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CHAPTER I
I H T ft O D V CT IQ n

Intensive evaluation o€ microbial pesticides is 
talcing place at present in many countries throughout the 
world, The interest in microbial pesticides lias expanded 
because of problems such as insect pest resistance, 
emergence of secondary pest, toxic residues and high 
costa tbat have developed with the use of chemical 
insecticides • More than 1000 micro-organ!eras vis* 
bacteria, viruses, fungi, protosoa, nematodes etc* are 
associated with insect pests which could be developed as 
potential microbial insecticides* However, of all these 
groups of micro-organisas, bacteria and viruses occupy 
an important position in microbial control (Ignoff o, 1970) •

of the major seven groups of insect viruses, 
the genus Baculovlms is the most predominant, This 
group comprises of nuclear polyhedron is (Subtype a) and 
granulosis viruses (subtype B). More thnn 284 nuclear 
polyhedrosis viruses (HPV) have been reported from the 
species of Lepidoptera, symonoptera and Diptera (David, 1975), 
Baealovlrusss appear to have no chemical, physical or 
biological properties in common with any bnown virus 
found either in vertebrates or plants, It was fen: 
this reason the uBd and fAO jointly recommended that 
only Baculovirus group should be considered as possible 
pOsticidal agent© (Tiaeley, 1976),
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Many organisations with agricultural missions 
have recognised arthropod viruses as an important 
component of pest management strategies. Hu«h of the 
interest in utilising these viruses for insect and 
mite control has been stimulated by research results 
tint have indicated that arthropod viruses are (a) 
selective# safe# environmentally non-disruptlve control 
agents# ideally suited for use of integrated control 
and other pest management programmes (b) may aid in the 
control of pasts in ease where a chemical insecticide

i

is no longer effective because of pest resltance# (c) 
can provide relief in situations in which the use of 
an affective pesticide is restricted and (d) could 
help reduce the current heavy reliance co chemical 
pesticides (Falcon# 19761.

She gram pod borer# a&OteEa Kdbner
is one of the obiqtiitous pest of many important crops 
cultivated all over the world. The larvae of this pest 
feed on a variety of important cultivated plants viz.# 
cotton# gram# arhar. sor0iaa# sunfloxrsr, soybean and 
lucerne in India.

The cultivation of Jute has recently started 
in Marathwada region of Maharashtra for seed purpose. 
The Jute semilooper# £asmia aahalifgEa (Qaenee) has 
been observed to be very serious pest of this crop.
It has been reported to be a specific pest of this crop.
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The damage is caused by the caterpillar© • They attack 
the top leases and apical Wg of tbe plant with the 
result that side branches are produced. Ibis result© 

in shortening of fiber (yruthi# 1969) •

in the present study, investigations t®re 

carried out on the nuclear polybedrosls virus Infections 

in M*S3S&SS&k and a* sabulifera in view of the possibilities 
of utilising thss© pathogens as an effective controlling 
agents* The mw Infection in &• aalaiiifera is being 
reported for the first tine* The investigations am 

mainly oriented to study the Ins eat ..virus relationship 
and tbe field efficacy of Hallothia HV In comparison 

with synthetic insecticides against H^arrolaera &s gram*

***
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cm&sm ii
RffiElSt? OF MEBSR^iTORF

Kith a view to fail in line *dth the e:-?periaients 
conducted in the present studies# pertinent literature 
has been surveyed and presented in this Chapter under 
the following heads

2.1, Symptoms of nuclear polyhedrons
2.2* SUmber of polyhedral inclusion bodies (PIBs) 

in diseased larva© and slse of polyhedra
2*3. Cross~infectivity tests
2*4, Bioassay of virus activity
2*5, Field efficacy of BPV and other synthetic

insecticides against ||. armlgera
2,6* Persistence of KPV under field conditions.

2.1# Svmntaap of nuclear nolvhsdrogest

Bergold (1964) generalised the symptoms of 
nuclear polyhedroses and granuloses in Lepidoptera as 
follow© “the lepidopterous larvae suffering from these 
diseases sometimes change their colour to a palish 
hue* become flaccid, but still move around. Six to 
fourteen days after infection larvae die hanging often 
in characteristic way toy their prolegs from the support. 
The shin becomes fragile and ruptures easily releasing 
a milfey fluid containing mainly polyhedra or capsules11 •

Patel gt al, (1968) observed the incidence of 
nuclear polyhedrosis in the laboratory culture of
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I* armjqsga. The infected larvae because sluggish, 
sfeopped-feeding, became paralysed and the intcguaent 
became soft and brown or blach. The internal tissues 
disintegrated and liquefied.

Pavar and Rairikrishnan (1971) described the 
feature of polyhedral diseases of Sncdontera lifcura <F).
The naturally infected larvae showed no change In 
appetite during more than 3/4 of the incubation period, 
and syn^stosas ware generally observed in the last inetar. 
The colour of diseased larvae changed from ashy %Jhlte 
to light shades of Mach; on dorsal sides. Ventral 
and lateral sides became slight reddish pirifc la appsarance 
as against ihe green in normal ones. The integument became 
fragile and liquefied body contents were liberated even 
with the slightest touch.

t tfaeob and subraaaniam (1972) reported that the 
larvae of red hairy caterpillar, Amaaeta albistrlcra (w) 
exhibited loss of appetite and became sluggish In 
movement. Tfeo colour turned dirty brown. Death occurred 
in 8—3.0 day© with dishtegrafeion and liguefication of the 
body contents.

Pattar and Hathad (1972) reported that lIPV 
infected larvae of antheraea mglitta (Drury) attached 
themselves by means of their prolegs to a twig and at 
the time of death hanged with thslr head downwards •



fhe anterior portion was In a swollen state due to 

accumulation of disintegrated body contents# They 

also fitted a putrefying disagreeable swell 

characteristic of nuclear polyhedrosie virus.. tHW) •

2 #2# ^borfro£._T^IvMml...inclusion_...boaie3_.tn_aisQ.ased
larvae and sice of polyhearat

2.2,1. lumber of polyhedral inclusion bodies in diseased
i&zsz*

fhe references on the Pis counts in naturally 

infected diseased larvae are seldom found in literature# 

KcSwen and Harvey (1959) obtained yields of 
inclusion bodies SxlO® PIBs/larva or 26x10® PlBa/gram of 

larvae of l^a^taafei &!•

Ignoffo (1966) reported that the yield of inclusion 
bodies of HPV of H«.?ea. averaged 13x10® PIBs/larga i*©#

43xio® PIBs/gram of larva*
9Brown and swalne (1965) obtained 4x10 polyhedra 

in tbs larvae of Soodoptera ©%proptft (Walfc) •

Paaar and Kanflcrishnan (1971) obtained 2x10®

PXBq/larva in case of a.litnra (F)#
(

Narayanan gfc al. (1978) obtained yields of 
inclusion bodies ranging from 0*35 to 9 #78x10® in 

case of groundnut red hairy caterpillar# Jualbistriga (Wallaar)

2#2*2* Sice of tx>lvliedral inclusion bodies (PIBs)>

Bergold and Flascheatragor (1937) reported that 

polyhodsra of BW in £«lltum ranged from 1 #2 to 3*2 pm 

with an average of 1*8 pm, Nhile HaaiBrishnan and Tiwari
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(1969) reported t feat polyhedra vary from 2.5 to 4*2 
jua under optical, microscope# Pemr and Ramfcrishnan 
(1971) reported that the sise of polyhedra varied from 
0.6 to 2#0 joa under both optical and electron microscope * 
Jacob and subraraaniam (l$72) reported that tfee polyhedra 
were irregular in shape and measured on an average 
1,96 um in disaster with a range of 1.2 to 2,8 pn,

Jacob and subramaniam (1972 a) reported that, 
tfee diameter of polyhedra ranged from 0*7 to 1,7 pm 
with an average of l #7 pm In case of 4# alblatrim.

Jacob and subramaiiam (1972 b) reported that 
the polyhydral inclusion bodies in case of BaliotMs 
armlcera were Irregular in shape and measured 0,5 to 
l #4 pm in diamfcer with a mean of 0,89 pra, x^hile, t'&gfeaare 
(1977) reported that polyhedral size of H.armioera 
was 2.13 pn in disaster.

Pattar and Mathad (1972) reported that the 
polyhedral els© of &..mgiitta, was 0.53 yra*

Hablndra ana Subramaniom (1973) reported that 
the PXB& of PAfrsia pePonis in general were found to be 
roughly hessagonsal and dioiaster ranged from 0.64 to 
2.32 pm with a mean of 1*25 ± 0,05 pm,

Hordin and Boueiao (1973) reported that the 
polyhedral else of Ms&a fcstolarAa GSSmakarAa Was found 
to bo 2.9? pm in diameter.
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2*3. cress-infeetivitv tests*

Insect viruses have been increasingly observed 

to behave with varying degree of pathogenicity toward 

species which are not their spontaneous hosts* The 

problems concerning this specif icity have been reviewed 

by Alsawa (1963) and ignoffo(1968, 1973, 1975).

Stairs (1960) found that C.ftmiferana HPV 

could Infect a species of the same genus C.pinus <F).

