' 
• 10*̂  
f 10̂  
^ 105 
4 10* 
4 10^ 
• lo"̂  
• 10̂  
• 10^ 
• 10* 
• 10' 

• 9 

• t 

#• 

t* 

»f 

>t 

ft 

•» 

• • 

ft 

tt 

t» 

• » 

tt 

0t 

1.273 
1»085 

1.177 
1.043 
1.013 
1.013 
0.873 
1.073 
0.687 
0,875 
0.890 

0.833 
0.920 
1.057 
0.877 
1.130 
0.867 
1.027 
1.010 
1.133 
0.897 
1.033 
0.967 
1.187 Buffer control 

3}i8tilled water oontrol 1.202 
Untreated oontrol 1.270 

13.97(21.92)e 78.00(62.05)* 
14.82(22.68) 81.33(64.41) 
14.54(22.41) 81.33(64.75) 
11.94(20.21) 86.66(63.80) 
14.65(22.49) 83.33(65*91) 
14.38(22.26) 79.33(65.87) 
14.82(22.65) 89.33(71.27) 
13.05(19.87) 92.00(74.39) 
9.01(17.37) 93.33(75.28) 

13.13(21.21) 92.66(74.40) 
13.21(21.27) 94.66(77.30) 
13.12(21.21) 92.00(73.92) 
11.95(20.22) 82.00(65.46) 
14.29(22.19) 90.00(71.80) 
14.52(22.38) 86.66(68.83) 
11.65(19.97) 82.66(65.68) 
14.24(22.19) 88.66(70.52) 
14.43(22.33) 89.33(71.64) 
12.69(20.81) 82.66(66.17) 
13.16(21.28) 80.00(63*46) 
13.31(21.38) 85.33(67.68) 
13.70(21.73) 81.33(64.53) 
12.98(21.08) 89.33(71.05) 
13.86(21.84) 90.66(73*25) 
13#59(21.66) 90.66(73*25) 
14.64(22.51) 93.33(75.55) 

S.Sm.;^ 0.08B 0.86 
C.B. at 5^ 0.250 2*444 

Figures in parentheses are angular transformed values 
98 <P N0c--8ignifictfi | 

2.93 
8.328 
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Bore pror̂ ounoed in tblrd Instar than in fourth Inotav 

and it was leas pronounced in fifth instar* V/ith 

advanMB«nt la a^ of fifth instart th« effaot «M 

loBS evident* 



I mA&iJ ®i 



T. OlSCfDSSlOH 

Th« MSttJLts of tht different experlfflents are dleoueeed 

as follows under appropriate headings* 

5»1 Meeting of Kenohu ylrtte isolatee agalnat antlsera 
Of Infeotloue fXaeherle vlrua and dyieonuoleoelg 
•irua of sllkworq 

Oiseased alllcwozms Showing Kenohu qjrsptoms eolleottt 

In KarcataJca did not produoe the precipitation bands In gel 

dlffttslcm test with antlsera of both Infeetlous flaeherle 

•IruB and densemuoleosls virus (Ina strain) of sHJcwesa* 

Also midgut ce l l s of sllkvorcts Infected In the laboratojgr 

with Kenohu virus extracts did not product •peclflo 

f luoresoenoe with antlsera of both IFV and WYp %̂ cn ŝaBJiict 

by fluorescent antibody technlquct thus Indicating that the 

Kenohu virus preparations used in the present laboratory 

intestlgatlons are Berologlc€J.ly quite distinct from slliEwora 

IFV and laa im existing la Japan* 

lagurdlng the extracts of saaplts collected fron 

different placesp tests have been conducted only for 

aerologloal evaluation for ZF7 and Jxm. 9R?* Since Kenchu 

eymptoms are imowi to be produced in Infections other than 

viruses* especially bacteria such as Serratla aarceceetts 

(yasanthasa^an and KunlrathnasBat 1978)» the viral etiology 

of these field collected samples Is not established* the 
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B«ifttlv« •trologloal rtsponeo oan only •linlnatt the pr«8«D0t 

of XF7 or Zna DFV in th« dlscaat aasplos* Hit question of 

the actual causal ag«nt for th«80 different Cenehn 

tpisootios encountered in the field Is s t i l l open for 

inTestigation* 

It i s interesting to note in this coimeotion that 

several aDall« non-oocluded viruses of insects have not 

shared ooBBnan antigens between thea(Juoices g^ gl» § 1973| 

David* 19751 Eeinganum and Soottit 1976) • With the 

silkworm itself several strains of densonuoleosis viruses 

which are not antigenioally related have been reported fkOB 

Japan (Se:i.kit 19841 Watanabe £|, ^^t 1986). nmtft It wonld 

not be surprising that investigations will reveal meŝ  other 

such nonp ôocludedt small viruses of insects in general and 

the silkworm in particular* 

5*2 ^fect of refrigeration of silkworm eggs on th^ 
development and intensity of Kenchu disease 

