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I, INFTRODUCTION

Sericulture is an important agrobased industry
providing gainful occupation to farmers and under-employed
in rural areas in our country. TFatural silk used in the
textile industry is produced by sericigenous insects
amongst which mulberry silkworm, Bombyx mori L., tasar
silkworms, Antheraea spp., muga silkworm, A, agsema
Westwood and eri silkworm, Samig gynthia ficini Boisduval
heve been commereially exploited. India is unique in
producing all these four types of silk and ranks third
in raw silk production among seriocultural nations by
producing 6895 metric tonnes durlng 1984-85 (Anonymous, 1986).
Ous of 5475493 villages in Indla, sericulture was
practised in 42,435 villages during 1952-83. The industry
provided employment to 44.38 lakh persons (Anonymous, 1984).
Karnataka state produces bulk of Indian mulberry raw silk
(4059 metric tonnes) (Anonymous, 1986). Kolar, Bangalore,
Pumkuy, Mysore and Mandya are the major serioultural
distriots of Karnatakae

Muldexry silkworm gocoon crops are highly
unpredietable owing to the fact that the silkworm, B. mopd
is infeoted by a number of diseases and infested by Destsm.
On account of the dlsenses, silkworm eocoon crop production
bas remained as the most uncertain of all agricultural
professions (Mukerjii, 1912). According %o Aruga (1971),



mogt of the damage 0 serioculture in Japan can be attridbuted
to sllkworm diseasces rathexr than unfavourable weathep
oonditions thet lead to poor harvest of mulberrzry. Success

in sericultuxe devolves on several agpeots, namely, production
of more quantities of nutritious mulderry leaf, breeding of
high ylelding sllikworm breeds and adoption of appropriate
sllkworpm rearing technology ineluding prevention and eontrol
of infectious dlssases. Hence, the udy of silikworm diseases
is wvery important not only to sustain the ourrent level of
eocoon production but also to further inorease the cocoon
yleldas. PFlacherie, grasserie, miscardine and pebrine are the
major diseases of silkworm, B. mori, among shioh flacherie is
more important (Desgupta, 19503 Ghosh, 1962) and considerable

c0G00n orop losses are caused by this disease.

Flacherie hae been considered io be the most serious
malady. The term flacherie refers 30 the flaceld coosndition
of sllkworm larvae suffering from dysentry. Flacherie may
be caused by several viruses viz., nuclear polyhedral,
oytoplasmic polyhedral, infeotious flacherle and densonucleosis
viruses (Aruga, 19713 Yokoyama, 19633 Alsawa gt al., 19643
Watanabe gt al., 1976) and different baoteria (Chitra
gt aley 1975)« In Karnataka, several types of flagherie
oonditions are known based mainly on external symptons.


file:///iatcumbe

According to Shyamala (4978), Xenchu is a widely prevalent
flacherie in Karnataka. The etiologio agent of this
dimease has bgen proved t0 be a seall, epherical, none
ocoluded virus and meagures 27 ¢ 2 nm in dlameter (Hadlmeni
and Shyamala, 1983). The highly infectious nature of this
virus wvas c¢vident from the faot that only one per oral
administration of the virus to first instar silkworms was suffi-
olent to produoe disease in all iis severity. The Kenchu
virus infeoted silkworms usually produce shain exoreta
(Plate 1) followed by reddish tings being imparted to the
wvorm (Plate 2)¢ ‘ B

Although the involvement of a small non~ocoluded
virus in producing Kenchu was reported (liadimani and Shyamala,
1983), the identify or otherwise of the virus with other
known non-tccluded viruses of silkworm such aa‘fﬁfeotioul
flacherie virus and dersdonucleosis virus was not established.
Hence, as an initial step in the present work, serological
studies have been conducted.

In an attempt to minimise the inoldence ofhighly
infeotious diseases like "Kenchu® in an egonomically
important insect such as the silkworm, B. mori, generation
of infomnation on several aspects of the disecge 18 an

essential pre~-requisites Hnnasomént practices, rearing



Plate 1, Kenchu virua infeeted fifth ingtar silkworm
showing chain exereta.

Plgte 2. Kenchu virus infseted sillovorms showing
tyvical "Eenchu" gymptoms,






environment, resistance of breeds - all these have their
due role in the incidence and severity of expression of the
diseasees In the present investigations, laboratory studies
on the influence of a few factors which are likely to

be affected in silkworm rearirgs, viz., refrigeration of
eggey feeding of leawes of different maturity and starvetion
have been carried out with special reference tn the effect

of these factors on Kenchn disease incidence.

Interaction between bacterial acd viral infections in
insects are of common knowledge. In the present study, the
effect of simultaneous infection of Kenchu viras with a

bacterial pathogen of the silkworm, Staphylogogcgus gureus
has been investigated.

The objectives of the present investigations are
irdicated as followss

1« Testing of different isolates of Kenchu virus
agelnst antisera of Japanese infectious flacherie

virug ard Ina Densorucleosis virus of siliwomm,
2.. mg;i..

2, nffect of refrigeration of ellkworm eggs and
Eenchu virus infection in ellikworm,

3, Influence of mleasing Kenchu virus infected
silkwormns into healthy populations in
different proportions.



4. Influence of nutrition on intensity of Kenchu
virus infeetion,

5¢ Interaction effect of simultaneous infection
with Eenchu virus and bacterium =

Staphylocogous gureus in silkworm,
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IX, REVIEW OF LITFRATURE

Incidence of diseasee amd pests is known to be a
major constrgint in silkworm eocoon orop production,
Cocoon srop loss due to disesses was cetirated to be over
30 per oemt in developing oountries of South East-isia
and 10 per cenmt in advgnoed souniries like Japan, China and
Italy (Manavaty, 19653 Yokoyama, 1965). The erop loss due to
disecases has been estimpted t0 be about 30 to 40 per cent
in India (Janakiremen, 1961)J

Studies on a preliminexy survey of silk cocoon
production oonduosted by the University of Agriecultural
Soiences, Jangalore, during 1977=78 in treditiocnal
sericultural dietriots of Kernatalm revealed less of orop
losses in seed oreoes conmpared to commercial ecocoon producing
areas. The loss was 10 to 15 and 10 per cent, respectively
in multi=-voltine and bivoltine seed areas. PFPurther, the orop
loss due t0 diBeases was low durhg dry momths (Januery to May)
a8 oompared to the rainy months (June to Decezber) (Shyamels

0N ales 1978),

In India flgsherie has been econeidered to be the most
serious malady of sillworm. It is reported to be respomsible
for 71 per cemt of total oocoon orop loss in the coumiry
(Sidhu and Singh, 1968) and 20 to 40 per cent in Karnataka



(Chitra et gl., 1975) every year. Several tyres of
flasherie oconditions, namely, Kenchu (redness of skin),
sappe (Paleness of skin), sarchikike (chain excreta) amd
Karagu (melting of cocoons) were recorded based mainly
on external symptoms (Chitra et gl., 1975). According %o
Shyamala (1978), Kenchu is a widely prevalent flacherie
condition in Karnataka.

Bince Kenchu virus disease of siliworm pertaining
$0 the rresemt objeotives of investigetion is comparat ively
14ttle explored, the other literature available on this
diseasde a0 well as the information in respeot of othar
virue disceses of siliworm and other imsescts in relat ion
to the ocurrent odjeotives is rresemted below undex
separate headings,

2.4 Ke uv dise

2.,4.1 Cgusal agent of enchu disegse

Kenchu ?4imezse of silkworm was shown to be caused
by a non-occluded, shhericel virus meesuring 27+2 ns in
diameter (Hadimani and Shyatals, 1983)., The virus was
extrgoted from whole body extract as weil as faecal matter.
The incubation period for manifestation of typical symptoms
viz., ochain exoreta and "Kenchu" was found to be 4.5 to
9,0 amd 6,0 %0 13,75 deys, respectively with the qrtitiom
infect ion of differemt larval inotars of e illkworm.



Cell=free larval extracts from diseased sillworm
larvaec were used ag stock virus suspensions in the
above investications, The evidence for the ifnvolvememt
of a virus in producing Kenchu diseage was obtained by
complete elimination of bacteria from the larval extraots
by (1) Gentrifugation st 18000 rpm for 30 minutes (ii)
pessing through millipore filter (0.45 mM) (111) adding
stireptopenicillin, The disease was found to chow serial
trensmigsion, The presence of a spherical, non-oocluded
virus in the cell-free extraots was confirmed from
elestron miosrographs.

2102 szﬂﬂﬁm of Kegbu vguﬂ di!egg

Several local names vig., Kempu sappe, nacchu,
Kempu naschu ete., are used for Kenohu disease. The
disease is characterised by stunted growth of the worm
and pale, reddish gppearance of skin, Chain exoreta is
also observed in most of the worms. Infeocted early instar
worms invariably 4ie. If infeotion occurs in late larval
insters, the wormg become flaccid. In case of imfection
during third, fourth and fifth instars, the result is the
format ion of comparat ively small and flimgy cocoms. The
surviving pupse are small, inaotive end heve deformed
wings. Purther, the resultant moths are characterised by
the presence of sparse scales on the body as well e
wings (Hadimeni, 1980).



2.1+3 Susceptibility of different instarg of gilikworm to
Kenchu virug

Growth inhibition was Observed to be grcater when younger
larvag were infected compared to older larvae (Hedimani, 1980).
The weight reduction on 24th day of infeotion oompayed toO
uninfeoted contxols in first, second, thixd, fourth and £ifth
instars of a hybrid - Pure Mysore x VB,Dp vas 93.96, 85.79,
T1.07y 16.19 and 0.46 per cent, respectively. Infection during
third instar and onwards resulted in some larvae spinning
eocoons and the percentage deorease in cocoon weight was
34.86, 29.72 and 0.06, respectively in case of infeotion
in third, fourth and fifth instars. One hundred per cent
mortality was observed when first and second inastar worms were
infeoted. Larval mortality corresponding to infeotion
during third, fourth and f£ifth in sars was 95.5, 85.5 and
40.5 per cent respectively, thus revealing that the early
instar ellkworms are mors susoeptible t0 Xenshu virus.

2.1.4 Susceptiblility of silkwoym breeds to Kenchu virus

The relative susceptiblility of two mutivoltine breeds
(Pure Mysore and Hosa Mysore) and three bivoltine breeds
(¥B,Dys ¥By and NB.g) t0 Kenchu virus was investigated
(Mmrayanaswanmy, 1983). Pure Mysore was the most susceptible
breed. The ETgg for Kenchu symptom manifestation was 9 days
12 h, 10 days 18 hy 10 days S h, 11 days 7 h and 12 days



for Pure Mysore, Hosa Mysore, KB432. NB, and NB,‘Q;‘,
respecotively, when Kenchu virus stook suspension was
administered per os. The welght reduction was more than
50 per cent in Pure Mysore compared t0 untreated bateh even
before 8th day with viral dilutions of 10”7 to 10™° and
even in lower dilutions the time required for 50 per cent weight
reduction ranged from 9.0 to 19.5 days. In case of Hosa
Mysore the time required for 50 par cent welight reduction
was 9.25 t0 25,25 days with different viral dilutions.
Welght reduction in m, and KB;g was less marked exocept at
10™! and 107> atlutions and welght reduetion did not reach
50 per oent with other dilutions. Multivoltine bdreeds were
Bore susceptible than the bivoltine breeds (Narayansswamy
at al., 1985b).

2.1.5 Epizootiology of Kenchu yirxus disease
The epizootiological studies on Kenchu virus dissase

were made by Esvarappa (1983). The virus was found to lose
the infectivity on exposure to sunlight. Ten houps exposure
10 direot sunlight under dry condition and 20 hours
exposure under humid gondition were sufficient 40 inactivate
the virus.

The virus retained infeotivity upto six months of
preservation at room temperature (25-30°C), but the
virulence decreased gradually (Eswarappa and Shyamala, 1984),
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Relative humidlity of the atmosphere had a significant effect
on virulence. The loss of virulence was quicker at lower
humidity levels {10 to 20 pexr oent) than at highex

humidity levels (50 to 90 per cent).

Perslstence of Kenchu virus f{n the silkworm habitat
wag establighed as 48 t0 56 per oent of worms fed with the
washings of rearing room dust, rearing tray and mountage,
wherein the Xenchu disease cxisted in previous rearing,
developed the digease. Infected individuals within the
population spread the disease to healthy worma. Disease
spread throughout the population was noticed with the
presence of even 4 per ocent of the infected individuals.
Presence of 20 per cent of infeoted individuals was as
effective as 40 per oent in spreading the disease throughout
the population. Contamination by the rearer due to
handling of diseased and healthy worms simultanecusly was
found to ald in spread of disease as evidenced hy 60 to 64
per cent of the worms developing the disease when reared
with contamination by handling (Eswarappa, 1983),

When Kenohu virus was orally aidministered to two
eommon lepidopierous defoliators of mulberry vig., tobaceco
caterpillar, Spodoptera litura (Fabricius) and the black
headed halry caterpillar, Spilosoma obliqua (walker), the



12

virus failed t0 oroso-infect these insects as Kenchu
symptoms, mortality, weight reduction and presence of

virus in cell free extracts wers not observed (Farayanaswamy
gt al., 1986). Also Kenohu virus was not found to be
transmitted transovarially in the silkworm (XNarayanaswamy,
1983; Narayanaswamy et al., 1985a).

2.1.6 [Effect of disinfectants on Kenchu vipus
Surface oontamination of silkworm eggs with Kenchu

virus that were treated with different disinfegtants
irdicated that bleaching powder was not effective at three
concentrations tried. On 26th day, a maximum of 24.57,
24.35 and 22.7% fold incremsse in larval weight over viral
oontrol was observed in case of disinfection with formalin,
potassium permanganate and sodium hydroxide, respectivelys

Pormalin, potassium parmanganate and
potassiuz hydroxide proved effective (Mmdimani, 1980).

2.2 Serological techiigues for small non-ogoluded viruseg

of sillworn

2.2.1 Infectious flach.rie virus
The distribution of infeotious flagherie virus in silkwoym,

B. morl was investigated using fluorescent antidody technique
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(Inoue and Ayuzawa, 1971). Specific fluorescence in the
midgut appeared at 25 h after virus fnoculation anmd
became more intense with the lapse of time,

Inoue (1972) observed through fluorescent antibody
technique that the multiplication 2f infeotious flacherie
virus occurred ir the goblet cells of the midgut epithelium.

Inous and Ayuzawa (1972as 1972h) employed fluorssoent
antibody teohnique to demonstrate the pressnce of E
infectioue flacherie virus in the midgut epitheiium of the -
silkworm. Specific fluorescence was Observed in the
oytoplasm of goblet cells. It was also noticed in the
cytoplasm of gclumnar cells, but the fluoresocence was very
faint and the number 9f staired cells were few. Inoue
(1974b) studied the mu:tiplication of infeotious flacherie
virus (IPV) in the susceptible and yesistant strains of
silkworm, B, mopi by means of the fluorescent antibody
ncthod, which demonstrated the presence of IFV in the
frozen sections of diseased midguta. Pluorescent antibody
test revealed that IFV multiplied well in the same degree in
larvae of both susceptible and resistant strains. 1In
susoeptible laxvae the number of cells with fluorescence
inocr:ased just prior to death while in the resistant larvae
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which were alive to purate, the nurber 5f fluorescent cells
also inereased, but were much reduced temporarily Jus$

after every moulting. The temporary reduoction of the number
of fluorescent cells during IFV irfectlion in resistant

larvae indicated that the infeoted goblet cells were discharged
into the gut lumen ai every noult and the regenerative ocells
located in nidi of the midgut developsd into new goblet

cells for the physiological repairs. Therafoxe, it ws inferred
that the regenerative avl.ity of the midsut cells might be
mainly conoerned with tihe resisiange of ellkworm larvae 10

the lathal infection 3£ IFV.

The interaction of silkworm viruses rnamely, flacherlie
virus, cytoplasmio polyhedrosis virus and ssall flacherie
virus were investigated in the midgut of silkworm, B. mopk
by using fluorescent antibody techrique (Sato and Inoue,
1978),

Shimigu (1982) developed an ensyme linked irmonosorbent
assay (ELISA) for deteotion of the flacherie virua of |
silkworm, 7Thie teehriocue proved to be specific for the
flacherie virus and virus protein of 3 ng/ml could be
detected. The sensitivity of ELISA was 6000, {17000 and 200
timee higher than that of gel immuno-diffusion, ring test and
latex agglutination, respectivelye
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Latex particle agglutination test was used by Shimisu
gt al. (1983) for detection of flacherie virus of allkworm.
This was aleod claimed t0 be very effective and sensitive
method cbmparatively;

242.2 Densoiucleosis virus
Imnunodiffusion test with th);’c antiserun of purified |

Ina 1s0late of silicworm densonucleosis virus (DNV) revealed
that it was sexdlogically quite different from the infectious
flagherie virus of silkworm (Maeda et al., 197T)«

Vatanabe and Shimizu (1980) while studying the
epizootlology of dersonucleosis of silkworm confirmed the
presence of virus in the silkworm rearing room dusts by
following gel diffusion test.

The Yamanashi &solate of the silkworm densonucleosis
virus did 2ot reaoct with the antiserum sgainst the Ina
isdlate and the =mall flacherie virus in immunodiffusion
tasts (Setki, 1984). These viruses did not appear to share any
antigen with the Yamarashi ie0late of DYV.

Immunofluorescence observation was successfully
employed to study the multipliocation and infeotion of
sllkworm densonucleosis virus (sato gt al., 1978a; 1978by
Moeda and Watanabe, 1978).

Th. 2063
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The enzyme linked counter immunoelectrophoresis was
used as a technique for diagnosis of densonucleosis virus
in silkworm (wang et al., 1983),

Arakawa and Shimizu (1985) have developed dot
immunobinding assay (DIBA) for the detection of densonucleosis
virus of B. mori. The DIRA (10 ng/ml) was similar to
Enzyme liniked Lmmunosorbent assay (ELISA, 6 ng/ml) and this
assay was found to be 1800, 1000 and 50 times more sensitive
than gel immunodiffusion, ring test and latex agglutination.

Doudle gel diffusion test m employed by watanabe
gt al. (1986) to establigh the serologloal charaoteristiocs

of three densonucledsis viruses of B. mori at Japan.

Shimisu and Arakawa (1986) used latex egglutination
test for the detection of densonucleosis virus and coytoplasmio
polyhedrosia virus of the silkworm and found that it wae
more sensitive than all ceonventioral serological methods
but not superior to immunosorbant assay.

2+% mt of exmsigg sllkworms in early stozes t9 low
iemperature on subcecuent dgzglo'mgt of discaees
Literature ic available on the effect of refrigeration

of sllkworm eggs on hatching (¥arasimhamurthy, 1943%a; 1943bs
Devalah and Thortadarya, 1975). But irformation on the

effect of refrigeration of egge on d evelomment of discams

is scanty.
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Low temperature may tend t0 promote the outbreak of

discaces in inassots.

Aruga and Vatanabe (1959) observed that when fifth
instar silkworms were exposed to 5°C for 24 hours, the
frequenoy of nuslear polyhedrosis was higher in P, hybrid
than in the inbred lines. The mme tendency was aled
observed in the induction of oytoplasmioc polyhedrosis

during spring rearing.

0old treatment (5°C for 3 to 5 hours) bhefore or
after per oral infectlion with oytoplasmic polyhedrosis
virus enhanced the susceptibility of the silkworms t0 the
virus (Aruga gt al., 1963).

Acoording t0 Sidhu and Singh (1968), silkworm
larvae refrigerated for 24 hours at 5°C before resuming
feeding resulted in 21.25 per cent of grasseric amd
18.75 per cent of flacherie diseases and the oOrresponding
figures for unrefrigerated larvag wers 8.75 and 10.0 per cent,

respactivelys

wu (1983) reported that the ability of silkworm
larvae t0 resist infection of nuclear polyhedrosis was very
markedly reduced when they were kept at a low temperature
of 5° for 24 hours. Matsubara gt al. (1984) treated
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different instars of B. Q)_;!._ at 5°C for 24 hours and
studied the mortality rate at different concentrations of
NPVe The mortality of infected fifth instar worms was 100
per cent with ~log 1 to =log 5 concentration while mortality
was nil in unrefrigerated and infeoted worms with the same
concentrations of virus. The mortality of first instar
refrigerated infegcted worms was 20 to 90 per cent while-

i1t wvas 0 to 90 per cent in case of unrefrigerated

infeocted worms. Similarly, in seodond, third and fourth
instars, the mortality of refrigerated igfeoted worme was
10 ¢o 60, 70 to 90 and 100 per cent when comnared %o O

per cent in their controls.

2.4 Spread of virus disgascs 0of insgots and mites from
infegted individuals in a healthy population

Dlsease spread through infeoted hosts is one of the
principal means of dispersal of viruses throughout the

host environment. The pathogens are distributed through
the faecal matter of infeoted individuals and also by

regurgitation. After the death of infected individuals,
thelr cadavers may form a potential source 0f pathogemsy

Steinhaus and Thompson (1949) observed all the
healthy alfalfa caterpillars dying after a few days when
they were released together with already polyhedrosis
viruseinfested individuals in rearing trays«
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/ pocording to Bird (1953), part of the population of
European sew fly, Teodiprion gwginei, became infected
by consuming nuclear polyhedrosis virus directly and part
wae secondarily infected by coming in conteot with the

formex,

‘In pranulogds virus infection of oat erpillars of
Perseotignis ewinsii, the healthy larvae became infected hy
ingest ing food comtaminated by saliva from diseased
larvae (Lower, 1954).

‘Jaoques (1962) found the larvae of Tprichoplusig nd
freated with nuclear polyhedra transmittins the virus to
untreated larvae when they were rcared togather.

’ When & single oitrus red mite (Pgnonychus citri)
infeoted with its non-inclusion virus was introduced into
a population of 1, 5, 20 and 80 mites caged on a surface
area of 45 to T5 onz. the tramemission of the disease
at 80 mites level was higher than at ocne and five nites

level (Gilmore and Muncer, 1964).

“8tat'ts (1968) reported that gpegarious feeding
habits of larvme of Gplleris mellonella and Mplacosomg
distria insured the virus from a single diseased individual
t0 reach some of the heglthy larvae which, in turn, Dessme
discaged thus inmsreasing the inoculum in the populatione



Virus infeoted Buropeen red mites, Pgnonychus ulmi
deposited inooculum on the leoves, prolbly in excreta or
oral meorctions at feefing sites which was picked up orally
by uninfeocted mites while feeding (Putman, 1970).

‘Shew and Beavers (1970) demonstrated the non~
inclwsion virus infection throughout the populat ion of
oitrus red mite, P. gitri by releasing virus infeeted
individuals into healthy population. Diseage development
throughout the population wes rapid if the populetion
denoity was high.

"Healthy citrus red mites picked up the virus from
contaminated surfaces of substrates rather than from
within the plant cells. The presemse of virus in the
feeces of infeoted mites was aleo confirmed (Reed el glee
1975).

/lcluw (1976) observed that in the population of
cocomt beetle, Oryctes rhinoceros the baculo virus ¥es
transmitted moet frequently when the uninfested individuasls
eontacted the virus material exoreted by the infeeted
individuals.

The faecal pellets from cytoplasmic polyhedrosis
virus infeoted larvae of fall webworm, Fyphamtris cuneg
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contained large numbers of inolusion bodies sugreeting an
effective mechanism of spread of the virus ¥0 healthy
larvae (Boucias, 1979).

2.5 b 4 of ot tion on the development of v
diseages in inseots '

Shortage of food may apparemtly result in the
initiation of virus epizootics in insects. Starvatiom
hae been 1demt ified as one of the stress faotors. It
may predispose the inseots by oonstitut ional weakening
to the viral infecctioms and thus aid the inorecasing
incidense of disceses,

Acconrding to Jardine (1918), the polyhedral
discoge of the tea tortrix, Homong coffearig 4id not
aprear 10 spread among the larvge unless there weas
overcrowding and lack of food,

Larval starvation in 3. mori led to reduction in
resistance to diseases (Kadohira, 1930).

A virus disease of European sew fly, Gilpinig
hegpoynige was affected by ocrowding and shortace of food.
Denaity of sawfly population seemed to be the most
important faotor determining its ocontrol effeot, the
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Pexcentage 0f discased larvae inoreamsing with population,
independently of secondary cffcots of crowding, such as
ghortage of food (Balch and Bird, 1944 ).

Edel'Man (1956) attributed the reduction in the
out bresk of Iymantria 4ispar infestation $0 the
physiological weskening of the populetion associated
with forsed feeding on unfavourable food plamts thereby
inereasing the inoidence of polyhedral disease.

Defolistion by L. diopar was severe over a
considerable area and the larvae were deprived of
suffioiemt food thus resulting in heavy infeotion by a
virus diseage in that only 10 per cent of them pupsted
(3salay-Harsso, 1957).

Wallis (1959) found that due to heavy feeding of
larvae of Anisotg scngtoris, the food supply was rapidly
exhpusted in sumrer and they were cxposed tointense
competit ion and starvetion. Thereby they were forced te
feed on unsuitable foliage which resulted in heavy
mortality of last instar larvae due to a cytoplasmic
polyhedral virus '

Tanala (1961) oboerved a Arecater tendoncy to develop
virus epizooties in MyShimna separatg due to laok of food
when the population inereased rather than at low density.
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The hgemolymph titre of nuclear polyhedrosis of the
#illkworn, Bombyx mopi in starved larvae was determined by
Aigawa and Purute (1962). The level of the virus showed
a decrease, an inorease and a gtationary phase aml the
titre vas nearly the same in starved as in nourished
larvae. The nunder of cytoplesmic polyhedra formed in
starved worms was gencrglly lese than that in normally
fed larvae, and the mean sige of polyhedra in starved
larvae was smaller than that in larvae that had been fed
normally.

Starvation of sillworms resulted in 18 to0 75 aM
249 to 25 per oemt respcotively of incidence of prasserie
and flacherie (Sidhu and Singh, 1968) a8 against
8,75 and 10,00 per cemt in well fed larvam.

Lervae of B. mor{ were observed to extend their
larval period upto 11.6 days, when they were allowoed to
feed 4 br/day a8 amainst 6 daye required by thcse allowed
to feed 24 hr/day (Muthukrishnen gt gl., 1978). A decrease
in the shell weight with the deoreasing feeding rate was
observedy

Starvation for fixed durations of 12,24, 36 and 48
hours from fizet to f£ifth ineiar inoreased tho mortalily
due to diseases in the silkworm, 3. mori subjeoted t0
longer period of starvation (Samson et al., 1980).
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Incidence of loss due to flacherie was mor~ than nuclear
polyhedroeis and irrespeciive of instars, it was nore in
repeatedly sterved worma. IToss due t0 nuclear polyhedrosis
was sirnificantly high in worme starved after second mouls,
fourth moult and in worms starved frem hatohing to f£ifth
inster, Thus, starvation mede the worme suscoptible to
flacherie and gresserie in addition to its edverse effeot
on growth,

Xswerabala ané Punakoshi (1980) studied the polyhedra
dissolving aetivity of siliworm put juice. Prolonced
starvet ion during active feeding pexiode ceused significant
desrease in the polyhedra dissolvine pgetivity.

