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NHTRODUCT

Intenaive evaluation of microbial pesticides is
taking place at present in many comntries throughout the
werld, The interest in microbial pesticides has expanded
bocause of problems such as insect pest resistance,
emergence of cecondary pest, toxic residues and high
costs that have developsd with the use of chemical
insecticides. Hore than 1000 micro-organicms vizg
bacteria, viruses, fungl, protomea, nematodes ete, are
assoclated with insect pests which could be develored as
potential microbial incectieides, Towevar, of all thesge
groupe of mierc-ordanisms, bacteria and wviruses occupy
an important position in mierobial control (Ignoffo,1970).

Of the major geven groups of inseect virusas,
the genus Baculovirus is the most predominant. This
grenp comprises of nuclear polyhedrosisz {(Subtype 2) and
granulosis virvses (Subtype B), More than 284 nuclesr
polyhedrosis viruses (IPV) have been reported from the
specles of lepidoptera, Hymenoptera and Diptera (David,1975).
Baculoviruses appear to have no chemical, physical er
biological propertios in common with any ¥nown virus
found eitior in vertebrates or plants, It vas for
this reason the W0 and FAO jointly reconmended that
only Baculovirus group shonld be concidered as possible
pesticidal agents (Tinpley, 1976),



Many organizations with agricultural misgions
have rectgnised arthropod viruses as an important
component of pest managemsnt strategies, Mud of the
interect in utilizing these virupes for insect and
mite control has been stimlated by research results
that have indicated that srihropod viruses arve (a)
selective, gafe, ecavirommentally non.disruptive control
agents, ideally suited for use of integrateld control
and otheyr pect management programmes (b) may ald in the
control of pests in case where a cherdcal inﬁactigiaa
ia no longer offective bocauge of pest resitance, (o)
can provide relief in gituations 4in which the use of
an effective pesticide is restricted and (3) could
help reduce the current heavy reliance on chemical
pesticidee (Falcon, 1976},

The gram pod borer, Heliothis zmmidera Hobner
iz one of the obiquitous pest of many important crops
cultlvated all over the world, %The larvae of this pest
feed on a variety of important sultivated plants viz,,
cotton, grem, arbar, sordhm, sunflover, soybean and
lucerne in India,

The cultivation of jute has recently started
in Marathwade region of Maharashtra £or seed purpose.
The jute semilooper, dnomis aaim)ifern (Guenee) has
been obzerved to ks yvery serious post of this eron,

Tt has been reporfted €O be a gspecific pest of this orop.



The damage is caUsed by the caterpillars. They attagk
the top leaves and apieal buds of the plant with the

rogult that side hranches are produced, This resulte
in shortening of fiker (Pruthi, 1969},

In the present study, invectigations were
carried ont on the nuelear polyhedrosis virug infections
in Harmigona end 2, salmlifera in view of the possibilities
of ntilizing these pathogens as an effective controlling
agentse The NPV infection in A. gabulifers is heing
reported for the £irst time, The investigations are
mainly oriented to stuly the inscotevirus relationship
and the £leld efficncy of Heliothia NPV in comparicson
with gynthetic ingecticides agaﬁ.nstf H.pmicers #n orafe

ek
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CHARTER IX

REVIEW OF LITERATURE

With a view to £31) in line with the experiments
conducted in the present stuiies, pertinent lterctwre
hae been surveyed and prescnted in this Chopter under
the following heads

2els Symptons of nuelear polyhedroses

242 Number of polyhedral inclusion boedies (PIBg)
in diseased larvas and size of pelyhedra

243, Crosseinfectivity testa

24k Bloacsay of virue activity

2450 Fileld efficney of NPV and other synthetic
insecticides against He armicera

264 Persistence of NPV under fileld conditions,

214 oma of ar pol S5 3

Bargold (1964) ceneralised the symptoms of
nucleayr polvhedrozes and granuloges in lepidoptera as
follows “the lepidoptercus larvae suffering from these
dlseages sometimen change their colour to a palich
hue, become £laccid, but still move arcund, Siz to
fourtaen daye after infectlon larvae die hanging often
in characteristic way by thelr prolegs from the support,
The skin becomes fragile and ruptures easily releasing
a mlky £luid containing mainly pelyhedra or capsules®,

Patel gt a1, {(1968) observed the incidence of
nuclear polyhedrosis in the laboratory culture of
&



H. soolgeras The dnfected larvae became slugglsh,
gtopped feeding, became paralysed and the integument
becane goft and brown or black, The intornal tissues
disintegrated and liquefied.