Tte viruses of nuclear polyfiedroels ©f Malaeosoma

&K E«a&fllSgla and E* ateldaa fc>yar)were 

infective for the species of tf.dlestrla (Stairs, 1964),

Ignof fo (1965) reported a nuclear polyhedrosi© 

virus that "me highly infectious to both H.gea'and

Mara© £&* (1968) obtained successful cross- 

infection of Ceramics nidfca nw to several noetuids as 

Efflgtea, gg^oai&a# sausAa (saihner), jag&gnla

BSaalifia j^Pfceu and £*b1*

The EIPV of y.nl was not infective when fed to 

some related species such m iaohipalsia on (Guence) 

ms&FS&M M3gM ana teB&ai&tia lOgAv&ens. (Ganerday, i960)

Pawar and Raraloclshnan (1971) reported that 

the SSV of HL. litura was not cross-infeetiv© to the 

larvae of fiaflflfflBfegm aaftpg (aabnor), jaBaUft]R aott,

Masses. iaas&a I4hne§»sw ana Etemcfela Ismafea weter.
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Rnjnohan and &ayra| <197$) reported that 

the h*.. ^iMatrl<m HW ms not cross-infective to tha

larvae of i^calMa. Eicifll *nb*# gaaaag&te farina 
Moor©# Es&alagfeaa afiafeisaa ^aifc, ana Egstlasala 
aotafcUIana waifc* .facias, vitals, 3?ab#
^ab, si£Mga gsteiacaaIS- ana
cg@KgMls. sasfaasa *••# EsfoSasa gassa cramsr, aifltecffift 
oglUfsm ^aik.# vmixtQ tetateas ana aaegfei teflflafea, *
However# tooted larvae of scam© species died dee to 
bacterial infection ana unknown causes#

tfaeepeKsard (1978) reported cross-inf activity 

o£ asmae&EBL teaaaicatt &> spv to third# fourth, ana 
fifth instar larvae of aiaaagftnfi^a.JMters^ (Roths) 
whan fad for 24 hours on green bolls that had been 
dipped in a suspension containing vims polyhedra at 
4.9>a09/bl water.

2*4# gj^aaaSL.gf-3Til^a ^sUflitzs

Several methods have been used for determining 
the virus activity. The literature is reviewed on tho 
following three commonly adopted methods

a) Injection of PIBs or free virus

b) Feeding known amount of inoculum to the larva© 
reared S'on artificial diet,

c) Feeding the leaves dipped in known concentration 
of PlSc suspension.
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Ignoffo (1965) carried out a Moassay for 
Hellofhia pica (Boddiae) reared m semi synthetic diet,
The l£so value estimated was 32*0 PIBs/tim2 and the LTgo 
values for 292, 200, 146, S3 and 29 PlBsydam2 were 
3*8, 3.8, 4.3, 5.3 and 6.5 day3;respectively.

Rollinsoa sfe fi&* (1965) eoaditcted laboratory 
Moassay tost for the second instar larvae of gspsymoth, 
Eorfcbeteia fliaasar. The IC^was 2*3k10 polyhsdra'vtil of 
water and hC^5 was X .0sl010polyhadra.! /al,

Chauthani <g& ai« (1963) observed l»D^j values of 
three different virus strains viz* Blotrol, Sudan and 
Ivory colt for BU-jaftet which ware 269, 344 and 459 PXBs/ 
larva respectively*

Ranter and Hall (1968) conducted a bioaeeay of 
nuclear polyhedrosls virus with first and fourth instar 
larvae of beet amyworm ft.exlgna. The calculated L9urt 
values were 8*3 and 57*6 polyhedra/te? of the diet surface 
for respective instars*

RaMndra and Subramaniam (1974) conducted 
bioassay test with BejiotMM mmr and reported that 
susceptibility to Spy varies with dose and larval instar*

Pawar and Rartkrishnan (1970 conducted bioassay 
to calculate 1C50 and LTg^ values for newly hatched and 
five day old larvae of £* litura infected with its HPV* 
They found that In general, the values Increased
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with decrease in concentration, ihe five day old 
larvae ware found to he 40,27 and 84,50 tiroes more 
resistant than the newly hatched larva© (0-8 hrs.) 
on 0th and 13th day respectively#

Magnoler (1875) conducted bioassay of KPV 
against third and fourth instar larvae of Salagoecsaa 
neuetria* The calculated values for third and 
fourth instar larva© were 1405 and 12320 Pl%/larva« 
The calculated median lethal dose shoved that the 
third instar larva© were only twice more susceptible 
to virus than the fourth, She t&ttn va2ttes for 3*18? 
BjsIO4 and 3xl03 KEBs/larva were 5*90, 6,58 and 8 .IS 
days, respectively in the third instar assay*

' Harayattan al, (1078) calculated for
various instara of ^.albietrica larvae and found that
IjTjjq increased os the age of larva© advanced. The hT50
values for first to fifth Instar ranged from 93*50 hr©
to 162*25 hro* In general, the wean Id?-0 values wereas °found to decrease/the dose was increased*

2»S# £lcacv„of nw aM. other synthetic
i&?^Aaid^aaalBa£. E*asiater.a»

2*5*1# Chemical control of H« araic©ra$
Saassna al» (1971) reported that two sprats 

at fortnightly interval with 0*07 per cent endosulfaa



proved effective in reducing the infestation of gram 
pod borer frcm 9,2 per cent to S,3 per cent said increased 
the gram yield from 12,3 to it#29 q/ha,

Singh and Singh (1973) recommended that the 
pod bearer of gram could fe© effectively controlled by 
spraying endosuifan at the rat© of 2 ml per litre of 
water cr dusting of W.C and DPT io per cert missed in 
equal proportions at the rat© of 25 leg/ha*

Saharia and Putta(i975) studied the efficacy 
of ©ndosuifan carbaryl and malathion each at three 
concentrations against a* armigera (Buhner) infecting 
ayhar (s~5) « The lowest mean percentage infestation 
of pods and maximum yield were obtainei ^dlth endosulfan 
0*00 per cent trestanent,^-'

Balasthramaniam (1976) reported the
superior efficacy of endosulfan 0*07 per cent in 
reducing the pod borer damage and recording higher 
yield of gram*

Sbetgar (1977) studied the efficacy of quhOoCtphos 
and other insecticides against pod borer in Bengal gram 
and affhar. during 1975 and 1976,' m observed that 
application of qoinalpihos 350 g«a»l,/ha spray checked the 
infestation of pods by borers and also gave high yield©.
2.5*2,

Field tests were carried out to determine the
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feasibility of controlling £• yjssgsena II* asa 
by applying a HSV pathogenic to those species wtand 
with bait used for Mthonomus, grandis.. It was found

N

that the bait induced active feeding by the larva© 
and that tbs virus was infective when combined with
bait (Holaughlin al* 1971) •

c^u and Soabrier (1974) conducted field test 
with two virus preparations and me insecticide vis.# 
Viron H (Preparation of H. sea UPV in IB a), HBSB (local 
preparation of HW of armioera) and tnfcnochrotophos 
against M* anwjcera on cotton in chad • ®key found 
virus hbbb was effective than viron h* Sotasver# 
wonochrofcophos at 690 g/ha gave better results than 
either virus*

Rome (1975) conducted six trials in Botswana 
with unpurifiod BW suspension against th© larvae of 
.H.armi&©raT on sorghum^nd cotton. Be found H.axtalgera 
HPV was as effective as standard insecticide in preventing 
losses of sorghum, mere was no difference in control 
achaived lay spraying in the morning or evening. He also 
found that addition of low concentration of molasses 
increased th© efficacy of sepv. He further indicated that 
iWV was not as damaging as carharyl to population of egg 
parasite and predators# hut predators did not control 
aphids and jassids on the virus sprayed plots •



Ball §& al. (1976) prepared now formulation of
*

the BeliofhiG HFV by incorporating the pathogen \iith.

UV light screening agents in the capsule bound together 

with digestible water insoluble polymers * tn field 

tests against moderate populations of Bellothls spp. 

in cotton, yields of plot© treated with these formulations 

were identical to those of plots treated with the 

insecticidal mixtures commonly used in commercial 

production*

Kinder ®X* (1976) conducted small plot field 

test against e» -Baa and g. vires lens on cotton with 

compound Gl—6506 (applied on cotton stem), nmochrotophos
t

and gslloJ&ifi. BW* The Bellothis llW applied as a foliar 

spray 3 times/mek was as effective as monochrotophos in 

Increasing the yields of cotton*

Stacey et al* (1977) conducted small plot field 

test with BMmXmimi fof control of Efellothis

invert sugars and Sondoa liquid stimulants • The invert 

sugars and Sandoe liquid adjuvant~i975 significantly 

increased yields above that of unforraulated Vims alone*

2*6* &

Maohinley (1971) conducted field test with the 

eaamercial preparation (Bitrol VHS) of the ifeliofbie $IW 

on cotton and Indicated t hat Bitrol VHZ persisted on 

cotton foliage for over 7 days*
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/

Andrews and Sihorweki (1973) studied effect 

of cotton loas£ surfaces on the persistence of H3?V 

of S. gAgftafleiML and &« JBBEt* u**3 indicated that though 
the dew from cotton leaf surface was having pH 8*2 to 
9*1 it increased as it dried and dissolved the 

polyhedra hut pB seemed not be the sol© cause of 
loss in persistence*

Young end Yearian (1974) reported that 

Heliothls HPV was rapidly inactivated under field 
conditio® on the upper leaf surface of cottop# soybean 
and tomato. Inactivation of the virus was most rapid 
on cotton with little activity remaining after 24 hen* 

tffailo persistence on tomato was significantly hotter 
than other hosts, little virus activity remained after 
96 hro.