fhe results of the present investigations on egg 

refrigeration in the muXtivoltine breed» Pure Itysore have 

Mnrealed a deleterious effect of consigning egge on 

hatching perottata^esf larval growth^ in star progression 

and mortalIty^ The adverse effects of refrigeration were 

in evidence for either extended periods of refrigeratioa 

or later stages of ombryonie growth or both* The inhibitory 
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lfifltt«DO« Of long duration refrlgezation laay also bt partially 

due to a possible debydratlcn offeot* In tbt par«a«at vojBiCt 

fi» speolflo effort was mada to oalntaln thr itlaflirt 

humidity at a hli^ levtl wltbln the mfrlgeiator as suoh 

a praotlee Is not •OHion In oMBtrolal «gs rofrlgevatloa* 

The detrimental Inflaenoe of long duration refrigeration og 

refrlge<;fatIon of later stage eggs on egg hateblng lAS 

reported 1^ earlier workers also (Waraslmhaaurtbyt 1945a| 

1943bt Devaiata and Thontadarya* 1975)* Bô v̂ert adequate 

Information la not available on ^ poet-embiyonlo derelopoiBt 

of sliiswosBs fron refrigerated egga. iten less U known 

about the nsponse of suoh sllkworDs to artificial Infection 

from imovn oausatlve agwits* 

»mnm*§ wor̂  has beon done on the effeot of low 

tsBp«ratuss on the susoeptlblllty of silkworms to eytoplasale 

as well as nuolear polyhedrosls in silkworm* Axoga (||, al* 

(1963) reported that cold treatment of silkworms at 5*0 for 

9 to 5 hours before or after per oral Ixifeotlon wltb 

oytoplasmle polyhedrosls virus enhanoed the susceptibility 

of worms to the virus. Mstsubara ^ gl* (1984) Investigated 

the effect of refrigeration of first In star sllicworm larvae 

at 9*0 for 24 br on development of nuolear polyhedrosls* 

A 20 to 90 per cent mortality was reoozded* Refrlgeketlon 

of XI» 1X1 and IT Instars followed by infeotlon nsultsd '«n 
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10 to 60, 70 to 90 and 100 per otnt nortallty wh«n ooapared to 

0 par oont In tho roapeotlve oontvoXe. Sidba and Singh 

(1968) obeerred 21.25 and IB.7$ per oont of grasBerU and 

flaobexlot reepeotlvtljt In silkwoiss rofrigorated for 24 Biouzs 

at 5*0 and th« oorresponfllng flgorto for unrefrlgesated 

laJTvat wert 8.73 and 10 p«r o«it zvspoot Iroly* Vh9 ability 

of eiXicwozQ larvao to roelst Inf ootion of !;PV %aa markedly 

roduoed wh«n thoy waro aubjeettd to low tomperaturo of 5*0 

for 24 houM <«li» 1983)* 

fho results of tie ourront inirestlgations are not 

stxlotly oompaxablo wltli Urn observations of the above vergers 

since the Ĵ resent work involved cold r̂eatrajsnt during 

•vbryonio growth. In the current woric« no aubstantlal 

aocentuatlng effect of refrigeration of eggs on Kenchu virus 

inHsotion could be notioed. Both larvae from refrigerated 

eggs or unrefrigezated oontrol eggs were equally and sevesslj 

affseted by Kenohu virus infeotion arA an additive influenet 

was not apparent (S'lgs. 1 and 2)« fipwever» the present work 

does not throw light on the susceptibility of larvae 

rtsulting from cold treatment of eggs and ex{K) sad to 

different diseases over prolonged periods as would nOsMlljf 

be prevalent in field rearings. Ihis work i» n^neemxy 

before generalising on the look of effeot of refrigeration 

on inoidenoe of Kwehu under field oonditi^ns* 
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5.3 Bffaot of raleaain,. Kaachu irLraa Inflwrtl elltaiMif^ 
tnto healthy populatlonB In different proportlPM 