Pavar and Remkrishnan (1971) deseribed the
hature of polyhedral diseases of Spodoptera litura (F),
The naturally infected larvae shoved no c:hanée in
appetite during more than 3/4 of the incubation periled,
and symptomg were goenerally obsarved in the last ingtar,
The colour of disecased larvae changed £row aghy white
to light shades of black on dorsal sides. Ventral
ani lateral sides became slight reddish pink in appearance
ag against the green in normal ones. The integument became
fragile and limmefied bhody contents were liberated even
with the slightest touch.

¢« Jacob and Subrseaniam (1972) reportedt hat the
lorvae of red haivy caterpillar, Ammacts albistriaa (W)
exhibited losn of appetite and beecame sluggish in
movement, The colour turned dlrty brown, Death ocourred
in 8-10 days vith dichtegration and liqueficaticn of the
body eontentg.

Patiar and Mathad (1972) roported that Npv
infected larvae of jntborssma mylites (Drury) attached
themgelves by moans of their prelegs to a twig and at
the tinme of death hanged with their head downwards.



The ahterior portion was in & swollen gtate due to
accurmlation of disintegrated boldy contents. They
also emitted a putrefying disagrecable smell
characteristic of nuclear polyhedrosis virus. (Wev),

Yarvee audl size of mlytnﬁr&:

24241 Bumber of polyhedral incluasien bodies in diceaped
daryags

The references on the FIB counts in naturally
infocted dizeaséd larvac are seldom found in literature,

MeBwen ond Hervey (1959) obtained yields of
inolusion bodica Sx10° PIDs/larva or 26x10° PIBa/gram of

larvae of Ixichoblusia nd.

-

Ignoffe (1566) reported that the yield of inclusion
bodies of NPV of H.Zaa averaged 13z10° PIBg/larva f.e.
43x10° PIBs/gram of larva,

Brown and Swaine (1965) obtained 4x10° polyhedra
in the lorvae of Spodapters exempta (Walk).

Pawvar and Ramkrishnan (1971} obtained 210’
PIBz/larva in case of f.liktnrs (),

Harayanan gt 2le« (1978) cobtained vielis of
inclusion bodice ranging from 0,35 to 9.781:109 in
case of groundnut red halry caterpillar, A.alhistrion {(Ualler),

242424 Slze of polyhedral inclusion bodies (PIBc):
Bergold and Flagchentrager (1957) reported tiat

polyhodra of NPV in R.litugn ranged from 1.2 to 3.2 nm

with an average of 1.8 pm,.  UWhile Ramkrishnan and Tivori




{1969} reported that polyhedra vary £rom 2.5 to 4.2

pr under aptical microsecope. Pawar and Ramkrishnan
{1971} roported that the gime of polyhedra varled fraom
046 £O 2,0 jm under both optical ard electron microscope.
Jagob and Subramanian (1972) reported that the polyhedra
ware irpegtlar in ghape and measured on an average

1.86 um in dlamcter with g range of 1.2 to 2.8 il

Jacob and sobramaniam (1972 a) reported that,
the diameter of polyhedra ranged f£rom 0.7 to 1,7 pm
with an average of 1,7 pm in eare of 2. albistrica.

Jacob and Subrgmatiam (1972 b) reported that
tha polghvdral inclusion bodies in ocase of Boliothis
arnigers were irregular in ghape and measured 0.5 to
14 pn in diamter with a mean of 0,89 pme While, tagimere

(1977} reported that polyhedral size of H.amloera
was 215 pn in dlamter,

Pattar and Mathad {1972) reported that the
rolyhedral gize of A.mplittn was 0.53 mm.