Experimental results Indicated that Baculovirus 

heliothls was more active about 10 to 45 per cent and 
showed increased persictanc© about 2 to 5 fold under 

both simulated and natural sunlight Clgnoffo aI..1976)*

Korns and Daoust (1976) studied survival of UPV 

of E* amjaara on crops and in soil in Botswana. 
Experimental results indicated that virus activity was 
lost rapidly on cotton but remained at a high level for 

upt© 30 days on sor#san* hut in soil activity reached to 
less than 1/3 of its original level during winter*
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Hems© g& ai* (197?) conducted field ©aperljasnt 

with TfeMctMa SP7 and reported that the residual 

biological activity was very short and that the time 

of application in relation to ©gg hatch was a critical 

factor in achieving a high level of effectiveness*

Mahode (1978) studied persistence of Heiiothis 

NPV on gram foliage and indicated t hat virus activity 

reduced with time. She values for original activity 

remaining COM*) were 67*99, 55,99 and 36*00 at 24, 72 

and 120 heps j respectively*

***
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am&rm six

Mm methods*

The details of materials and methods need for 

conducting the e^psrlments are given in this Chapter*

3*1* Test insects and teat materials t

3*1*1* HeliotMs armloera ISih&er
/

Family s HOofeuida©

Order s hepldoptera

3*5*2* £BSal& .saMifg^a (Queue©) 

Family j Koctuidae 

order a hepidoptora

3.1*3* SBajUR^gfeA*

Polyhedral inclusion bodies (FIbs) of tha 

nuclear polyhcdrosis viruses (NFV) of Haliothla armioera 

and ananis gabalifera were used as test material, The 

FIB© viere obtained by allowing the dead diseased larva© 

to putrefy in glass stoppered conical flash© containing 

little guantity of sterile distilled water over a period 

of few days » She contents were triturated thoroughly 

with glass homogeniaer and then filtered through two 

layers of muslin cloth and cotton swab to remove the 

remnants of the insect tissues • The filtrates were 

purified by centrifugation at 5000 rpa for five minutes •



The pellet was resuspended in sterile distilled ■water 
a»a stores separately in a glass stoppered conical 
flasks*
3*2* bearing test insects

3#2*1. HeAtetMg smkms, aibnor^»
The culture of KeilotMs armigera was maintained 

in ths laboratory at 27 + 2°C throughout the esperitwsntal 
period. The initial culture was collected la Miarif season 
from cotton, arhar and sorghum fields. The larvae were 
reared on sunflower and/or lucerne leaves* Etewly hatched 
larva© were reared In mass la round plastic containers 
of 20ss%5 am eiss# i8ien the larvae reached third instar, 
they were transferred individually to plastic container 
of Sse 2*5 cm sies and fresh food was given every day 
until pupation* Pupae were transferred to plastic Jar® 
of 20 x 15 cm sin© containing 5 cm layer of moist soil*
The moths after emergence were transferred to rearing cage, 
consisting of wooden from© covered with muslin cloth, 
in *Mch twigs of cotton, arhar or gram were kept for 
egg laying* cotton wicks eoaehsd In five per cent sugar 
solution wer® kept in the cage as food for the moths*
Eggs were laid after a pre-oviposition period of 3 days* 
The average incubation, larval, pupal and adult periods 
were 3, 14, 15 and 8 days respectively.
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3*2.2* anomie aabulifera (Ouenee) i

1?fee initial culture of BBS8tt£SL gaMlltgssa. was 
oJbtainea from the inf as tea jute fields in kharif season 
of 1978 • The culture was maintained at constant 
temperature of 27 £ 2°C* fh© larva© were reared 
entirely on jute leaves (fferehprusL ap*> in plastic 
jars of 20 x 15 on site until pupation* The moths 
after' emergence were transferred t o breeding chamber 
coastting of plastic jar covered with a piece of muslin 
cloth in Which twigs of jute wrapped in moist cotton 
wool at their cut ends ware kept as ovlposition site*
The cotton vdeks ©oaked in S par cent sugar solution
were kept as food for the moths • Incubation# larval#
pupal and adult periods were 2# 15# 6 and 8 days, respectively.

Bxtreras sanitary conditions were maintained to 
establish the culture free of virus and other pathogens*
These Included starting a new colony in a distant laboratory# 
using well cleaned containers disinfected with S per cent 
formalin# rearing the larva© from the eggs laid by 
visually healthy moths and rearing the larvae after 
their third in star individually into plastic containers 
in tbs case of EUarsaisam* surface disinfection of 
eggs with S per cent formalin was also done to check the 
©asternal contamination of the virus*
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3*3, symptomatology ana the natural incidence of fclie
‘Msssmsp

tn order to study the symptom of diseasd 
in 1* assteaa a»a 4. eabalifera* twemty# first~instar 
larvae were artificially infested by feeding them on 
leaves coi&aminated with the respective virus suspension, 
The syc^fcorae that occurred tare compared with those 
that were present in naturally affilicated populations.

To study the natural incidence of disease 
in ^ agmlgarsi periodic fieM collections .were made from 
athag ana gram* The larva® were reared in the laboratory 
until v pupation* 'She tmtear of larva© pupated and those 
suceusbsd to viral infection wore recorded • • / . 1

Naturally infected last instar dead or moribund 
larvae of S* &• 4S2&KM&S3. individually
triturated in a glass homogeniser with little guantity 
of sterile distilled water* * <&e contents ware filtered 
through double layer muslin cloth and cotton swab to 
rmove the tisane debris* The filtrate was purified 
by centrifugation at Sooo rpo for 5 minutes and final 
voltsn© wee loads up to 10© ml in each case and stored 
in glass stoppered conical flash© * These formed the
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stools suspensions for counting the number of inclusion 

bodies per larva.

The stock suspension 'was diluted further (1«10 

or 1«20) before counting*

Haemocytomster (HSOMOR (improved double)

Germany# Fein optic tfSKA) was used for counting the 

number of PIBs. The number was estimated in each case 

by using following formula
no. of PlBs « iso, of PIBs counted In 10 m?x dilution

factor x 1000 ^original volume of 
extract (ml)«

1000 =» ror conversion of cubic mm
to cubic minuter© .

3.5. §fee4nins^EOEort£>ana<>^|£^^
S2Q&&&3

3.3.1.

In order to confirm the group to which the 

virus isolated fsm Mmi& mfeM&SISi belonged, a 

staining technique described by Bergold (1963) for 

polyhedrosis virus was used*

A thin smear of polyhedral suspension ■was
"V

air dried on clean glass slide. The dried eraser was 

treated with i n Hcl for 2-3 minutes • Tho slide wae 

then washed with distilled water and stained with dilute 

Giemsa solution for 5-7 minutes • Excess stain was removed 

by washing the slide with distilled water# and examined 

under microscope after drying. The slide prepared in 

the same manner without acid treatment served as control.
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3*S*2. sig© of.aolvhedrai

For determining the si 3 of polyhedral inclusion 
bodies, partially purified suspension of Unoaie npv was 

used* A drop of polyhedral suspension ■was put on a 
clean glass slid© and covered with cover ©Up* on© 

hundred PIBs were measured at random under the optical 
microscope and the readings war© tahsn at 40 x magnification 
with' the help of filar micrometer* She microscope vas 

ealiherated before Use*

3*6*

5Jhc cross-infeetivity test© were conducted 
to determine the host specificity of H8V of &« armicera 

and a, sabullfera* Highly concentrated suspensions 
of both the viruses wore tested against different 
lepidopterous insects* $ha tests were conducted 

independently in two sets with three replications of 

10 larvae oaOh* fh© leaves of the host plants of the 
larva© mare contaminated with the respective virus 

suspension and fed to th© second Instar larvae# of 
different species tested* %o larvae of a* armigera
and A..saballfera, were also Included as treated control
as a choeh on th® viral infeetivlty. The following table 
indicates the different species of Insects used for 
cross-infoctlvlty tests for both the viruses.
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Beliotlals armlaora
MLb

&aag&g. i&sm.
Spodoptem litura
SAaeslaSa. afol&gia 
ismcfek sp*

Koctulfiae
Koctuidae
Etoetuidae
Nocfcuiflae
Arctidae

Lepldoptera Sunflower 
Kspidoptera Ottte
bosddoptera cotton 
Lepldoptera Castor
Lepldoptera sunflower

Lymantrildao Lepldoptera Castor

3*7, Bioassay of Beliofchie HPF for virus activity? '

Bioaosay tests were conducted for determining 
the insecticidal activity of BPF of H, armioera,
3*7«1*

PIBs were obtains by artificially Infecting 
the third ins tar larva©* After death they wore allowed 
to putrefy in glass stoppered conical flash containing 
little guantity of sterile distilled water for few days. 
Then this crude PIB suspension was filtered through double 
layered muslin cloth and cotton swabs, The filtrate was 
purified hi* centrifugation at 3000 rpo for five minutes, 
and stored in a glass stoppered conical flash, she 
amber of PIBs was estimated by using haemoeytometer, ns 
described earlier*

Table 1$ Different species of insects used for cross-infectivity teste
sr*

*ITO, Teat insect Family Order Food mater­
ial used

g%
 m

 w 
m 

**
• » 

» *
 » 

•
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3.7.2. Tent larvae>

Hewly hatched (0*8 "hoars) and five Say old 

larvae eric g. amioem were «sod for the experiments.