In case Of eri silkworm, Sgmis cymthia risini
Boisduval, the larval period, pupal period, cosoon weight
and fecundily per female were 18.99 and 22.50 days,
200.1+43.7 ng and 199 + 28,86 egge respect ively with 18
bours feeding duration per day, while with 24 hours feeling
duration the corresnronding figures were 17.01 and 20.40
days, 303.1+46.1 ng and 294 $32.30 egas (Srivastava
et gl., 1982-83),

wu (1983) observed that the resistance of siliworme
t0 nuclear polyhedrosis infection was neekedly reduced
when they wore starved for 24 hours at 25°C,
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2.6 [Effect of leof moturity on ~rowth of insects with
speciagl reference to silkworm

Succulent mulberry leaves are known to be

nut rit ively superior for suceessful raising of esilkworm
cocoon crops of gocd quality as they conmtain higher

amounts of moisture, protein, starch, total carbohydrates
s
ond lees of fibre and ash (anonymous, 19643 1965).

Quality difference due to meturity among top
iender leaves, middle mature leaves and botiom over mature
leaves of mulberry have been reported by several workers
(Froisse and Arnoux, 19543 Kafian, 19603 Arai and Ito,
19633 Ito and Arai, 19633 Narayanan gt gl., 1967). All
these workers were in reneral agreement that top tender or
comparat ively lese mature leaves are nutrit ively richer amd
produce better cocoon erops when fed to siliovorms.
Parpiev (1968) reported that higher moisture content
affeoted both edibility of the mulberry leaves and
assinilability of its nutriemts in sillov aems.

Low dietary moisture has been reported to bring
about deleterious effeets in phytophagous insects
(Waldbauer. 1968)0

Cocoon crop resulting from feeding mulberry leaves
of differemt maturities to silkworms were investigaied
in a series of 11 experiments during the per iod of
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$1966-68 in West Bengal by Krishnaswani et al. (1970). Mor-
succulent leaves produced on top tender portion of twiss
were fourd to be superior to the leaves below as refleoted
by the superiority of most of the ecoonomic charncters like
effeotive raie of rearing, cocoon weisht, shell weight

etc. Higher moisture content in tender leaves was not
harmful to the silkworms. Over=mature leasves were found
t0 be inferior. Peeding of tender lesves even to fifth
instar did4 not produce any harmful effects and there was
definite improvement in eocoon and cocoon shell weightas.

In multivoltine breed=Nistari the effective rate of rearing
of 80,0, T5.8 and 66.3 per centj cococn weight of 1.03,
0.89 amd 0,76 g and shell weiszht of 0,121, 0,101 am 0,086 g,
were observed by feeding tender, medium end coprse leavee/,
respeot ively.

KErishnaswami gt gl. (1971) obecrved 19.1 g, 19 days,
0.88 g amd 0,119 g of larval weight (10 worms), larval period,
8inele cocoon weisht and shell weight, respectively in
silkworm hreed D3C when reared on tenmder mulberry leaf
while on medium and nature leanf they were respect ively
19.1 and 18.6 g3 19 and 20 deyss 0.89 and 0.72 g and 0,108
and 0,099 g during July=pugust rearing of 1968~under West
Bengal conditions,
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According to Rahman and Manmdal (1977), different
tynes of nulberry lesves from tree, low cut and bushes
had no effeot on the weisht of sillovorns of nistari race
indicatins thet the three leaf ¢ypes had similar nutrit ive

value for 3o gyx mori L.

Deorease in water content affected nitrogen
utilicat ion efficienoy and lead t0 poor growth in consumer
insects (Soriber, 1978). There wae dcorease in conversion
efficiency with deorease in leaf moisture content for larvae
of different butterfliss and moths,

In Japen, it was observed that when sillkworms were
fed mulbarry leaves under 37th order, they frequemtly
matured one day later compared with those fed the upperx
leaves, eepecially female lagrvaee (Sudo gt gles 1979).
Signifiocant correletion coefficients were obtained between
ococoon weight or cocoon shell weight and the leaf order,
The size of the cocoon also hecame smaller ap the loaf order
went downwards. The difference in leaf quality derdived
from leaf order hed emarkable offects on t he larval
growth and cocoon quality. A significant correlation was
found between larval body weight after sbout fourth dey of
£1fth ingtar and leaf order.



28

Narayanaprakash et pl. (1935) studied the effect of
dietary water content on food utilizat ion and silk production
in Bombyx mori L. In both the hybrids (mm x WB, and
L x KA), Georease in water aontemt of mulberry leaf affedted
different enercetic parametcrs. Bivoltine larvae thrived well
on tender leaves and the eross breed on wature leaves.
Bivoltine larvae fed on\‘i’reéh, tender leaves spu-n larger
eocoons cotpared to oross breed larvae whisch produned

hegvier cocoons on rature leav es.

According to Yeomeshita and Yazawa (1982), at cach time
of growth of nul berry leaf, the aminoscids such as glutamio
acid, aspartic acid, alanine ocourred at a constamt level
regardless their pges. On the other hand, aspararine amd
glutamine acoumulated greatly in young leaves at a0t ively
growing season. Inoorporation of 140 into total aminoec ids
in 2nd, Tth and 23rd leaf order was 2.2 x 10%, 12.6 x 10%
and 4.9 x 104 opm per gram leaf, respectively. The content
of gepararine was 7.9, 4.9 and 0.1 m moles per gram of leaf

of the gbove respect ive leaf ordersa.

sudo et gl. (1981) compared the qual ity of mulberry
leaw es of different nitrosen nutrition for siliorm. A
linear rerression equation with significant minus correlet ion
between the lenf order and silkworm body weight, cocoon
weight or ococoon shell weight existed, There was a
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significant negative correlation between nitrogen content

in leaf and leof order. A hichly sisnificant correls ion
was found between nitrogen contemt in leaf and silkworm body
weisht, cocoon weisht or shell weight,

2.7 Effect of viral infections in late b rval instors

of inscetls

According to Vavo and Cayrol (1956), the larvae of
Tlugig gamma that became infeoted with nuclear polyhedrosis
virus when full fed, pupated in some cases but 4id not give

rice to adults,

The resistance to virel infections in Pseudgletig
unjpuncta was found to inorease directly with the age of
the caterpillar (Tenada, 1956 ).

Hafez (1958) invest igating on the polyhedrosis of
the larvae of Prodenia litups found that when full fed
larvae were infeeted per os, there was 59 to 73 per cent
wortality among the resultant pupae as compared with 33 to
36 per cent among uninfecied ones. The adults emerging from
the survivors were malfomed and did not oviposit. Noth

survival was found to be low.

Ignoid (1966 ) olserved mpturat ion immunity to
nuclear polyhedrosis virus in both Heliothis geg and
He vipescemse. The large amount of pupal mortality in



30

Iymamzis dispar otacrved in the late stare of development
in four areas of Comneoticut was a polyhedrosis disense.
Total moth cmerrence was less than 50 per cemt (Leongrd, 1967).

In laborato:y tests with a muelear polyhedrosis virus
infeotiny Feliocthis aemimera, Atger (1969) observed complete
mortality when younger larvae were infeoted. However, 38
per cent of the older lgrvae died and the rest pumted, but
only half of these gave rise t0 adults which .in turn, laid
unfertile eges. ‘Teelrund and tlathed (1974) algo reported
maturation imuunity to nuclear polyhedrosis virus in
P. sepprotg based on deoreased mortality, mSO and Wg4.

Jacob gt al. (1973) olmerved thet the lasvae of
Jyophulg depunctglis infected with nuclear polyhedrosis
during later instars were able to complete larvel development,
but died in pupal stare. The effects of a nuclear
polyhedrogis virus on various developuenial steges cf
gpodoptera 1ittogelie were invest igated with three
concentrations (raneing from 102 x 106 %o 102 x 10 /1ml)
fed 10 thimd end f£ifth imstar larvae (Adul=Nasr ot gl., 1979).
The mortal 'ty rate was 54 to 100 and 40 to T3 per cem,
respestively. The Tlg, (determined at 20 to 24°C) inorcased
with lower Goses and later application of the virus to the
larvee. The larvae that survived treatment resulted in
pupae of lighter body weirht than thm e developing from
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untreated larvae, a higher proportion of deformed adulte
and females with 22 to 48 per cemt reduction in the total
number of eggs laid. The rate of mortality in the

egas and larvee that survived virus treatmemt was higher
than that in the umireated females.

Hadimani (1980) olserved 40.50 per cenmt mortalily of
Pure Mysore x 111341)2 worms, w!en they were infeoted with
Xenchu virus in f£ifth instar. It resulted in 0,06 per cenmt

reduotim in cocoon welight,

Accord ing to Subrghmenyem and Ramgkrishnan (1981),
Se. liturg infeoted with nuoclear polyhedrosis virus failed
to moult more than once after infeotion. Infeoted last
instar lgrvae failed to pupate and had prolongzed lgrval
atage.

Effect of nuclear polyhedrosis virus infeotim of
Pgcudoplusia includeng on the surviving pupae anl adults on
caged soybean plams was studied by Young and Yearian
(1982), The mortality in the pupal gtage was higher
following the treatmemt in the fifth or sixth larval instar.

2.8 Interact ions amongst pethogens of insects including
thee of silkworm

Multiple infectioms by different pathogens within
an insect ococur under laboratory/commercial rearing
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conditions., These infeotions may be simultansous or
may oocur one after another, The result of the imteraction
may be an imterference, co-existensce or synergism,

Tanada (1959) obecrved synergism between granulosis
virugs and nuelear polyhedral virus in the armywornm,

Ppeudglet ig sepgratgs.

Enhanced interaotion was lasoking in the mixed infeotion

of spruce budworm, Choristoneurg fumiferana with granulosis
virus and nuolear polyhedral virus (Bird, 1959)¢

Stephens (1959) in her studies with mixed dacterial
infectioms of Psgudomongs acpuginosg and Serretls marcescens
in cresshoppers found mortaelity due to septicemia only,
either one of the species predominating in the blood,

According to Shvetsova and Tsal (1962), enhanced
interaot ion was absent when the two nootuid ocaterpillars
viz., Agrotis se-petum and Hpdena sordida were simultaneously
infested with granulosis virus and nuclear polyhedrosis
virus,

Aruga et gl. (1963) found that when CPV of the pine
caterpillar, Dendrolimus speatabilis was fed to first instar
larvae one to five days before or simultane ausly with wilkwerm
0PV, it imerfered with the latter. On the other hand, the
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silkworm CPV 4id not interfere with the infection of pine
caterpillar CPV when it was fed one to two days before the

latter.

The silkworm CPV enhanced the infeetion of the
alfalfa ecaterprillar (Coligs gurytheme) CPV when the two
viruses were fed together to second instar silkworms (Tansda
and Chang, 1964).

Aecording to Aruga et gl. (1965), when the flacherie
virus was fed to sillkworm larvae prior to sillworm CPV, it
interfered with the infection of the latter. Two applications
of flacherie virus were much more effective than a single
application in causing the interference. There was no
apparent interference when flacherie virus was fed to sillworm
larvae after silkworm CPV,

Alihough there was an increased percentage of mortality
of Trichoplusig ni when TPV and gremulosis virus (GV) were
fed together to the larvae, the inercase was not stgtistically
gignifiognt from that of the treatmemt with ecach virus
geparately. The inoresse was being caused by an additive effect
of each virus. Neither interference nor synergism wes
obgserved between these two viruses (Towe and Paschke, 1968a).
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Lowe an Pafchke (1968b) reported an interference
effect in T. ni when NPV was administered 5 to 7 days after
GVe The moxtality from this tzeatmoﬁt was not decreased,
but the larvae lived longer than with simultaneous
inooulgtion and no pclyhedrosis wee evident in infested

larves.

studies on simultaneous infection of comrom cockchaferx,

1o
nelggthg melolonthg by Jgeillus po; illge, Rickettsiellg
melolopthae and Jggoig virus melolonthae imdicated that the
baoterium seered to inhidit Rickettaia. Virus ond Rickettsis

were more compatidble than dacterium and Rioke¥tsia (Furpin
and Robert, 1968).

Tecatment of Psgudaletin unipuncts with NPV slone
reszlted in only one lerve becoming infeoted with this
virus. Addition of Han;in stock of GV to NIV greatly
enhanoed the infestion by the latter as shown by 14 out of
20 larvae showing infestion with K'Y alone or together
with GV, OV at s concemtiration below its infection dose
414 not enhance WPY (Panada and Hulmhara, 1968)¢

Amgrzier ot gl, (1969) obecrved synergistio effeot
between NPV and DNV of Gallerip mellonellgs



Kodgma amd Nakgsuji (1971) found that a strain of
gtreptocogcus fgecalis = S. fgecium when fed along with
Serretig torum to silkworm larvae facilitated the
latter 10 invade the haemococl, §. piscgtorum by itsels
was non—-pathosenic through per os, but was highly virulemt
when injected,

When mixtures of GV ogqpsules and muolear polyhedra
were fed to P. unimngts there was direct ineresse in
number of larvae infeocted with HPV as the coneentrat ion
of the capsules inereased. A capsule faotor, possibly a
protein rather than the virus partiocle ocoluded within the
esapsule was respons ible for enhanscment of infeotion of
WW. The capsule factor enhenced the infection of NPV
even when the larvee were treated under gnotobiot io
condit ion (fanada and Hukahara, 1974)e«

According to Nordin and Maddox (1972), the total
larval mortality in J. guneg in treatuents involving virus
alone, Nosgmg #p. alone and virus plus Mosgmg Sp. was 97,
21 and 71 per cent, respectively. Combdingtion of virus plus
Ipoenp 8p. resulied in a lower mortalitye

The interaction between CPV and infectious flacherie
virus (IFV) of silkworm, B. mori was investigated by
Inoue (1974s)« Pollowing the simultaneous infection of
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8ilkworm with two viruses, independemt co—existence waﬁ
observed in that CPV multiplied in columnar cells and

IPY multiplied in goblet cells. Wowever, the period of
lethal infection was shorter on larvee subjected to double
virus infeotion than on those infested with eech virus

separately.

Barisu (1974) studied the lethal effect of secondary
baoterial infeoticn cn sillworm larvae infeotod with IFV,
The mortality in the mixed infeotion with IFV and beoteria
invading simultaneounly was the highest. But in the
natural doudble infeotion, virus infeoction happened primarily
and seocondary boeterial infeetion ocourred through mu).bo}y
lemwes per 08 and the lethal effect was moderated. In the
oase 0of silkworm reared under aseptie comdition when the
virus invaesion was not accompanied by bagterial infeot ion
the mortglity of the gnotobiotic larvee became lower. When
the gnotobiotio larvae were subjceted to bacterial contamination,
tke mortelity of the larvae inocrcased papidlyx. Thus the
silkwora mortelity in viral flacherie ias considered to de
caused by the secondary baoteriosis which had been predisposed
by the primary virus infection,

poudle infeoction with the viruses each of IFV, CP¥
and SFY 4in the midgut of silkworm was investigated by sato
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and Imoue (1978), The flacherie virus (PV) multiplied in
goblet cells gnd CPY in golumngr ceclle of midgut epithelium,
The number of viruse=infestod oells in the midgut infeoted
doudbly with flacheric virus and small flacherie virus (SPV)
was approximately the same compared to the total murbers of
virus~infested cells in lprvae infeoted singly with FV ox
S¥W. CPV and SFV multiplied in the same colummge e¢ell
showing CP¥ in oytoplasm and SFY in the nucleus, The
larvae infected with two kinds of viruses showed an inoreased
mortality and a low “50 valie ag compored to those larvae
infeoted with single virus. The studies revealed the
independent multiplication of virus in a lezve infeeted
with two kinds of viruses,

Inoue (1981) conducted studies on the doudble infection
of midgut epithelianl cells with nucleer polyhedrosis vimus
(*17P¥) and cytoplasmic polyhedrosis virus (CPV). Double
infection ocsurred in majority of columngr cells. Both
viruses were observed to be multiplying independently amd
fusion of two kinis of proteinsoeous crystals was not
obgscrved. Rowever, a lot of nweleocapmids of NPV gqttached
t9 the surfece of CTV inclusion body, followed with
incorporation of some of them imto the inclusion body. I8
was inconsistent to NPV polyhedron whish incorporated
NPV amd iis empty emvelopes.
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The associative effeet of baoterie S. Dgrcescems amd
§Saphylocoscus spp. in silkworm was studied by Vasantharajan
and Manirathnamma (1978). Two igolates VK 42 and VK 45
belonging to Staphylocoscus were potemtial synergists of
5. mgrooscens. §, morcescens VK1 tocether with VEA2 or VEAS
was highly lethal, wherees, singly none of these strains
saused any damage, Then VK1 and VEA2 were fod tocether,
out of 50 gilkwormrs 24 died amongst whioch 16 exhibited
Sorratia symptomg, while infection with VKY two days prior
t0 VE42 resulted in mortalitly of 19 worme from whieh
no worm expressed Serratjp symptoms and further infection
v;ith VKt two days after VEK42 resulted in mortality of 24
out of 50 worms, and 20 worms exhibited Scrretip sympioms.
Similar trend was observed even in associgtion with VK45.
They inferred that Scrpatis was invagive only when the
amsocintive organisn wes slready present in the gut. If,
instead, Seppatia was fed firet to be followed later by

Staphylococcus, no damege was seen.

The baeteria, jorobgcter gerecogencs and Erolgyy
Birabilis affeoted digestive trast of geomcirid, Bogpuis
29lengrig and the former was not considered highly palhomenioc
since 1t lacked invagive power to penctrate throush midgut
wall, The poesible proteolytio sctivity of P. mirgbilis
made the put wall more vulnerahle to enirance of secondary
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bacterium j, gercogenes indicating the synepcistic effeoct of
the two species (Wysoki and Racesgh, 1980).

Hatoumoto gt gl. (1985) c;mueteﬂ studies on mixed
infection with infeeticus flacherie virus (IFV) gnd
cndogeneous bagterium - Streptoeccecus fgecalis that forms
the nain component of intestinal flora of healthy sillavorm
larvae and exogeneous bacteriun = Serratis ngrecscens. Higher
virulence of IFV was associsted with these bacteria.

S. faeoglis at 10%, 10% and 10° eelle/nl with 7V at 107
dilut ion resulted in one hundred per cent mortality of fifth
instar worms when inoculgted during initisl fourth instar,
while the sincle larval weight at the end of fourth inster
wes 0.86, 0.84 and 0.81 g, respectively, corpared to 1.4 g
in uninfected conirol batech, Incculation of fourth instar
wores with IFV (10"3) alone, S. £gecplis alone (106) and

S+ BEgroescens alone (106) resulted in f£ifth instar larval
weight 0f 2,95, 4.63 and 4.31 g with larvel mortelity of 20.0,
0.0 end 0,0 per cent while simultenecous infectioms with

IFV + S. f£gecalis, IFV + S, mgrececens caused larval weight
of 2.06 and 2,40 g regpectively, with mortality of 100 per
cent in each cese. Infection with IFV followed by $. fgecglis
and §. marcescens save larval weisht of 3.12 and 3.55 @
respectively of fifth instar with momtlity of 100 per cemt

N
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in both, On the other hanmd, infeotion with §. fgecplis followed
by IFV yiolded fifth instar larval weight of 5,15 gz while

that of S. maroceoens followed by IFV resulled in

3.95 g 0of larval weight with mortality of 100 per comiy
Uninfeoted control had a larval weight of 4,58 g with mo
mortality., Ordinary larvae fed on artifioial diet or om
mulborry lewas were 10 t0 30 times more sensitive to IFV
infeot ion than gnotobiotic larvee in each inotar,

Matoumoto ot al, (1986) studied the effeots of
antijuvenile hormone (AJF) on mixed infeotion of infeeot ious
flacherie virus (IPV) and baoteris vis., Sireptococcug

fgecalip and Sorratip marcescens in the silkworm larvae,
Trimoulter larvae were injuced by administration of AJH in

the third inster. The suioept iblity of trimoulters 0 mixed
infeotion of IFV and baoteria was determined, When a mixture
of IFV at 1072, 107>, 107 and 107 ailutions with 5. fasealis
(10%) was fed to fourth instar larvae thet received AJH,

the per cenmt mortality was 17.4, 354.8, 21.7 and 4.3 respectively
when compgred to 100, 100, 30 and 10 per cent in respective
controls that 414 not receive AJE. When dilutions of 10 2,
1073, 107 am 10™ of PV were 2ed with §. gagealis (10°)

30 the fourth instar worms that had received AJH treatmomt,
the mortality was 21.7, 21.7, 17.4 and O in comparison

%0 100, 100 and 25 per cemt in case of the first three
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ocontrols, respeotively, The edministration of AJK to the
infected larvee preverted doath from oscurring and the
presence of either of the booteria in the intestine of the.
larvae oould not be detected. When larvae, that were
administercd AJH Quring third inster, were infeoted with
IPV in the fourth instar in the presemce of §. fgecplig,
the bpoteria gooumulated in the larval imestine,

However, in case of mixed infestion of IFV end §. mgroesgong
to fourth imstar siliworms that had received AJH during

third instar, the baoteria were not nokiced inte lawval
imtest ine,






IIX. MATERIAL A™® METPODS

During the periods of 1981=-1986, studies were
conluoted on Kenohu virus disease of silkworm,
mozri L. a8 Departmemt of Agrieultural Entomology,
Agricultural Colleze, Bangalore=560 024 and Departmemt
of Sericulture, College of Agrioulfure, Dharwsd=580 00%,
University of Agriculturel Solences, Bangalore~560 065,
The techniques employed in the studies are presenmted in
the following pages under differemt headinge,

31 Silkworm rearing techniques
S.%e% Disinfooticn of rearing room

Two gseporate giliworm rearins venues, one fom
rearing healthy silkworms and the other for rearing
experimemtally infeoted worme having similar condit ioms
were used. 8ix days prior to the hatching of egse, the
rearing rooma and equipments were oleaned, waghed anmd
properly disinfeoted with four per cent formalin at the
rate of 800 ml per 10 m> (Krishnaowami g8 gl., 1973)
using Gator Rocker sprayer. PFor cffective disinfeotionm,
the rooms were kept closed for 24 hours after sealing
oretis in doors, windows and vemtilators with papers
Aftexwards, the rearing venues were used for sillkworm

rearinge.



3«12 8ilkworm regi_rg

Pure Mysore breed of silkworcs, 3. morli was employed
in all the experiremts since it was proved t0 be the most
susceptiible breed t0 Kenchu virus (Bhasker, 1984s
Narayanaswany ¢t el., 1985b). Eggs were surface sterilised
with two per cent formalin, washed with sterile water amd
dried in shade. They were kept at 25 to 27°C end 85 to 90
per cemt relative humidity, oreated using moist foam rudbber
strip and covering with paraffin paper. The egge were
bleck=boxed for 24 hours in pin head stage followed by
exposure in diffused licht to obtain uniform hatching
(Keishnaswami, 1978b). A% 10 a.m. fresh tender mulberry
leaf grown as per recommended practices (Krishnaswemi,
1978a), ohopped $0 bits of 0.5 om?
emerged larvae on egg oard and they were rushed on to
a Paraffin paper spread in a wooden rearing tray. Wet foam
rudbber strip was kept all around the silkworm bed in the
tray and another paraffin sheet was used to oover the bed.
The paraffin paper and wet foam rubber strip were used only
upto the end of third larval instar(except during moulting
periods). The trays were arranged in rearing recks with
legs resting on ent wells, The worms were fed five times
a day (Fareyanan and Ohowla, 19653 Krishnaswami, 1978Db;
1979) at 6 a.te, 10 aetey, 2 Pele, 6 pPete and 9.30 pem,

were spiread over the
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with suitable quality mulberry leaf of variety Kanva=2
in all experiments unless specified under specific
experimomts, Chopped leaf and unchopped leaf were fed

1o young and late age worms, respectively. The spacing
for worms and cleaning of beds and other rearing procodures
were used as recommended by Krishnaswami (1978b)., The
actual rearing site was covered with nylon net to prevemt
uji-fly infestation as recommended by Jolly (1981). The
ripe worms were mounted on bamboo moumtaczes at the rate of
50 woru/ﬁa of mount ing space and the cocoons were
hervested five days after spinning,

3.2 e tion of cell free Kenchu v ex.py

Surfgoe steriliced mulbeery leaves treated with
Kenchu virus suspension were fed to second imstar Pure
Mysore s ilkworms and the worms showing typical "Kenchu®
symptors were collescted and the virus was extracted by
following the method of Inoue and Ayuzewa (1972a),
employed for infeotious flacherie virus of silkworm, ao
modified by Hadimani (1980)., Por isoletion of the virus,
the experimentally diseased worms were homorenized in
sterile pestle and mortar comtaining Sorensen‘s phosphate
buffer (0.72 M, ™ 7.2). The ratio of larvae to buffer
was 114(W/V). The homogenised material was kept in
refrigerator for 24 hours (Poinar and Thomas, 1978).
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Then it was filtered first through severgl layers of sterile
nuslin cloth twice and later with sterile Whatman No.t
filter paper. This filtrate was cemtrifuged at 3000 rpm
for 10 minutes and repeated thrice., The supernatant was
cemtrifuged twice at 18,000 rpm for 20 minutes each time

in a Remi 0=24 refrigersted cemtrifuge. The resultanmt
supernatamt was collected and the presence of the Kemchu
virus (Plete 3) was confirmed by electron microscopy
(Witachi HU 11F). This formed the virue stoek suspension,
The stock suspension was stored at 5°C.
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The antisera for infeetious flacherie virus (I¥V)
and densonucleosis virus (DNV) of aillkworm were obtained

from Scrpicultural Experiment Station, Ibaraki, Japan. To
know the amigenic relationship of Kenmchu virus with the
antisera of IFV and Ina DNV, double gel diffusion test
was corried out in this laboratory., Pluorescemt Antibody
test on the Kenchu virus infeeted midgut cells wes cerried
out by Dr. Hajime Inoue.

J3.3.1 Coll on of 4 \1 1

Sillkworms showing typical Kenchu symptoms were
collected from different sericulturpl areas of Karnotaka.



Plate 3. Flat inum shadoweasted Kenchu virus (22,000X).
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All the samples collected were from silkworm orops which
had suffered from aY. episootic of Kenchu disecse. The
samples were colleotod from III amd IV instars. The

areas ocovered were Bangalore, Kanakapura, Chararajanagar and
Ohitradurgas

3+¢3.2 Doudle gel diffusion test

Saline gel (1.5 per cemt) with sodium agide (1311000)
was uniforuly poured on a clean glass miocroslide to @
thickness of 2 mm, Wells were dug ot equidictence from
central well, One =1 of distilled water was sdded to the
original stoock antisera and then it was diluted 16=fold
with physiological saline and added to central well,
Ant {gens=~Kanchu isolates collected from Dangalore,
Kanakqpura, Chamerajanagar and Chitradurga were sdded
separately to the peripheral wells. It was inoubated af
roon terperature for 48 to 72 hours. Then the gel wae
exanined for precipitin banis. Separate tests were run
with IFV and DIV antiscra.