Rabindra and Subramaniam {(1975) reported that
the PIbg of Fifinds pebonis in general were found to be
roughly hexagonal and dlameter ranged from 0.64 to
2432 P with a mean of 1,25 & 0,05 pm,

Hordin and Zouciao (1978) reported that the

polyhedral size of Bigkon betmlarls cogmatards was found
to be 2.97 pm in dlameter.



™

243, Crosseinfectivity teckas

Ingsct virtses ha;ua been increasingly obscrved
to bohave with varying degres of pathogenicity towvard
speoiens which are not thoir spontaneous hostm. The
probiems concerning this specificity bave been reviewsd
by Aftzawa (1963) and Ignoffo (1968, 1973, 1975).

gtairs (1960) found that C.foniferans NPV
eomld infeot a species of the same gemus C.pipus (F).

Tha viruses of nuclsar palyhéﬁrceis of Malmcozoma
amexicanus (F), Hadpicols and M. pluvidge (Dyar)vere
infective for the speeies of M.Jisstria (Stairs, 1964).

Ignoffo (1965) reported a nuclear polvhedrosis
virus that was hichly infectious to both Hezes and
Heylregcens.

Adams gt al. (1968) obtained succsssful crosse-
infection of Cormmics picta BV  to several noctuilds as
Halaltra conficurts, Peridrema saucia (Pubmer), frodenda
pracfica Crote, and E.ple

The NPV of L.l was not infeetive when fed to
gome related species snch ag Raphipnisia ou (Guense)
Anporapha biloka and Poeudaletis includens (Canerday, 1968)

Pawar and Ramlxrishnan (1971) reported that
the UFV of g. litura wac not cross-infoctive to the

larvee of gnodoptera esdqua (Fubner), Agrotis ypsilon Rott,
2choes janata Linbeaps. and Eupproctis Junata Walker,



Rafjmohan and Jayraj (1975) reported that
the 2. glbiatrids NPV was not cross-infective to the
larvac of Ferleallds ricini Fab., Euproctis facterna
Moore, Notgjophig posticus Walk. and Porthesig
gcintillans Walk. Zardse vitella Feb. Spodpmters Mtupa -
Fab, Heliothis axmigors Hb. Orthaco exivanacea M. and
Cogmorhils grloza F.. Hyhlaoa pures crumer, Ennterote
pellifera valk., Papilio demolous and sylenka derocata «
However, teoted larvae of pone gpecies died due to
bacterial infection and wknown causes,

Jaceuemard (1978) reported crosge-infectivity
of Hameotrs brascjcme (L) NEV to thit}a. fourth, and
£1£th instar larvas of Diareronsis fatepci (Roths)
when fed for 24 hours on green bollz that had been
dippred in a cuspension containing virus polyhedra at
4,9%107/n1 woter,

Several mathods have been used for determining
the virug activity. The literature i& roviewed on tho
folloving tiwee commonly adopted methads

a) Injection of PIBg or f£ree virus

b) Feeding known amount of inoculum 0 the larvae
reared f'on artifiedal dlet.

e) Feeding the legves dipped in khown concentration
of PIBs suspension,
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Iancffo (1965) carried out a bloasgay for
Holiothis zon (Boddiae) reared on gemi gynthetic diet,
The 105, value cstimated was 32.0 PIfe/mm® and the LTg
values €or 202, 200, 146, 53 and 29 PIBsAm were
3.8, 3.8, 4.3, 5.3 and 6,5 days, respectively,

Rollinson gt pl. {1965) conducted laboratory
bicassay tost for the second instar larvae of gypsymoth,
Porthetria disoars The Wog.was 243107 polyhedra‘i/ml of
water and IGys was 1.0x10'%polytedral ml.

Chauthenl gt al. (1968) observed LDg, values of
three aifferent virus ctrajng viz, Biotrol, Sudan and
Ivery cost for H._zeg which were 269, 344 and 459 PIns/
larva respoctively.