3.7.3. IfcmsM..&&B&8SBS&
3.7.3.1.

Prcm the ©tools suspension of 75 s 10 PIBs/tel 
six serial dilutions Of 37.5© x 107 .. CS^)# 10.75 xlO7 - (Sg) 

9.38 x %Q7 - (S3), 4,69 s 107 * (S^>, 2.34 x 107 - (£%) and 

0.59 x 107 * (S^) ware obtained as indicated in Table 2.

Table 2s Details of the various concentrations used 
against newly hatched larvae

Sr^ source .....''Dilation blank'" Final r ”conoantration ?
So. suspension of sterile distil folum© achieved

tal) lied water added (ml) (PlBs/ral)
to)  

1. 10 S0 io 20 37 • SOxlO7- (S j )

2. 10 Sj 10 20 1S,75x107~(S2)

3. 10 s2 10 20 9.38x107-(S3)

4, 10 S3 10 20 4.69x107-(S4)

3^ 10 84 10 20 2.34x107-(S5)

6. s«s is 20 0.59x107-(S-6)

3.7.3.2.
Prom the stock suspension of 75 x 107 Pl%/fel," 

7 n
throe dilation© of 37.50x10 - <sx), 15,00x10V (sa), and 

71.50x19 -(53) were obtained.



25

Table 3t Details of various concentrations used against 5 day oM larvae

sr*
su#

sourcesuspension
(ml)

Dilution blank of sterile distil­
lled water added(ml)

Finalvolume
fed)

concentration
achieved(PI3s/bl)

1* 20 ss ** 20 75,0atl07«»s
2# 20 as 10 20 37*53c107-S1
3 * a as 12 20 15,0>:107-S2
4#' 2 H 18 , 20 1 #3x10 —Sg

Circular discs or smaller leavae of sunflower
■sere dipped in tbe virus suspensions, dried under fan ana 
were fed to larvae for 48 hours* On subsequent dags 
fresh food « supplied • Each treatment in either ease 
was replicated thrice using 10 larvae per replication*
A control was ale© maintained with equal number of 
replications in both the experiments * The experiments 
were conducted at roan temperature*

j

Larval mortality %m monitored daily until 
all larvae died or pupated* In doubtful eases microscopic 
examinations were conducted by talcing the smears from 
diseased larvae#

The data \mi& subjected to proMt analysis 
(Finney, 10S2) for calculating the values of lc^ 
(concentration required to bill SO per cent mortality) 
and LTgQ (time required to give 50 psr cent mortality) *



3*7*4 Comparison of log X.®^ Baines*

iLog l&gQ values obtained for various consent rations 
against net?ly hatched and five day old larva® were 
compared by ©alloying the ft* test*

the *t# value* for comparing two different concentrations 
wer© calculated by using formulae stated below

^s/ <S*BsI A)2 * Wm SI2 
e tog IiTg^A - log LTg^B 

S*Sd

and ag represent 
atraber of observations used in calculation of i*®^ for 
eagh concentration*

3*0* Field efficacy of B&liotMw wv in comparison with 
other synthetic insecticides against n0 armtorat

3*8*1* Varjefeya
ghafas It is a golden yellow# large seeded 

yielding variety with 10$ days duration*

a*s*2*
the field experiment was conducted during rabl 

19?a*79 at the main farm of College of agriculture,
Farbhani having typical blade cotton soil#

the experiment ms conducted in randomised bloc& 
design with twelve treatments replicated four times* the 
gross and net plot eiaes war© 3*0 x $.0 m and 2*4 x 4*6 m

(d*f *) « to* * n2> - 2# where a.

&«89
*t»
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respectively* Th© spacing maintained was 30 cm between 
the rows ana 20 cm between tbs plants • lb© aeeds were 
dibbled by Biannual labour on 25th November, 1078*

3*8*3. £&Us&Ma bp7«

The details of the insecticides said their dosages 
used in tb© present investigation are given in Table 4.

/The unclear polyhsrdeosls virus was obtained 
by infecting the second instar larvae# from laboratory 
culture. Tbo dead-diseased larva© were allowed to 
putrefy and PlBs were isolated as described earlier*
Tha PIS pellet after final centrifugation was suspended 
in thown volume of water containing 0*1 par cent Tween-ao 
as emulsifier* The PIS count was taben by using baGRiocytometer 
frca this ready-to-use spray suspension*

3*8*4* Aoplicatipn.jaf-inge-ctieide.at
Tim insecticidal sprays war© prepared by 

calculating quantity of formulated product to be 
sprayed on four plots» This quantity of insecticide 
was added to Known volume of water calculated on the 
basis of water required for spraying control plots 
<0*73 litre per plot i*e* 500 litres per hectare).
Spraying was done with hand compression sprayer having 
three litres capacity* The insecticides and virus
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preparation \mm applies# at fruiting stage, when the 
crop was most vulnerable to the $eafc attack.

3*8#S, Hethoaeg jrecQjaing,obgeggatiQna8
t

in order to evaluate the performance of )M 
and insecticides ten plants were selected at random 
from the net plot area before spraying, ihe total 
number of healths' and Infested pods ware counted from 
all ten plants before and after 7 days of spraying and 
at harvest#

She crop ms harvested at the end of season 
and produce obtained from each net plot ms weighed 
separately.

3 #8 #6* statistical analysis s

Th© percentage damaged pods ware calculated 
on the basis of total number of healthy and damaged pods 
at the time of recording observations# She data were 
subjected to statistical analysis after angular transformation•

3 #9# Persistence of BallofeMa BW m foliage of grain a

In order to determine the persistence of 
Eeiiotfols mw on gram, samples ware taken from the field 
where virus was sprayed for field test* The persistence 
of virus was measured at 0, 24, 48, 72 and 96 hours post- 
treatment, Second to third Instar larva© were used for 
this test, larva© were allowed to feed on treated foliage



£or 46 hours# Vtmh food ms supplied thereafter#
Chech ms hept at all the poat-treatraent intervals •
Sach replication consisted of 10 larvae, Which were 
esaiainod dally until death or pupation .

Virus persistence ms espcessed as percentage 
of original activity remitting <0jffit at various samples 
times as suggested hy lgno££o ana Batser <19*71)

Where,
« percentage, mortality of sample..* ioo
percentage mortality at o hours
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Brperimsnts were conducted to study th© 

various aspects of nuclear polyhedrosos virus (HPV) 

infections in gram pod borer# amim ancl
jut® semilooper, ffiiomjft gabolifiera* The findings 
include observations m tbs insect-virus relationship 
and field efficacy of Eteliothla ttPV in comparison with 

other synthetic insecticides •

The results obtained are presented in this 

Chapter under tbe following beads

4*1# symptomatology and natural incidence of disease
4*2* Estimation of number of polyhedral inclusion 

bodies (PXSs) in the diseased larvae

4,3* staining property ana sise of pilyhedra
4*4* Cross-inf activity of EEV of H.amigera and

A* anbulifera to other related and unrelated 
bepidoptera;

4*S* Bioassy of galiotMe. twv for virus activity
4*6* Field efficacy and persistence of BellotMa 

KFV against gram pod bearer on tbs gram,
4*1* SvmtrgBatoloqy and natural incidence of disease a
4*i*i« afetautoflfla aaatem*

the naturally Infected larvae of HsllotMa
armiiaara did not show any symptoms in the early instate 
and fed wall* Mill© approaching last instar* they became 
sluggish ana stopped feeding* Colour of the diseased 

larvae changed slightly on ventral side* which became



32

creamy whit© as against normal shining green of the 
"healthy larvae* some of the larvae also exhibited the 
tendency of moving to tops of the plastic containers 
ana died by hanging in a characteristic way# soon 
after the death, integument became brown or black and 
ruptured with slightest toodh, liberating whitish 
brown contents (Fig.D*

l$ien the newly hatched larvae were fed on sunflower 
contaminated with P2Bs , they remained smaller and appeared 
ashy whit©* Th© larvae died in 4 to 5 days* Hi© skin of 
such larvae also became fragile and ruptured easily*

No ©sternal symptoms of the disease were 
observed in the infected pupae but infected pupae failed 
to emerge into moths#

4#1#2• Natural incidence of disease in H. armiacrat

She larval mortality due to disease usually 
appeared in the last insfcar# The average per cent 
mortality due to disease was Hie results
arc presented in Table S*

4*1*3. aa&ais, aateUfacas
Hi© naturally infected larvae did not show 

any apparent symptoms till the disease advanced. The 
larvae generally died in their last Instar. Before 
death, slight changes in th© body colour could be noticed.
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TaMe 9a Vkm natural incidence of nuclear polyhedrosis in H. Mtem
Host-plant
surveyed Date of1collection

Ho. of Ho* Of
larvae larvaecollected died due 

tojm

% mor­tality Meanmorta­lity

14*10.78 52 6 11*9
19.10*78 57 9 IS .3
25.10,78 48 7 14,6 13.20

1.11*78 40 4 10,0
seam 15,12.78 43 7 16*2

20,1.78 23 9 21*7 16,13
23*1.78 27 3 11*1

7h© ventral side of the larvae became slightly yellowish 
white in colour as against green in healthy ones» ttha 
infectea larva© feecama sluggish only just before death 
&m some of the larvae died in a characteristic way of 
hanging from the top of the container by their prolegs , 
integument also became fragile and holy contents oocod 
out with slightest touch {Pig,2 >«

art ificlally infected 3rd instar larvae showed 
similar symptoms and died in 4 to 9 days* tiblle the 
newly hatched larv© remained smaller, became chalhy white 
and died in 3 to 4 days •





34

10.
11.
IS*
13.
14.