The release of Kenohu virus diosaasd sllkwozBS int» 

healthy populations In different proportions resulted in 

a slgnlfleant reduction in larval groiith» moulting and 

in star duration, oocoon weight and peroentat̂ e oocoonlng* 

This effect Has seen when dl Biased Individuals v;ere 

released Into healthy batches either in the IX* HI or IT 

iastars* 9m adverse effects were more pronounced in the 

XI instar treatment as oompared to the III and XT instav 

treatments* The extent of damage caused to larval grovth 

or percentage survival was dependent an the density of 

Kenohu virus infected individuals in the population* being 

Matter at the higher l eve l s of release* fav «amplet 

releases of 4* 8* 12« IS* 20 and 24 per omt in the IT 

instar caused a reduction In percenta,^ of worms spinning 

cocoons whose values were 82,67* 80*00, 76*00» 63*00* 61*33 

and 51*35 per c«it* respectively when compared to 97*00 

per cent coeooning In omtrol larvae* 

The present worK is an eactension of the work oonduotoA 

biy sswarappa (1983)* Only first Insbar Infection was used 

\iy hlm# The results had indicated 100 per cent mortcdltj 

in all releases ranging from 4 to 40 per cent* Bov̂ veirt 

tha tiaa requlntd for 100 per cent i!^3rtallty %A8 reported 
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to bt 351 30t 23 and 20 days for 4t 10« 20 and 40 per oent 

r0X«aM0t r«8p«otlv<Bly* 

In oa8« of reXeaaes isade during 11* III and XT Instars 

in the present Investtgationsf the generaX tendency WM 

that the per cent ooooDne spun reduced with Increase in the 

density of Infected IndlTldueas reXeased ialtialXy into 

heaXthy popuXatlons* The faeoaX loatter of the infected 

IzidlvlduaXs oontaiBlj3c.;;ed the beds as weXX as Xeaf materlaX 

thereby the inoouXuia was laort in batches reXeaaeU with more 

of infected indivlduaXsy creating more chance for beaXtl^ 

individuaXs to pick up the vims per oe «bieb resoXted in 

h i ^ death ratt of worms. These obaerrationdjaro slmlXar 

to ^ose of Bird (195?)* Lower (1954)* Jacques (1962)9 

Stairs (1963) and Patnan (1970) in case of Hiuo diseaooo 

of sKiie Inseote and mites. 

She eurront work has reveaXed a better surrlvaX az^ 

perfojeioance with woxms tofeoted in the subsequent instars* 

This i s in agreement with the observations of }l9.dimanl(19dO) 

«Aio reported Xesser mortaXity aid higher wei^t ^ i n s in 

worms infeoted with Kenohu virus in Xiter instars as compared 

to earXy in 8tar->infacted siXicworms* 

These investi^tions give ampXe support to the normaX 

standard practice of giving extra care to young siXkworB 
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rtaviag slnoe Keaohu Iz^eetioc at early in stars la bound 

ta JLaaA to a total loss of ths orops «hersas t)m lose i s 

ffiittliBlssd if tils Icfsstlon ooeurs aftsr tfas XV iastav* 

5*4 Influsnoe of nutrition on tetsrislty of Kanohu vlrtta 
Infection 

fihe f&otozs relating to nutrition vtiloh have h^m 

taken for the prestfit leaearoh have been broadly placed 

under three heading&»underfeedlng» poŝ M& ûlt starvation 

nd varying leaf quality by feeding leaves of dliftxwi 

iiaturlty (tender* medium and coarse leaves)* ^Htmm factors 

were chosen for Investlgatlc^is since theee are the factors 

which are subject lo tmoh variation in comDorclal slliciOBi 

rearing. 

In the underfeeding txnarlnsntst a pre^ Infect Ion 

underfeeding regime was follwed* Subsequent to infection* 

the 8laz]dard schedule of fded:lng was adopted* The results 

indicated a alli^t reduction in larval and cocoon weights 

bat a oonslderablCi slgnlfleant reduction in percenta îe of 

woflM surviving to spin cocoons. Msth (mergence also was 

drastically reduced* Weight of cocoon and cococm shell 

€d80 reduced with underfeeding* Muthukri ebnan ^ al* (1978) 

also observed a xeductl^ in the cocoon eihell weight with 

wozias allowed four hours feeding per day cQDC&red to that 
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9t woriae f«d 24 hr per day In £. morl. slailasLyt 

Srlvaetava ^ §1 • (1982*83} obtained a elogie ooooon weigbt 

ot 2*001 and 3*051 g wltb 18 and 24 br of feeding duratlen» 

reepeotlrely In erl slUcvorm, sanla ^ynthla rielni Mhi^lh 

result Is eomparabXe vlth the trend In the current results* 

In general* the data rtioorded for both IV and 7 instara 

indloated siallar trends In resulte* especially vlth moth 

energenoe* There t«ae a significant reduction In sioth 

eiaergenoe In both batches of Infeoted larvae (XT and T 

In stars) • 

Superlmposltlon of underfeeding snH Kenohu vlras 

Infection caused further reduction In moth energenoe* This 

observation Is supported by the findings of Ssala3r~%rsso (1997) 