Hunter and Hall (1968) conducted a bioassay of
nucleay polyhedrosis virus with first and fourth instar
larvae of heet armyworm S.ogiacua. The caloulated LDgq
values werc 8,3 and 57.6 polyhedra/mm® of the diet surface
for respective instara, \

Rabindra and Subramaniam (1974) conducted
bioagsay test with Hellothig HPV and reported that
supceptibllity to NPV varies with doge and larwval ingtar,

Pawar and Ramkrishnan (1974) conducted bioansay
to calculate Ly, ana LTs, values for newly hatched and
£ive day old larvee of S. Jiturp infected with its RPV,
They found that in general, the LTg, values increased
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!

with decrease in concentrations The £ive day 0ld
lazvaee were faund o he 40,27 and 84,50 timeg more
roeistant than the newly hatched larvae (0.8 hrs.)
on %th and 13th day respectively.

Magnoler {1975) condunted bloagsay of RBV
againnt third and fourth instar iarvee of Halasosomn
neugtria. 7The caloulated LD, values for third and
fourth ingtar lsrvas wore 1405 and 12320 PiBg/larvae.
The caleulated medisn Jethol dosge ghoved thot the
third instar larvae wers only twice more guscesptible
to virus than the fourth. The LT, values for 3x107
3x10% and 3x10% PIBs/lorva vere 5,90, 6,56 and 8.15

days, Yecpectivaly in the thind instar assay.

Harayanan g al. (1978) calculated LTy, for
varjous ingtaras of A.albistrics larvae and found that
LTze increased as the age of larvae advanced. Tha m:sn
values for £ivst to fifth instar rangsd €rom 953.50 hrs
to 162,25 Wro. In gemeral, the mean LTy, values were
Eonnd to ﬂscmme?’%ha dose was increased.

A

256

2.5.1. Chamical control of H. armigeras

Saxena 2k gl. (1971) reported that two sprays
at fortiddhtly interval with 0.07 per cent endosulfan
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proved effective in reducing the infestation of gram
pod borer from 9.2 por cent to 5,3 por cont and increaged
the gram yield from 12,3 to 17.29 o/ha,

Singh and Singh (1973) recommended that tha
pod horey of gram could be effectively controlled by
spraying endosulfan at the rate of £ ml por litre of
water or Quating of BHC and DDT 10 per cont mixed in
squal proportions at the rate of 25 kg/ha.

Saharia and Dutta(1975) stuiied the efficacy
of endosulfan carbaryl and malathion each at three
concentyations against He srmigera (Hubner) infenting
arhar (5-5). The lowest mean percentane infestation
of pods and maximum yield were obtained with endosulfan

0.00 per cont trestmentsy

Balagubramanlam gk al, (1976) reported the
superior afficacy of endosnlfan 0,07 per cent in
redueing the pod horer dsmiage and recording higher
vield of grame.

Shetgar (1977) studied the efficacy of quivalphos
and other ingecticides against pod berer in Bengal gram
and arhar during 1975 and 1676 He observed that
appliecation of @naagm%./m spray chocked the
infegtation of polds by borers and also gave high yielis.

Pielld itests were carried ont to determine the
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feasibility of controlling H. yvirespens and He 203
by spplying a BBV pathogenie to those specles mixed
with bait used for Anthonomus orandis. It was fwna\
that the bajt Induced active feeding by the larvae
and that the viruz was infective when combined with
batt (Molaudghlin gt gl. 1971).

cél,‘\én and Soubrier (1974} corducted £iald test
with two vimg preperations and ome ingsecticide vige,
Viron # {Propration of He zea HPV 4n USA), HEEB (local
preparation of NEV of H. atmigera) and mdmnochrotophos
aminst He aimigera on cotton in chad, They found
virus HBEB wap effective than viron H. However,
monochrotoptios at 620 g/ha gave bettar results than
eithor virug,