15.

3237 3.273

2602 2.602

2t37 2.137

2383 2.383
280S 2.895

3563 3.563

2116 2.116

3113 3.113

2491 2.491

2680 2.630

3880 3.839

2439 2.439
2835 2.835

2499 2.499

too

too
too

too
too
too

too
too
too
too
too
too
too
too

4.2. Estimation of number of polyhedral InclusIon bodies 
(PSBs) in the diseased larvae a

file Table 6 ana 7 represent the ntmbor of PIBo 

estimated per larva In BaliofcMn attttoya and anemia 

WStogttfia^^reagectlvaty*
%bl© 6t Jiaeisoc3?tom©ter count of KSBs from diseased 

larva© of S. amlflMBL
Sr. Total volume Dilution fatal Ko. of Estimated
ho. of extract PlBa counted no. of 0

in 10 KBIT pibsx icr
i a- 3 4 5

1# tOO 20 2053 2.053

M «
O

* W
0>

 UJ
• *

*
r*

CD

O
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1 2 3 4 5

15* 100 10 3630 3*630

17. too 10 2250 2*250

19* 100 10 2574 2*574

19# 100 10 1122 1*112

20 100 10 1353 1.353

21# 100 10 1054 1.054

22# 100 10 2017 2*917

23# 100 10 3303 3*303

24# 100 10 2042 2 #842

25# 100 10 2139 2.159

•Pablo 7« HaemocFtorneter count of PiBs frca diseased larvae
om h* aa^Wssa

Sr*
no*

•Petal volnme 
of extract

Dilution Total no# of 
PlBs counted
in 10 anr

Estimated llod 
of PIBs x 109

i 100 10 3729 3.729
2* 100 10 1271 1.271
3.

i
100 10 1738 1*738

4. 100 10 3071 3.071
5* 100 10 3112 3.112
6* 100 10 12S0 1.250
7. 100 10 775 0.775
8# 100 10 1373 1*273
9# 100 10 2222 2.222

10* 100 to 1443 1*443
11» 100 10 2250 2*250
12* 100 10 3031 3.031
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The estimated ntaabcir of PIBs in the larvae
A Q

of H. armigera ranged from 1*055 x 10 to 3*880 x 10
with an average of 2*570 ± 0*701 x 10^ and in

i\* -aabalifera from 0*773 x 109 to 3*729 x 109 with an
o

average of 2*106 J; 0*903 x 10 •

4*3. stainino osxmegfc^ml^Age„of..i3ofeaiei.gat

©te polyhoaea stained pink red when pro-treated
<

with 1 H Bd *»hi2© those without add treatment remln&i 

unstained•

si*e of polyhedral inclusion bodies of 

&• gabulAfppa sagged from 1*85 to 4*80 pa with an average 

of 3*33 i: 0*612 pm* Fifty-five percent FIBs war© in the 

range of 3*01 to 4 *00 pm (Table 8 and Fig.3)

Table @t Frequency distribution of diameter of PIBs of
iu fiafeattfaiaa.

SE* biamter in microir -Frequency Mean diameter
A M m.ani r3*i* IPB3*c5J*\5flE*'

X* 1^00 mm 1*50 0

2. 1*51 •** 2*00 1 -

3* 2*01 - 2.50 8

4* 2*51 «• 3.00 20

s* 3*01 «•» 3.30 33 3*33 >± 0*612

S* 3.51 - 4.00 22

7* 4*01 **> 4.50 15

3* 4.51 mm 5.00 1
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4»4* Cross injectivity of EtPV of H* amloera ana
IU "salattlifera to relate igureiatasa leoiaoptera

The results of laboratory experiments xdLth twv 

of 1* amimss, to infect the larve of &• mMlfeCtt <(3cu>

aacffila £tesc* &pgfla*».Qca Ii&»Ea <*•)# ItoffifeAa ehiltm (w*>
ana HgraaSla sp. ana that of *. to the

S« a* Msm* &* MSsim* U» a&Ustaa «na
fci& sp* are presented In Table 9 (&> ana <b).

*ahle 9 <a)|. Crcss«4nf activity of W?7 of i|* ^rttd^ra 
to other Lepidoptora

Sr*
HO* 5fe©t insect m* of 

larva©
ritortality due to
VisuB Proto- uttJctio«n 

soa

lnf«T
ctl-
vity

4» flncmis gabulifera

2.

3*
4,
S*
e*

£a £iasa

.^ac^ppAro IMawa. 
BteBKtete a&Lkffti 
BiaaafifeAa sp*

(coatjcontrol)aaBteasa.

so ** ' i
mt 3 -V®

20 4 - -V©

20 «■> - «* -y©

SO - 13 ** -V©

20 «* *» -V©

20 20 ** 4# +Ve
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Table 9 lb) i Cross-ineffecfeivity of SW of &• gatuliff^ra to other Lepidoptera
C5— Test Insect Ko~o£ Mortality duo to Infe-

larva vims proto-, bact- unknownsoa erla V1 7

1* ar&rte ilsss. 20 5 - 1 -VS
2. ustofegsm 2i&m 20 mm «w • -ve
3* ,0aliaEMg, saatem 20 - ~ 2 3 ~ve
4* gjacsiaia sM&aaai so 1 - U mm -ve
5* %roaatf& aa* 20 VO mm 3 -V©
6* asgaia saba&ifea 20{control) 20 mm «* 4V0

Tb© results indicated that the WPV o£ |j, artn^ 
and &* sabalifera sere not cross-infective to the species 
tested. There ■were no detectable symptoms of polyhedrosis 
a«S no death occurred due to virus*

in the case of &LacP.isia gfe&ggSfl. fed <» **» SPV 
of and Ancmio 13 and il larvea were died due to
probosoan disease* respectively* On microscopic examination 
on the smears of dead larvae the minute oval spores in 
huge numbers ware observed*

Similarly in case of h. flava fed on Heliothia 
and anemia. nm, fair and five larvae died due to 
protozoan disease, respectively* On microscopic examination 
oval spores in huge numbers similar to those observed in 
U* g&UcSa. ^ere observed*
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In the case of n* amicera fed on SW
tw larvae ©uteunbsd to protozoa and three to bacterial 
infection# On microscopic examination oval minuto 
spores In hags numbers were obesrved in protozoa© diseased 
larvae while in bacterial diseased larvae red shaped 
bacteria were observed#
4 #5 Sioassay of ifeliothiB KPV for virus activityi

4, 5.1, TMo»mort ality studies $

Hi© time-mortality data on newly hatched and five 
day old larva© fed on different concent rat ions of FZBe 
for 48 hours are presented in Zable lg> and 11 and graphically 
depicted in Figure 4 and 5#

it will be seen from these tables that the range 
of concentrations tested against newly hatched larvae

n 1was from 0«S9 x 10 to 37*50x10 where as it was from 
7 71#S0 x 10 to 75.00x10' for five day old larvae#

The values of calculated for newly hatched 
larva© when fed on various concentrations viz# 37.50xl07, 
1S,7Sx107# 9.38x10^, 4.69x10^ and 2#34x16^ were 3.43,
3 #84, 3*38, 6*33 and 8#75 days, respectively (Table 12 
and Fig .6).

The liTg^ value for 0 #59x10^ concentration could 
not be worted out as maximum percentage mortality obtained 
we® only 43 par cent.
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LEGES®

TIiSE I £)RTALITYXURVES FOR FIVE DAY OLD LARVAE
Tuavas® mutt tchblekt cokcbntratioks.
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Similarly th© values ware calculated for 
five day old larvae when fed on various concentrations 
vis* 75,0 x 107* 37,5 x 107 and XS*o x xo7, to results 
of Id?50 values with fiducial limits are presented in 
Table 13 and graphically depicted in Fig,7,

The values for various concentrations tested 
wore 4.37, 5,15 and 7*91 days respectively,

The values of l/fgg for concentration 1,50 x 107 
could not h@ prised oat as maximum percentage mortality 
obtained was only 41*05 par cent*

4*5,2* Dosage^mortality studies!

The data presented in Table 10 and 11 tser© also 
used to calculate the values for newly hatched and 
five day old larvae* Th© valves of hC^j along with 
fiducial limits were given in Table 14 and depicted in 
Fig*0*

The hc^0 values calculated for newly hatched and 
five day old larvae were 0*831 x 107 and 2*862 n 107 
respectively.
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4*6* Field efficacy ana persistence of ffeliothlg HPF 
against gran pod borer on grama

a) Etel4.flfflice.fi2i .gOBsSfr
Efficacy of HeliotMs npf and various insecticide* 

was studied fey taking in to consideration the following 
parameters

4,6.1 * percentage infestation of pods fey M* anaieiega
4.6.2, Effect of HFF and insecticides on the yield
4.6*1. Percentage infestation of pods fey a-sliothls amloe.rai

Before spraying the crop# infestation observed
\

in differ ant plots was recorded# The results are 
presented in Table IS.

Results indicated that there was no significant 
differences amongst the treatments before the application 
of Hgliothia &W and insecticides indicating thereby 
uniform past infestation throughout the experimental area,

4.6.1.2. Pj^s^treatment^n£estaMon,gQunta

observations recorded on the infestation of pole 
after 7 days of treatment are presented in 'Pablo 16.