according to whom there uas severe defoliation by Itynantrla 

dlspar over a considerable area and the larvae uere deprived 

of sufflel«ait food thus resulting In heavy infection by a 

•ictts disease in that only 10 per cent of th«& only pupatedt 

thus resulting In less moth emergoice* 

Po8t««oult starvation isnged from 12 to 4^ hours* Thl« 

was followed by a nosoal feeding schedule* Infections were 

effected immediately after the starvation period and 

starvatlxm was not Inflicted In the subsequent lnstars« 

The data recorded resesibled those obtained with underfeeding 
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in that ih§ Influeoe of postnnoult etarvatlm en larval* 

pupfiO. and ooeo-̂ n wal^^ts was a aedaratt reduotlon vhajraas 

tha loflttonoa Maa advarsa on aiunrlval as zevaalad by 

paroantagaa of spinning voxma and anarglr^ moths* 

Superlmposltlon of Infeetlon ovar post-ffioolt 

starvation oaaaad slight raduotlons In larml and ooeoeci 

waights but a mavkad daoraasa In paroMitaga of spinning 

larvaa and aoth 9mxg«ai9%» Tha affaot of atarvatlon ov 

imdarfeadlng In aggravating Infaetlons In insaets Is wall 

establishad. Oavalah (1973) found tha Infection of wosiwa 

bOBbypls to beoome savara In XT and T instar elltarazBs 

if staryad for longar durations* and 48 hr starvation 

drastically reduced larval real stance* Repeated starvation 

and starvation for longer durations In al l instars of slIkwo«i 

jrandered tfa^ susceptible to flacherle and grasserla 

(saassn slSk*» 1900)* vu (1985) observed the reslstanet 

t t VPT to reduce very maricedly In allictfoms when they vera 

starred for 24 hr at 25*0* In the preawt azperlcisnts* ^m 

affect of Infection following starvation on survival was 

additive In respect of III and I? instar infect ion a. The 

results were less drastic In raapect of ? Inetar Infection* 

Differences In leaf quality aa detemlned by theljp 

maturity were not observed to Influence appreciably tha 
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larmL and eoooon welgjits but elgntf leant affcet was dbaerrvd 

In the peroentagt of ooooan spinning and soth ̂ attigmo9* 

Tha latter two were 8lgr:lfloantXy sore vlth ooarae leaf 

feeding* Infeotion idth Kenohu virus followed a nomal 

eourse causing reduction In body wilghtt prolongatian of 

Instars and moults and reduction In sttrvlTal* These 

effects were not substantially affected by the quality 

of leaf. Slightly higher larval and ooooon wei^tc la 

certain eases In respect of tender leaf end water treated 

leaves Ist to some extent* In agreenent with tiie findings 

of Krlshnaswaol j ^ ^ . (1971) who obteOned moze weight of 

fall grow worms (19*1 g/lO worms) on tender and middle 

leaves and 18«60 g with mature leaf In br̂ -eed 0«0» 

Similarly f Sudo j ^ Ŝ * (19791 1931) observed a slgnifio^t 

correlation between larval body weight and leaf order in 

that body weight was more with top leaves* Ylabillty i s 

one of the Important considerations particularly la parental 

breeds of hybrids to be used for oOBnerclal rearing* In 

the present dkudlesf the moth emeigaa— was more on mature 

leaf and thla Is stroKigly supported by the observatlem* 

• f nuEoyanaprakash j ^ ^ . (1985) who concluded that blvoltlne 

larvae thrived well on tender leaves and the cross breed 

(L X KA) on mature leaves producing heavier cocoons* 

The effect of either post<-moult starvation or 

underfeeding In not appreciably affecting the body weights 
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le partially due to the eubsequent noreol feeding followii 

in the tvo Inrettigatione* The oonsponeatory effeot of 

noiMLl ftedliig Ist hoirerert not extended te the percentage 

survival as reflected in l̂ e coooon spinning and moth 

emergence* ffale mli^t nean a l£ioic of sufficient body 

s9Bex'V9a in these partially starved worms* sarly instar 

•tarvatioB although followed by full feeding in later 

instars i s unable to compensate the effects of inalnutritltm 

imposed In the earliest instars* The reasons for this any 

not beftjr to seek* The main reserve tissue in the insect 

i s the fat body* In faott In the honey bee the fat body 

IMS observed to constitute 63 Per cent of the total bô y 

weight of full gro«Ki larva (Biehop* 1922t 1925)* It U 

wXl Jcnowi that fat body cells ax9 limited in number 

lamtdiately after hatching but their numbers Increase during 

•abeeque&t moults. The fat body cells begin to secrete 

reserve materiale like glycogen and t&t after feeding 1« 

reMBed* starvation prevents the enlar^ment and vaouolatiom 

of the cells (Wlg^esworth* 1972)* Since fat reserves are 

necessary for moulting alsCt starvation in early Instars 

tends to have an effeot on subsequent moulting and al l 

processes accompanying It* In view of the fact that 

metamorphosis Is entirely dependent on stored food* the 

limitation In the number of fat body ceUe and hence the 
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amount of zeserrt food» xaay have th« eff«et of djrauitloally 