3+3+5 Fluorescent grkibody teohnigue
Epithelial cells from both gnterior and posterior

part of mideut from Kenchu virue infeoted silkworm, were
sneared on 10 clean gzlaes slides. The preparation was

dried at room temperature for 15 minutes. Then the cella
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were fixed with acetonme for 10 minutes at room temperature.
These microslides were sent to Dr. Hajime Imoue for the

flourescent antibody test (Inoue amd Ayuzawa, 1971)+

Se4 Infectivity technique
Infeot ion (per os) with Kenmohu virus wos done by

feeding virus comaninated wulberry leaf. Mulberry leaves,
washed with tap water, were surface steriliged with 70 pez
cemt cthyl aleohol using sterile cotton. Suffisiemt time
was allowed for evaporation of moisture from leaf surface.
Then the required 4ilution of Kenchu virus suspension was
unifornly swmeared at the rate of 0.2 ml for about 50 on?
leaf area and sufficient quant ity of suoh comtaminated leatf
was provided for first feed and further feeds were of
uncontaninated mulbepry leaf.

In the siudies on interaction beiween Xenchu virus
end baocterial isolates, 0.2 ml of the appropwizte virus
extraot was mixed with 0.2 ml of appropriate baoterial
extraot and the mixtuce was uged on 50 on® of leaf.

345 Effoct of refrireration of sillawcem egos and Kenchu
¥irug in‘ect ion in silkwoprm

Pure Mysore silkworm eges of one, three, five amd

scven days! are were refrigerated for a duration of two,

four, six and eisht deys ceoch at 5% in g refrigerator.:
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After the requiced duration of refrigeration, the egxs were
released and kept at room temperafure. Hotohing percentage
wae recorded. The resultant worms were infected with Kenchu
virus stock suspension and obeservations were recorded on
weight of worms on seventh emd 15th day after infeotion,
number of worms entering subsequermt instars and time taken
for 50 per ocent mortglity. In addition, the other persmeters
like maximum larval weigsht, oocooning, cocoon weight, pupal
welrht, shell waight, number of cocoons formed and moth

emorzenoe were also regorded.

3.6  Effeot of releasing Konohu virus infecied siliworms
imto healthy populations in various properxtiong

Second, third and fourth imster siliworis were

seperately fed with Kenchu virus stock suspemsion and they
were relecsed at a denaity of 4, 8, 16, 20 and 24 per cemt

in healthy populat ions of respective insters, Oboorvatiioms
were made on lerval weight, number of worms cnmtering subsequent
instars, instsr duration, number of larvae oompiétug
cosooning, cocoon weizht, shell weight, pupal weight and

noth emerpence.

Se7 Influgnce of nutrition on intensity of Kenchu yirus
infect ion

3¢7«1 Effsct of urnderfeeding in early instor on gubsequent
infeotion Kenghu virus

Silkworme from first to third inetar were recared

separately by providing two, three, four and five feeds



per day. When they entered fourth and fifth instars,
imnediately after third and fourth moult, the worms were
separately administered 10-'5 dilut ion of stock Kenchu
virus extract for the first feed. Im both fourth and
f£ifth instars five feedings were provided per day with
uncontaminsted mulberry leaf, Observations were recorded
on larval weight, instar duration, cocooning, cocoon
weight, pupal weight, cocoon shell weight and moth

emergence.

572 of st tion o

sillworn

Third, fourth and fifth imstar silkworms immediately
after moultinz were separately starved for 12, 24, 36 and
48 hours and after starving period, they were infeected
with 10> dilution of Kenchu virus for first feed only.
Suitable controls were also maintained. Following were the

‘lr.&ilﬂﬂl.

1. No starvation + infection

2. No starvation and no infection

3« 12 hours starvation + infection
4. 12 hours starvation only

5. 24 hours starvation + infection
6. 24 hours starvatim only
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T+ 36 hours starvat ion + infeet ion
8. 56 hours storvation only
9. 48 hours starvation + infeotion
10. 48 hours starvation only

Observations were mede on larval weight, duration
of moulting an! instaras, mortality, cocooning and weighte

of coooon, pups and cocoon shell and moth emercence.

3.7«3 Effect of feeding sillworrs with leaves of differemt
maturity on Kenchu virus infeetion

Proo the beginning of third, fourth and fifth inster,
separate batohes of worme were fed with (i) omly temder
leaf (i1) only middle leaves (medium mature leaf) amd (1i1)
only lower most leaves (coarse leaf) in addit ion to iwe
batches fed with leaf suitable to the instar as recommended
to that inctar , the other batoh being fed with leaf
recommended t0 thet instar but pretreated with water, In

the beginning of every inotar, the worms were separately
infeoted with Kenohu virus of 10 > dilution. Pollowing

were the treatnents:s

1. Peeding with tender leaf + Kenchu virus infectim

2, Peoding with tender leaf only

S. Peeding with nmedium mature leaf (middle leaf
order) + Kenohu virus infection
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4+ Feeding with medium mature leaf only

5S¢ Feeding with coarse leaf + Kenchu virus infection

6+ Peeding with coarse leaf only

T« Peed ing with leaf recommended to that imnstar
pretreated with water + Kemchu virus infection

8+ Peeding with leaf recommended to that instar
pretreated with water only

9. Peeding with leaf recommended to that instar +
Kenchu virus infection

10, Peeding with leaf recommended for that instar only.

Observet ioms on larval weight, mortality, durations
of moulting and instars, cocooning, coeocon weight, pupal
weight, shell weight and moth cmermence were made

£36 G4 S\ on el _‘ i 04U Lill OL ¥ L L
Xenohu virus and besterium - Staphylooocous gureus
Rosenbech in 5 iliworm

t gulture: The Staphylocogcus gureug culture
was Originally isolated from flacherie infected sillkworms

in the Depnrtment of Microbiology and Cell Biology, Indian

3.10

. ANS O

Institute of Seicnce, Bengalores The culture obtained from
the Department was subcultured and maintgined in the
University Sericulture Iaboratory at Dharwed.



59

The bacterium, S. gureug was maintained on nuiriemt
agar (Beef Extract = 3 gj Peptone = 5 g3 Agar = 15 g and
distilled water = 1 litre) slamts. Differemt dilutions of
8. gurous vere errived at by employing dilution plate
technique and bac:ierial suspensions containing 107. 10‘,

105 ’ 104 and 105 cells/ml were prepared in sterile
distilled water.

Dilutioms of 1072, 107> and 10~4 of stock Kenchu
virus extract were also prepared.

Simultaneous infeetion with different eoneenirat ions
of Kenchu virus and the bpcterial suspeneions imdividually
a8 well as with all their possible combinat ions was effested
in the beginning of third, fourth and fifth instars es well
a8 one day and two days' old f£ifth irstar silkworm, The

following treatments were given .

"
= Konchu virus et 10 d1ilution

= o 1070 "
1074

- ‘1) o
® 8. gurcus at 107 cells per ml

6

J'A“u?’nf"a' *:'N‘-:

- o 107 90 os
- 7] 10° (T T
- s ot L, .,
- *» 10° ' TIY)



V‘B.' = Kenohu virus (tO'z) + 8. gureus at 107 cells/ml

V4B, = 1) + ” '06 "
VeBy = * * ’e 10° '
VeBy ™ ’e + »e wt
V3 = ' + ’ 10° o
V,B, = Kenohu virus (107°) + 10,
VB = * + ’e 108 "’
7283 o Y + ’e 'O’ "
VB, ™ e + ’e w0t
VaBg = ’e + ’e 10° ”
V4By = Kenchu virus (1074) « Y 107 o0
VsBp = ”” + 1 '06 'Y
VgBy = T + e 10’ ”
VaBy = ’e + " 10 1)
VyBg = e + s 0,

Gy = Buffer eontrol
02 = Distilled wator comtrol
05 = Normal untreated comtrol
Observat ions were made on instar duration, moulting
durat ion, nunber of worma enterins suboequent instare,
larvel weisht, larval mortglity, eocooning, cocoon weight,
shell weight, pupal weight and moth emergence,.

35.11 Obs tione recorded and stat istiocal gr
The regular paremeters like larval weight, moulting
duration, instar duration, prosression of instar, mortality,
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extent of cocooning, weighis of cocoon, socoon shell and
pupa, cocoon shell ratio and moth emergence were recorded,
The duration of instar di4 not include the moulting duration,
Though symptom exhibition is not an aococurate parameter for
meagurenermt of any diseasse, the Kemohu gymptoms were clear
enough for approxinate estinate of the imtensity of the
disease and hence it was considered useful a8 a parameter,
Pex cemt cocom ing and moth emergence were based on initial

number of larvee used.

In all the experiments, three replications of 50 worms
eash were used. For recording larval weight, cocoon weight,
eocoon shell weight and pupel weight, ten individuals from
eaeh of three replications were employed. In cases where
individual weights of these were provided, usually the megm
of five individugls for each of the three replicat ions was
arrived at, The data were analysed stat istiocally by one way
analysis of variance after trensformet ion tom
whercver necessary (Sundararaj et gl., 1972). The data
with percentaces were analysed after anguler transformat ion
of original figures (Snedecor and Qochran, 1972). The
level of significegnce used in *"P* gnd "t v tests wes
P = 0,05,






IV. EXPERIMEITAL RESULTS

The results of experiments eonducted under different
objectives are presented in the following pages under

ooncerned headings.

4.4 ZTesting of isolates 0Of Kenchu virus against antisexs
of Lnfggti ous flagherie virus ard Ina densonucleogis
yirus of silkworm

7 In double gel diffusiax test, Precipitation tands
wers no¢ f£armed by Kenchu virus isolates, aollgated from
Bangalore, Kanakapura, Chamarajanagar and Chitradurga, with
the antisera of either infeotious flacherie virus or Ina

densonucleosis virus of sillikwomm,

Even in the fluorescent antibody examination of Eenchu
virus infected midgut cells, specific fluoresoence was not
pro;luced with the fluorescer-igothiogyanate conjugated
antibodies of infectious flacherie virus as well as
densonucle?sis virus, when exemined under fluoresoet

miorOBOOPO.

4.2 fect of refrigeration silkwo

development and intensity of Kenohu disease
Aggs of the multivoliine race Pure Mysore, were

refrigerated at different stages of growth (me, three,
five and seven days) f£or periods warying from 2 to 8
days. Infeotion experiment was oonducted by per oral



infection immediately after hatching. Appropriate uninfested
controls were maintained throughout,

Hatehing of eggs was not affected much as it ranged
from 83,65 t0 96.09 per cent in different treatments
compared t0 93.49 per cent in unrefrigerated eggs(Appendix I).

The larval weights of ten worms each recorded on the
Tth and 15th day are presented in Table 1. The adverse
effect of refrigeration of eggs for more than two days
was evident at all stages of embryonic growth. Statistically
significant reduction in larval weight ranging from 0.0243 g
t0 0.0349 g was seen om Tth day as compared 0 unrefrigerated
or 2 day refrigerated treatments (0.0673 to 0.0768 g) in
larvae hateching from one, tnree, five and seven day-old egss
refrigerated for periods alove four days. More marked,
statistically significant differences in larval weight and
size were alesd observed or the 15th day (Plates 4,5,6 & 7)
wvhich further substantiated the growth retarding effect of
refrigeration of e¢ggs for more than two daysat any stage of
development in the egge Unrefrigerated cmirol larvae ard
larvae from seven day-old eggs refrigerated for two days
manifested body weights ranging from 00,5105 to 0,5992 g
as compared %0 the mange of body welghts 0.1243 %o 0.3751 g
observed in the other treaiments on 15th day.
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Table 1. Effeot of refrigeration of silkworm eggs and Kenchu virus
infeotion on larval weight (g)

al Treatments Veight of 10 worms on

No. ‘szd:§,§38 rf?i:;t::tggn Tth day tISth day
(days) Infeoted Healthy Infescted Fealthy
i« One day Two days 0.038¢ 0.0746 0.0863 0,5220
2. Omne day Pour days 0.0278 0,0%9 .0,0840 0,2159
5. One day six days 0.0235 0.0311 0.0630 0.2101
4. One day Elght days 0.0232 0.0248 0.0629 0.1713
S« Throe days Two days 0.0357 0.0682 0.0638 0.5177
6. Three days Pour days 0.0316 0.033%1 0.,0637 0.2747
Te Three days Six days 0,0256 0,0%15 0,0557 0.1918
8. Three days Eight days 0.0193 0.0283 0,0338 0.1393
9¢ TFive days Two days 0.0449 0.0673 0.1054 0,5657
10. Pive days Four daye 0.0236 0.0299 0.0669 0.2767
11« Pive days Bix days 0.0219 0.,0296 0.0658 0.183%
12. Five days Eight days 0.0197 0.0275 0.0316 0.1709
13. Seven days Two days 0,030 0.0768 0.0712 0.5992
14. Seven 4days Four days 0.0287 0.0349 0.0631 0.53751
15 Seven days Six days 0.0t89 0.,0248 0.0401 0.200%
16. Seven days  Eight days 0.0185 0.0243 0.0298 0.1243
17 Unrefrigeraied control 0.0291 0.0669 0.0324 0.510%

S«.Em. s 0.0048 0.0119

CeDs at 5% 0.00509 0.033%6



Plate 4. Silkworme on 15th day, that resulted from
seven days 0ld egrs refrirorated for two days.

At Uninfested at Infeeted

Plate S5, Sillworme on 15th day, that resulted from
soven days 013 egge refrizeratad eiqht Qayae

¥s Uninfeoted m: Infeoted






Plate 6. Silkworms on 15th day, that resulted from five
days 0ld eggs refrigerated for eight days.

Ps Uninfected pt Infected

Plate 7. Silkworms on 15th day, that resulted from
unrefrigerated eggse

Q¢ Uninfected qs Infected
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A superinmposition of Kenchu virus infection on larvae
resulting from refrigerated eggs caused a drastic
reduction in larval welight as observed om the 15th day,
a trend which was already evident even on the 7th day
(Fige1) e«

Inhibition of larval growth was manifested in
unrefrigerated treatment as aleo in the two day refrigeration
trcatients. On the Tih day, larvae from infested, unrefri-
gerated trectment registered 0,0211 g as against 0.0669 g
seen in the corresponding uninfected control. 7The larval
weighis in the dlfforent infgcted baiohes on the 7th day
ranged from 0.0185 g t0 0.0449 g. Higher body weights
were vecorded in the cOrresponding uninfected controls =
0.0243 g to 0.0768 g (Table t). Statlstically distinot
reduction in body welght as a eomsaquense of Kenghu
virus infectior was seen afier 15 duys when the infected
batches o0rrespondlag t0 tha flve to scven days 0ld egge
showed weights ranging from 0.0298 g ¢t0 0.,1054 g as
compared t0 0.1243 g t0 0.5992 g in uninfeoted, control
larvae. The results aleo indicated 2 lack of significant
iuteraction between refrigetation and Kenchu virus
infaction. '



Pigets Bffeot of refriceyation of silkworm egee and
Kenchu virus infcet ion on larval weight on
sevemth day
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4.2,2 Instay progression

Sugceesful completion of instars is a falr pointer
to the vigour and health of the silkworm. Instar progrescion,
espacially into the III instar, has furnished useful
information on thi s aspeot (Table 2 and FPig.2). In the
healthy, uninfected batches subjeo’ed to a2 mild
rafrigeration of 2 days in the ocace of one to five days
old eggsy the larval progression 1:80 the III instar ranged
high from 92 %0 95 per eont. However, longer perionds of
refrigeration of eggs tended to deorease the percentage vf
worms progreasing irto the III irstar (56.66 to 76.00
pcr cent). As mvealed from the data, the cold tolerance
capacity of Pure Mysore slliworm eggs tended to decreuse
with age. T0 site the extreme exam leo of one and ssven
day 01d egg treatnents, the percontages 7f worms entering
111 instar were Y6.3% cnd 75.34 per ocent for a 2~day period
of refrigeration and 76.00 and 5G.66 per cent for 8-day
period.

Infgotion with Kenchu virus lad t9 a drastio
reduction in t he percentage of worms crossing the mouls
barriers from 98,66 $0 71.34 and frm 97.34 to 18.66
per aent for II and III instar entry respectively in
larvae from unrefrigerated eggs (Fig.2). Refrigeration
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Pig.2. Bffect of refrigeretion of cilkworm egus
and EKenchu virus infeetion on progression
$0 third instar.
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in combination with Kenchu virus infeetion also led to a
marked adverse influence on instayr progression. However,
refrigeration, per se, 14 not have appreciable influence
on the severity of Kenochu infection as evidenced by instar
progression, - .

Irrespective of whether the eggs were refrigerated
or not, ET5q for mortality ranged from 15.00 to 20,67
deys in virus infeotion tyveatments.

4.3 fect of releasing Kenchu viru oculzted silivoims

into healthy poiulotions in various proportiung
4¢3:1 Secmd instar

4¢3+1.1 Laryal weight

The larval welghts corresponding to 10 worms on Tth
day after infectlon were 0.3850, 0.3953 and 0.3997 ¢ in
respect of 24, 2C and 16 pér cent density of infeoted
individuals, reepectively whioch were similar with each
other and significantly lower corpared t0 others. Iarval
weight correspanding to contyol (0.4620 ) and 4 par cent
density (0.4650 g) was maximum and significantly more than
in all the others (Table 3).

The welght of ten worms in ecmirol was the highest
(2.0980 g) on 15th day after infeotion., There was a
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Table 3. Impact of releasing Kenchu virus inoculated silkworms
into healthy populations in various proportions in
second instar on larval weight

si Density of Kenchu Weight of Welght of Maximum larval
No: virus infeoted in- 10 worms on 10 worms on weight of 10

dividuals released 7th day 15th day worms
(g) (g) (2

1« 4 per cent 0.4650 1.5952 11.1635
2. 8 per cent - 0.4310 1.5069 10+5740
J¢ 12 per cent 0.4190 1.2694 10.1857
4. 16 per cent 043997 1.0423 94750
5« 20 per cent 0.3953 0.9958 3.5340
6« 24 per cent 043350 048545 38,0897
7« Untreated control 044620 2.,0980 14.5270

SeElle # 0.008% 0.0478 0.5931

CeDs at 5% 0.0249 D.1472 1.827
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gradual yet statistically asignificant decreass in larwval
wveight attendant on releasing infeoted individuals
(1.5952 t0 0.8545 g). A similar trend was also Observed
in the maximum larval weights recorded.

Duration of second moult in different treatments
ranged from 22,67 %0 27,33 hr. The delay in moulting
time in 20 and 24 per cent treatments was found to be
astatistioally signifiocant and higher than in ¢t he othex
treatngnts (Table 4). Duration of thixd moult in
different treatments ranged from 24.33% to 34.00 hr., At the
higher releases of 12 to 24 per cent (30 to 34 hr) the
delay was statistically highly significant. A more
pror-noungced prolongation of IV moult duration as compared
%0 II and III moults was seen in all comcentrations
above 8 per cent (32.33 to 38.00 hr) as agalnst 28.00 te
30.33 hr in oontrol and 4 per cent treatment respectively.

40’-103 Egg& dnraﬂg

Thexe was a staticstiecally signifiecant prolongation
of all the instars from ILto V. The second instar duration
was 3.08 days in healthy oomtrol as agalnat 4.00 to 4.67
days in the different reloases of infoeted worms. The IIX
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Table 4. Impaoct of releasing Kenchu virus inoculated silkworms
into healthy populations in various proportions in
second instar on moulting duration

-” e M

Density of 7enehu Second Third ®urth
81, virus infeoted moulting moulting moulting
NO» individuals durasion duration duration
released (Hr) (rr) (ur)
1. 4 per cent 22,67 25.00 30,33
2. 8 per cent 23%. 33 264,33 3253
3 12 per cent 23.733 30.00 33.33
4o 16 per oent 24.67 31.67 34467
Se 20 per cent 27.33 33.33 96.33
6. 24 per cent 26.67 34.00 38,00
Te Untreated eontirol 23.33 24.33 28,00
SeBme hd 0.94 0.8% 0.T7

CeDe at 5'}‘ 2-896 20496 20372
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instayr was 4.75 days long in control which was increased
t0 4.92 to 6.75 in the treated ones and the IV instar
duration was again minimum in control (5.08 days) as
comparud t0 6.08 to 12.08 days in different releases. The
magnitude of difference in duration of V instar was
comparable to that recorded for IV instar (9.08 days

in control and 10.50 to 15.58 days in batches eontaining
the released infeeted individuals) (Table 5).

4.3.1.4 Ingtar progression

There was n0 significant difference in the
percentage of worms entering the III instar. Release of eight
t0 24 per cont density of infected individuals inte healthy
batehes in the II instar resulted in a statistically
significant decrease in the percentage of worms progressing
to the IV instar (94.00 to 73.33 per cent) as compared %o
98,00 per cent in control larvae. Differences in worms
entering V instar in 8 $0 24 per cent treatments
were statistically borne out as compared %0 90.67 per cent
in gontrol larvae (Table 6).

There was a gradual deorease in t he E!so for symptom
expression as the percentage of released individuals
inoreased (22.33 t0 13.33 days). Similar effect was also
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Table 5. Impact of releasing Kenchu virus inoculated siliworms
into healthy populations in various proportions in
seeond instar on duration of instars (days)

s1, Density of Kemdl¥®  Second  Third Pourth Pifth

ofs I8 mdiﬂdual‘ r.ham 1n8t8: mata’ ’-n‘ta: hxﬂat!

1. 4 per cent 4.08 4.92 6.08 10.50
2. 8 per cent 4.08 525 6450 11.42
3e 12 per cant 4.00 5450 6+58 12.67
4. 16 per cemt 4.25 5475 Ted42 13.33
Se 20 per cent 4.33 6.25 9.08 14.25
6e 24 per cent 4.67 6+75 12.08 15.58
Te Untreated control 308 475 5.08 9.08

SeEm. & 0.10 0415 0423  0.23

C.De at 5% 0,308 0.462 0.708 0,708
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Table 6. Impaot of releasing Xenchu virus inoculated silkworms inte
healthy %ag;laiiann in various proportions in second in

on exten worms entering to suaequent instars(Per cent
e " L - e
Dengity of Kenchu Worue Worms Yorms
S8le virxus inoculated entering ectering entering
0. individuals third fourth 2ifth

relecased instar ingtar instar
t S 4 per cent 96,00 94.00 81,33

{(81.21)» (76.59) % (65.73)»
2. 8 per cent 95.00 90.00 82.67
(79.80) {71.80) (65.49)
3. 12 per cent 96.67 82,00 T9.33
(81.81) (65.04) (63.00)
‘Q 16 per cent 04.00 79.3%3 63053
(76.34) {66.03) (52.76)
5& 20 per cent 931 33 76:67 59.33
(78.29) (62.68) (50.42)
6. 24 per cent 91.53 73.33 5533
(75.26) (59.12) (48.07)
Te Untreatad contyrol 100,00 93,00 90,67
(90490) (83.44) (72.82)
S.Bm. & 4.92 2.70 2.92

CeDs ot 5% 15.161 8,320 8.998

RS

# Flgures in parenthesss are angular transformed values

NS = Konesignificant
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reconded for B!sd for mortality which ranged between
30,00 to 17.67 days in release percentages ranging from
4 t0 24 per cent (Table 7).

‘050106 wOCLLL

The drastic effect 0f releasing Kenchu virus infegted
silkvorms into healthy populations at as low a level as 4
per cent (the least examined in the present investigations)
was clearly felt in the number of ecocoons spun which happens
to be ome of the important economic tralts in practieal
sericulture. It was 30 per cent as ocompared to 90.67
per cent in healthy, emtrol worms: The severity of effect
was also evident in the 24 per cent treatment where 100
per cent mortality was noticed (Table 7 and Pig.3). The
Percentage of worms spinning reduced gradually with the
ingrease in the percentage of release«

There was a gradual decrease in cocoon weight as

the percentage of infected-individuals released increased
(Table 8)¢ The cocoon weight reduction from 8 to 20 per cent
treatments was found t0 be statistically significant

(7.010 g in control and 6471 0 6.102 g in treatments).

A similar trend was also noticed in the pupal weight and
cocoon shell weights. MHowever, it was interesting %o note
that differences in cocoon shell ratio were of small
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Table 7. Impaet of releasing Kenchu virus inoculated silkworms
into healthy populat ions in various proportions in
gecond instar on ™., for Kinchu symptom exhibit ion
and mortality and éeont of coeooning

sl: Densit u{ of Kenchu virus P
inoe

for lemhu Mgn for p nt
No. ated individuals 50 Ol exhibi= ;eality Q::Q:m
. released on(days) _ |
1. 4 per cent 22.33 30000 30,00
(4.773 )= (5.504)% (33.,20)%»
24 8 per cent 22.00 28,00 24433
(4.740) (5.290) (29.55)
Be 12 per cent 19.00 ”067 22.00
(4.414) (5.163) (27.95)
4. 16 per cent 17.33 22,00 10,00
(4.220) (4.742) (18.42)
Se 20 per cent 16.33 20.3% ~ 7.00
(4.100) (4.509) (15.24)
6. 24 per cemt 13.33 17.67 0.00
(507'8) (40222, (0.00)
Te Untreated control 0.00 90,67
(0.707) (0.707) (72.15)
S.Em. + 0.068 0.068 5,747
CeDe at 5’ 0.209 0.209 ‘10"‘

# Pigures in parentheses are./x + U.9 transformed valuee

##* FPigures in parentheses are angular trgnsformed values



Fig.3. Bxtent of cocooning as influenoed by
release of Kenohu virus infeeted individuels
irto henlthy porulationz in differemt
proportions in second, third and fourth
inptare.
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Table 8. Impact of releasing Kemchu virus inocculated sillkworms
imto healthy populations in various proportioms in
seconl instar on cocoon weight, pal weight, eocoon
shell weight and cocoon shell io

Dens ity of Kenchu Veight Weight waigm of Cocoon
S1l, virus inoculated of 10 of 10 gocoon shell

0. individuals coeoons shells ratio
releaged (2) p?g’o (e) (%)
1. 4 per cent 6.925 5.9813 0.8707 12,26
(2.742)% (2.5456)% (1.1707)¢ (20.49)%=
2. 8 per cent 6.471 5.5750 0.8602 13.29
(2.639) (2.4643) (1.1662) (21.36)
Se 12 per cemt 6.261 50,890 0.8110 12.95
(2.587) (2.4266) (1.1449) (21.07)
4, 16 cent 6,158 5.3154 0.8069 13.10
pex (2.576) (2.4108) (1.1430) (21.19)
5e 20 per cent 6,102 52840 0.7770 '2074
(2.568) (2.4053) (1.1299) (20,88)
6. 24 per ocent 0,00 0,00 0,00 0,00
(0,707) (0.7071) (0.7071) ( 0.00)
Te Untreated contrel 7.010 6.0247 009372 1339
(2.740) (2.55357) (1.1987) (21.44)
S.Ene ¢ 0,032 0.0326 0,0087 0.26
CeDe ot 5% 0.0986 041004 0,0268 0,801

# Pigures in parentheses aro\/-m trgnaformed values
a% Figures in prrentheses are anguler trgnsformed vglues.
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magnitude and a definite trend was not seen (range 12.26
t0 13.29 per cent) in the treated batches.