It is evident fhat tbs mUothla WW and all 
insecticidal treatments were significantly st^erior over 
control in reducing the infestation of the pod borer.
However, th© lowest percentage pod damage 0,64 per cent
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Tahle 15* Pre-coimt observations on the pod damage fey 
H» armioera in different treatments

Treatments Ouantity 
of a.i./fea

Per cent pod damaged 
Kenlicatlona

Wean
per

I It 121 IV cent

Sndosuifaa
0,07% (BC)

350 ol 11.88
(20.09)

12.08
(20.27)

8*01
(16.43)

8.15
(16,54)

10.03
(13.33)

Phosalcans0.05% (EC)
233 ml 3.37

(10.47)
4.00 

(It.54)
6,35
(14.34)

11.65
(19.91)

6.34
(14.11)

guinalpho©
0 .05% (SC)

250 ml 3 .37 
(10.78)

8.54
(16,95)

9.39
(17.76)

11.05
(19.46)

0.14
(16.22)

Fenfialerate
o.oas%(sc)

66 ml 7.41
(1S.79)

, 5.71 (13.81)
5.59 
(13.56) , 7.94 (16.22)

6.64
(14.84)

Feavalerat©
0 .03% (SC) 132 tax 5.95 

(14 *06)
7.71

(16.11)
7.79

(16.11)
18.66
(25.55)

10.03 
(17 .45)

carbaryi
0.02% (WP) looo g 9.01

(17.46)
10.75
(19.09)

9.09
(17.46)

6.03 
(14.18 )

9.72
(17.04)

XJ3PT 0.1% (T'lP) S00 g 8.4S
(16^55

8.46
(16.S5) 5.47

(13.44) , 9.17 (18.34) 7.90(16.37)
Ouinalphos
1.3% (dost)

300 g 4.75
(12.52)

7.44
(15.79)

5.38
(13.31)

13.61
(21.64)

7.79
(15.81 r

SBC 10% (dust) 2000 g 9.75
(13.15) 3.20

(10.30)
7.09

(15.34)
9.16

(17.56) 7.30
(15.33)

Parathion 2% (dust) 400 g 4.35
(12.66)

7.53
(15.98)

7.79
(16,11)

7.71
(16.11)

6.97
(15.19)

HeliotMo HP8 2.52x10° PIBb/ 
ml

4.76
(12.52)

7.55
(15.39)

4.39
(12.56)

14.03
(21.97)

7.18
(15.76)

control 7.90 5.84
(16.32 )(13.94)

9.38
(18.24)

10.16 
(IS .S3)

3 .45
(16.75)

s*s, £ 1 .430
CJD. ( P « 0.051 4.1

Figure© in parenthesis are transformed value©



liable 16* Effect of HW aM insecticides on the pod damage 
tr 1. amtom em gram 7 days after application

Per cent pod damaged 
Replications

Kean
per
centI 11 III 17

Easofulfan 3S0 ml 0*08 0.76 0.78 0*95 0.84
O.OTfS (SC) (5.44) (4.80) (4.80) (5.13) (5.04)
Phasalone 233 ml 0.77 1.86 1*66 1.60 1.47
O.OSSMBC) <4.80) (7.71) (7.27) (7.27) (€.76)
aainaiphos0.05& Ibg) 250 ml 0.08 0.66 0.57 1.40 0.90

CS.44) (4.44) (4,05) (6.80) (5.18)
Femralerafce 66 ml 1*20 1.90 1.69 1.91 1.700.0155S (SC) (6*29) (7.92) (7.27) (7.92) (7.25)
ronvalerate 132 ml 0*65 0.50 0.58 0.81 0.64
0*03% (SC) (4.44) (4*051 (4.05) (5.13) (4,41)
Carharyi0.2& (wp) 1000 g 0.64 1.68 1.S6 1.37 1.31(4 .44) (7.27) (7.03) (6.55) (6.32)
urn o.is& W) 300 g 2.28 3US8 1*45 1*79 1.78

(8.S3) (7.03) (6.00) (7.49) (7.46)
ooinelphos 300 g 0*99 2.40 3.18 2.80 2.34
tm$% clast) (5*94) (8.91) (10.14) (9.63) (8.53)
BHC 10’i (dast) 2000 g 2.03 2.50 2.SO 1.52 2.14

(a.«) (9*10) (9*10) (7.03) (8.34)
Parathion 254 400 g 1.31 1.89 1.88 2.11 1.80(dust) (6.65) (7.71) (7.71) (8.33) (7.57)
mus^sMSf^pv 2.52 k 10dP2Bs/ 
ml

1.78 1.88 0.52 1.27 1.36(7,49) (7.71) (4,03) (6,29) (6.38)

control 6.60 4.30 6.63 6.S0 6.01(14.89) (11.97) (14.89) (14.79) (14,13)

S«S# J;
C«D» ( F m 0.05)

0.599
1.72

Figures in the parenthesis are transformed values
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was observed in plots treated with feftvalerate 0.03 
per cent. «?he treatments fenvalerate 0.03 par cent, 
©ndosulfan 0*0? per cent, and guinalphos 0.05 per cent 
ware at par with each other and significantly superior to 
control*

asliothis HPV treatment was at par with 
treatments carbaryl. 0.2 per cent, phosalone 0*05 per cent, 
fenvalerat® 0.015 per cent, xsff 0.1 per cent, parathlon 
d«st 20 hg/ha* It was fifth in the order of superiority 
in reducing tha infestation of pods by pod borers.

Observations recorded on the pod damage at 
tha tisse harvest are presented in Table 17 and graphically

t

depicted in Pig*.g.

The results indicated that Heliothis KPV 
and all insecticidal treatments ware significantly superior 
to control. Treatments with fenvalerate 0*03 per cent, 
endooulfan 0.07 per cent and quinalphos 0*05 per cent 
were at par with each other and superior Over rest of 
the treatments.

4.6.2.

The data on yield obtained in various treatments 
are given in Table 18.

Results indicated that all the treatments were 
significantly superior to control in increasing ths yields • 
Bndosulfan 0.07 per cent, fenvalerat© 0.03 per cent.



Table 171 Comparative efficacy of SF7 and insecticides on tb© poet damage by H, armlgara at harvest

*«*-*■ a Per cent pods damaged 
Replications

man
per

1 11 III 27 * cent

sndosulfon 380 m 1*99 1*79 0.79 1.44 1.50
0*0?% ISC) I? *92) (7.49) (4*80) (3 .S3) (5.96)
Pfeosaldne 233 ml 1*1? 1.66 3*26 2*4$ 2.14
0.05% (SC) (6.02) (7*27) (10.30) (8,91) (3.12)
cminalphos o *os% Iso 250 ml 1*1? 1.S0 1.4? 1.44 1.42

(6.02) (7.27) (6.80) (3.63) (5.93)
Fenvalsrate 66 ml 1*79 1*95 2.29 2.73 2.190*015% (sc) (7.49) (7.92) (8.S3) (9.46) (S.35)
Fenvalerate 132 ml 0*85 0*77 0.77 0.98 0.840.03% ISC) (15.13) (4*80) (4*80) (S.44) (5,04)
Carbaryl 1000 g 1*93 1*99 1.79 1.47 1.800.2% (tJF) <7.92) (7.93) (7*49) (6.80) (7.53)
EOT 0.1% (HP) 500 g 1.94 2*12 1.47 2.13 1.94

(7 *92) (8.33) (6.80) (8.33) (7,84)
Cainalpbos1*5% (oust)

330 g 1*79 2.42 2.46 2.89 2.39
, C7.49) (8.91) (8.91) ($196) (8,73)

BB0 10% (dust) 2000 g 1.96 2.31 2.33 2.21 2.20(7.92) (8.72) (8.72) (8 .36) (8,47)
Faratbloa 2% 400 g 1.79 2.75 2.47 3.7$ 2.69(dast) (7*49) (9.46) (8.91) (11.09) (9.23)
HBllotME spy 2.18 2.24 1.23 1.79 1*86
2.52 x 108 FIB® (3.S3) (8.33) (6,29) (7.49) (7.66)
par ml* - -

Control 6.60 6.90 7*90 9*81 7,70(14*89) (14*77) (16,32) (18.23) (16,05)

S .S’* »Jj
C.B, 1 P « 0*05)

0.640
1.84

Figures in parenthis are transformed values*
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/

Table IBs Yi©B <3ata of gram in q/ha
N

*mnm*n, in * w.r»i> <

Treatments Oaantity of a.l./ha *"
X

YieM An cr/ha
Replications XX XXI XV

SIean

Endosnlfan0.07$ tec)
3 SO ml 22.64 10,92 23.64 18,11 20.02

Fhosalone o #05*5 Cbc) 23$ ml 13,58 15.38 18,11 18,11 16,29

Ouinalphos0.05$ TSG| m ml 19.02 20*83 15,83 '21*93 19,35

Fenvalerato 
0*015$ ®C)

66 ml 13*58 16.30 18,11 17,21 16.30

Vonvaleeato 0.03$ (BO) 132 ml 22,64 18.11 21,73 20.83 20,82

Garbanrl0.2$ lOOO g 15,85 13,38 , 18,11 18^11 16.41

DDT 0*2$ (IIP) Soo ,g 18.11 19*02 20,83 18,11 19,01

onlaal^ios 
t*m teat)