reduolng suooeosful metamorphosis* 

5«3 Znteraotlon betwoan Keziohu virus and S« aureu 

Inftotion with either Kinohu virus or StaphyXoooootts 

aureus was effaotive in lowering many of the parametars 

used in the presvit investigation* Moderate body weight 

redootion was encountered with g, aureus infection whereas 

Kencha Tirus infection led to a marked reduetion in body 

weight* The samp, tendency was also seen in regard to 

oooom paraoeters like pupal» shell w«lght and shell ratio* 

She parameter ^bich was affected most was survival* 

With highest viral doss* percentage survival wao sevo whtn 

III instar silkwozos were infected* Infection ^th ^. aureug 

resulted in a lesser mortality whloh was deP«ident on tho 

oOQcentratlon* Retardation in growth wa3 also reflected 

in tho prolongation of looults ar̂ d in stars* 

Simultaneous Infection with Kenohu virus and £• aureus 

TCfVtAled the presence cf interaction as judged by the 

effects on larval %relghtt percentages of eoceoning tmA Both 

omergenoe* The mutual effect was one of tho reinforoeciont 

In that the effect of liie oosibination was s»xe than that 

of either infective agent administered 8ix:̂ ly* Shis 

effect was moxs morited in III instar infeeted silkworms mm 
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oonpax«d to Infection In IT instar* Zta l^e V Instart hardly 

any addltlvo sffeot o^uld b« cI«ttot«d although •Izos alon* 

oaustd a slight lowering In th« pazoioetere* 7o quote oat 

9peotXlo iu6ta{iee» ooubU^tlon of ^» attreuo vlth tht thjre« 

lexrele of r ims resulted In no sujertmL upto eooeming 

•tage la the case of III in star Infeotlon* Bmerer* during 

IT Instar Infeotlon one hundred per o«it mortality was 

seen only vlth the oomblnatlon of highest dose of virus 

«lth a l l ooneentrations of taaeterla« It was also notloed 

that additive effeot was generally present at a l l oonoentratlons 

of virus and bacteria In oomblnatlon during III instar 

infection* In IT instar as vei l as T instar infection* 

the additive effect Mae generally noticed %fith the ooDHinatiOB 

of hij^er concentration of virus and high concentrati ns of 

£* 2HSH£* ^^ ^^^^ Infeotlon on the second cuad third days 

of T instati especially the latter the individual effects 

of either virus alone or bacteria alone or Hie conbinatien 

effects were 9lninal* 

The decrease in the adverse effects of Eenohu virus 

infection in the sUicwoxa with advanoecient in age was also 

reported by earlier workers an this disease (mdtiiianl,l9dO 

and T̂ urayanaŝ «UBiyt 1933)* Reports on the doorease of 

susceptibility of Insects to certain viral infections with 

increasing age are not rare (^^o and Oayrol« 19361 RafeSt 

1958; Ignoffo* 1966t Atger* 1969f Neelgund and Mathadf 
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19741 Abia-me^r et al., 1979). 

NBtiiallBB and intezaoti!3B effMts of dl£ftr«nt 

pathogtDs In the sllkvom have been a subjeot of study 

(KurlBUt 19741 Vaeantharajan and Munlrathnai9Ba» 1978| 

Matsumoto ^ al., 1985} 1986). Koxlsu (1974) ebBerrad 

highest mortality of silkvoroe in elnultaneoua disced 

Infeotioc with kifeotlous flaoherie virus and bacteria as 

obserred In the p£es«iti ^udies. G^e eurrent trend had 

b M B observed by Vasanthasajan and Konlrathnacaa (1978) 