4.3.2  fhlxd inctax

4¢3.2.1 Lagval weight

There was no significant decrease in larval weight
on the 7th day, the weight ranging fyom 0,6638 to 0.7642 g/10
larvae (Table 9). The differences became more pronounced
on the 15th day. There was a gradual decrease accompanying
the inerease in t he percentaze release (1.9435 t0 1.4797 &)«
The eorresponding control larvae registered 2.7897 g/10 larvae.

The adverse effect of high releases was clearly
evident in the pronounced reduction in maximum larval
weight (7.7437 g t003480 g/10 larvae) as eompared %o
14.3207 g in healthy larvae (Table 9).

4+3+2.2 Houlting duretien
The duration of III moult was not significantly

affected by the release of infeeted individuals in all
the levels tried. Fourth moult duration, however, was
significantly ingreased in 12 t0 24 per cent treatments
(31467 to 36.3% hr) as compared to 28,00, 26,33 end
30.00 hr for econtrol, 4 per cent and 8 per cent,
respectively (Table 10)«
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Table 9, Effect of releasing Kenchu virus inoculated silkworms

into heglthy populations in various proportions in
third inetar on lprval weight (g)

At

Density of Kenchu

AU

Weight of

e ——

weight of

Maximum larval

8l, virus inoculated 10 worme on 40 worms om Wweight of 10
No. individuals Tth day 15th day worns
‘ tzeleased (52.‘ . (flw ..(52__ _
t. 4 per oemt 0,773 1.9458 11.086%
2. 8 per oent 0.7474 1.9%98 10.592%
%. 12 per cent 0.7444 1.74T% 9.3943
4. 16 per cemt 0.7128 1.7312 7.T437
5 20 per ocem 0,7114 1.6797 T.1253
6. 24 per cent 0.6638 1.4797 6.,3490
Te | Untreated oontrol 0.7642 2.7897 14.3207
8oBm. ¢ 0.0229 1040827 0.3914
CeDs at 54 0.,0705 10.2548 1.27%
=

8 = ¥Yon-significant
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Table 10, Bffect of relcasing Xenchu virus inoculated s ilkworms
into healthy populations in verious proportioms in
third inetar on moulting duration and m5° for Kenehu
symptom exh ibition

> g

Density of Kenchu Th Fourth B, for
Sl, virue inoculated  moulting moulting  genchu synmptom
No. individuels durat ion durat ion exhibit ion
released (Fr) (ur) (Days)
T O S e B e e S e G e B9 g B B e e -~ ——
1. 4 per cem 24.00 26435 25.33
(5.074)»

2. 8 per cent 23.67 30,00 35
G.281)

3. 12 per cemt 24,00 31.67 20,33
(4.562)

4. 16 per cent 24,67 33.33 8,00
' tas29m)

S5e 20 per cent 27.33 32.67 16.67
(4.142)

6. 24 per cent 28,67 %56.5% 14.67

Te Untreated control 24,67 28,00 0.00
. (0.707)

SeEm, ¢ 1.29 1.08 0.040
CeDe at 5% 3.975 3.328 0:\23

. -

# Picures in parentheses are /X ¥+ U.5 transformed velues
NS = Nom=sisnificent
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443423 ;_qatar duE'tig
There was a significant inorease in III insiarx

duration in 8 to 24 per cent treatments (5.17 to 5.58 days
as against 4.75 days in healthy wormg). Pourth instar
duration also manifested esimiler dehaviowr. The data
were significant statistically. The drag in the V instar
was more pronmunced. For example, with 24 pur cent
release, the delay in III lnstar was 0.8% day, 1V instar =»
3.41 days and V instar = 5.17 days (Teble 11)s

4+.3.2.4 Ingter progression
There was very little moxtality in any of the

treatments and most of them prozressed to tiue IV instar.
Rowever, the deleterious effect hegan to be felt iu the entxy
10 ¥V instax. In control batches, 96.33 per cent of worms
pregressed into the V instar as compared to 89.33 to 69.3%
per cent in release treatments of 4 to 24 per cent (Table 12).

40302.5 for Kenchu tom manifestatl

Pone of the healthy larvas exhibited Kenchu symptoms,
ETgq for aympton expression deoreased gradually with
ingreasing percentage release =25.33 to 14.67 days in 4 to
24 per cent treatments, thereby indicating ithe high
significance of the result (Table 10).

Pifty per cent mortality was not reashed in ocontrol
and 4 to 12 per cent releases: In 16 t0o 24 rer ocent
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Table 11. Effeot of releasing Kenchu virus inooulated silkworme

into heaglthy populations in various proportions in
third instar on inster duration

L N M

Density of Kenehu Third Fourt Fifth
81, virus 1ipoculated instar instar instar
. individuals urat ion duration durat ion
releaged (Pays) (Pays ) (Days)
4 per cemt 5.08 5075 10.25
2. 8 per cemt 5011 6.08 ‘0050
Se 12 per oent 5017 6.50 11,00
4. 16 per cemt 525 6.42 12,08
Se 20 per oent 538 7.08 13450
6 24 per cemt 5.58 8.58 14,00
7; Untreated control 4.75 5.17 8.9%
S.Eme ¢ 0.1% 0,23 0,47

CeDe gt 5% 0.40 0.708 0,523
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Table 12. Effeot of releaging Kenchu virus inoculated silkworme
into healthy populat ions in various proportions in
thivd instar on extenmt of worme entering subsequent
instars, mso for mortality and extent of cocooning

AR

Density of Kenochu Per cent  Par cemt mSO for Per cemt
Sle virus incculated worms wOrmg nortalit cogoon=~
F¥o. individusls ertering  ewtering 8l ing

celcaged IV instar V instar (Days )

1 4 per oemt 98,00 89,33 0,00 67.33
’ (33.44)%  (T1.01)%  (0.707)se (55.15)e

20 8 pexr sent 400,00 81.33 0,00 62,67
(90,00) (64.61) (0.707) (52.34)

5. 12 per cemt 400,00 76000 0,00 53’000
(90,00) (60.85) (0.707) (45.72)

4, 16 per cem 100,00 T4 .67 18.67 41,00
(90,00) (59.83) (4.297) (39.82)

5« 20 per oemt 100,00 TO.00 }80” 31.33%
{90,00) (56.81) 4.3%9) (34.02)

6. 24 per comt 96.67 69.53 16.3% 27,00
(81.43) (56.39) (4.102) (31.30)

7. Unmtreated control 99.3% 936,53 0.00 92.3%%
(87.29) (79.14) (0.707) (73.98)

Sekme + 239 1.19 0.045 0.74
CeDs at 5% T.364 5.888 0.1%96 2,280

NS

# Pigures in paremtheses are angular trgnsformed values
## FPigures in parenthcses are/x + 0,5 transformed values

B8 = Non-signifiegm
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releages, the ETgq values ranged from 18.67 to 16.33 days
(Table 12).

434246 Q0 ng &l ghgl] htg

fighest percentage of eocooning was observed in
healthy econtrols (92.%3). There was a gradual, drastic
reduction in cocooning fram 67.33 t0 27.00 per cent in
the treatments ranging from 4 t0 24 per cent release
(TPable 12 and Fig. 3).

Cocoon weight was significantly reduced in
releases of 12 and higher percentaze (6.3497 to
54514 g/10 cocoons) as compared t0 7.2228 g in omtrol.
Similar trend was Observed even with rogami t0 pupal
weight. Statiotieal differences did not exist among the
different experimental treatuents in respeet 0f cocoon
shell weight and cocoon shell ratio (Table 13).

© 4.3.3  Pourth inster
4+3¢3.1 Larval weight

Significant reduction in larval weight was observed
. on the Tth day in all treatmenta, the weights ranging from
2.5031 t0 2.,6563 g/10 larvae. The corresponding weight
in control was 2.8312 g(Table 14).

There was a gradual, significant reduction in larval
weight on the 15th day from 8,0270 g in 4 per cent release
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Table 13. Effeot of releasing Kenchu virus inoculated silkworms
into healthy populations in verious proportiome in
third instar on cocoon weight, pupal weight, cocoon
shell weight and cocoon shell ratio

A e

Density of Kenchu Weight Weizht Weight Cocoon
51, virus inoculasted of 10 of 10 of 10 shell
No. individuals cocoo e se cocoon rat io

released (2) ?:? shells (%)

(2)

1« 4 per cem 6.7997  5.9250 0.8565  12.56
(20.68)»

2e 8 per cent 6.6845 5.8164 0.833%3 12.47
(20,70)

b I8 12 per cemt 6‘3497 54700 0.5461 13.53
(21.39)

4. 16 per cent 642965 5.4295 0,8057 12,81
(20.95)

Se 20 per cent 58356 5.0360 0,7784 15.42
(21 0‘5)

6. 24 perx cemt 544514 4 .5206 0.74414 13065
(21.66)

Te Untrested eontrol 7,2228 62794 0.8900 12.20
(20.47)

S.E.O: 0.2127 Oe '984 ’ 00%84 0.39
O.D. at 5% 0.655 006" 0.2100 2.742

= b ]

# Figurves in paremtheses ave angulkr transformed values

NS = Non=significant
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Table 14, Effect of releasing Kenchu virus inoculated sillkworme
into heglthy populations in various proportions in
fourth instar on larvel weight

S -

Denaity of Kenchu Weight of Weight of laximum larvel
Sl, wvirus inoculated 10 worms 10 worms weight of
o, individuals relea= on Tih day on 15th day 10 worme
sed (z) (2) (g)
E S aman e o - = S s s -
1. 4 per cemt 2.5912 8,0270 12.3427
2. 8 per cent 2.6563 8.,0373 10,7097
S« 12 pear cemt 2.5651 7.5966 10.3247
4. 16 per cent 2:5290 T«4048 10,3200
5¢ 20 per cemt 2.5280 6.,8673 9+4390
6. 24 per cent 25031 6,6007 8,7997
Te Unmireated eontrol 2.8312 10.5343 ‘40'8'7
SeEm, + 0,038 041829 044987
CeDs at 54 0117 0,5636 1.536
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t0 6.6007 g in 24 per cent release as oompared to

10.5343 g in uninfeocted worms., The variation was similap

in respect of maximum larval weight also (12.3427 %0 8.7987 ¢
in 4 to 24 per cent release). Ten larvae teighed

14.1817 g without infeotion.

4.3+.3.2 Poulting and instar Quration and inst

Duration of IV instar was extended only at the
higher perdeuta.e releases of 20 and 24 per cauty the walues
for insiar duration belng 6.50 and 7.00 days, respectively.
Control worms showed IV instar duration of 5.80 days
(Table 15)« Duration nof IV moult was not agnifioantly
affected.

Percentage 0f worms entering V instar msiaterud
significantly lower values of 92,00, 91.00, 89,00 and 86.67
per cent for 12, 16, 20 and 24 per cent releases, respectively
oonpared t0 98,33 per cent in uninfected ocontrole Duration
of V instar was affegted t0 a larger extent, a gradual
ingrease from 10,08 t0 13.00 days being manifested in 4 ¢
24 per cent releases. The control worms requized 9.25 days
Loy coupleting the instar,

46333 WEO for Kenohu gymptom menifectation

Pifty per cent of the worms chowed Kenchu symptoms
only in 20 and 24 per cent releases (1933 and 10.33 days
respectively) (Table 16)e
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Table 15, Bffeot of releasing Kenohu virus inooulated silkworms
into healthy populet ions in various proportions in
fourth imster on instar durstion, moulting duration
and extent of worms emtoring fifth inetar

DPensity of Kenehu Pourth rourth Per oent Pifth
ﬁo. vizigii?go\l%atd dm? :onl:ing :tom instar
%o, viduale on urat ion entering
A released (Days ) (Hr)  V imssar OSuretiom

1. 4 per cent 5.50 26,67 97.67 10,08
(81028)‘
2. 8 per cem 5053 25067 96,00 10.25
(78.46)
sd' '2 per ce!ﬁ 6.00 28.00 92000 10.33
(73.57)
4. 16 per cewt 6042 28,67 94,00 11.00
(72.54)
S. 20 per comt 8.950 30067 89.09 12,08
(70.63)
6. 24 per cem T.00 3433 85.67 13,00
(68.6%)
7. Trtreated comtrsl 5,80 27.67 98,33 9.25
(82.51)
S .Em. : 0022 1 .20 ‘0044 o. '6
Cede a8 5% 0,677 3.697 %217 0.493%
KeSs

# pisures in parentheses are angular transformed velues

NeSe = Non=significamt
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Table 16, Effect of releasing Kenchu virus inoculated silkworms
into healthy populations in various proportioms in
fourth instar on EI'.., for Kenchu symptom exhibitionm,
extent of coooonmé cocoon weight

T e e e e R

Sle pensity of Kemchu

Per cent Veight of
Woe. virus inoculated

=P, . for Kemchu
0
nyZm

- cocooning 10 cocooms
individuals :?ogxh 1o e
releaged (Days) (e)
1« 4 per cenmt 0,00 82.67 7.1011
(0.707)» (65.43 )nn
2. 8 per cent 0.00 80,00 T7.0727
(0.707) (63.53)
%« 12 per cent 0,00 - 76,00 6.9596
(O : 707) (60.‘9)
4., 16 pex cemt 0,00 68.00 609"1
(0.707) (55.56)
5S¢ 20 per cent 19.33 61.53 6.9042
(4.452) (51.55)
6. 24 per cenmt 10.33 51.33 6.4211
(2.902) (45.77)
7. Untreated control 0.00 97.00 72957
(0.707) (80.02)
Mmm.mm
S.m.: 0-‘18 0.07 0,222
CeDe at 5% 1.288 2.68 0.684
RS

# Pigures in parentheses are /X + U.5 transformed values

## Pigures in parantheses are angular transformed vplues

N = Non=-g ignificant
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4+3.3.4 Qogooning and gocoon and shell weights
A glgnificant reduction in the perocentage of

larvae spinning ooooons was evident., There was a gradual
fall from 82,67 to0 51.33 pexr oent in 4 to 24 pear cent
treatments. VWith healthy batches, 97.00 per cent worms
spun cocoons(Fig.3).

Ko signifiocant diffaorences were Observed in gocoon
welghts (Table 16), weight of pupae and aocoon shell ratio
(Table 17). Small but significant diffcrences in ghell
woelght were seen at all the levels of release (0.9162 %o
- 046777 8) as compared to 0,9907 g/10 shells in controlj

A Pexueal of the data 80 far oollected on the
effeot 0f releasing different proportions of Kenchu virus
infeoted individuals t0 healthy populations revealed the
following informatione

The larval weight at the end of the fifth instar
wvas significantly reduced irrespective of stase of
infeotion and per oent releass of infected learvas. In
genexal, the extension in moulting duration was dependent
on stage of infeotion. The moult immediately after infection
was not significantly affeoted whereas the effeot could be
prooinently seen im the subsequent moults. Instar durations
were found t0 be esignificantly inoreased when releases were

made in early instars. If releases of infgeted worms were
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Table 17. Effect of releasing Kenchu virus inoculated sillkworms
into healthy popilations in various proportioms in

fourth imstar on pupal weight, cocoon shell weight amd
cocoon shell ratioe

L et e

si. Density of Kenchu virus Weight of Weight of 10

Cocoon shell

inoculated individuals 10 pupae cocoon shells zat io
No. released (2) (g) (%)
- - e — et

1. 4 per ocent 6,1202 0.9162 12.97
(21.11)»

2. 8 per cemt Go‘m 0.8930 '2051
(20.73)

S. 12 per cemt 5.9464 0.8843 12.70
(20.95)

4. 16 per cem 6.0023 0.8467 12.27
. (20.45)

5« 20 pex ocomt $.9890 0.8973 11.86
(20,07)

6. 24 per cemt 5.5628 0.,6777 10.58
(18.94)

T« Untreated ccmtrol 6.3252 0.9!07 '2-7‘
(20.88)

SeEn. ¢ 0.2043% 0,0211 0.49
C.De at 5% 0.629 0.065 1.509
NS, ¥.8.,

# pigures in parentheses are angular transformed values

N.8+. = Hon-signifiognt
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made in lster instars, the in'sar prolongation: was not

of high magnitude but still remained statistically significant.
The instar progression was dependmmt significantly on the
stage at which the infeeted individuals were released into
healthy popul stions. The cffeot was notd marked in the

instar in whioh they were released, but the subsequent
fnstars were prolonged. In case 0f releases in IV instar,
appreclable effect was not seen in preogression into V instar
although duration of V instar was slightly inereaced. The
n,o valuel for symptom exhibition reduced with the increase
in the percentage releass of infeoted individuale. Mortality
gould be observed, irrespective of percentage of infected
wormg released, vhen the staue of infection was early
fnatarsi Mwever, release of infected individuals in IV
instar 414 not result in the appreciabdle larval mortality

in any of the releases. (ocooning and coc0ON parameters were
also Observed t0 oome down with inorease in the pevesntegse

of released infected individuals.

44

" 4e4s1  Underfeeding
The early instar siliworms were started on a feeding

reginme of 24 34 4 and 5 feeds/day, the last one being the
gtandard practices Infeotin treatment was imposed in the
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IV instar and V {ngtayr: separately. Pive feeds per day were
given in the IV and V instare.

44,0 Zourth instap

4.4.1.1.1 gymptom manifestation and larval weight

Heal thy worms did not exhibit any eymptoms of
disease irrespective of the number of feeds/day. Diseass
infected treatments indiocated significant differences in
E2gy for symptom expression {(12.66, 14,00, 15,00 and 15.3%
daya in batches corresponding t0 2, 3, 4 and 5 feeda/day
respectively) (Table 18).

The maximum body weight attained by underfeeding
in early instars followsd by normal feeding in IVand Vv
instars was significantly differeont, but the differences
in magnitude among the treatments was low. In infeoted
batohes, there was a lowering in dody weight irrcspesctive
of the number of feeds/day (13.438 t0 14.533 g/10 larvae)
as aghinst 15.675 g in standard eantrol. However,
statistically significant differences were seen in 3 amd §
feed = treatments (Table 18).

4.4.1.1.2 gogooping, c000-n and shell weights and moth eNeEEENGS
The parcentage cocooning in normal, uninfected

larvae was 54.66 and higher than that in all other treatments.
The low percentags ¢ocoonin. im normal batoh gould be attyi-
buted t0 nonespinning of silk fin larvag which showed
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Table 18, Inﬂuence of underfecd ing carly instar siliworms
followed by Kenchu virus infection in fourth instar
on 50 for Kanohu symptom exhibition, maximum
1lnrval weicht, extenmt of cocooning and cocoon weight

-t -

PSR- S S

50 for Maximum

81, nchu larval Per cont Weight of
No., Treatmente symptom weigbtaot cocooning 10 ‘i°‘;°°m
exhibit ion 40 worms g
(deym ) (g)
1. Two feeds/Gay 12,66 14,533 19,33 8.589
+ Virus infeotion (3.6280)e (25.8% )an
2. ?wo feeds/day 0,00 15.977 35.00 9,219
(0.7071) (56.24)
3., Three fecds/a 14.00 14,078 %0,66 9,322
+ Virus infection (%.8060) (33.61)
¢. Phree faecds/dey 0.00 15.TT15 40,66 9.286
(0.707¢) (39.62)
8, Pour feeds/day 15.00 13.438 21.3% 8,163
+ Virus infection (3.9356) 27.44)
6. Pour fOOﬂB/ﬁa’ 0.00 14.728 42,66 9.117
(0.7071) (40.77)
7. Five feeds/dsy 15.35 14,001 20,66 8,483
+ Virug infection (3.9773) (26.48)
8. Five feedt/du‘ 0.00 15.675 54.66 10,2088
(0.707¢) (47.69)
SeBm, ¢ 0.,0451 0.9%2 2,%3%0 0.352
CeDe at 5‘ 0.1%6 1.613 10248 1.067

® Pigures in paremtheses are/ X + U.S {trancformed val ues

## Pigures in parenmtheses are angular transformed vglues
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nopmal body weight. There was significant, high magnitude
difference in percentage cocooning in all treatments of
underfeeding and underfeeding accompanied by Kenchu virus
infeotion. In uninfeeted batohes the percentage ranged
Lyom 35.00 %0 54.66.

In infeotion with Xenchu virus, the pereoentage
coaoning was 19,33, 30.66, 21.33 and 20,66 in treatments
receiving 2, 3, 4 and 5 feeda/day.

There was marginal difference in ocoooon weight
in uninfeoted normal and underfed batohes. Infection,
however, resulted in a significant reduction in cocoon
welighta ranging from 8.163 €0 9.322 g for 10 coodons as
 esmpared t0 10.285 g in standard control(Table 18).

There was no significant change in pupal weight and
cocoon shell ratio as a msult uf underfeeding and/ow
infection., It is interesting to note that gtatistieally
cignificant differences Occurred in cocoon shell welight,
The welghts were less as a result of underfeeding
either alone or with infection (0.987 40 1.188 g as compared
t0 1,282 g in controle). Moth emergence was otngliderably
lower in all treatments (healthy as well as infeoted).

In general, moth emergence was higher with inoreasing
number of feeds in both infected and uninfeoted baighes
(Table 19),
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Table 19, Influence of underfeeding early instar silkwopms
followed by Kenmchu virus infeetion in fourth instar

on pupal we s cocoon shell weight, cocoon shell
ratio and h emergence.

51 Weight of Weizght of Cocoon  Per cent
* Treatments 10 pupae 10 cocoon shell moth
wy (2) shells r?uo emergence

(2) %)
1. Pwo feeds/day 7.5%6 1.009 12.35 11.00
+ Virus infect ion (20.51)® (18,95)«
2. Two fecds/day 8,186 1.030 13.71 25.33
(21.74) (30.11)
3. Three feeds/day 8.225 1.017 12448 18,00
+ Virus infection (20.67) (24.84)
4, Three feeds/day 8.276 0.987 11.92 28,00
(20.21) (31.91)
5. Pour f@.ﬂl/ﬂay 6.985 1.007 14.54 14,00
+ Virus infection (22.39) (21.62)
6+ Four f.eede/day 7906 1.188 15.903 28,66
(22.82) (32.55)
7. Pive fﬁdl/d.’ 7901 1.060 13.52 22.66
4 Virus infection (21.53) (28.05)
8. Five fe“‘/d.’ 8.962 1.282 14.53 50,66

(22.25) (45.38)

.mmmm

SeEm. * 0.39% 0.045 0.700 2,680
C.D, at 5% 1.198 0.136 0.212 8.128
= NS

aPigures in paremtheses are angular transformed values
NS = Non=significant
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4s4e1.2 Rifth inetar
Maximum larval weight was not significantly affected

by either underfeeding in early instars followed by normal
feeding in 1V and Vv instars and/or infection(Table20).

Perecentage of larvae spinning cocoons was high in
uninfeoted, fully fed larvae (89.33). Underfeeding alone
caused e gradual but gignificant reduction in cocooning with
reduction in the number of feeds/day (72.00 to 39.33 per
cent). Infection in nopmally fed larvae resulted in a low
percentage of coeooning (45.33). Infection in underfed
larvee resulted in lower percentage cocooning ranging from
28,66 t0 %4.66 (Table 20),

The differences in cocoon weight, pupal weight and
aleo shell weight were marginal yet statistically significant
especially in the infected lots. A similar trend was seen
for cocoon shell ratio also.

Moth emergence, however, was significantly lowered
as a result of elther underfeeding or infection or both
(59.33 in control and 38,00 t0 22.00 in all other treatments).
A high degree of difference in moth emergence was not shown
as a result of infection alone. Underfeeding abPpeared %o be
the more decisive factor affecting moth emergence(Table 21)«

The above results indicated a slight reduction in
larval and cocoon weightsy but the per cent cocooning was
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Table 20, Influence of underfeeding early instar sillkworme followed
by Kenchu virus infection in fifth instar on meximum
larval weight, extent of cocooning emd weight of cocoon

and pupa

s1. Maximum larval Tou s Weight Weight

w %t of of 10 of 10

No, Trestments 18153‘,“ coeooning ,o .o wp’.

(2) (z) (e

1. Two feeds/day 13.888 34.66  8.472 7.414
+ Virus infection (36.,05)%

2. Two feeds/day 13.083 39,33 9,289 8,282
(38,80)

3. Three feeds/day 14,062 31,33 8.432  7.317
+ Virus infeot ion (33.99)

4. Three feeds/day 13.816 64,00 8,994 8,486
(53.45)

5. Four feeds/day 13.457 28,66 8.372 7.547
+ Virus infeot ion (32.37)

6. Pour feeds/day 15.464 72,00 8.747 17.685
(58.21)

7. Pive feeds/day 14.124 45.33 8,938 7.842
+ VTirus infection (42.29)

8, Pive feedl/day 140’79 89,33 9.596 8.3“
(71.54)

SeEm. + 0.419 2,990 0.171 0.185

CeDe at ” '0270 9.“8 005'8 00561

™

# Pigures in parentheses are angular transformed velues
NS = Non=significant
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Table 29. Influence of underfeeding carly instar siliworms
followed by Kemchu virus infection in f£ifth instar
on cococn ghell weisht, coocoon shell ratio and moth

gnagreence
e e SRR S e SR e
Weight of Cosomm
81, Treoatzents 10 oocoon shell Pe:o::m
Ho. 9‘%31' ® ;:)Lo emergence
1+ ‘w0 feeds/day 1.049 12.38 22,00
+ Virus infeotion (20,59 )e (27.72)%
2. Two feeds/day 0,988 10,68 22,66
(19.05) (28.30)
S, Three foeds/ad 1.10% 13,06 23,33
+ Virus infeotion (21.19) (28.46)
4, Thyee feed!/day 0,970 10.82 32,00
(19.19) (34.42)
S, Pour focis/day n.924 11.04 27.33
+ Virus infection (19.42) (31.50)
6. Your foeds/day 1.049 11.99 35.9%
(20,26) (%6.41)
7. Pive foeda/day 0,988 11,07 $3,00
+ Virus infeotion (19:46)  (38.04)
8. Pive fvels/day 1.207 12.57 59,3%
(20.78) (50.42)
Se.Em. + 0.043 0,390 2.310
CeDe at 5" 0.130 ';:“8 7.“

# Pigures in paremtheces are anguler transformed values
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signiticantly reduced as a result of underfeeding.
Similarly, moth emergence was also &msucany reduced.
Superimposition of undeorfeeding and virus infeection
further brought down the sxtent of moth emergence.

4.4.2 Post-moult starvation
In these investigations silkworms were glven the

recommanded number of feeda throughout the larval period:
The starvation was imposed after the II, IIX amd IV
noults separately, the periods of starvation being
12924,36 and 48 hours. Infection was ocarried out
immediately after the starvation pewiod, serarately for
each instax,

4¢4:2.1 Thipd instar

4¢442.1.1 Larval veight
On 7th as well as 15th day after the commencement

of the experimgnt, a gradual but significant lowering

in growth was seen as evidenced by reduced body

weighta in uninfeoted larvae starved foz different

periods after moults (1.319 to0 0.638 g as against 1.432 g in
noymal larvas ou 7th day and 4.326 g 10 5.849 g as against
6.821 g in pnoymal larvae on 15th day)e There was narginel
difference in maximum hody weight a&s a result of poste
moult starvation for different perioda.