300 g 15,85 12.68 16.39 17,21 15.52

SBC 10$ (Dtisfc) 2000 g 13,58 10.86 13.39 15,39 13.80

paratMon2$ test) 400 g 13.58 10,86 15,39 13,59 13.35

mliofcW. SW
2.52 X 108 
PXBs/ral

18.11 19,02 18.11 20*83 19,01

Control 8,03 £0,86 9.0S 10,80 9.9S

S*B# 0*S9t
G.D, < P « 0.05) 2.56



gsiisIaa#aos 0.05 par cent, ODT o.i par cent and 
HaiiofeMs MW t*ere found to b® better than rest of 
the treatments »
bl Persistence of Bfeliotfois MW on graft a

The persistence of HeliotMs sw m© studied 
by feeding the samples of MW sprayed gram leave© 
collected at 0# 24, 48. 78 and 06 boors interval, lbs 
results obtained are presented in Table 19*
Table 10s persistence of Esllothis HW on gram foliage
Fost-treat- ment sail­ing inter­vale*

Percent larval mortality dueto tm
Replication©

tan
mor-tilty

0J3&*

X XI 11
0 hr. 70 90 80 s§ 4NB

24 hr©. SO 70 80 7o 87 .5

48 has. SO 40 60 so 62.5

72 hr©. 40 20 30 m
!
37.3

98 hr©* 10 30 20 20 25.0

* OSR « Original activity Remaining

From the data it i© apparent that the virus 
activity reduced with time* The vain© for original 
activity remaining (0J\8) ware 07.5. 82*5, 37 ,S and 25.0 
per cent at 24. 48, 72 and 96 hour© respectively.

***
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CHAPTER V
DISCUSSlOW

ta the parent Investigations studies wore 
conducted to understand the iasect-viros relationship 
of nuclear polyhedrosis virus (IWP) infections in jute 
semiloppor fonanls s&hulifera <€usnea) and gram pod borer 
Beliothia armlgera {Hubner) and field efficacy of 
Bsliothla SSV, The results obtained are discussed in 
th® light of available literature under the following 
headings
£•!• Symptomatology and natural incidence of disease 
S«2. size, staining property and count of PIBg 
5*3, CScoss-lnfectivity tests 
5*4, Bloasey of
5,5. Field efficacy and persistence of Baliothie WPV 

against a* amloora on gram

5,1 * Symptomatology and natural incidence of disease«

The diagnostic symptoms of any disease are 
important to distinguish it from other similar types of 
maladies • The well bnown **t^Lpfelhranhhsit*' characteristic 
way in which the polyhedral virus affected larva© hang 
from support was the common syn^jtom observed in the 
larvae of &. aantexa. aod galMU^XSL 1 & 2)



54

Patel (1968) were the first to report
the symptomatology of nuclear polyhedrasls in the 
laboratory culture of jj, aflajaera. from India* They 
observed that the affects larvae became paralysed 
and the integument became soft and brown or black*
Similar symptoms were also described by Jacob and 
Subramaniam (1972) from Coimbatore.

In the present studies* to artificially 
infected larvae the symptoms differed sll#itly# His 
infected larva© remained considerably smaller, became 
cramy white, fed very little and usually died showing 
wilting symptoms in both the eases*

The nuclear polyhedrosis virus disease 
of aMKte -6we noticed from the batches of

j

larvae collected from Jute fields reported to be heavily 
infested with this insect* Though the initial periodic 
collections of jute semHooper did not show any 
incidence of virus infection# the later collection during 
the month of september-Ootobsr, l<378 invariably showed 
the larvae infected with MfW* Ho previous report is 
available on the nuclear polyhedrosis virus infection 
of &• sabalifera. and hence this seem to be- the first 
report# iSJwever# Bishop ana Blood (1977) have reported 
the occurrence of nuclear polyhedrosis in &• flava from 
Queensland, /U^tralia*

v



ss

Eamlorishaan and Ktonar (1977) reviews the -statue of 
microbial infection in insect pests in India,
According to them so far only 12 species of insects are 
reported to have Baculovirue infections# Recently 
wagbaare (1977) reported ffW infections in Tridhoplugia nl 
serigoea capons is and Hsliothi® armigera from Maharashtra,
India#

SafoBSUand Srivastava (1975) also reported HW 
infections in rice stem borer (Narnia Inferens (w.) 
istesstop am «» rla& Skipper
Smm^xss&Ms&

Tttm symptoms of SW infections observed in 
Anomie aabulAfarai were similar to those observed by 
earlier workers#

The information on natural incidence of HP9 
infections reported from India is generally lacking.
In tbs present studies wa attempted to gather information 
on this aspect by periodic collections of larvae of 
H« armicera from its two major host plants i«e# grhar 
and gram# These host plants were selected for study as 
very little pesticides are applied to those crops and 
there is considerable potential in developing microbial 
control of M* smiS&m for these crops#

Th© natural incidence of Hsliothia hw 
on ftrhar and gram was 13*20 am 16*30 per cent respectively



(Sable 5)« Waghmare (1977) studied th© natural incidence 

of SSsliothls 8W tan gram gimflowar* beans# psas ana 

miss©* H© observed that the disease incidence varied 

is different food plants* m attributed th© differences 

to the variation is the inoculum of the vims present 

in nature*

Pawar and Ramhrishnm (1971) reported that the 

natural incidence of £* litura was 41 per cent*

5*2* Slse* staining property and count of PIBas

She ma of 4* aabtillfera stained pinkish 

red after pre-treatment with acid, This staining property 

of PXBs with Giemsa stain confirmed that the virus 

isolated from this species belongs to the group of 

nuclear polyhedrosis virus# which i© also classified 

as subgroup a of the genus Baculovirus (David, 1973) •

Th® nuclear poijhedrosls virus Inclusion bodies 

differ considerably in size frem species to species and 

also within the earn© spgoies and range from 0*5 to 15*0 

un in diameter (Bergold, 1963) 4 Thus the observation© 

made in the present studios on the PIS sis© of 4# aabulifera, 

whidh was 3*33 ± 0*612 urn corborate Bergolds generalisation.



$he number of polyhedral inclusion bodies 

harvested froa naturally infected Anomls sabalifera 

aiifi a&.liQtbjg. armlgera larva© were estimated to range 
from 0.77Sxl09 to 3.729xl09 and l.OSSxlO9 to 3.8<30xi09 

with an average of 2.10C& O*9O3xl09 and 2 »57Q*0 .701xl09« 

respectively.

Ignoffo (1966) reported that one disease# 

last instar larva of S**J3ga eoald yield from 6 to 24 

billions FXBs with an average of 15 billion. Ignoffo 

and Graces (1969) defined on© larval equivalent (ls) 
or larval unit iw) m 6xl09 9ZSg« Accordingly# tbs 

fully grown final instar diseased larva© of &* sabalifera 

and s» pmtftexs, gave 0.35 and 0.43 larval equivalents. 

Thus these estimated yields am relatively very low. 

However, similar results were Obtained by Fawar and 

Banikristeaa (1971) in the case of & * litura. yhe number 
of FIBs estimated in larva on an average was 1*96,+0.60xl09

Q
with minimum and maximum of 0.6 and 3.23x10 pzbb 

respectively.

Narayanan gfc, a^. (1970) observed yields of
* f rt

inclusion bodies ranging from 0.3S to 9.78x10 in case

^be relatively low yields o£ PXBs Obtained in 

the present studies could be attributed to the fact that 

the larva© bad natural inoculum which might he
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considerably lot?# considerably high yields obtained 
by Narayanan g& s&« (1978) were da© to Mgber dosages 
of virus fed to tbs larvae of &« alblatrlcra.

S*3# QrQagffdnfiaefclVifag.. teste.*
'aba specificity of an Insect vitas is of interest 

in relation to tbs range of peats it might control# tbs 
effect m beneficial insects and wore broadly in 
relation to basssards for man and animals# TMs subject 
bas been eKtensively reviewed Msawa (1963) and Igncffo 
(1968), 1973# 1975)«

In tbs present studies tbs HPV of ft-sabulifera 
and M*. ««alf»9tq. t®r© not coarse infective to other species 
tested« SOne of all the species besides anemia sabolifsra 
and MtoMa arraicera. Th®y w£re also not cross-infective 
between themselves • however, death in seme case appeared 
due to bacterial and protozoan infections (Table-9) •

Those results are similar to those reported 
by earlier wedeers# (Kajmohan and Jayra5#i97S? &mmr 
and Bamkrishnan, 1971? Canerday# 1968). However, 
there are also report of successful cross-transraission 
of KW among insects# Tfoare ar© Sower reports of 
transfamillal and only three reports of transordinal 
transmission (lgnoffo#1975) . Succesful cross transmission
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of alfalfa looper, Mtoj^apha. gallfmiaga. to otter 

lepidopterous tests llte Ei# sm§SS^@$.%
exigua, Haticremepe acriea, Beltoti is sea, Bacculatrlx

ao3 aafegUa xslltetella. (Vail ana Jay, 1973) 

Diaparopsis waters! (Roths) (Jacguemard and Delattre, 1977)

and Diatraea granaiosella (Davie and Siterowshi# 1978) 

have teen reported* *

5*4 «

ouaatiative determination of tnterinstar

• susceptibility of llpidopterous species has teen 

mainly restricted to subgroup h, nuclear pciytedrosls 

vim©. In general, younger larvae are more susceptible 

to Baculovirus infection than nature larvae (Httnter 

and Hall# 1968? Pawar and Raifficrishnan# 1975) •

range of interinstar susceptibility appears 

to te dependent cm the particular insect-virus system. 