QTen in ease of booterlal Interact ion In that the 

associative effect between StaDhvlooooGUs sp. and Serratla 

naroaaceqg HftB evident* ?er oral infection of sllkvoxBs 

with both the epecles caused 48 o^r cent mortality whil« 

Individually 4iey did not cause aziy damage. The observations 

Cf MRteumoto ^ al. (1985) in that the infection of fourth 

Instar silicwojsa with IPV (10"')« Streptococcus faeoalie 

(10 ) and Serratla mroeseens (10 ) reoultiag in 20, 0 aol 

0 per cent mortality respectively tilhlle IFV * g* faeoalis 

and IPV + §• Parcesoens oauslrg 100 per cent mortality 

tend to support the current findings. She results of ths 

prssent study sho%ied the mortality rate to cons dsisi ss 

evidenced by more cocoonicig in Interaction trsstmsats 

Involving more diluted Kencbu virus and less bacterial 

(SL* aureus) cells. This is in conflrmlty with the findings 
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Of Hat8CiBi9to £t, al, (1986) Who observtd larval mortality 

of 100» 100, 30 and 10 per oent rtsp«otlvtly whtn fourth 

in star silkwonne were fed with a mixture of IFY at lO'^^ 

10 •'f 1 0 ^ and 10 ^ along with tbt baeterium ĵ « faeoalia 

(10^). 

!l<he pre seat ir^Testigatians have revealed the 

iciport&nce of ooiblnation of patbogeBs in causing greater 

dao-^e to tbe sillnwrm as oonparrd to ^e individual 

pathogens* In oommeroial roarings, one i s apt to encounter 

note than one pathogen in the roaring environoaat and hoaot 

an aco^tuation of loss due to diseaae* 

Severe loas due to Eenohu disease i s a ooosion feature 

in siUcowzB rearings in Kamatalia. She investigations by 

•aaantharajan and hunirathnaiuaa (1973) revealed the preoenoe 

of atleast three types of bacteria via*» red pigmented 

Serratia iLaroesoens* noti-pignonted Serratia and Stan vloooeoas 

•p* in Kttiohu disease^ enoountered In the field and they 

observed the aBSOoi?\tive effect betveen Stapliyloooocaa and 

Serratia nagceGoens. They also suggested a probable 

associative effect of Kenohu virus and bacteria* She 

present report definitely ostabllahes the presence of suoli 

an ijstercictton* 
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Ih« pr«8«at Inyestlgatione have been ooncezncd witli 

alBmItan«ou8 infeotlon wltb Kenobu ^rus and £• aureus. 

Ih« Inttraotlon effaotSt tf anyy of tbe baottricd InfeotlsB 

prtoedlng or eueo«edlng the xrlzal Izifootlon oi vlot versa 

are not iannm and a«ed to be worked out* This i s considered 

iapoxtaut In view af ifce lliiellhood of the ooourrenee 0f tve 

types of Infection at different points of tiioe In large 

scale rearin^^s of silî wosme* 

further work on the mechanism of the intearaotion 

effect of high levels of bacteria with high levels of virus 

observed In the present case i s necessary* The effeot at 

a prl&asy viral infeotlon with IFV rondering the sUkwora 

sttsoeptible to bacterial infection has been discussed by 

Kurlstt (1974)* She interaction effect of StaPhvloooocus 

f f f t ^ l a by facil itating the entry of serratia plsoatorum 

into the silkworm haemocoal t̂ as reported by Kod̂ sjoaa and 

Kakasujl <1971)« A similar effect of a ataphvlocoooub species 

on the mortality caused hy serratia marcescans TA^ was 

reported by Vasantharajan and MunlratlOMMBa (1978)* fli« 

f&wt that interaction effect of Kfnohu vlrue and ^. aureua 

on growth and mortality are felt at higher oonoentrat ions 

of bacteria and virusf double infection coly points ta 

a greater tissue danBge caused. Since ihe slUvors Is knovn 
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to possess msohanlsms for noutrallsing vizusss as mXX as 

baotsrlat it Is Intsxostixig to spssulats that an undus 

strain on tbsss •sohanlaBs Hk7 rssult In an Intsraetlon 

Influenoe. The epeolflo antlvlzal activity of zed 

fluoxeaoent protein «ias reported hy Biyai^lya sX Sk* 

(19691 1978), Llsuka (1985) also Identified serezal 

antibacterial substances in Hie digest ITS juice of silkwozBt 

1* S2Sl* ^* lytic properties of hasBielymph to seat 

bacteria as aXso the non-specifio antimicrobial activitjr 

of haefflolymph obtained from Bllkwozm larvae Taoolnated 

with low doses of live or f omallniaed cells of Candida 

utilie was reported by 2}*Crus (1982)* BO reported the 

baeterioidal as well as baoterlostatk influence of iamunt 

haeiBOlymph ai^inst £. aureus. Further work on these asPeets 

nay assist in elucidating the meehsntiB* 

The study made currently has clearly revealed thaM 

the effect of slutultaneoas infeotlOB of Kenchu Tiros and 

£• aureus was raoze detrimental in third Instar. %dlaaiii 

(1980) observed the early Instar sllkwoins to be more 

susceptible to Kenchu virus compared to lake inetars. 