9o

Table 22, Effect of starvation and Kenchu virus infect ion

in third instar sillworm on larval weight

s1 Weicht of waighT of Single
¢ T reatmemts 10 worms 10 worme max imum
No. on Tth day on 15tk day larv?l welight
(=) (2) g)
1« Mo gtarvation + 0,528 3068’ 1.615
virus infection
2. Mo starvat ion 1.432 6.821 1-750
3¢« 12 hr stigrvation 1.021 _ 3316 1.078
+ Virus infection
4. 12 hr starvation 1319 4.717 1.460
Se 24 hr staorvation 0.670 3.291 1.277
4+ Virus infection
6e 24 hr starvation 1.118 5.849 1.553
Te 36 hr starvat ion 0.595 2,250 0.955
+ Virus infection
8¢ 36 hy starvation 0.834 5.2%1 1.661
9. 48 hy stervation 0.583 2.712 0-358
+ Virus infeetion
10« 48 hr starvat ion 04638 4.326 1.628
S.Em, + 0,056 0.307 0.041°
CeDe at 59 0.166 0.912 0.1244
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A decrease in larval weight on the 7th day as a
result of infection was quite marked especially at the
higher levels of starvation (Table 22). On the 15th day
a merked, highly significant reduction in body weight
was recorded with infeoted larvae (6.32%1, 4.717, 5.849,
S5:231 and 4.326 g foxr O, 12, 24, 36 and 48 hr starvations
respeoctively without iufectiong 3.683, 3.316, 3.201, 2.250
and 2,712 g/10 larvae for 0, 12, 24, 36 and 48 hr starvation
respectively with infeotion).

Maximun larval weight was also similarly affected
though t0 a lessexr extent.

40402412 m Qld moulti_gg guragion

Post=moult starvation led to a significant
prolongation of III iustar, III moult and IV moult and
¥V instar duration. Fourth lnstar duration was also
significantly affected but the ddgree of prolongation
was minimal (Tables 23 and 24)« Infeotiom superimpooed
on starvation did not produoe any notliocesble additioms!
effect of prolunging III instar, I1II moult and IV
instar. However, the retarding lnflugnee of infectiom
wag evident in the duration of IV moult ¢speoially at the
higher levels of starvetion.


file:///feight
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Table 23, Effeot of starvation and Kenchu vipus infeotion in
third instar silkworm on moulting durstion amd
instar duration

[ WS 2 R S

: . ar mou ar  mou
wo, Treatmemts duretion duration  duration duzatgg
(Pays)  (Hr) (Days) (er)
1. No starvation 4.83 30.67 5.50 $2.00
+ Virus infeotion
2. ¥o starvat ion 4,08 25.3% 5.00 24,00
%« 12 hr starvation 4,53 32,00 533 32,00
+ Yirus infeetion .
4. 12 hr starvation 5.08 23,00 5067 26.00
5« 24 hy starvation 5.17 36.00 S.42 36,00
+ Virus infeotion
6. 24 hr s%arvation 5.17 30,00 5.25 32,00
Te 36 hr atarvat ion 5.50 33,00 6.08 8,00
+ Virus infection
Be 36 hr starvation 5442 34.00 5.83 %2.00
9. 48 hr gtarvation 5.33 40,00 5.58 42.00
+ Virus infeotion
40, 48 hr pstarvation 5.!3 57.33 5.58 ’Gd‘m
o wonenenes
SeBle * 0.100 1.760 04180 1.750

CoDe 8‘ 5* 0.297 5.228 00534 50199
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Table 24. Effoet of stgrvation and Kenchu virus infegtion in
third instar silkworm on fifth instar duration, _
extent of cocooning, ecocoon weight and pupal weizght

52 Totar Per comt coosom  papel
. nstar ce cocoon pu
No., Ireatments durat ion cogooming weisht wetsm
_ (Daye) (e (e
1« No ptarvat ion 8,50 29.33% 1.0%02 0.,8958%
+ Virus infeetion (32.77)»
2, to starvetion 7.67 64.00 1.0417 0.8824
(53.13)
3. 12 hr starvation 8,00 14.00 0,95% 0.8250
+ Virup infection (21.97)
4. 12 hr gtarvation 8,00 25.33 0.949% 0,79%4
(30.20)
Se 24 hr stazvetion 8,50 10.00 0.9525 0.8770
+ Virus infeotion (18.44) |
6. 24 hr starvation 8.75 26 .00 0,990 0,8357
(30.66)
7. 36 hr ﬂtmatm 8,58 10.67 00310' 0.7520
+ Virus infeetion ‘(19.09)
8, 36 hr glorvation 9,00 30,00 0.,9866 0,83%5
| (33.21)
9¢ 48 hr starvation 9.17 9.33 0.8706 0.7543
+ Virus infeetion (17.76)
10. 45 hr starvat ion 8,67 28.61 ,om." OQ“SB
Somo‘: 00190 10”5 000&2 0002“
CD. at 54 0.564 5.810 0,0659 0,0612

#Pigures in parenmtheses are angular trameformed values

S s e o S
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4040201.3 Hels

The per cent cocoons spun showed less value with
starvation (25.33 to 30.00) compared against 64.00 per
cent with no starvation in uninfedted womms. Almost 50
per cent reduction in cocoon spinning was observed in case
of all periods of starvation clubbed with virus infection
(9433 to 14.00 per cent) (Table 24) thus revealing their
combined effect.

The single cocoon weight did not dhow much
difference in batches starved and wninfeoted (0.9493 to
1.0074 g). But the starved infected batghes showed differences
in gocoon welght in that it was same with 12 and 24 hr
(0.9525 %0 0.9536 g) vhich was higher compared to
0.8706 to 0.8707 g observed with moyre duration of
starvation. The cocoon shell weight, pupal weight and
cocoon shell ratio ghanges were mom or less in the smme
pattem (Tables 24 and 25).

Purther, the per cent moth emergence was almost
similcp in starved uninfected worms (23.33 tv 28,00) (7able 25)
and starved infected worms (6.00 t0 11.33 per cent)
separa tely coupared t0 62,00 ard 26.67 per cent
respectively iu their unstarved control and unstarved
infeoted batohes, thus indicating that there was combined
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Table 25, Effect of starvat ion anl Kenchu virus infeection in
third instar sillworm on cocoon shell weight, cocoon
shell rot io and moth emergence

s1 Single fhell Per cert
No. Preatuents coeoon shell rat io moth
* weight (g) (£) emergence
1« Mo starvation 001313 120” 2‘051
+ Virus infeetion (20,93)% (30,97)»
2, No gharvation 0.1401 13.45 62,00
(21.53) (52.00)
3. 12 he gtarvation 0.1240 13.08 11.33
+ Virus infeetion (21.22) (19.66)
4, 12 hr starvetion 01357 14.24 23433
(22.15) (28.85)
. 0,1308 1 9
B e o ) o)
60 24 hr setazvation 0.1235 ',026 2‘000
(21.36) (29,21)
7« 36 hr starvation 0.1115 12.280 8.00
+ Virus infeotion (20.96)  (16.35)
8. 36 hr stawvation 0.1354 13.73 27433
(21.€9) (31.50)
9. 48 hr starvation 0.1113 12.79 6.20
+ Vimue infeetion (20.96)  (14.05)
10, 48 hp starvation 0.1321 13.13 28,00
’ (21.53)  (31.77)
’303“: 0.0054 0,340 1570
C.De at 5% 0,0160 1.010 4.664

* Pigures in parentheses are sngular transformed values
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effeot of both starvation and infection on moth
4yergence t00, .

4:4:242  Foupth ingtap

4:4.2.2.1 Larvel welght

The larval weight on sevent day after beginning
the experiment 4id not vary much in uninfeeted starved
batohes (2,982 to 2.809 g/10 worms) but difference of
higher degree could be noticed amongst worms that were
starved and infected (2.062 to 2.756 g)« Even the
maximum larval weight ghowed the same trend (Tadle 26).

4.4.2.2.2 gocooning, oocoon and eoooon shell weight and
moth olorgzence

The extent of ococooming was drastioally affeoted
by starvation Ltself (12.66 to 20.00 per cent) compared
to 70,66 per cent observed for uninfected, unstarved
control worms. Though infection clubbed with starvation
414 bring down oocooning significantly,the differences
were marginal (4.66 to 10,66 per cent) (Table 26)«

Coooon weight and cocoon shell weight exhibited
only marginal differences in starved uninfeoted lots, but¢
appreolable differences could be noticed in case of
starved and infected woyms (Tables 26 and 27). Pupal
weight also showed the same trend. However, the differaonce
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Table 26+ Effect of starvation and Kenchu virus infeetion in
fourth instar silkworm on larval weight, extent of
cocooning and e¢ocoon weight

Welght of Single

- 10 worms ‘1“‘{;% Per cent  cocoon

m' Treatuents on 7th day o 10 cocooning weight

* (e) (g
worns(g)
1. o starvation 2.144 13.74 1333 0.850
+ Virus infection (18.38)»

2. No starvation 2.723 16.97 70.66 0.987
(57.60)
+ Virus infeetion (18.95)

4. 12 hr starvation 2.582 1637 20.00 0.943
(26.12)

5. 24 hr starvation 2.756 15.18 8.66 1.031
+ Virus infecotion (16.78)

6. 24 hr starvation 2.727 15.14 16.66 0.969
(23.98)

79 % hr starvation 2.174 16.23 10,00 0.845
+ Virus infection (’8020)
(26.45)

9. 48 hr starvation 2.062 6.93 ‘066 0.622
+ Virus infeotion (11.57)

10. 48 hy starvation 2.741 14.97 12.66 1.031
(20.73)

SeBm. + 0.088 1,140 6.85  0.0%

CeDe at 5’ 0.26% 5.5“ 204351 0.115

#Pigures in parentheses are angular transformed values
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Table 27. Effect of starvation and Kenchu virus infection in
fourth instar silkworm on pupal weight, cocoon sghell
weight, coooon shell ratio and moth gmergence

L

single Single cocoon (Cocoon Moth

Sl. pupal shell shell elexe
yo,  Ireaiments weight  welght ratio  genoe
(8) (s (%) (%)
NN ST RN ARGy
1. NOo starvation 00740 00105 12.32 90”
4+ virus infection (20.53)* (17.71)®
2. Xo Btm&tiﬁn 0.354 °Q128 12.99 68.66
(21.13) (56.20)
% 12 hr starvation 0,760 0.09% 11,03 10.00
+ Virus infeotion (19.32) (18,28)
4. 12 hr starvation 0,823 0.116 12.26 18.00
) (20.4T) (23%.37)
S5« 24 hr starvation 0.901 0.125 12.14 8,00
4 Virus infection (20.38) (15.90)
6. 24 hx starvation 0.820 0.137 14.02 16.00
(21.95) (23.37)
7. 36 hr starvation 0.736 0,086 10.39 9.33
4 Virus infection . (18.70) (17.63)
8. “ he starvation 0.92% 0.138 12.99 19.33%
(2¢4.08) (26.00)
9. 48 hr starvation 0,553 0.065 10.45 4.00
+ Virus infection (18.81) (10.90)
(20.75) (20.2%)
S«Enm. : 0.0%4 0.0097 0.8% 2.280
C.Ds at 3¢ 0,101 0.0288 !.gE 6.713

# pigures in parentheses are angular transformed values
NS = Non-significant
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in starved and uninfected worms was not appreciable. The
gocoon shell ratsio did not result in signifiocant
difference. Moth emergence was 12.00 to 19.33 per oent in
starved, uninfected lots showing difference only with

%6 hr starvation, while the same with gtarvation and
infection was reduced to a consideradle axtent (10,00 to
4.00 per cent). In genexal the moth emergence came down
wvith tnorease in the duration of starvation.

§0442.3 h ingt

4+4.2.3.1 Larval wpight
The 4ifferences in larval wgights on 7th day were

mors marked in starved and uninfected (7.656 to 10.891 g/¢0
worma) as well as in starved and infeoted batches (7.096 to
9.236 g) compared t0 12,153 and 11,476 g in their
respective aontrols (Table 28), The maximum larval

weight also exhibited marginal difference (1.400 to

1.543 g/larva) in starved and uninfected worms when
compared t0 0.977 to 1.113 g in case 0f starved and
infegted wommes

4.4.2.3.2 gogooning, coeoon and gogoon shell wgights and
noth emergency

The percentage of cocoons spun was 20,00 to 30,00
per eent in starved, uninfected worms compared to the
oontxol(60.00 per cent), the higher value belng for
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Table 28, Effect of sgtarvation and Kenohu virus infection in
£ifth instar silkworm on larval weighs, extent of
eogooning and cocoon weight

welght of Single Single
8+  preatments 10 worms o) ‘S:’éogﬁig 06g9°n
(s (g
L e
4« N0 starvation 11.476 1.2 22.66 0.848
+ Virus infeotion (28,25)+#
2. Mo 5tamtim 12.153 10”’ 60,00 0*9”
(48.84)
5. 12 hr starvation 9.23%6 1.047 26,00 0.738
¢ viral infection (%0.51)
4« 12 hy starvation 10.891 1.400 30,00 0.878
(33.18)
5. 24 hr sptarvation 80405 009" 1‘:67 00583
+ Viral infectiom (21.29)
6+ 24 hr starvation 10.007 1.487 20.00 0.949
(26.52)
Te %6 hr starvation T.434 1.113 18,00 0.762
+ Virus infection (23.50)
8. 36 hr gtarvation 8.051 1.400 23.33% 0.968
(28.73)
9. 48 hy starvation T7.096 1.000 14.00 0.764
4 Vi¥US onfecRion (21.09)
10. 48 hr starvation 7-656 '0545 26,00 0.916
(30.50)
Se Bllle : 00508 0;08, 2085 00056
CeDe at s’ '*’09 OM 80“8 00166

# Plgures in parentheses are angular tranaformed values
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12 hr starvation period only, dut very much less than that

of oontrol thus revealing the detrimental effeot of starvatiom
alene. Similer trend of less c0c0oning was obeerved in
starved and infeated batches (14.00 to 26.00 per cent).

The oocoons spun by unstarved, infeoted worms was 22.66 pex
oent (Table 28).

The cocoon weight has not shown difference due €0
the effect of gtarvation (0.878 to 0,965 g/cocomn) but
i wvas affected t0 a consideradle extent (0.588 to 0.7648 g)
by the ocombined effect 0f gtarvation and Kenchu virus
infeotion (Table 28). fThe unstarved, uninfected worms and
unstarved~infected worms gave 0.958 and 0.848 g coooon welghts,
respectively., Similar trend was noticed even with regaxd to
pupal weight, coooon shell weight and shell ratio (Table 29).
The difference in moth emergence was marginal (18.00 te
22.66 per cent) in starved-uninfected worme except with
12 hr starvation (28.66 per cont) and the pattern was
sinilar even with starved and infeoted worms resulting in
lessex moth omerzense (11.33 to 24.00 per cent) compared te
18.66 per cent with un starved and infeoted worme(Table 29).

The above data revealsd the general reduotion in
growth and drastic reduction in eocooning and moth
egrgenge due t0 starvation. Starvation oombined with
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Table 29, Effect of starvation and Kenchu virus infection in
£ifth inster silkworm on pupal weight, cocoon shell

weight, cocoon shell ratio and moth emergence

-

 Single
a1 gép‘ﬂ" cocoon O9%9%B por cent
No‘ Treatments welzht shell o ¢ P h
* (& weight (% emergence
(g
1. No starvation 0.750 0.095 11.40 18.66
+ Virus infection (19.37)* (25.91)=
2. No gtagvation 0.824 0.131 13.71 62.00
(29.72) (51.94)
3; 12 h’ O‘U&mflon 00651 00079 ‘0074 2‘.00
+ Virus infection ('90‘2) (zgt"‘)
4. 12 hr starvation 0.TT1 0.102 11.69 28,66
+ Virus infection (20.37) (20.90)
6. 24 hr gtarvation 0.810 0.135 14.20 18,00
| | (22.13) (25.04)
7« 36 hr starvation 0.668 0.090 11.95 14.66
+ Virug infection (20.19) (22.23)
8+ 36 hr starvation 0.837 0.123 12.72 22,66
(20.93) (28.35)
9+ 48 hr starvation 0.671 0,089 11.60 11.33
4 vivus infectiom (19091) (19006)
Se Elly i 000‘9 0.0091 0.560 2.870
CeDs at 5’ 0.145 0.0270 ‘0“3 805“

# FPigures in parenthesgs are aigular transformed values
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Kenchu virus infeotion caused a slight reduction in
larval and qoc0on welghts, but a maxked falling down

of cooooning and moth cmergence. Additive effect of
starvation and infeqtion was more apparent in III and IV
instar infeotlons compared t0 V instar.

4.4.,3 t of £ tender, nedium, ovar

tere-supplomented leaws t0 slilkworms t

slt Kenchu 8 infegtion
The feeding of tender, medium, ocoarse and water

supplenmented leaves was effected from III, IV and V instars
sgparately, where artificial infeotion of Kenchu virus was
resogted {0 The infection was carried sut at the
beginning of the respective irstars.

4¢4+3.1 Zhird ingtay
4ede3e1.1 Larval wolght

 small magnitude but slgniﬁoant differences were
observed in the 7th day larval weights (Table 30). Leaf
suitable for the instar enabled the larvae to attain a
welght of 0.908 g« Larvas fed on rmedium and coarse
leaves registered a small but gignificant redusction in
larval weights Infeotion with Kenchu virus led to a
lowering of body weight but this effect was not
distinguishable from the lowering resulting from
differences in leaf qualitys
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Table 30; Effect of mulberry leaf maturity and Kenchu vipus
infection in third instar on l2xval weight, undersized
worms, ET,O for Kenchu symptom exhibition and mortality.

- i -

for
Weight of Per cent “so Per cent

sl. undersized Kenchu mortali
no, Treatments ;g '.‘;:ﬁ worme on  eympioms upto 15%
' aY 45th day (days) day
1. Tender leaf + 0.805 30,66 13,33 13,33
virus ( 33 55) * (5' T 5) e (2’ . w) *
2. Tender l_aaf 0.984 14.66 0.00 733

(22,19) (0.707) (14.42)

r.OO 16.00

3. Middle oxder leaf 0,791
3.806) (23.55)

29433
+ Virus (52.74)

4. Middle order leaf 0.894 9.33 0.00 T35

' {(17.63)  (0.70T) (14.94)

5. Coarse leaf + Virus 0.715 19.33 22. 33 10.00

(25.27) 3.581) (18.38)

6. Coarse leaf 0.786 10.00 0.00 3.33

(18.38) (0.707) (10.40)

T« Water soaked leagf 0.709 22.66 14.323 25.3%3

suitable to the (28.41) (3.850) (30.22)
instar + Virus

8. Water soaied leaf 0.764 19.3;) 0.00 10.00

suitable to the (25.6 (0.707) (18.36)

instar

9. Leaf suitable to 0.765 30,00 15.3%3 26,66

the instamVirus (53.20) (3.979) (%0.09)

10. Leaf suitable to 0.908 19.33 0.00 17.33

the instar (25.33) (0.707) (24.51)

S.Bm, & 0.0348 - 2.35ﬁ } 0,052 3.02

CeDs at 5% 0.10” 5.931 °q154 8.972

# Pigures in parentheses are angular transformed wvalues
##% Plgures in parentheses are transfomed values
VX + 50!
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Body weight differences in maximum weight were
insigni ficant between the difforent leaf trocatments,
Infeotion with Kenchu virus, hovever, led to a significant
lowering of maximum body weight(Table 31). |

4+4.3.1.2 gympton manifestation end mortality

Appearance of undersized worms as on the 15th day
indicated a low value of 9.53 and 10.00 per cent in the
medium and goarse leaf treatments, mespectively.
Differences in the othar leaf types were not significant.
Infection with Kenchu virus resulted in a statistically
significant marked inercase in the appearance of undersiszed
worns with tender and medium leaf feecding (Table 30).

Kenchu symptoms were not seen in uninfeeted
trea tients receiving leaves of different maturity.
All the infection treatuents led to the manifestation
of Kenchu symptoms (minimum ETgq OFf 12.33 days in coarse
leaf treatment and maximum ETgy of 15,33 days in the
control with recommended leaf feeding).

Moxtality upto the 15th day was minimum (3.33 per
cent) in coarse leaf feeding followed by medium leaf
treatment. It was 10.0 and 17.35 per cent in water
supplemented and recommended leaf treatmenta, respectively.
Significant mortality due t0 infection was seen with (a)
leaf suitable for the instar (b) water fortified leaf
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Table 31. Effeot of mulberry leaf maturity and Kenchu virus

#¥igures in parenthesces ars angular transformed values

infection in third instar on maximum larval wcifht
extent of gocooning, ococoon weight and pupal we sh‘
Single Single
s1. Treatment w Per oent cocoon pupﬁ
Ko, reashohts wgi s GNODning \'iei N wel '
(g (g (8
1+ Tendexr leaf + Viruse 1,033 32.66 0.927 0.785
(35.15) »
2. Tender leaf 1.561 47.33 0.986 0,880
‘ (43.47)
3« liddle opiexr leal 1.058 31.33 0.811 0.696
+ Virus (33.83)
&e Middle order leal 1062‘ 56.66 0-9@ 01”,
(48.88)
5. Coarse leaf + Vimus 1.25% %6.66 0.935 0.81%
(37.26)
6+ Coarse leaf 1.536 68.00 0.999 0.859
(55.57)

T. wate® soaked leafl 1.008 18.66 0.842 0.69%
suitable to the (25.58) '
instar + Virus

8, vater soaked leaf 1.553 7%.3%3 1.009 0.9%5
suitahle to the inotay (58.69) 2

9. Leaf suitaule t0 1.250  36.66 0.902 0.782
iretayr + Virus (37.13)

‘00 Leaf nultablt to 10551 71-33 1.068 00928
instar {58.10)
Se il & 0.0739 2,77 0.0485 0.03T1
GeDs at 5% 0.2200 8.229 0.1440 0.1100
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and (¢) medium leaf (Table 30).

4¢4.5.1.5 Pexrgentas

The percentage of worms spinning cocoons was found
t0 be high with recommended lesaf feeding (71.33).
Addition of water to the leaf gave 2 cocooning value of
T3.33 per cent. A significantly lesser cocooning was
obsexrved with tender, and medium leaf treatments(47.33 anmd
56.66 per cent) whcreas eoarse leaf treatment was not found
to significantly affset cocooning (68,00 per cent) as
compared t0 standard leaf feeding. Disease incidence
substantially reduced ¢ocooning in all the treatments,
maximum effeet being seen with water treated leaves(Table 31).

Cocoom welghts were similar in all uninoculated
trecatments. Significant reduction in cocoon weight
occurred with infected worms fed on either water soaked
leaves or medium magurity leaf. Pupal weightes exhibited a
similap trend (Table 31). In all healthy lots, differing
leaf feedings d4id not exert any influence on shell weight.
Decreased shell weight was mgistered with (a) recormended
leaf (b) watersocaked leaf and (c) medium leaf treatmerts
in the case of infeetion with Kenchu virus, Coeoon shell
zaﬂ.;ia were not influenced by the different leaf feedings
either with or without infection (Tadble 32).
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Table 32. Effeat of mulderry leaf maturity and Kenchu virpus
infection in third irnstayr on cocoon shell welght,
300c0oon shell percentage and moth emergence

sl smﬁc coooon gocoon Per cent
m' Trea tments she waight shell moth
* (g) percentage eNergence
1+ Tender leaf + Virus ve1262 13.59 - 28,66
(21.63)» (32.35)+
2. Tender leaf 0.1299 13.13 %0.00
(21.23) (33.19)
3. ltiddle order leaf 0.1098 13.48 28.66
+ Virus (21.53) (32.33)
4. Middle order leaf 0.1358 13.76 62.65
(21.78) (45.14)
5. Coarse leaf + Vims 0.1226 13.11 27.%%
(21.19) (31.50)
6. Onarse leaf 0.1%339 13.60 54.33
(21.64) (45.77)
7‘ water sdaked leaf 000699 8050 "6.66
suitable to the (16.18) (24.04)
instar + virus
8. Vater soaked leaf 0.1293 42.00 38.66
guitable to the instap (20.27) (38.43)
9. Leaf sultable to the 0.1'47 12.70 25033
instar + virus (20.85) (30.07)
19« Lcaf auitable to the 001547 12.6¢ 80,66
ingtar (20- 79) (45. 58)
T gummes 0.0066 0.7  2.170
C.D. at 5” 0.0196 2.168 6.447

# Pigures in parentheses are angular transforiied values
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Moth emergence was high with mcommended leaf and
coarse leaf feedings (50.66 and 51.3% per oent
respectively). Moth emergence was only %0 per cent with
tender leaf. Infection resulted in a substantlal decreasse
in moth emergence with recommended leaf, water supplemented
leaf, coarse leaf and medium leaf but not with tender leaf
feeding (Table 32).

4.4.3,2 Rourth instar

44403.2.1 Iarval welzht
On the Tth day all the leaf treatments indicated

simil ar body weights with the exofgtion of water treated
leaves which showed a slight reduetion. Superimposing
infection invariably resulted in a reductiom in body
weight in comparison with the respective controls, the
only exception being tender leaf treatrent (Table 33).

Fo significant maximum body weight variation was
noticed in the uninfeoted larvas receiving different
types of leaf. Infeetion elso did not have appreciable
effect excert in one instance = water soaked leaf
acoompanied by infeotion.

4.4.5.2.2 ﬂg&tﬂm manifgggggiog %Q m::gtg}" it!
There were no significant differences in larval

growth resulting in undersized worms in all the treatments
on the 10th day (Table 33)e
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Table 33. Effeot of mulberry leaf maturity and Kenchu virus
- infection in fourth instar on larval weight,
undersigzed worms, mortality and E!,o for Kenchu
symptom exhibition

*%

Welght of Elso for
sl 10 worms Per cent Per cent Kenchu
) ‘ Treatuents on Tth undersised mortali
0. daye worms on upto 10%h o %ﬁ"’m

1. Tender leaf %.053 8,66 22.00 14.57
+ Virus (19099)’ (27087)’ (3.”4)“
2. Tender leaf B«211 6,00 6,00 ’0.00
(14+18) (13.51) (C.707)
J¢ Middle order leaf 2.8“ 6.66 22.00 16.00
+ Vime (14.93) - (27.91) (4.046)
4e Middle order leaf 3.376 533 4.66 0.00
(12.91) (12.03) (C.707)
5« Coarse leaf 205‘3 12.66 190,’ 12.67
+ Virus (20.48) (23.55) (3.628)
6« (oorse lgaf 30267 1005‘ 4,00 0.00
(12.08) (11.28) (0.707H
T« Water coaked leaf 2.723 18.00 13.33 14.67
suitable to the (24.96) (21.09) (3.894)
instar + Virus
8. Water soaked learl 3%.057 9.33 4.00 0.00
suitable t° the (16.55) (10.90) (0.707)
instay
9« Leaf suitable to 3.009 11.33 533 15.67
the instax + Virus (19.32) (13.30)  (4.020)
10. Leaf suitable to 3.524 8,00 533 0,00
the inster (16.35) (10.40) (0.707)
Se e 3 0s122 2.540 2.100 0.033
CeDe 2% 5¢ 00%6 70546 6.259 00098
NS

Plgures in parentheses are sngular transformed values
Figures ir parentheses ere 7 Uoy~ transformed values

NS = Nomsigrificant
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Mortality upto the 10th day was low and statistically
insignificant between leaf trcatments without infection.
Tender, medium, coarse and water treated leaf feeding
coupled with infeotion resulted in a significant incrcase
in mortality on the 10th day. EKenchu virus symptoms were
not exhibited in larvae from different leaf treatments.