Rome {1975) condueted six trials in Bolswana
with wpurified NPV suspension against the larvae of
Hegrnigers on sorgdhum and cotton. Ee found H.ammicega
NPV wvme ag effective as standard insecticide in proventing
losses of sorginm, There wes no diffsrence in control
acheived by srraying in the morning or evening. He aleco
found that addition of low concentration of molasses
ineraared the efficacy of NPV, MHe further indicated that
NPV vas not az damaging as earharyl to population of eqg
paraglite gnd predators, but praedators 4id not control
apixiéis and jaggidr on the virus sprayed pleta.
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Bull gt gl. (1976) prepared nmew formlation of
the Heldothic NPV by incorporating the pathngz;-n vith
OV 1ight screening agents in the capsule bound together
with digestible water insoluble polymers. In f£leld
tests against moderate populations of Heliothis sppe.
in cotton, yielde of plots treated with these formulations
were identical to those of plots treated with the
ingecticidal mixtures commonly used in camerciil
production.

Kinger gt al. (1976) conducted emall plot field
test against 5. zog and He Yiresiens on cotton with
campound GI-5506 (applied on cotion stem), monochrotophos
and Holiothis WPV, the Ipliothis WPV applied &;s a follar
gpray 3 times/week was as gffective as monochrotophos in
increasing the yields of cotton.

ftaeey gt al. (1977) conducted mmall plot £ield
tept with Zoonlowirte heliothis for control of IHelilothis
invert guguers and Sondoz 1ligquid stimulants. The invert
gugars and Sandop ligquid adjuvant-1975 significantly
increased yields above that of unformulated virng alone,

246, Iepsiotance of Helijothis NEWe

Hackinley {1971) conducted £1eld test with the
commereial preparation '(Mf:ml VH2) of the Ueliothis NIV
on cotton and indicatied € hat Bitrol VHZ persisted on
cotéon £foliage for over 7 days.
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Andireva and Sikorweki (1973) studied effect
of cotton laaf gurfases on the persintence of NPV
of He yirescens and He 2e2. and indicated that though
tho dew from cotton leaf surface was having pH 8,2 &
9.1 1t increased ag it dried and dissolved the
polytedra but p seemad not be the sole cause of
1ogs in persistence.

voung and Yearian (1974) reported that
Heliothis NPV was t:apﬁ.d.‘{.y ingetivated under f£ield
condition on the upper leaf suriace of cottop, soOybzan
and tomato, Inactivation of the virus was most rapid
on cotton with little activity remaining after 24 hra,
While persistanee on tomato was signifiicantly better
than other hosts, little virus activity remained after
96 hrao.

Exrerimental results indicated that Baculovirus
heliothls wae more active about 10 to 45 per ecent and
showed inercased persictence about 2 to 5 fold under
poth si@atad and natural sunlight (Ionoffo ot al.,1976) .

Rome and Daoust (1976) studied survival of Bpv
of B prmioecs ob crops and in soll in Botswana.
Exporimental results indicated t hat virus acetivity was
lost rapidly on cottén bat remsined at a2 high level for
upto 30 days on sorghum, but in soil activity reached to
2egs than 1/3 of its original level during wintor.
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Rouse et al. (1977) conducted f£ield experiment
with Holicthis WPV and roported that the residual
biological activitywas very short and that the time
of spplicotion in relation to egy hatch wag a eritiml
factor in achieving a high level of effectivoncss.

Hakode (1978) gtudied persistence of Heliothis
HEV on gram folinge and indiceted tiat virus activity
reduced with time. The values for original activity
rerpining (OAR) were 67,99, 55,99 and 36.00 at 24, 72
snd 120 héim 3 ragpRotively.

ket
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CHAPTER IIX

Tho Geballs of materials and methods used for
conducting tha experiwents are given in thix Chapter,

3.1 Test inseets and test materialss

3.1.1, Eeliothin amtggra Halner
/
Family : Hootuidae
Order @ lepldoptera

322, Dpomis satulifara (Guonee)
Family @ Nootuildae
order @ lepidoptera

3.1.3, Test materiale .