Bejection af roarings in early instar stable itself due te 

high incidence of Cenohu dl eoase are not unooimniRi in 

Eamataka. Under such situatlonst it may be quite 
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probabXt that both virus and ocrtala spaolts of baotarla 

art involfiBd* In vltw of this, lot of care may have to 

bt axerolsed In young ellkwoxm rearing to ninixBiee the 

iOB0 aooruing due to Kenohu disease* 





TZ. ssmAja 

fh« stttdits made on soma aspects of Ksnohn TIBIS 

dissass of xmil berry 8llkvoxi&» Boitarz morl L. during 

19ao«»86 ere saanarlsed belovi 

1* Ktnohu Tlrus Isolates oolleeted fron silkwoxn in 

Kamataka did not produce precipitation bands in double 

gel diffusion test with antisera of both infectious 

flaoherie virus and densonucleosis virus (Ina strain) 

of silkworm. As wellt the midgut cells of Kenohu virus 

Infected silkvoxBis did not produce specific fluorescence 

with antisera of the above two viruses when examined by 

fluorescent antibody technique thereby revealing that 

Kenohu virus of sillEworB i s 8erologic£Llly quite different 

from siliTgrorm Infectious flaoherie virus and Ina densonucleosis 

virus earistlng in Japan* 

2. Vith advancement in the age of the silkworm egg 

at the time of refrigeration ox with increase In the 

duratlctt of refrigexation of eggs or combination of both 

followed by Kenohu virus infection during first feeding 

caused less weight of worms* less number of worms entering 

subsequent instars and less i^'iL^ for mortality* 

ai " Vorms weighed less 1A 

infected batches of worms resulting from seven days old 



162 

•Sgs jrtfrigojrat«d for e l ^ t diqrs and tmax dayst flv» dajf 

old ^(ga rafrlgeratod for ttght daya and tbrta daj old 

•gf* rafrlgaratad for «lght dajra axid alx days* All tha 

worns in refrigeratad and infaotad batohaa dlad in third ' 

UmUa: Itaelf* 

3* Aa tha danalty of Kenoha virua Infeotad Indlvldaalaf 

initially ralaaaad into haaltfay aillnfozsi papula tiona inariMttt 

thara «aa raduotion in l«r?al vaightt BT^Q for Kaooha 

aymptomat oooooning and quant itatiTt trait a of ooaooat in 

raspeot of ralaaaaa in aaeond^ third and fourth Inatars* 

talaaaa of K«ioha virua Irf eoted %rorffls in aarly inalM* hai 

Bora draatio affoot on paramatara studied* Also Inoraaaa 

in tha daneity of ralaaaad iudlviduala oauaad tha OMM 

affeot* 

4* Raduotion in tha numhar of faada proridad par day 

(undarfaadlng) to young aiUcwozna aaaoaiatad with Kanoha 

•irua infaetion in latar instara raaultad in lasa B2^ for 

Kanoha qyaptOB nanlf aatati 3n and raduotion in lacnral weight* 

oooooning and ooooon traits as well aa moth amargenoe* 

Starvation itaelf waa found to have deleterioua affeot 

on ailktraoi and atartration for longer duration aaaooiatai 

with Kanohtt rirua infaetion had nore adverse affeot m 

aillcwofm. starvation combined with Keî hu virua infaetion 

rtsttlted in slight raduotion of larval and ooooon weights 
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and more rtduotlon in tht exttat of oooooniog azid notb 

ftygOTOt* AddltlTe effcot of stsarvatloa asd I«iiohu rlftts 

Infaotlon was more appajrant in third and fourth inatar 

tMatiBanta oonparad to that of fifth instar. 

niXhejney laaf maturity did not hava appraoiabla 

InfXuenoe on Konohn Tixua AafvaXopQ«it and iatanaity* 

OtMTSt iaal faading in ganajral oauaed mora eooftoning and 

iBoth marnmi. 

$• SlBuitanaoaa infaotion af ailiniroxB with Canohu 

irixaa and tha baotariun* ^taPhyloeooons aurauf imm fotaii 

to oomplamant with aaoh othar. Xntaraotion traatm«ata 

involviiig highar dilution of Ktfioha Tirus and laaa beotarial 

ealla did not eauaa appreoiahla reduotioa in aeononio 

trait0» whiia oombiimtiona with laas dilution of Kenohu 

•irua and laora haotarial otll a brought Amm tba aaat* 

OtaiMnad infaotion vith all dilutlona of Eenohu virua and 

bacterial dilations rooultad in no cooeonii^ In roepoot of 

third in Stat inlStotlon and that of lOT̂  dilation of Cenote 

Tiras with al l baoterlal dilutions in case of fourth in star 

infaotion* fho Interact ion affect of slnozltaneoua infeotion 

wui aore pronounced in third instar and it %as lass aHixkad 

in fifth inatar* aapaoialljr ^ t̂h advanoeoent in 
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Studies on the poasibility of traasovasian traasBissioa 