ETgq for Keughu symptom expression ranged from 12.67 to
16.00 days in the different itreatuents where infectim was
carried out (Table 33).

444.3.2.3 Gocooning, ¢0000m and shell welghts and moth
SUergonce

Ooarse leaf feeding gave a maximum percentage
cocodning of 79.33. With recommended leaf feeding it was
T1+33 per cent. There was a tendency for a reduction imn
persentage oocooning as the coarseness of the fed leaf
decreased. There was a statistically significant jeecrcase
in the percentage cocooning @s a result of Kenchu infection
in all leaf treatments. An interesting point was noted
that the response to infection was more with water socaked
and odarse leaves as gompared t0 medium and tender leaves.

There were no signifiecant differenges in cocoon,
pupa and goedoon shell welghts and also coecoon shell ratio
in the different treatments (Tebles 34 and 35) under um~
infected treatments.
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Table 34. Effect of mulberry leaf maturity and Kenchu virus
infeotion in fourth ingtar silkworm on larval
weight, extent of cogooning, cocoon weight and

pupal weight
si
Single Single
Bl wegatments nﬁ’"‘ Per cent  coOcOOR
NO. wei ey coeooning wzsfht
(g
1« Tender leaf + Virus 1.3%68 33.33 0.9283 0.7959
(35.49)»
2. Tender leaf 1.495 58,67 0.9986 0.8732
(50-()4)
3. Middle order lesf  1.443 47.33 0.9429  0,.8123
+ Tirus (43-45)
4. Middle order leaf 1.526 59.33 1.0%145 0,8813
(50.€8)
5. Cogrse leaf + Virus 1.383 48,67 0.82938 0.7217
| (44.24)
6. Coarse leaf 1410 79035 00375‘ 0.7516
(65.92)
WQ\\L‘( /%mk"'s\
Te¢ Leaf suitable to 1.244 21433 00,8554 0.7038
the instey + Virus (27.48)
8., Vater soeked lesaf 1.488 65.3% 0.9774 0.8323%
sultsble o the (54.07)
instar
9. Leaf suiteble to 1.379 36.00 1.0457 0.9038
instar + Virus (58.70)
10. Leaf suitable to 1.506 7133 0.9883 0.8580
instay (57.68)
CeDe at 5% 0.1390 13.042 0.1363 0.1250

N NS
= Figures in parentheses are angular transformed saluoo

NS = Nonwgignificant
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Table 35. Effect of mulberry leaf maturity and Kenchu virus
infection in fourth instar on @ocoon shell weight,
eocoon shell ratio and moth elergence

sl Single cocoon (ocoon shell Per cent
No. Treatments shell weight ratio noth
' (g) (%) elmgrgence
1« Tender leaf + Virus 0.1291 13.90 24400
(21085) * (29.32}.
2. Tender leaf 0.1337 1"39 43'33
(21.40) (41.1%)
3« Middle order leaf 0.1256 13.33 2733
+ Virug (21.39) (31450)
4. liiddle order leaf 0.1349 13.29 44,00
(21.39) (41.42)
S5« Course leaf + Vims 0.,0997 12.02 32466
(20.26) (34.82)
6. Coarse leaf 0.1197 13.64 72400
(21.65) (52.02)
Te “ater soaked leaf C.1133 13.20 1733
suitable to the (21.27) (21.70)
anstar + Virus
8. water soaked leaf 0.1396 14+29 33,66
guitable to the instar (22.21) (%8,42)
9« Leaf suitable to 001362 13.11 28,66
instar + Virus (21¢17) (32.12)
10. Leaf suitable t0 iustar 0.1318 13.36 46,00
SeBMe & 0.0074 0.490 3.540
CeDe 2% 5,‘ 0.0210 1-455 19517
NS S

# Flgures in parentheses are angular transformed values
[is = Non=-gigni ficang
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Moth emergence vas highest with coarse leaf
feading (72,00 per cent) vwhich was siznificantly highor
than that for other leaf treatments. Infection resulted in
a significant decrease in moth emergence in all cases. As
in the case of percentage coocooning, moth emergence was
naximally affegoted in the case of superimposition of |
irfection om water scaked leaf and coarse leaf treatments
(Table 35).

4440347 Fifth ingtay
. Maximum larval weight, oocoon and pupal weights in

larvae from different treatments with or without infectlon
were not significantly affeoted (Tables 36 ard 37). (Coeoon
shell weights weze of the mame order inall the treatments
except in the virus infeoted bateh fed on vater treated
leaws. No appreciable differences were noticed in shell
ratios in different treatments gventhough the data were
statistically signifigant,

Percentage of eogooning ranged from 57.33 to 78,00
in healthy trsatmentse. Significant differcnce was seen only
with coarse leaf where maximum eooooning occurred. Infection
with virus substantially reduced cocooning in water soaked
leaf, coarse leaf and tender leaf fed batohes (Table 36).
A sinllar trend was observed even in moth emergence
(Table 37)« |
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Table 35, Effect of mulberry leaf matupity and Kenchu virmus
irfection in £ifth instar on maximum iarval welight,
exient of cooooning, 00005n welght and puvsal weight

Singla .

Single Sirgle

S, Treatments ﬁ:ﬂm Per oend oogoon  pupal

- : cogocning weight weizht

wveight :‘? :

(g (g

1+ Teunder leaf + Virus 1.284 41.3% 0,9416 0.8181¢
(39.68)

2. Tender leaf 1.297 .69.33 0.9399 0.8513
(57.20)

3. Middle ordér leaf 1284 54.66 0.880% 0.7737
+ Virue (47.69)

4« Middle order .ieaf 1,283 57«33 0,9817 0.8479
(49.22)

5. Qoarse leef + Virus 1.326 5133 0.887% 0.7716
(45.76)

6. Coarse leaf 1.368 78.00 0.9312 0.3045
(62.34)

T+ Water sonked leaf 1338 52,66 0.5019 0.1892
sui?g&%e to the instar (48,0)

€. vater 80°kod leafl 1;253 T3.33 0.8963 0.8076
onitable %0 the instar - (538.9%)

9. Laaf sultable %0 the 1.109 58,66 0.9219 0.7898
instar + Virus (50.02)

10. Leaf suaitable t0 the 1.283% 5033% 0.93%0 0.319¢
ixstiar (50.45)

S.BOe ¢ ' 0.0710  3.820 0.,0297  0.0256

CeDe at 5% 0.2109 11.349 0.C882 C.N760

# Plgures ir parentheses ars argular transformed values

NS s Nanwgignificant
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Table 37. Effect of mulberry leaf maturity and Kenchu virus
infection in fifth instar on eocoon shell weight,
cocoon chell ratio and moth emergence

Single
sl goeoon Shell Per cent
I\*o' Treatmgnt s shell ratio moth
* welght (<) elergerce
(e
1. Tender leaf + Virus 0.1175 12. 46 28,66
(20.67)* (31.90)+
2. Tender leaf D«1316 15 31 64406
(21.34) (53.65)
3. Middle order leaf 4 Virus C.1106 12.41 40,00
(20.64) (39.19)
4. Middle order leaf 0+1304 13.30 46,36
| (21.41)  (43.08)
5. Qoarce leaf + Vvirue 0e1107 12.44 36.66
(20.64) (37.26)
60 goarsce 0-1217 13008 74000
(21.19)  (59.44)
Te Watex coaked leaf Q.1077 11.94 39.33
sultable to ths instar (20.20) (38.53)
+ Vipug
8. Water sonked leaf 0012‘7 13.96 66.66
suitable %7 the instar (21.94) (54.74)
9. Leaf suitable to the 0.127% 13.78 45.%3
instar + Virus (21.80) (42.31)
10. Leaf suitable to the instar 0.1265 13.54 52.66
(21.58) (46.5%)
Se e # 0.0041 0.290 2.510
CeDe at 5% 0.0121 04861 7.457

# Plgures in parentheses are angrlar transformed values
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A survey of the above data revealed that larval amd
©c0e00n welghts were not appreclably affected while extent
of oooooning and moth emergence were much signifiocantly
influenced. (2arse leaf feeding ocaused more cocooning
and moth emergsnce. 1The effect of leaf matuyity and Kenchu
vizus infection was one of sausing body welsht reduction,
instar and moult prolongatisn =4 reduction in survival.

No appreoiable influence of leaf quality on the development
and intensity of Kenchu infgotim was evident from the

prosaent experivents.

4.5 nteraction effect of simultaneous infeotly: wig
Kenchu virus and Staphylocogcus gireus in the
silkwoprm

simultanedus infeotion with Kenchu virus and
§+ guirque was investigatede Virus extract was used at
three congentratims ard the bacterium was used at five
congentrations, Tho comblnotion effects were studled by
infecting the early III, IV and V instar siliwormse
Silicworms infected on the 2nd and 3rd day of Vv instar were
also investigoted separately and the results are presented
below.

4:5.1¢1 Lgrval veight
A gtatistically significant reduction in growth

a8 evidenced by larval welght was clear in all infeoted
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Table 38, Interaction effeet of simultaneous infeetion with Kenchu

virus and ureus in third instar sillworm
on larval we a uret ion of fourth moult
Treatmentis Veight of Weight of Duretion of
Yol Tome i . amm on e Snavems  foh
B m‘(@r) - }g) B (hr)
v, 1072 - 0.698 0,219 34,00
v, 107 - 04759 0,317 36,00
Vs T - 0,863 0.327 34,00
B, - w;’ cells/ml 0,939 0.567 34,00
R - 10 ,, 0.946 0570 32,00
By - 1° 4, 0.901 0,603 32,00
B‘ - 10‘ » 0.814 0.470 54,00
% - 10’ ) 0.875 0,681 30,00
V5, 10:22 + wg ve 0.664 0,125 40,00
V43, 10 + 10 ’s 0.806 0,165 54,00
-2 L
vyl 107 102 . 0,737 04433 36,00
VB, 102+ gt 04961 04241 34400
-2
V4B 10.3 + 103 - 0.644 0.424 34,00
v,5, 10..5 ¢ 00, 0.827 0,166 32,00
VB, 1070+ 100, 0.577 0,240 30,00
V,5, 10_3 . 10, 0,767 04239 32,00
Voby. 10_3 + 10b 0.561 04245 30,00
Vi 10 3 . 10?, v 0.736 06217 32,00
VB, 1074 4 100 4 04904 04301 32400
V53, 107 4 100, 0.827 04252 30,00
vii, 1074 + w2, 04553 04251 32,00
V43, 10:‘ + 10‘; ve 0,764 00285 32,00
Vgds 10 e 10, 0.754 04293 30,00
01 BuZfer control 1.092 0.T751 24.00
Cy Dist illed waier contrel 1.073 0.T24 26.00
O3 Unireat ed control 1.021 0.710 24,00
. .6
L R oo 0i004  4.6%4



Plate 8., Silkworms on 15¢h day of infection with different
dilutions of Kenchu virus in third instar

worms irfeoted with: 1072, 10~> and 10~% Kenchu virus
Control worms t Buffer, Distilled water and Untreated

Plate 9. Silkworms on 15th day of infeotion with different

ootnoentrations of Staphylogoggus gureus in third
instar.
6

worms infected withs 107, 10°, 107, 10% ana 10° cella/ml
gontyol worms t Butfer, msuixed watexr and Untreated






Plate 10. Silkworms on 15th day of simultanedus infcetion

with Kenehu virus and Staphylococcus gireus in
third instar.

Worms .
iufected with:",B.' V‘Bz V,Bs 7134 V1Bs 725' VaBg VZBB v.‘,a‘

V25 VaBy VgBp V3B3 5By Vid

gontrol wormss Buffer, Distilled waier aud untreaied

Plate 113 Siluworms or. 11th Gay 92 infection with different
dilutions of Kenchu virus in fourth instar.

worms infeotcd with: 10"2. 10'3 and 10" Eenchu virus
Control worme t Buffer, Distilled water and Untreated
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treatments on 7th day (0.533 to 0,961 g/10 vorms) amd

15th day (0.125 to 0.681/worm) (Fig.4 and Plates 8, 9 and 10)
as compared %0 their respective controls of 1.092 g and
0.751 g, recpeotively (Table 38).

4.5.1.2 Moultins duration, instar duration asd instgg
Rrogression
Pourth moulting duratim was eignificantly delayed

in all infected batches. The per cent worms entering into
IV instar was non-significant. But the same entering

%0 ¥V instar exhibited significant differences in that in
all infeoted batoches there was lese per cent of prozression
(2.66 %0 54.67) cowypared to uninfeeted buffer control

(86.67 per cent) (Table 38 and Pig.5). Differences in third
in gar duration were 2lso non=significant while there was
consideratle extension of IV instar (4.58 to 6.50 days)
compared to uninfected control (4.17 days) (Table 3).

4.5.1.3 Qogo oon and shell weights

SRoEREoe
Oocooning was aboent with 10™2 virus as well as

with all combinetions of virus and bacteria, thus indicating
the pronownced interaction effect in III instar{Tables 40
and 41). Rowever, among the surviving infected batches,
ococooning was signlficantly reduced (4.66 to 25.33 per

cent) as against 81.33 per cent in control, Redwtim

in cogoon welght, pupal weight, shell welgh$, cocoon



Pie.4. IMerastion effect of aimultaneouns infeation

with Kenchu virus and gt ‘Exlocoocgg ﬁg_gg
in third iretar sillvora arval welg

on 15th day.
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Table 39, Interaction effect of simultagneous infeetion with EKenchu

virus gnd 2}‘&1_0_0_2%02 %m third instar silkworm
on extent of wormg entering subsequent instars and instar
durat ion
Treatuments Per cent worms Per cent worms III im= IV in-
o entering entering star star
* Kenchu virus  S. gureus IV imstar V instar  duretion durskid
- _ (fr) _ (Daym)
v, 10:;’ - 98,67(86.15)* 13.33(21.37)¢ 92,00  5.58
Vo 10 - 97.67(74.58) 28.67(32.33) 88,00 5.67
Vs 10™4 . 100,00(90.00) 32,00(34.42) 89.33 5417
B, - 106 cells/ml 99.33(87.29) 42.67(40.75) 88,00 5.58
B, - 10 " 100,00(90.00) 43.33(41.16) 838,00 5.58
B, - 107 o0 98.6T(86.15) 44.67(44.24) B84.00  5.25
5, - 0 99,.33(87.29) 54.67(47.68) 86,00 5.00
B - 10 ,,  100.00(90,00) 52.67(46.53) 88,00  5.00
Y'B' 10.2 + 10.6’ ') 93000(85044) 20“( 9027) 92,00 5067
VyB, 1072 4+ 40° ,,  99.33(87.29)  6.00(14.05) 90.00  5.58
VeBy 1072+ 100,  98,00(83.44)  T.33(15.47) 86,00  5.83
VB 1072 4 40}, 98.67(36.15) 13.00(25.01) 86,00  6.50
Vel 1072 4 10?, e 100.00(90.00) 12.66(20.76) 88,00  6.00
V.3, 10.: + 100 ,,  98.67(36.15) 20.67(27.00) 86,00  5.42
V.3, 10_ + 1 . 99.33(87.29) 20.00(26.45) 84.00 5433
V3 19_; + 103 e 100.00(90,00) 20,00(26.49) 86.00  5.42
'2)4 10. + 10 ” 100,00(90,00) 16.67(23.56) 86.00 5.08
V5 10.: + 103, by 100.00(90.00) 16.67(23.78) 84,00 517
'53' 10 + '06 'Y 99.33(84.35) 32.67(34.84) 96,00 4.83
ViB, 107% 4 400, 98.67(83.45)  26.67(30.96) B4.67  4.67
Vgiy 1007 + 10° ,,  100.00(90.00) 26.00(30.32) 84,00  4.83
VgB, 1074 4 10; e 100.00(90.00) 34.00(35.40) 86,00  4.67
V3Bg 104 + 0 100.00(90,00) 36.00(36.70) 83,00 4.58
Cq Buffer control 99,33(87.29) 86.67(68.83) 86,00 4.17
Cy gm:gea wat er 100,00(90,00) 84,67(67.14) 86,00 4.17
03 Untreated control 100.00(90-00) 87033(6903‘) 88,00 4.17
O' L] 0.
S 5 W, B 35 3
* Figures in |

lon-agn

moutﬂgeces are ngul tzanaformod values



Fig.5.Int sroetion effect of simulianecus infection with
Kenchu virus snd stgﬁ'{loeoecgg ureug ir. third
iig::ar sillarora on ent of worms emering £ifth
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Table 40, Imteraction effect of simuligneous infeetion with Kemchu virus
ug in third instar silkworm on extent

and St locogous pureus
of eocoongn_g and eocoon and pupal weights

-

-

# Pigures in parenmtheses are angular transformed vdies
#* Pigures in paremtheses are Vx + 0,5 transformed values

o, Treatuemts Per cent Single cocoon Single pupal
Kenchu virus §. gureus ecocooning we vzﬁht
vy 1072 - 0.00( 0400)% 0,000(05707)+# 0,000(04707 Ju#
v, 107 - 8400(16,08) 0.678(1.084)  0.580(1.039)
v, 107 - 4.66(12.42) 0,649(1.071)  0.559(1.028)
B, - 1o§ cella/ml 14.66(22.48) 0.799(1.139)  0.692(1.091)
32 - 10 L 2 J 16000(23037) 00670(1-083) 00534(1004')
By - 10 ,,  15.00(24.96) 0.616(1.054) 0,528(1.012)
B, - 10 ., 22.66(28.36) 0.644(1.069) 0.553(1.025)
B =, 100, 25.35(30.17) 0.657(1.065) 0.552(1.024)
"3‘ 1° + 10 .0 0,00( 0,00) 0,000(0,707) 0,000(0.,707)
vB, 1072 4+ 105 ,,  0,00(0.00) 0.000(0.707) 0.000(0.707)
vy 1072 + 40°  ,,  0.00( 0,00) 0,000(0.707) 0.000(0.707)
VB, 1072 + 104, 0.,00( 0,00) 0,000(0,707) 0.000(0,707)
V4B 1072 + 00, 0.00( 0,00) 0,000(0,707) 0,000(0.707)
V,8, 1073 ¢ 102 ve 0.00( 0,00) 0,000(0,707) 0.000(0,707)
V)8, 107 + 10° 0.00( 0,00) 0.000(0.707) 0.000(0.707)
V,3 10:3 + 12, 0.00( 0.00) 0,000(0.707) 0.000(0.707)
Vo3, 10_? + 10t 0.00( 0400) 0,000(04797) 0.000(0.707)
Vi 10 3 4 10_” ve 0,00( 0,00) 0,000(0,707) 0,000(0.707)
VB, 107 + 10% b 0.00( 0,00) 0,000(0.797) 0.000(0.707)
VB, 1070 4 10° 0.00( 0,00) 0.,000(0.707) 0.000(0.707)
Ve 1074+ 90, 0.00( 0.00) 0,000(0.707) 0.000(0.707)
vgB, 1074 + 10t 0.00( 0.00) 0,000(0.707) 0,000(0.707)
V3l 107 + 10 ,, 0.00( 0,00) 0,000(0.707) 0,000(0.707)
01 Buffer control 81033(64050) 00906"015) 00784('0153)
Cq Distilled water control TR.67(62.56) 0.892(1.179) 0.756(1.120)
Cy Untreated comtrol T6.67(61.17) 0.910(1.,296) 0.783(1.133)
SeEm. + 1.16 0.025 0.014
CeDe at 5¢ 3.300 0.0T1 0.0398
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Table 41, Inmteractim effect of sirultaneous infeetion with Kenchu
virus and W ggiig in third instar silkworm
on cocoon shell we s shell ratio and moth emrgences

.

et o

o et e DUOT° Selon S091 710 ahones
Kemohu virus §. gureus (2) (%)
v, 10°2 - 0.000(0,707)¢ 0,00(0,00)%# 0,00(0,00)w#
v, 107 0,091(0.768) 13.10(21,17)  4.66(12.42)
v, 10t , 0,083(0.763) 12,94(21.05)  4.66(12.42)
B, - 10 cells/ml 0.101(0,775) 12.68(20,83) 13.33(21.40)
B, - 10, 0,079(0.760) 11,85(20,11) 12,00(20,09)
By T 19, 0.081(0,762) 13.15(21428) 13.,33(21.27)
B, - 10, 0.083(0.763) 12,96(21.09) 17.33(24.54)
- 10>, 0.077(0.759) 12.07(20.25) 18,00(24.93)
VB 1072+ 100, 0.000(0,707) ,00( 0,00) 0.00( 0,00)
VB 1072 e 1, 0.000(0,707) 0.00( 0.,00) 0,00( 0,00)
vl 100 10, 0.000(0.707) 0.00( 0.00) 0.00( 0500)
VB, 1070 s w0t ,, 0.000(0.707) 0.00( 0.00) 0.00( 0,00)
VB 107 m?, s 0,000(0.707) 0.00( 0.00) 0.00( 0.00)
V,B, 10 -+ 107 , 0,000(0,707) 0,00( 0,00) 0,00( 0,00)
VB, 100 4+ 16 ,,  0.000(0.707) 0:00( 0,00) 0,00( 0,00)
VoBy 10:’ + 1 ,, 0,000(0,707) 0,00( 0,00) ©0;00( 0,00)
V8, 107+ 10t . 0.00000.707) 0.00( 0,00) 0.00( 0,00)
vy 100+ 107, 0.000(0,707) 0,00( 0,00) 0.00( 0:00)
2 VO T R T LA 0.000(0,707) 0,00( 0,00) 0,00( 0,00)
V.3 1o: + 000, 0.000(0.707) 0.00( 0,00) 0.00( 0,00)
vBy 10T 4 40, 0,000(0.707) 0.00( 0,00) 0.00( 0,00)
V5B ™4+ 10t 0.,000(0,707) 0.00( 0,00) 0,00( 0,00)
vsBy 1070 4 90 ,,  0.000(0.707) 0.00( 0,00) ©0,00( 0,00)
Cy Buffer control 0.130(0.793) 14.39(22.27) 79.33(63.07)
O, Distilled water comtrol 0.129(0.793) 14.54(22.40) 78.00(62,09)
_Cs I_I:‘Jreated aontro‘.!.- 0.124(0;.783_) 13.60(21.63) 75.35(60.30)
SeEme 4 0,003 0.48 1,05
Cede at 9’ 0.0095 1-’65 2.981

# TPlgures in paremtheses arq/x + D.5 trensformed values
#» TPigures in parentheses are angular transformed values
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shell ratio and moth emergence wag evident (Tables 40 and
41).

4.5.2 Pouxth inster
45.2.1 Laxval welght

The welght of 10 worms on Tth day wag considerably
reduced amongst infected batohes (2.372 to 3.672 g/10 worms)
compared t0 that of control (4.771 g)(Pig.6 and Plates 11,
12 and 13). 1t was interesting to note that the weight
reduction was more with simultaneous infeetion of higher
doses of both bacteria and virus (Table 42). The maximm
larval weight also® exhibited the same tendency. Higher dose
of virus as well as its combination with all bacterial doses
had detrimental cffect.

4.5.2.2 Ingtex

Though the progression of worms %9 V instar was

statistically significant, the degree of differences was
minimal compared t0 healthy control (Table 42). Fourth
in gtar duration, fourth moulting duration as well as
fifth instar duration chowed statistically significant
differences in the infected batches compared to the
contxol (Table 43).- |
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Table 42, Interaction effect of simultaneous infeotion with Kenechu

virus end %tgmg_c%_\g in fourth inster s illworm
on extent wor er ing h instar and larval weight
Treatments Per cent worms Weight of Single maximum
No. entering £ifth 10 worme on larval weight
___ Fenchu virus §. gureus instar Tth day:\(g) (2)
v 10:';’ = 8B.67(70.11)»  2.643  0.000(0.707)s#
72 10 - 94.67(7608’) 2,982 '009‘(‘0262)
Vg 107 y * 90,00(71.80) 2.747 1.147(1.283)
B, - 105 cells/ml 94,00(76.69) 2.372 0.975(1.214)
o - 10 »s  92.87(74.53) 2,761 74904 (1.185)
B - 1°  ,,  92,00(72.92) 2,739  0.939(1.199)
B, - 108 ,,  94.00(76.42)  2.920  1.189(1.299)
B - 10°  ,,  94.00(76.69)  2.829  1.158(1.296)
V.3, 1072 &+ 407 89.35(T1.05) 2,841  1.000(0,707)
1 ’ L R ]
VB, 1072+ 9®  ,,  89.35(71.01)  2.589  0,000(0.707)
VB, 1072 4 10° ,, B88,00(70.00)  2.6735  0,000(0.707)
V.3, 10:: + 10 ,,  24.00(66.67)  2.729  0,000(0.797)
e w; " es  92.67(74.67) 2,928  0,000(0,707)
VB, 10‘, + 106 s 82,67(70.52) 3.265 1.219(1.310)
V,B, 10_3 + 10 s  86,00(68,56) 3.276 1.054(1.246)
VR 100 4 1°  ,,  81.33(66.67) 2,865 1.033(1.238)
v,5, 19.; + 10, 84.67(67.14)  3.475  1.075(1.254)
V5 ‘9_4 + 10; se  B2,00(65.07)  3.429  1.247(1.321)
V3B, 10 + 106 »s  B80,67(64.00) 3.327 1.477(1.401)
V33, 10:: + 10°  ,,  84,00(66.88)  3.670  1.461(1.418)
Vi 10 1°  ,,  51.33(64.53)  3.448  1.285(1.298)
VB, 107, v 10t ,, 88,00(70.01)  3.199 1.246(1.321)
VB 100+ 107 T, 90.67(72.37)  3.287  1.197(1.302)
04 Buffer control 91.33(72.98) 4.7 1.771(1.480)
C, Distilled water control 94.67(76.70) 4.873 1.730(1.494)
05  Untreated conmtrol 93.33(75.20) 5.162 1.696(1.481)
SeEm, + 2.47 0.145 0,0%0
JeDo at 5’ 7035’ 00‘13 0.085

# Plgures in paremtheses are angular trenmformed values
## Figures in paremtheses are\/y + 0,5 traneformed values
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Flate 12, Sillworms on 11th day of infestion with

different concortratiomm of Staphylocogcus

aureus in fourth instar.