Pawar and Rsarikrlshnan (1975) demonstrated that newly 

hatched larfae were 40 times more susceptible than 

five day old larvae to HPV* Similarly Magnoler (1975) 

reported that third instar Malacosoma larvae war© twice 

as susceptible to an HPV as fourth instar larvae*

m the present studies the time mortality 

and dosage mortality study with newly hatched and five 

day old larvae indicated that the mortality increased with 

dosages tdiile the incubation period (time taken from 

infection to five par cent mortality due to KPV)and i/P^
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(Time required to obtain SOS mortality! decreased
{%b|e 10, & 11).

The «t* values for testing the differences 
between the LTSq values obtained with various concentrations 
are presented in Table 19* 3t is evident that all the 

valll<3e of respective concentration differed 
significantly for both the stages* The Table 20 gives 
ths I^CgQ# UyQ and values for both newly hatched 
and five day old larvae along with respective fiducial 
limits • ICgg values were 0*831x10? aand 2*862.10? 

respectively from newly hatched and five day old larvae*
The upper fiducial limit of newly hatched and lower 
fuducial level for ^fiyeday old larvae overlapped 
considerably# indicating thereby that possibly there was 
little difference in the response of two larval stages* 
Conversely at the 1/0^ level thare was no overlap in the 
fiducial limit and about S fold difference in tbs 
response of two instars* Thus the five day old larva© 
were relatively more resistant to virus disease than 
neonate larvae* Because of their increased mass, populations 
of five day old larvae probably require large amount of 
virus to cause disease than did newly hatched larvae*
If there was no physiological differences between these 
two stages the quanta! responses with virus should have 
been similar* Apparently, there were significant
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phyeiologi cm 1 differences which. affected susceptibi lity 
to virus in the ease of these two stages studies.

5.3. Field efficacy and persistence of BaliotMs BP? 
against jfc aafejaBa. ,«*. fF9**8

In tbs present studies it was found that the 
tlPV (2.52x10® PIBs/ial) and aH insecticidal treatments 
were effective in reducing the infestation of pods at 
both observation intervals i.e. 7 days and at harvest 
(Sable IS & 17).

treatments, fenvalerate 0,03 per cent* endosulfan 
0.07 per cent, and quinalphos 0.05 per cent were at par 
*rith each other and significantly superior over rest of 
the treatments.

Heliofhis SPV treatment was superior over the 
treatment BBC and guinalphos dust in reducing infestation 
and over carbaryl 0.1 per cent, fenvalerat© 0.015 per cent, 
phosalone 0.0S per cent ,i,culnslphos dust, BBC dust and 
parethion dust, recording higher yields. It was 
fifth in the order of superiority in reducing the infestation 
of pods*

Saxena gt g^*: (1071) reported that two sprays 
at fortnightly interval with 0.07 par cent endosulfan 
proved effective in reducing the infestations of gram 
pod borer from 0,3 per cent to 5.3 per cent, similar 
results were obtained by most of the earlier worhers.
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(Singh ana slngh# 1973? Shbarla and Putta, 1975# 
Balasnbraraaniaro et al# 1976) .Shetgar# (1977) repotted 
that guinalphos 350 g a.i./ha eteehsd tbs infestation
of pods by pod borers and also gave high fields*

\

hXten et al« (1966) made comparison between 
field application of Bsliothie WW on cotton at dosages 
of 12 x 10** to 6 x 10** Pias/acre and Toxaphane/>DT/ 
Methyl paratMon at 2 *0/1 *0/1 *4 lb per acre for control 
of infestation of wsllothis. egg and larval stages, 
induction in infestation levels of the 8PV and chemicaliv 
treated plots were essentially the same*

Meet of the earlier workers found that Haliothls 
SP7 ms as effective was standard insecticide (andrem 

§£* 1975? Rome, 1975# Bull js& al- 1976? Unicode# 1973)

However# Champraan aid Bell (1967) indicated 
that the Hellothis HPV at dosages of 6x10** and Ssth2'
PXB& per acre was effective as good m or letter than 
tbs insecticide treatTOnts with endrln/DDT/teethyl 
parathion at 0.4/1.0/1.5 lb per acre and tosagfeane/OBK/ 
methyl paratMon at 2.0/1.0/0.5 lb per acre.

It Is well Imown that biological insecticides 
lib© Bacnlviruses are Inactivlted by factors liha tJV light# 
pH# high temperature etc. Sunlight has bean particularly
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shown to inactivate the viruses (Ignoffo ana Bat seer, 1971.) •

In tha proseat study the virus activity was 
lost by about 12 * 5 per sent within 24 hours and 75 
per cent by fourth day# Yhes© findings corroborate 
with the earlier reports (Yearin and Young, 1976, Young 
and Yearian, 1976 and Mahodo, 1979)•

*«*



CHAPTER VI

X
I
I
I
I
I
I
X
X
X
I
I
I
t
I
I
I
I
X
I
I
X
X
I
I
I

I
X
I



CHassm vi

tfse of microbial pesticides for the control 
of Insect pests is gaining popularity in the recent 
years, $hsy are safe# specific, biodegradable and 
environmentally non-.harra£ul, among the various groups 
of micro-organisms infecting insects, bacteria and 
viruses shot-/ considerable promise.

in the present investigations, laboratory 
studies on tbs nuclear polyhedrosie of gram pod borer, 
B&UP2M& m&fBESl (Htsbaer) ana jut© semlloopsr, imssl& 
sabulifara (Guenee) t»re carried out to understand the 
insect-virus relationship. $he field efficacy and
persistence of Baliothis TJPV me also studied. The

\

observations were sad© aM results obtained are summarised 
below
6,1. She symptoms typical of nuclear polyhedroois 
wore observed in both naturally and artificially infected 
larva© of H, asalcega and &, sabalifera^
■6,2, Vbo nuclear polyhedroeis virus of Atimta
aa&U&tea is reported for the first time,
6,3, Th© natural incidence of the disease in 
S« amioera was 13.20 and 16,13 in the larvae collected 
periodically from the fields of arbar and gram.
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6*4* The polyhedral inclusion bodies estfcaated 

in H* arraic^ga ranged from 1*055x10 to 3*88x10 with 
an average of 2*530 ± 0*70x10® ^bil© in case of

*t*

&* aabulAfera ranged from Q*77Sxl09 to 3*729x10 with 
an average of 2.106 £ 0 *903x10® •

6*5* sis© of polyhedral inclusion bodies of 

4* .aabnlifiem ranged from I.S5 to 4.80 am with an 

average of 3*33 £ 0*612 urn* Fifty-five per cent PIBs 

■were in the rang® of 3.01 to 4*00 um. The staining 

property of the PIBs revealed that the virus belongs to 

the group of nuclear polyhedrosls viruses.

6.6* The cross-infecfcivlty of both the Ws to tbs 

larva© of Momis flava* spodosfcera litura* Qiacrisia 

oMijaua, and gunroctis were negative. The cross- 

infectivity tests of aedlcftfrtft, ww to &* gflafllfisasa and 
vice-versa also proved negative.

6.7. The laboratory bloassay t*as conducted for 

HeliotMa HPV using newly hatched and five day old larvae 

as test insect. In general, the mortality of the larvae 

increased with increase in dosages and the ITg^ values 

decreased with increase in dosages* The values of 
for newly hatched larva© fed on 37*S0xl07, I8*75xl07, 

9*38xl07, 4*69xl07 and 2*34xl07 concentrations were 

3.43, 3*83, 5*37, 6*33 and 8.76 days respectively*
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tfhil© in the ces© of five days old larvae the values 
were 4,37, 5*15 ana 7*91 days respectively, for 75*0xl07, 
37.Sxl07 ana iS.OxlO7 concentration.

The LTgg values calculated for newly hatched
7 7and five day old larvae wore 0*83ssl0f and 2*862x10 ,

i

respectively* 25ms the newly hatched larvae were 3*5 
time© more susceptible than five day old larvae#
6*S* Efficacy of Efealiothls HP7 and other synthetic 
insecticides was evaluated for the control of gram pod 
borer# She treatments included mower© fenvalerate 0*03 
and 0*015 per cent a *4* * endosuifan 0#07 per cent a#i*, 
qutoaljhos 0#0S per cent a«i», phogalone 0#0S per cent 
a*i*, carbaryl 0.2 per cent a*i*, EDO? 0#1 per cent a«i# 
Haltothis X7FV 2*S2xl08 PIBs/ial, quin alpha? 1#5 par cent 
dust, BBC 10 per cent dust and parathlon 2 per cent dust 
Call dust formulation were applied at the rate of 20 hg/ha)»

It was found that the fenvalerate 0#03 per cent 
a*i*, ©ndosulfan 0*07 par cent a*i# and quinalphos o.os 
per cent ai.i. were most effective then rest of the 
treatment# mliothis BSV was fifth In tho order of 
superiority both In reducing the pod damage and increasing 
the yield#
6 #9 Persistence of Ballot Ms HfV was found to
decrease with time. The original activity remaining fo&t) 
values wore 87*5, 62*5, 37*5 and 25*0 per cent at 0, 24,
48, 72 and 96 hours, respectively#
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