of Xonohu virua of ailk»orffi» Bocton; pcgi !• Indian 2* 

JrAaAYAHASWAiiy, T^K.* SPTAKAl̂ , M«3« A»ID COTIHDAlIt R«t 1985b, 

Resotioa of different Inreete of eilloaronit Boaters aori 

]<• to Xeaohu virus* laflian J2;« Serle»* SL*^*^* 
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• • • • • • • • • • • • • • • • • 

wco wo\crQ»^'^o -srco ĉ  o \o \o o -^ 
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Appendix III 

Data 9r. temperature and relative huoidity ef silkwom rearing 
room durijQg the experimoatal period 

mmmt M««m*ip«>«M>Mw«Mpa 

Honth 
Temperature (*0) 

Hiniimiffl Maximum 

Relative 
humidity 

(50 

1 

September» 1931 

October* 1981 

Hovemberi 1981 

Beoembert 198f 

January • 1982 

?ebruj*y, 1982 

Karob, 1982 

Aprii» 1982 

MiSrt 1982 

June* 1982 

July, 1982 

iuguatt 1982 

September. 1982 

October, 1982 

Kovember, 1982 

Dedember, 1982 

Jamary, 1985 

February, 1983 

Narob, 1985 

April, 1985 

ltoy» 1985 

June, 1985 

July, 1985 

Auguat, 1985 

September* 1985 

October, 1985 

November, 1983 

December, 1985 

19*8; 

19»4 

18.9 

14.7 

15.0 

15.5 

19.4 

21.8 

21*7 
20*2 

19.5 
20.0 

19.1 

19.1 

21.4 
18,6 

12.7 

17.0 

20.0 

22.5 

21.8 

20.0 

19.8 

19.4 

19*4 

18.4 

15.0 

16.5 

27.9 
27.8 

26.7 

25.1 

26.0 

50.0 

55.0 

54.0 

55.1 

29.2 

29.2 

28.9 

29.5 

29.7 

27.5 

27.0 

28.5 
52.7 
54.6 

55.2 

54.5 
50.7 
29.8 
27.8 

27.5 
28.5 

27.B 
25.7 

95.0 

91.0 

88.0 

87.0 

94.0 

82.0 

96.0 

78.0 

85.0 

94.0 

90.0 

91.0 

90.0 

91.0 

91.2 

90.0 

81.0 

70.0 

66.0 

75.0 

80.0 

85.0 

84.0 

91.0 

91.0 
88.0 

79.0 
85.0 

0ODtim$d 
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ipp«cdix III (continued) 

t 

»3y» 19d4 
Jun«, 1984 
July, 1984 
i i ' ^ s t , 1984 
Stpteisber, 1984 
Ootober* 1984 
Noveabor. 1984 
D«cembdr» 1984 
Jaciuaxy, 1935 
februaxy, 1985 
Mardh» 1989 
April* 1989 
Ksy, 1985 
Junt, 1985 
July, 1985 
August, 1989 
Septtfnber, 1985 
Ootober, 1985 
NOT0mb«r, 1985 
Seoember, 1985 
January, 1986 
February, 1986 
Haroh, 1986 
AprU, 1986 
Hay* 1986 

f 

28,15 
24.44 
24*66 
22.86 
22.90 

23.44 
22.24 
21.84 
22.00 
24.72 
27.65 
23.33 
27.09 
24.93 
23.45 
23.65 
24.68 

24.39 
23.00 
22.78 
22.12 
24.39 
28,83 
29.83 
30.27 

3 

32.82 
26.90 
25.33 
25.12 
27.19 
25.81 
25.16 
25.29 
25.40 
28,14 
31.48 
33.26 
33«arr 
33.83 
32.52 
26.46 
28,38 
27.81 
26.86 
26,08 
24.95 
27.47 
33.29 
53.00 
32.51 

4 

72.74 
84.60 
86.88 

85.65 
79.90 
70.32 
97.98 
57.05 
62.50 
45.68 
52.58 
54.80 
68,70 
77.95 
83.54 
77. yr 
73.00 
69.27 
55.50 
63*61 
61.07 
57.08 
38,22 
43.00 
63*70 



U. A r • r̂ SALCWE 
IMVERSilY U&«A«Y 

1 3 JUl. 1987 

ACC NO... ^^^"^ «i«<»»»i»|»M*««W—»« »•«• 

CL NO 