Worms infeeted with: 107, 105, 10°, 10% ama 10° cells/ml.
Comrol wowsss Buffeor, Distilled weter and Umtreated

Plate 13: Silkworms on 11th day of simultaneous infection

with Kenchu virus end Stabhyloscoccus gur
in fourth instar. E—

Worss infooted withs V,B,, V,B,, V,By, V,B,, V.5
VaBys VoBpe VoBye VyByy VaTy
VyBge VyBae VyBye VyBys Uyl

Cortrol worme t Buffer, Distilled Water end Untreated
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Table 43. Interaction effeet of simultoneous infect ion with Kenehu

virus ond stgpxlocoooui
and £ifth Instars duretion p

in fourth instar on fourth
fourth moult ing duration

-

s T s 25

Treatments Fourth Fourth Fifth

NOe o owoeesesscsssesseesses  instar moult ing instar
Henchu virus §, gureug duration durat ion durat ion

. l"_.(rbgyu) (Hours ) (Days)

v, 1072 - 5417 32,00 10,75
v, 19:: - 4,83 32,00 10,08
v, 10 - 4.75 30,00 10,08
B, - 107 cells/ml  4.83 32400 3.75
B, - 10° ,, 4450 30400 8450
B3 - 103 T 4450 30400 8433
3, - 10° o 4467 25,00 342
’5 : 1 'Y} 4450 24,00 8.42
VB, 107° + 0, 5417 36400 983
Vs, 1072 4+ 10°,, 517 36400 9.75
V4B 10:: + 107 ,, 5.08 34400 9,50
Vg, 10° + 10t 5.08 32,00 975
24 VI 10: » 5,00 30,00 9,08
VB, 1c:Z + 10, 4458 34,00 9:17
VB, 107+ 100, 4.67 54,00 9,08
Ve, 107+ 10, 4.58 30,00 9,08
V.3, 10:; + 10, 4.58 3400 9.08
Vs 1070 10° ,, 4,67 30,00 8,67
V5B, 107 132 ve 4.58 30,00 8.67
VgB, 1077+ 190, 4.58 30,00 8433
VyBy 10:: + 1P, 4.42 30400 8433
S R 4.33 30,00 8425
S R L 4.5 28,00 8400
Cy Buffer control 4417 24,00 7.08
Co Dist illed water control 4,08 24,00 7+00

c Untreated conmtrol 4417 24.00 7.00
SeFn, + 0409 1.28 0.17
CeD. at 5% 0,256 3.642 0.483
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4.5+2.3 gogooning, c¢o0o9on anl shell welzhts and moth
gmergence

Even in case of IV instar infeotion, cocooning was
not encountexed with 1072 virus infection as well as in ite
combinations with all bacterial dflutions. The percentage
of cocooning inoreased with increase in the dilution of
virus and bacteria (6.00 to 24.00 per cent with 107> virus
and bacteria and 28.00 to 40,67 per cent with 10™% virus
and bacteria) compared t0 control (84.00 pexr cent) '
(Table 44 and PFigs.7 and 8). (ocoon weight, pupal weight,
shell welght and moth emergence (Fig.9) bshaved in a sinmilar
manner. However, c¢ocoon shell ratio exhidbited statistically
significant difference, eventhough the magnitude of
difference was less(Table 45).

4.5.3  Pigth tnoter

4.5¢3.1 Initial fifth instap
The maximum larval weight was significantly

different in the different treatnents. It was cmsiderably
redvoed with higher titre of virus and bacteria (12.691 te
14.389 g/10 worms) oompared t0 eontrol (16.0%0 g)(Table 46).

The per cent C0COONS spun was considerably low
with infected batcheas, particularly so in higher concentratiom
of virus and bacteria (48.00) compared t0 that with lower
concentration of virus and bzoteria (84.66 per cent). 1In
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Table 44. Interaotion effect of simultangous infeotion with Kenghu

virus and s&aghxlggoccus Q%\g in fourth instar on extemt
of <~agooning, eocoon welght and pupal weight
Yo — Traignts §§§°2,‘,'I§, Smsttg ::ooon sxn‘g.lo 'Nl
virus §. gureus (g (8)

GRS EPIE S — - -e - o R

v, 1072 - 0.00 (0.00)# 0,00(0,707)*¢ 0.000(0.707)»#
A 10:2 - 20.00(26.49) 0.757(1.118) 0.653(1.071)
Yy 10 7" 19.33(25.95) 0.654(1.079) 0.560(1.067)
B - 106 cells/ml 32.00(34.42) 0.66%(1.077) 0.572(1.035)
By - 10 " 34.67(36.02) 0.758(1.121) 0.657(1.075)
By = 10> ,,  37.33(37.65) 0.634(1.065) 0.540(1.019)
B, - wt ., 42.00(40.39) 0,644(1.084) 0.508(1.004)
B -, '°: ve 40.00(39.22) 0.678(1.084) 0,583(1.040)
VB 107+ 100, 0.00( 0.00) 0.000(0.707) 0.000(0.707)
V3, 10 . * 105 e 0.00( 0.00) 0,000(0.707) 0,000(0.70T)
V4B 10:2 + 10‘ 0 0.00( 0,00) 0,000(0.707) 0.000(0.707)
V3, 1070 103 oo 0.00( 0.00) 0.000(0.707) 0.000(0.707)
V4B 10_’ + 107, 0.00( 0.00) 0.000(0.707) 0,000(0.707)
VB, 1077 4 00 6.00(14.18) 0.755(1.119) 0.676(1.084)
Y3, 1072 + 1w0® 10.00(18.20) 0.644(1.100) 0.549(1.024)
VaBy 19:’ + 102 ' 13.33(20.95) 0.581(1.039) 0.497(0.998)
VB, 10 - 105 e 12.66(20.76) 0.774(1.128) 0.669(1.081)
Voly 1077 + 10 - 24.00(29.21) 0.738(1.111) 0.628(1.060)
vea, 1074 4 0! ,, 26,00(31.91) 0.684(1.085) 0.593(1.043)
Vb, 0™ + 10® ,, 30.67(33.58) 0.828(1.152) 0.732(1.109)
Y2y 0™ + 0w ,, 32.00(34.35) 0.810(1.141) 0.699(1.092)
VB, 10:: + 1o; e 32,00(34.37) 0.713(1.115) 0.657(1.075)
VgBy 1077 + 107 o, 40.67(39.61) 0.878(1.17%) O0.T71(1.127)
Oy Buffer control 84.00(66.53) 0.885(1.176) 0.758(1.121)
Gy Distilled water control 80,.00(63.46) 0.91%(1.188) 0.783%(1.132)
Gy Untreated control 80.67(64.00) 0.85§(1.176) 0.759(1.122)

SeBm. 3 1.65 0.024 0.024
OeD. at 5% 4.464 0.0682 0.0682

L

Mgures in parentheses are angular transformed values

#» Plgures in parentheses are/ X + Us5 transfomned values
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FPig.8¢, Interaction effect of simultanecus infection
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Table 45. Interaotion effect of simultaneous infeotion with Kenchm
us in fourth instar on cocoon

virus ard Eéaggxlggc_cus
shell welgh%, o0coon she

ratlio and moth emergence

- NP

Treatments

e o

o - - shtm.ﬁo o:o;:n cwoo:ihou H:th .
» 8

wioobt 5. aureus @ % D
v, 1072 - 0.000(0.707)# 0.00(0.00)*# 0,00(0.00)**
v, 17 - 0.095(0.771)  12.78(20.95) 14.00(21.9%)
vw 0¢ - 0.066(0,765)  13.35(21.41) 13.35(21.3%)
B - 10 a51%/0.000(0.762)  12.27(20.48) 23.53(28.89)
3 - 10° ,, 0.092(0.768)  12,12(20.28) 24.66(29.70)
N - 10° ,, 0.085(0.765) 13.55(21.59) 31.33(34.02)
B, - 1% ,, 0.090(0.768) 14.71(22.52) 39.33(38.83)
x - 10% ,, 0.087(0.766)  12.99(21.08) 37.35(37.66)
VB, 107° 4 40! ,, 0.000(0.707)  0.00( 0.00) 0.00( 0.00)
VB, 10:: + 1% ,, 0.000(0.707)  0.00( 0.00) 0.00( 0.00)
By 10T 10° ,, 0.000(0.707)  0.00( 0.00) 0.00( 0.00)
VB, 107 104 ,, 0.000(0.707)  0.00( 0.00)  ©0.00( 0.00)
VB 102 4+ 107 ,, 0.000(0.707)  0.00( 0.00) 0.00( 0.00)
VB, 1072 4+ 107 ,, 0.090(0.768) 12.14(20.33)  3.53(10.40)
VoB, 107° + 100 ,, 0.085(0.764) 13.11(21.20) 5.33(12.91)
V.5, 10": + 1% ,, 0.076(0.758) 13.33(21.37)  8.66(16.75)
VB, 1077+ 10% . 0.095(0.771)  12.46(20.67) 10.00(18.38)
VB 107> 4 w: oo 0.101(0.775)  14.15(22.01) 22,00(27.91)
v, 1% + 10 ,, 0.081(0.759) 12.09(20.18) 22.00(27.95)
vgB, 107+ 10, 0.0920.771)  11.10(19.42) 27.33(31.48)
V.2, 10:: +  10° ,, 0.100(0.774) 12.72(20.84) 29.33(32.68)
vyEy 10 ¢ w; ve  0.081(0.762)  1C.95(19.30) 28.66(32.35)
ViBg  107% + 107, 0.096(0.792)  11.01(19.37) 36.00(36.85)
Cy Buffer control 0.121(0.787) 1%.67(21.69) 82,00(64.92)
Cy gimsggied vater 0.123(0.789)  13.53(21.55) 78.00(62.05)
Oy Untreated control  0.133(0.796)  15.13(22.87) 78.00(62.13)

SeEie :‘ . 0,005 0.76 1.36
C.D. at 5¢ 0.0142 2.162 3.869

# TPlgures in rarentheces are /X + U.5 transformed values
## Fi ures in parentheses are amgular transformed values
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Table 46. Interaction effect of simultaneocus infection with Kerchu virus
and Wgugua in initial fifth instar siliwomm om
maximum larval we » extent of g¢ocooning and ooeo>on weight

Treatnents Maximum Welght weight

LU vxmchu wﬁgg?tor ggog:gg :gesgns ;'Epag

virus S BUEME 10 worms(g) (e) (2)

v, 1072 - 12,703 73.33(58.92)% T.413  6.153
v, 1070 - 13,711 78.66(62.60) 7.527 6.530
v, 107¢ ." 14.403  84.66(62.22) 8.890 7.653
By = 106 cellefml  14.797  66.66(55.44) 7.407 6,387
B, = 10° ,, 15,077  76.66(61.29) B8.473  7.457
B, = 90 ,, . 13,389  85.33(67.77) 7.100 6.123
B, = w0t ,, . 15,241  78.66(63.20) 7.850  6.990
B = 103 e 14577  80.66(64.%5) 7T.253 6.26%
nB 1070 . ol o, 12,691  48.00(43.85) 8.987 7.890
VB 100 e 00, 14.353  76.00(60.72) 8.480 7.4%0
5 10:2 + 10‘ o 135.343  70.66(57.37) 8.113 17.077
T 102 e w0t 12.945  78.66(62.83) 6.133 5,370
v 1070 e 100, 14.389  74.33(59.01) 7.253 6.223
VB, 10 + 106 00 14.828  64.00(53.24) 6.750 5.757
v,8, 1070 4+ 10° 14.060  75.33(60.37) 7.7  6.747
VB 1077 1oi o 15,782 75.33(60.3) 7.617  6.600
B, 1070 e w0}, 14.35T  T6.66(61.17) 7.410 6.407
TpBy 1070+ 107 o 14,140 73.33(59.35) 6.480 5.533
v, 107+ 0!, 13.873  81.33(64.84) 5.850 5,017
Vzs, 107 4+ 10° 14,777 81.33(64.45) 9.589  8.410
Ve, 107 4 10® 14.572  89.3%(71.05) 8.225 7.173
V3B, 107 + 0t ,, 14.291  B86.66(68.61) 9.223 8.197
VaB, 10°% + 107 ,, 14.973  84.66(66.97) 9.283 8,080
0; Buffer cantrol 16.030  92.66(74.67) 8.922 7.563
C, Distilled water control 17.557 92.66(74.53) 9.048 7.827
Cy Untreated control 16.400 91.33(72.98) 9.105 7.833
SoB. & 0.479 3,29 0.575 0.538

C.D. at 5% 1.%62  9.369 1.6% 1.5%

# Plgures in perentheses aye angular transformed values
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control it was 92.66 per cent(Table 46 and Pigs. 7 and 8),
Cocoon weight, pupal weight, shell weight and moth
emergence was similarly affected (Tables 46 and 47).
However, differences in the cocoon shell ratio remained
non=-gignificant, which may be due to the lesser weighte of
pupae ag well as cocoone in the different treatments

as compared t0 shell ratio with contyol where both shell as
well as cocoon weights were higher, thereby compensating for
any possible differences in shell ratio.

4.5.3.2 Qne day old fifth ingtap
The maximum larval welght was significantly less

in infected worms (12.213 t0o 15.062 g/10 worms) compared to
control (15.%0 g). Even here the higher concentration

of virus with bacterial dilutions gave less welght of

12.897 %0 14.180 g/10 woyms compared t0 that with more

viral dilution with bacteria (12.985 to 15.062 g) (Table 43).

Extent of cocooning was very much affected in that
it vas 54.0 per cent with 10”2 virus and bacterla (101 cells/ml)
as against 77.33 per cent with 107> and 10™¢ virue and
bacteria (107 cells/ml) compared t0 92,00 per cent in case of
eontrol(Table 48), The ecocoon weight, pupal weight, eoeoon
shell weight and moth emergence were also affected



136

Table 47. Interaction effect of simultangous infection with Kenchu

virus and

silkworm on cocoon
moth emergence

gtaphylecogous
e welg

ug in initial fifth instar

s cocoon shell ratio and

-

NS
#Pigures in parentheses are angular transformed values

NS = Nonesignificant

Treatments Weight of (Cogcoon shell Per cent moth
No. we 40 ghells ratio emergence
Kenohu virus S. gursus (g) (%)

v, 10-2 - 0.877 11.96(19.93)* 58,66(50,01)*

v, 1070 - 0.940 12.69(20.8%)  64.66(53.54)

vy 107 . > 0,987 11.12(19.43)  72.00(58.21)

By - 10, cells/ml  1.000 13.53(21.61) 69.33(56.42)

B, =~ 10 ’e 1,037 12.26(20.47)  73.33(59.06)

By - 0 0.913 12.93(21.06)  76.00(60.72)

B, - w0t ,, N.980 12,50(20.73)  73.33(59.23)

By = 10>, 04950 13.07(21.13)  73.33(59.09)

VyBy 107 ¢+ 1 1027 11.41(19.73)  44.00(41.54)
VB 072 s m: ' 1,033 11.80(20,06)  66,00(54.35)
V35 10:2- * 104 . 1,603 12.16(20.38)  63.33(52.79)
V4B, 10_2 + 105 o 0.743 12.25(20.45) 69.33(56.39)
VyBg 1070 + 10 - 1.007 14.19(22.10) 69.33(56.45)
B 107+ wl o, 0,950 14.02(21.95)  60.66(51.24)
V5, 107 + 1° 0.967 12.63(20.78)  58.00(49.66)
By 072 e 0, 0.993 13.14(21.23)  65.33(53.98)
VB, 1072 10‘; o 0.973 13.78(21.78)  68.66(56.02)
VoBg 1077 + 107 - 0.910 14.39(22.22) 74.00(59.39)
V58, 104 o 10w 0.843 14.49(22.37) 66.66(54.75)
viB, 107% 100 1,147 11.97(20.24)  67.33(55.46)
VyBs 10_’: + 104 os 1.000 12.37(20.53)  77.33(61.88)
V5B, 10.4 + 10’ - 1.003 10.67(19.04) 81.33(64.61)
Vg 1074 4+ 10 ve 1.200 12.99(21.08) 86.00(68.06)
C, Buffer control 1.293 14.54(22.43) 90.66(72.37)

C, Distilled vater coutrol 1.300 14.35(22.27) 92.00(73.86)

Cy Untreated conmirol 1.240 13.60(21.63) 99.33(71.19)

SeBMe ¢ 0.059 0.740 2.470
CuDe & 5% 0.1678 2.105 7.021
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Table 4. Interactiog effect of simultaneous infeetion with Kenechu

virus and Etagﬁl%occus
silkworm o arva%

in one day old fifth instar

welght, extent of cocoming,
cocoon welght and_ pupal weight

Treatments lfnxumn

¥o. Kenchu virus §. ﬁg_ naf;ﬁ Pex oent ow;‘?ﬂm 3%‘
for 10 °oeooning o 0oms  pupae

- — worns(g) _ (&)
v, 10™2 - 12,708  7T5.35(60.23)% 6.667 5.743
v, 1073 = 13.264 78.66(62.50) 8.110 7.017
Vs 10™4 .- 13.407 87.33(69.34) 9.060 7.970
B, - 106 cells/ml 12213 84.00(68.60) 6.603 5.71%
B, = 10° ,, 12.802 82,00(65.07) 7.657 6.757
B, - 10° ,, 13.768 86.66(69.05) 7.833 6.550
5, -~ 10 ,,  14.036  84.66(67.14) 6.597 5.343
B - w: ve  14.172 85.66(67.34) 8.217 7170
V,B, 107° + 106 - 13.529 54.00{47.30) 8.160 7.260
ViB, 1072 4 100 ap 138 76.00(60.72)  9.113  7.953
V4B, 10:; + 100 . WA 73.35(59.01)  7.607 64653
VB, 107+ 103 vs 12,897 80.66(53.96) 7.530 6.207
v,Bg 10__3 * 107 ve 13,291  82.00(65.02) 6.123 5.257
VB, 10., + 100 4, 13013 17.35(G1.64)  5.937 5.133
VB, 1077 & 10° ,, 14,557 T1.35(57.85) 6.167 5.323
V,By 1070 4 10°  ,,  14.343 78.00(62.16) 6.343 5.457
V.8, 107 + 10% ,,  14.648 78.66(62.60) 7.320 6.3%
VB, 10:2 + 103 ve 13,622  76.00(52.72) 5.813 5.377
V3B, 104 - 106 0 124985  77.33(61.T1) 6.633 54653
V3B, 10 + 10 >0 14.758 78.00(62.59) T.243 6.347
V By 107 + 107 ,,  13.610 84.66(67.21) 8.490 7.227
V.8, 1074 &+ 10% ,,  15.062 85.33(67.63) 6.3%0 5.522
vie, 107+ 107, 13727 90.00(71.62) 6.673 5.723
¢, Buffer control 15.300 92.66(74.53) 9.165 7.830
C;  Distilled water 16.99C  92.66(75.06) 8,748 7.555
Cy Untreated control 15.503 92,00(73.65) 8.805 7.560
SeFle 4 0.441 2.37 0.485 0.457
CeDs at 5% 1.25% 6.736 1.378 1.299

*Figures in parentheses are angular transformed values
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significantly (Tables 48 and 49). But differences in
cocoon shell ratio were not found t0 be significant.

4.5.3.3 Zwo daye' old £ifth inctar
In case of infection with two days' old fifth instar

silkwormg, significant differences were noticed in maximum
larval weight which were 11.456 to 14,179 g/10 worms in
infected batches compared $0 17.880 g in cmtrol (Table 50).

Differences in per cent coecoaming and weight of
cocoon and pupag were found to be norn-significant between
various treatnents. Coeoon shell weight was significantly
less in infected batches (0.687 to 1,273 g/10 cocoon shells)
compared to control(1.187 g). However, cocoon shell ratio
and moth emgrgence were not significantly affeeted by infection
with Kenchu virus and/or bacteria (Table 51).

From the above data, it is clear that simultangous
infection of sil:worm with Kenchu virus and baete rium or
with either ome of them individually was effective in causing
reduction of many of the growth parameters studied in all
the instars. Retardatim in growth was also evidenced by
premature mortality under heavy infection and significant
prolongation in dugatim of instars and moults which was
especlally evident in infeetion in the early instars.

The interaction effect of simultaneous infection was
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Table 49. Interaction effect of simultaneous infection with Xenchm

virue and Stephylogogcgus aurgus in one dey old fifth instar
silkworm on c¢ocoon she Tcﬁ'ﬁi cocoon shell ratio and
noth elergence

Veight of Cocoon shell

. i 10 cocoon ratio  Noth emergence
Kenchu virus §. gureus shells(g) (%) ——
v, 1072 - 0,837  12.67(20.79)* 66.00(54435)%
v, 107> - 1,020 12,60(20.75) 172.00(58.07)
v, 107 - 1,001  14,09(19.46) £2.00(64.94)
By - 102 celle/ml  0.823  12,47(20.66) 20.33(63.77)
B, - 1©0° 0.820  10.71(19.12) 76.33(61.07)
B, - 109°  ,, 0.883  11.33(19.67) 80.33(63.84)
B, - 104, 0.790  12.25(20.45) 78,00(62.10)
B - 103 . 04953  11.52(19.85) 81.00(64439)
V4B, 10_2 + 106 . 0.783 9,76(18.06) 49.66(44.59)
VB, 1072 4+ 1% 1.073  11.06(20.03) 68,33(55.84)
VB, 1072 4+ 10° 0,903  11.90(20.17) 67.33(55.20)
V.5, 10'2 + 10, 0.90T  12.13(20.41) T4.33(59.61)
v,5. 1072 4+ 0% ,, 0.783  13.57(21.56) 74.66(59.38)
VB, 1072 4+ 10!, 0,650 10.93(19.30) 69.00(55.86)
v,B, 1070 + ¢ 0.800  12.91(21.02) 66, 33(54.26)
VB 1072 4 100, 0.823  13.08(21.11) 71.66(58.02)
V,B, 10‘: . 0t 0.863  11,87(20.14) 73.00(58.75)
VB 1070 4 10° ,, 0.T10  12,24(20.44) 67.66(55.%6)
v, 07 4+ w0l 0,730  10.97(19.27) 67.00(54.97)
VB, 1074 4 10® 04787  11.11(19.43) 68.00(55.66)
VsBs 107 + 100 ,, 0.870  10.59(18.95) 79.66(63.29)
VB, 107 4+ 0% ,, 0.740  11.50(19.85) 80,33(63.72)
Va3 ™% 4+ 10° ,, 0.883  13.33(21.26) 85.33(67.53)
¢,  Duffer emtrol 1.290  14.05(22.03) 88,66(70.53)
Co  Distilled water control 1.152  13.13(21.24) 89.66(71.69)
OL Untrested eontrol 1.303  14,84(22.67] 88,33(70.17)
SeEm. 0.065  0.82 2.10
C.De at 5¢ 0.1847  2.3% 5.969

* PFigures in parentheses are angular transformed values

§S = Non~sgignificang

NS
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Table 50, Interaction effect of sicultaneous infection with Kenechu

virus and in two days old fifth
instay silkwo a nla‘ extent of
cocooning, coeoon vciaht and pupal we
e m Per cent "" w“fg
"¢  Renetu virue g. gupeus ;'”"8:’3 cteooning moou
| vorms (g) © @
v, 1072 - 110456 84.66(66499) 94340 74507
vz 107 - 13.850 84.00(66.45) 7.273  6.093
v,z 1w - 14190 84,66(67.98) B.200 6,957
By - 102 colls/ml 13,135 89.33(71.51) 7.883 6,770
Bz o ‘o 'Y ) 1’029‘ 8‘0“‘580“) 609'0 508‘7
By - 10°  ,, 13,203 82,66(67.11) 7.437 6,067
B, - w0* ,, 13.104 90,66(72.,68) 5.890 4.963
By - w;’ o 14071 93.33(TT.T7)  8.263  7.147
V'B1 '0. + ’06 'Y ) 12.011% 940“(77009) T«300 6.513
K T 105 - 12,981 95.33(77.97) 6,747 5.807
"), 10.2 + 10‘ e 13.635 9‘.“(0‘.") 6.950 6.013
V‘B‘ ‘0.2 + 10 ™ 120512 92.06(75.06) 64440 5.5
K 107 4y 13779 83,53(66.70) 7,820  6.%43
Vzn' 10 + ‘06 "0 13024 91433(73:35) T«510 6.3%03
vzla 1077 + 10 s 12,609 88,66(70.75) 6.703 5.640
B 1070+ 0%, 13,901 84.00(69.21) 9.683 8,500
VB, 1072« 10} 14179 90.66(72.29) 6,070 50927
VoBs 10> 103 e 12,686 90,00(72.31) 7.367 6,280
Va3, 1077+ 107 5, 13,169 84.00(67.52) 8.087 7.010
va, 0% . wf 12,793 81.33(64445) 08,620 7.173
Vghy W74 e 07, 13.425 87.33(69.34) 6.693 5.577
VaB, 0™t . 'o; ve 13,503 82.66(65.71) 7.620 6.493
',Bs 10 + 10 e 13.093 92,00(74.10) 7503 6.450
0' muffer contyol 17.880 ”066(7‘0”) 8,588 T 9565
Cg Distilled water odntrol 16593 92.00(74.79) 8,815 7.522
03 Untreated control 17.060 94.66(77.0) 8,692 8,115
Selille & 0.458 3,79 . 0.737T 0.688
CeDs at 5% 10301 10,545 2,094 1,955

Omun- ir papentheses are angulor transformed values

NS = Non—slgnlflcan"t
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Table 51. Interaction effect of simultaneous infection with Kenehu

virus and

moth emergence

Staphylogoceus

silkwom on cocoon she

vetant,

in two days old fifth instar
eocoon shell ratio and

Treatments Weight of (Cocoon shell Moth
Ny == 10 cocoon ratio rgence

Kenchu virus 8. gureus shells(g) (%) “‘iﬁ)
vy 1072 - 1,273 13.97(21.92)*  78.00(62.05)%
v, 1073 - 1,083  14.82(22.68)  81.33(64.41)
vy 107 ." 1477 14.54(22.41)  81.33(64.75)
B, - 10 colls/ml 1.043  11.94(20.21)  86,66(65.80)
B, = 10°  ,,  1.013  14.65(22.49)  83.33(65.91)
By - 10°  ,,  1.013  14.38(22.26)  79.33(63.87)
B, - 1t o0.813  14.82(22.65)  89.33(71.27)
By =, 103 oo 1073 13.05(19.87)  92.00(74+39)
V4B, m”:z L 0.687  9.01(17.37)  93.33(75.28)
VB, 1072 4 10°  ,,  0.873  13.13(21.21)  92.66(74.40)
V,B, 10": +10°  ,,  0.890  13.21(21.27)  94.66(77.%0)
WB 072 5 o) L, 0833 32(21.21)  92.00(73.92)
VB 1072 4 107 ,,  0.920  11.95(20.22)  82.00(65.46)
VB, 1070 4 107 ,,  1.057  14.20(22.19)  90.00(74.80)
VB, 1072 3 10° . 0.877  14.52(22.38)  86.66(68.83)
Vo8, 10:: + 102 s 14130 11.65(19.97)  82.66(65.68)
VB, 1072 + 0% . 0.867  14.24(22.19)  ©8.66(70.52)
VoBs 1072 4 107, 1,027 14.43(22.33)  99.33(71.64)
v,  107% 4 107, 1010 12.69(20.81)  82.66(66.17)
VB, 1074 4 0%, 1a133 13.16(21.28)  £0.00(63.46)
VB 1074 4 107, 0.897  13.31(21.38)  85.33(67.68)
e, 1074 4 0f L, 1033 13.70(21.73)  81.33(64.53)
Vel 7% 4 10°  ,,  0.967  12.98(21.08)  89.33(71.05)
Cq Buffer control 1.187 13.86(21.84) 90.66(73.25)
Cp Distilled water control 1.202 13+59(21.66) 90.66(73.25)
Cs Untreated eontrol 1.270  14.64(22.51)  93.33(75.55)

S.Bm, 3 0.088 0.86 2.9%

CeD. at 5% 0.250 2.444 8. 328

NS s

* Figures in parentheses are angular transformed values

S # Non=gignificant
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nore pronounced in third instar than in fourth instar
and it wag less pronounced in fifth instar. With

advanoement in age of fifth irnstar, the effect was
l¢ss ovident.
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V. DISCUSSION

The results of the different experiments are discussed
as follows under appropriate headings.

5.1 ZIgsting of Kenghu virus isolatec againet antisera
of infectious fiacherig virus and dgsmuolgogig
&Eas of silkwog

Disceased silkworms showing Kenchu symptoms collected

in Karnataka did4 not produce the precipitation bands in gel
diffusion test with antisera of both infegtious flacherie
virus and densonucleosis virus (Ina strain) of silkwerm,
Also midgut cells of silhworms infeoted in the laboratoxy
with Kenchu virus extrasts did not produes specific
fluorescence with antisera of both IFV and DNV, when exanined
by fluorescent antibody teachnique, thus indicating that the
Kenchu virus preparations used in the present laboratory
inwstigations are serologicelly quite distinet from silkworm
IFV and Ina DNV existing in Japan.

Regarding the extracts 0f samples colleoted from
different places, tests have been oonducted only for
serologioal evaluation fop IFV and Ina DNV. Singce Kenochu
symptoms are known t0 be produced in infections other than
viruses, especially baoteria such as Sexratia marcesoeng
(vasantharajan and Munirathnamma, 1978), the viral etiology
of these field oolleoted samples is not establisheds The
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negative serological response can only eliminate the presence
of IFV or Ina DNV in the disease samples. The question of
the actual eausal agent for these different Kenchm
epizootios encountered in the field is still open for
finvestigation.

It is intercsting ¢to note in this conneotion that
several small, non~occluded viruses of inseots have not
shared comnon antigens beiween them(Juckes gt al.y 19734
David, 19753 Reinganum and Scotti, 1976). With the
silkworm {tself several strains of densonucleosis viruses
which are not antigenically related have been reported fxom
Japan (Seiki, 1984; Watanabe gt al., 1986). Hmoe, it would
not be surprising that invesiigations will reveal many other
such non=oocluded, swall viruses of inseots in general and
the silkworm in particulaw,

5.2 [Effect of refrigeration of sllkworm ogge on the
dgvelopment and intensity 9f Kenchu disease

The results of the present investigations on egg
refrigeration in the multivoltine dbreed, Pure Mysore have
revealed a deleterious effect of consigning eggs on
hatohing percentasess larval growth, instar progression
and moxtality. The adverse effects of refrigeration were
in evidence for slther extended periods of refrigeration
or later stages of ombryonic growth or both. The inhibitory
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influenoe of long duration refrigeration may also be partially
due to a possidle dehydraticn effeot. In the present work,
no specific effort was made t0 maintain the- relative

humidity at a high level within the refrigexator as suoh

a practice is not gommon in <o;—croial egg refrigeration,

The detrimental influence of long duration refrigeraticn or
refrigeqatior of later stage oggs on egg hatohing was
reported by earlier wurkers also (Warasimhamurthy, 1943a$
1943bd; Devaiah and Thontadarya, 1975). However, adequate
information is not avallable on the postwembryonic development
of silkworms fyom refrigerated eggs. 3Rven less is known
ahout the msponse of such silkworms to artificlal infection

from known causative agents.

Bowever, work has been done on the effest of low
temperature on the susgeptiblility of silkworms t0 eytoplasmie
as well as nuclear polyhedrosis in silkworm, Axuga gt al,
(1963) reported that cold treatment of silkworms at 5°C for
J t0 5 hours before or after per oral infection with
oytoplasmic polyhedrosis virus enhanced the susceptibility
of worms to the virus. Matsubara gt gl. (1984) investigated
the effeot 0f refrigoration of first instar silkwoxm larvae
at 5°C for 24 hr on development of nuolear polyhedroeis.

A 20 to 90 per cent mortality was reconled. Refrigewation
of II, III and IV fnstars folloved by infeotion resulted 'n
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10 ¢o0 60, 70 %0 90 and 100 per oent mortality when oompared to
O per cent in the respective gontrols. Sidhu and Singh

(1968) observed 21.25 and 18.75 per cent of grasserie ami
flacherie, respectively, in silkwomme refrigerated for 24 hours
at 5°C and the corresponiing figures £or unrefrigerated

larvae were 8.75 and 10 per eent respectively. The ability

of siliworm larvae t0 resist infeoction of NPV was Larkedly
reduced when they were subjeoted t0 low temperature of 5°C

for 24 houms (W, 1983).

The resultz of the ocurprent investigations are not
striatly comparable with the observations of the above worsers
since the dresent work involved cold Treatment during -
embryonic growth. In the current work, no substantial
agcentuating effeot of rofrigeration of eggs on Kenghu virus
infeotion could be notigced. Both larvae from refrigerated
eggs or unrefrigerated control eggs were equally and severely
affeoted by Kenchu virus infeotion and an additive influence
wag not apparent (Fizs. 1 and 2). Hpwever, the present work
does not throw light on the susgeptibility of larvae
resulting from cold treatment of eggs and exposed to
different diseases Over prolonged periods as would normally
be prevalent in field rearings. This work is n-coessary
befOre generalising on the lack of effect of refrigeration
on incidence 9f Kenochu under field conditions.
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P

gg £9 healthy gogutions in dfg& , gg goﬁi |
The release 0f Kenchu virus diseased silkworms inte
healthy populations in different proportions resulted in

a significant reduction in larval growth, moulting and

in gtar dquration, cocoon welght and percentace cocooninge.
This effect was seen vhen dimased individuals were
released into healthy batches either in the II, III or IV
finstars. The adverse effcots were more promounced in the
II instar treatment as compared to the III and IV instar
treatments. The extent of damage caused $0 larval growth
9y percentage survival was dependent on the density of
Kenchu virus infeoted individuals in the population, deing
higher at the higher levels 0f releasc. Yoy example,
releases of 4, 8, 12, 15, 20 and 24 per ocent in the IV
inster caused a reduction in percenta e °f worms spinning
cocoons whose valuss were 82,67, 80,00, 76,00, 68,00, 61.3%
and 51«33 per cent, respectively when compared to 97,00

per cent cocooning in cmtrol larvae.

The present work is an extension of the work conductod
by Eswarappa (1983). Only first instar infeotion wag used
by hime The results had indiecated 100 per cent mortality
in all relezases ranging from 4 t0 40 per ocent. Howover,
the time required for 100 per cent rortality was reported
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to be 35, %0, 2% and 20 days for 4, 10, 20 and 40 per cent
releases, respectively.

In case of releases made during II, III and IV instars
in the present inveotisations, the general tendency was
that the per cent cocoons spun reduced with inarease in the
density of infeoted individuals released initially in%o
healthy populations. The facoal matter of the infected
individuals oontaminc.ed the beds as well as leaf material
thereby the inoculur was more in batches released with more
of infeoted individuals, oreating more chance for Lealthy
individuals t0 plick up the virus per 0s which resulted in
high death rate 0f worms. These obaervaticn*u gimilay
to thoge of Bird (1953), Lower (1954), Jacques (1962),
Stairs (1968) and Putman (1970) in case of vizus diseases
of some inseots and mites.

The current work has revealed a better survival and
performance with worms infeoted in the subsequent instars.
This i8 in agreement with the observations of Hadimani(1980)
who reported lesser mortality and higher weight gains in
worms infeoted with Kenchu virus in l:ter instars as compared
t0 early instar-infected silkworms.

Thene investigations give ample support t0 the noxmal
standard p;-actice of giving extra care t0 young sllkwoym
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rearing since Kenchu infection at early Instars is boumd
%0 lead to a total loss 0f the orops whereas the 10ss i8
minimiged if the infeetion occurs after the 1V instar,

S.4 Influenge of nutrition on intereity of Kenchu yipug

Lnfeotion

The frotors relating to nutrition vwhich have been
tahen for the present researeh have been broadly placed
under three headinge=urderfeeding, po sh=-moult starvation
‘snd varying leaf quality by feeding leaves of differenmt
maturity (tender, medium and coarse leaves). Thame faciors
ware chosen for imvestigations since thuse are the factors
which are subjeot 10 much variation in commorcial silkworm

rearing.

In the underfeeding exneriments, a rre-infection
underfeeding rvegime wans follwed, Sudbsecuent to infeoction,
the staniard schedule 2f feeding was adoptede The results
indicated a slight reduction in larval and cocoon weights
but a oonsiderable, significant reduction in percentaje of
woyms surviving t0 spin cocoons. Meth amergence also was
drastically reduced. Velight of cocoon and cocoon shell
also reduced with unierfeedinge Muthukridwman gt al. (1978)
also observed a reductin in ¢t he cocoon shell weight with
worms allowed four hours feeding per day comprred to that
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of worms fed 24 hr per day in B. mopi. sSimilarly,
Srivastava gf al. (1982~83) obtained a single cocoon weight
of 2,001 and 3.031 g with 18 and 24 hr of feeding duration,
respectively in eri siliworm, Samia gynthia rigcini which
result is gomparable with the trend in the current results.
In general, the data rccorded for both IV and V instars
indicated similar trends in results, especially with moth
emergence. There was a significant reduction in moth
emergence in both batehes of infeoted larvae (IV and Vv
instars).

Superimposition of underfeeding amnd Kenchu virus
infection caused further reduction in moth emergence. This
observation is supported by the findings of Sszalay-Marzso (1957)
according to whom there was severe defoliation by Lymantria
dispar over a considerable area and the larvae were deprived
of sufficient food thus resulting in heavy infection by a
virus disease in that only 10 per cent of them only 'pupatcd.
thus resulting in less moth elergence.

Post-moult starvation mnged from 12 t2 42 hours. This
was followed by a normal feeding schedule. Infections were
effected immediately after the starvation period and
starvation was not inflicted in the subseguent instarss
The data recorded resembled those obtained with underfeeding
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in that the influece of poste-moult starvation on larval,
pupal and cocoon weights was a moderate reduction whereas
the influence was adverse on survival as revealed by
percentages 0f spinning worms and emerging moths.

Superimposition of infection over post-moult
starvation caused slight reductions in larval and cocoon
weights but a marked decrease in percentage of spimning
larvae and moth emergence. The effect of starvation or
underfeeding in aggravating infeetions in inseets is well
established. Devaiah (1973) found the infection of Josems
bombycig t0 become severe in IV and V instar siliworms
if starved for longer durations, and 48 hr starvation
drastically reduced larval resistance. Repeated starvation
and starvation for longer durations in all instars of silkworm
rendered them susceptible t0 flacherie and grasserie
(samson gt als, 1980). Wu (1983) observed the resistance
to NPV to reduce very markedly in gilicworms when they were
starved for 24 hr at 25°C. In the present experiments, the
effect of infeotion following starvation on survival was
additive in respect of III and IV instar infections. The
results were less drastic in respect of V instar infeetion.

Differences in leaf quality as determined by their
maturity were not observed t0 influence appreciably the



larval and eocoon weights but significant effect was observed
in ths percentage of ooodon spinnins ani moth ememgence.

The latter two wcre sigrificantly more with coarse leaf
feeding. Infeotion with Kenchu virus followed a normal
eourse causing reduction in body weight, prolongation of
instars and moults and reduction in survival. These
effeots were not sudstantially affected by the quality

of leaf. Slightly higher larval and cocoon weights in
certaln cases in respect of tender leaf amd water treated
leaves is, t0 soms extent, in agreement with the findings
of Krishnaswami gt gl. (1971) who obtained more weight of
full grown worms (19.1 g/10 worms) on tender and middle
leaves and 18,60 g with mature leaf in bdrieed 350.
Similarly, sudo gt al. (19793 1981) observed a significant
correlation between larval body weight end leaf order in
that body weight wae more with top leaves. Viability is
me of the imyortant considerations partioularly in parental
breeds of hybrids to be used for commercial rearing. In
the present udies, the moth elergees was more on mature
leaf and this is strongly supported by t he observatioms

of Mrayanaprakash gt gl. (1985) who aonoluded that bivoltine
larvae thrived well on tender leaves and the oross breed
(L x KA) on mature leaves produscing heavier cocoons.

The effect of either po ste=moult starvation or
underfeeding in not appreolably affesting the body weights



ie partially due 0 the subsequent normal feeding followed
in the two investigations., fThe compensatory effeot of
noymal feeding is, however, not extended to the percentage
survival as reflected in the ¢ocoon spimning and moth
emergence. This might mean a lack of sufficient body
reserves in these partially starved worms. Early instar
starvation although followed by full feeding in later
instars is unable to compensate the cffects of malnutrition
imposed in the earliest instars. The reasons for this may
not befr t0 seek. The main reserve tisesue in the insect
is the fats body. In faot, in the honey bee the f£at body
was Observed to constitute 65 per cent 5f the total dody
welght of full grown larva (Bishop, 19223 1923). I% is
well knowm that fat body cells are limited in number
famediately after hatching but thely numbers inorease during
subsequent moults. The fat body cells begin to secrete
reserve materials like glyocogen and fat after feeding is
resumed. Starvation prevents the enlarsement and vacuolation
of the cells (Wigglesworth, 1972)« Since fat resecrves are
necessary for moulting also, starvation in early instars
tends t0 have an scffect on subsequent moulting and all
processes acconpanying it. In view of the faoct that
metamorphosis is entirely dependent on stored food, the
liritation in the number of fat body cells and henee the
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amount of reserve food, may have the effect of drastically
reduoing successful metamorphosis.

5¢5 Interaotion between Kenchu virus and S. gureus

Infection with either Kenchu virus or Staphylogogous
aureus was effaotive in lowering many of the parameters
used in the present investigation. Moderate body weight
reduotion wae encountered with §. gureus infeotion whereas
Kenchu virus infection led to a marked reduction in btody
voights. 7The samp tendeney was also seen ln regard to
cocoon parameters like pupal, shell weight and shell ratio.
The parameter vhich was affected most was surviwal.
with highest viral éo g3, Percentage survival was sero when
III instar silkworms were infected. Infeotion with S. gureus
resulted in a lesser mortallty which was debPendent on the
cmoentration, Retardation in growth was also reflected
in the prolorgation of moults ard instars.

Simultaneous infeetior with Kenchu virus and S. gureug
revealed the presence of interaction as judged by the
effeots on larval weight, percentages of ecocooning sd moth
emergence. The mutual effect was one of the reinroxoeuent
in that the effeot of the combination was more than that
of either infective agent administered singly. This
effect was moxe marked in III instar infeoted siliworms as
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compared to infeoction in IV instar. In the V instar, hardly
any additive effect odould be detested although virus slone
caused a slight lowering in the parameters. T0 quote oOme
specific inestance, coambiiation of . aurgug with the three
levels of virus resulted in no survival upto eccooning

stage in the oase of III instar infeotion. HOwever, during
IV instar infeotion one hundred per cent mortality was

seen only with the combination of highest dose of virus

vith all concentrations of bacteria. It was also noticed

that additive effect was generally present at all conoentrations
of virus and bacteria in combination during III instar
infection. In IV ingtar as well as V instar infegtion,

the additive effect was generally noticed with the combination
of higher coneentration of virus and high concentrati ns of

§. aurqug. In faot infection om the seoond and third days

of V¥ instap, especlially the latter the individual effects

of either virus alone or bascteria alone or the combination
effeots were Rinimal,

The deorsase in the adverse effects of Kenchu virus
infeotion in the siluworm with advancenent in age was aleo
reported by earlior workers on this disease (Madimani,1980
and Narayanaswany, 1983). Reports on the deorease of
susceptibllity of insgcts t0 certalm viral infections with
increasing age are not rars (Vago and Cayrol, 19563 Hafas,
1958; Ignoffo, 19663 Atger, 19693 Neelgund and Mathad,
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19743 Ahul-Nas:r O_t 3_109 1979)0

Matualism and interaction effeots of different
pathogens in the silkworm have bgen a subjeot of study
(Kurisu, 19743 Vasantharajan and Munirathnamma, 1978j
Matsumo$o gt al., 19853 1986). Kurxisu (1974) observed
highest mortality of silkworms in simultaneous mixed
infection with lnfectious flaocherie virus and bacteria as
Observed in the present studiess The current trend had
beem observed by Vasantharajan and Munirathnarma (4978)
sven in case of baoterial interaction in that the
associative effect between Staphylocogeus sp. and Serratia
marcesceRg was evident: Per oral infeotion of silkworms
with »oth the species caused 48 per cent mortality while
individually they 414 not cause any damage. The observations
of Matoumoto gt al. (1985) 4in that the infeotion of fourth
instar eilkworm with IFV (107°), Streptococcus faecalls
(106) and Serratla mrccseens (106) resulting in 20, O aad
0 per cent mortality respectively while IFV + S. faeozlig
and IFY + S. Harcesoens causing 100 per cent mortality
tend t0 support the ocurrent findinges The results of the
present study showed the mortality rate t0 come d0wm as
evidenced by more cocooning in interaction treatnments
involving more diluted Kenchu virus and less bacterial
(S+ aureus) cells. This is in confirmity with the findings
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of Matsumoto gt sl. (1986) who observed larval mortality
of 100, 100, 30 and 10 per cent respectively when fourth
inster siliwopme were fed with a mixture of IFV at 1072,
1072, 10™* ana 10™ along vith the bacteriom S. fagealis
(10%).

The pr:sent Lnvestigations have revealed the
inportance of e¢ombination of pathogens in causing greater
damere to the sillworm as comparcd t0 the individual
pathogens. In commercial rearings, ame is apt to encounter
nore than one pathogen in the rearing environment and hence
an accentuation of loss due to disease.

Severe loss due t0o Kenchu disease is a common feature
in silkowym prearings in Karnataka. The inwvestigations by
Vasantharajan and Munirathnamma (1973) revealed the presence
of atleast three types of bacteria viz., red piguented
Sexzatia marcesoens, non-pigmented Serzatia and Staphylocooous
8P« in Kenchu diseace:: encountered in the ﬁol& and they
observed the associative effect between Siaphylococcus and
Sgrratia marcescens. They als0 sugzested a probable
asgoclative effect of Kenchu virus and bacterias¢ The
present repart definitely asstablishes the presence of sush

an interzetions



The presens investigations hove been ooncerned with
simul taneous infeotion with Kenohu virus arnd §. agureus.
The interaction effects, if any, of the bacterial infeotim
preceding or succeeding the viral infection 5r vice versa
are not known and need t0 be worked out. This is considered
important in view of the lirelihood of the doocurrence of twe
types of infection at different points of tire in large
soale rearin:s of ellsworms,

Purther work on the mechaniem of the interaction
effeot of high levels of bhacteria with high levels of virus
observed in the Dresent oase is necessary. The affest of
a primary viral infeotion with IPV rendering the silkworm
pusgeptible t9 hacterial infection has been discussed by
Eurisu (1974). The interaction effeot of Staphylogogous
faggalig by facilitating the entry of Serratia piscatorum
into the silkworm haemoeoal was reported dy Xodama and
Nakasujs (1971). A similar effest of a Btaphylogocgus species
on the mortality caused by Serratla margescens Vit was
reparted by Vasantharajan and Muniratmamme (1978). The
foot that interaction effect 9f Kenchu virus and S. aureus
on growth and mortality are felt at higher concentrations
of bacieria and virusy double infeotion only points to
a greater tissue damge ocaused. Since the silkvworm is krnown
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to possess mechanisms for neutralieing viruses as wil as
bagteria, it is interesting o spesulate that an undue
strain on these mechanisms may result in an interaction
influence. The specific antiviral activity of red
fluorescent protein was reported by Hayashiya gt al.

(19693 1978). ILisuka (1985) also {dentified several
antibacterial substances in the digestive juice of silkworm,
B, moxi. The lytio properties of hasmolymph $0 some
bacteria as also the nmm-specific antimicrobial activity

of haemolymph obtained from silkworm larvag vacoinated

with low doses of live or formalinised cells of Qandida
utilis was reported by D'Cruz (1982). He reported the
bagtericidal as well as bacteriostatic influence of immung
hacmolymph against §. gurqug. Further work on these aspeets
may aseist in elucidating the meshanigm,

The study made currently has olearly revealed that
the effect of simultaneous infection of Kenchu virus and
S+ gureus was more detrimental in third instar. Madimani
(1980) observed the early instar silkworms t0 be more
susceptible to Kenchu virus compared to late instars.
Rejection of rearings in early instar stage itself due %0
high incidence of Kenchu di sense are not uncommon in
Karnataka. Under such situations, it may te quite
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probable that both virus and gertain species of bacteria
are involwveds In view of this, lot of care may have t0
be exercised in young silkworm rearing to minimise the
loss accruing due to Kenchu disease.






VI. SUMMARY

The studies made on some aspects of Kenchu virus
digease 0of mulberry silkworm, Bombyx mori L. during
198086 aye summarised belows

1. Kenchu virus isolates collected from silkworm in
Kaynataka 414 not produce precipitation bands in double
gel diffusion test with antisera of both infeotious
flacherie virus ard densonucleosis virus (Ina strain)
of silikworm. As well, the midgut cells of Kenchu virus
infected silkworms did not produce specific fluorescence
with antisora 0f the above two viruses when examined by
fludrescent antibody technique thereby revealing that
Kenchu virus of silkworm is serologically quite different
from silicworm infeactious flacherie virus and Ina densonucleosis
virus exiating in Japan. |

2. With advancement in the age of the silkworm egg
at the tine of refrigeration or with inorease in the
duration of refrigeration 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 , for mortality. -

ay - Worns weighed less in
infeoted batches of worms resulting from seven days old
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eggs refrigerated for eight days and four days, five days
0ld eggs refrigerated for eight days and three day old
ogg® refrigerated for eight days and six days. 4ll the
worms in refrigerated and infected batohes died in third
instar itself.,

5+ As the density of Kenchu virus infected individuals,
fnitially released into healthy silkworm pepulations increased,
there was reduction in larval weight, ETgq for Kenchu
symptonms, oogooning and quantitative tralits of aogoom, in
respect of releases in second, third and fourth instars.
Relemse of Kenchu virus irfected worms in early instars had
more drastic effeot on paramgters studied. Also inoreasse
in the density of released iudividuals caused the mme
effoct,

4. Reduction in the number of feeds provided per day
(underfesding) to young silkwormse Aasootated with Kenehu
virus infeotion in later instars resulted in less ETgq for
Kenchu symptom manifestation and reduction in larval weight,
¢ooooning and o0ocoon tralts as well as moth emexrgencee.

Starvation itself was found to have deleterious effect
on ailkworm and starvation for longex duration assooisted
with Kenchu virus infection had more adverse effect &8
silkwoym. Starvation combined with Kenéhu virus infection
resulied in slight reduction of larval and oocoon welghts
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and more reduction in the extent of cogooning and moth
omgxgence. Additive effect of starvation and Kenohu virus
infeotion was more apparent in third and fourth instax
treatments compared to that of f£ifth instar.

Malberry leaf maturity 414 not have appreciable
influence on Kenchu virus developuent and intensity.
Osarse leaf feeslding in general caused more cocooning and
moth eNexgenee.

5 Simultaneous infection of silkworm with Kenchu
virus and the bapterium, Staphylogoogus aureug was fownd
to couplement with each other. Interaction treatnemts
involving higher dilution of Kenohu virus and less baoterial
cells did not cause appreciable reduction in economie
traits, while combinations with less dilution af Kenchu
virus and more bacterial cell s brought dowm the same.
Combined infection with all dilutions of Kenchu virus and
baoterial dilutions resulted irn no coocconing in reepect of
third inster infeotion and that of 102 ailution of Kencim
virus with all dacterial dilutions in case of fourth imstar
infeotion. The interaotion effect of simultaneous infection
was Bore pronounced in third instar and it ws less marked
in £ifth fnstar, especially with advancelent in ages
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Appendix III

Data or temperature and relative humidity of silkworm rearing
room during the experimemtal period

Temperature( °C) Relative
Month weee  humidity
Minimum Maximum (%)
1 2 3 4
September, 1981 19.8 27.9 95.0
October, 1981 19.4 27.8 91.0
November, 1951 18.9 2647 88,0
December, 1984 14.7 25.1 87.0
January, 1982 - 15.0 26.0 94.0
Pebrucey, 1982 15.3 50.0 82.0
Mareh, 1982 19.4 33.0 96.0
April, 1982 21.8 54.0 78.0
May, 1982 21.7 531 85.0
June, 1982 20.2 29.2 94.0
Ju.ly. 1982 19.5 29.2 90.0
August, 1982 20.0 28,9 91.0
September, 1982 19.1 2945 90.0
October, 1982 191 297 91.0
November, 1982 21.4 27.3 91.2
Dedember, 1982 18.6 27.0 90,0
Jamary, 1983 12.7 28,3 81.0
February, 1983 17.0 52.7 70.0
March, 1983 20.0 34.6 66.0
April, 1983 22.3 35.2 75.0
May, 1983 21.8 34.5 80.0
June, 1983 20.0 307 83.0
July, 1983 19.8 29.8 84.0
A'-‘G“Bh “983 190‘ 27-8 91.0
September, 1983 1944 27.3 91.0
October, 1983 18.4 28,3 88,0
November, 1983 15.0 27.8 79,0
December, 1983 16.5 25.1 85.0

Contlmed
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Apperdix IIXI (Continued)
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t 3 4
May, 1984 28.15 32.82 72.74
June, 1984 24.44 26.90 84.60
July, 1984 24.66 25.33 86.88
Avgust, 1984 22.86 25.12 85.65
September, 1984 22.90 27.19 79.30
October, 1984 23.44 25.81 70.5%2
November, 1984 22.24 25.16 57.98
Decembar, 19684 21.84 25.29 57.08
Jaruary, 1985 22,00 25.40 62.50
Pebruary, 1985 24.72 28.14 45.68
March, 19835 27.65 31.48 52.58
April. 1985 28.33 33.26 540&
May, 1965 27.09 33.87 68.70
June, 1985 24.93 33.83 77.95
July, 1985 23.45 32.52 83.54
August, 1985 23.65 26.46 T7.37
September, 1985 24.68 28,38 7%.00
Ootober, 1985 24.%9 27.84 69.27
November, 1985 23,00 26.86 55.50
December, 1985 22.78 26,08 63.61
January, 1986 22.12 24.95 61.07
Pebruary, 1986 24.%9 27.47 57.08
March, 1986 28,83 33429 38,22
April, 1986 29.83 33.00 43.00
May, 1986 50.27 32.51 635.70
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