Polytedral inclusion bodles (PIBS) of the
nuclear polyhedrosis virwses (NBV) of Hellathis armivers
and anomis sabulifera were uzed as test material. The
PIBz were obkalned by allowing the dead diseased laxwvas
to mutrefy In glass stoppered conical £lasks containing
little gqusntity of gterile distilled water over a period
of few days. The contents werc triturated thoroughly
with glage homegenizer and then filtered through two
layers of muglin cloth and colton swab to remove the
remnantg of the ingect tissuwwa. The filtratas vere
purificd by centrifugation at 5000 rpm for five minutes,
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The pellet was resuspended in sterilc distilled water
ani stored separately in a glacss stoppered econical
f£lasgks.,

3.2¢ Rearin + 2

34241, Bpliothic armigers, Wabner.s

The cujture of Hallothis armlgers wes maintained
in the laboratory at 27 & 2°C throughout the experimental
poriocd.s The initial eulture was collected in kharif secason
from cotton, arhar and sorghum £ieldg. The larvae were
reoared on sunflower and/or Jucerne leasves. Newly hatched
largae wore feared in mane in round plastie containers
of 20x15 om gize. When the larvae reached third instar,
tiny wore transferred individeally to plastic container
of 5x 2,5 om eize and f£recsh fond was given every day
until pupation, Pupae were transferred to plastic jars
of 20 x 15 om sine containing 5 cm layer of moist soil.
The moths after emergence wore trangforred to rearing cage,
congigting of woolen frame covered with muslin cloth,
in vhich twigs of cokton, grhar or gram were kept for
egg laying. Cotton wicks soacked in five per cent sugar
solution wers kept in the cage as foold for the moths.
Egos were lald after a rreo-oviposition period of 3 days.
The average incubation, larwval, paral and sdult periods
were 3, 14, 15 and 8 Goayes rospectively.



302424 Jnomis palnlifera (Gaonee)s

The indtial culture of Apomis sabulifers was
obtained £rom the infested jute filalds in Yharif season
of 1972, The culture was maintained at congtant
temperature of 27 & 2°C, The larvae were reared
entirely on jute leaves {Copchioplis ap.) in plastie
Jare of 20 x 15 em plfe uittil pupation, The moths
after emprgence were trangferred t o breeding chamber
consiting of plastic jar covored with a piece of muslin
cloth in which twigs of jute wrapped in moist cobion
wool ot their cut ends wore kent as ovipasition asite,
The cotton wicke goaked in S per cent sugar golution
ware kept as food flor the moths, Incubstion, larvel,
pupal and adult pericds werc 2, 15, 6 and 8 days,respectively,

Bxtreme sanitary conditions were maintained to
ectablish the cultwre free of virus and other pathogenc,
These included gtarting a neyw colony in a aista;at Jaboratory,
using well clogued containers disinfected with & per cent
formalin, reafing the larvae from the egus laid by
wicually healthy moths and rearing the larvae after
their thind inctar individually into plastic containers
in the case of H-ammigera. Surface disinfection of
eggs with S per cent formalin wvas also done 4o check the
oxternal contamination of the virus,
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343, Symptavstology and the natural :mciaenea of the
gleogmor

in oxder to study the gymptoms of discasd
in H. agmlosss apd b pabmldfern, twenty, firsteingtar
larvas wore artificinlly infested by feeding them on
leaves contaminated with the respactive virus susvension,.
The symrtomg that ocourred were compared with these
that were present in naturally affilicated pomlationg,

To gtudy the natural inciience of disease
in 2, agmicgora poriodic £ield oollections woro made £rom
fazhan and gram. The larvae were reared in the labeorntory
until - pupation. The nuwher of larvas pupated and those
sucewnbad €0 viral infection wore recvrdel, - o j

Hatorally infected last ingter desd or moribung
larvae of H. grpleors and 3, sabulifora wers individually
triturated in a glags homogeniser with little omantity
ef sterile distillied water, !/ The contents were £11tored
through double layer mualin cloth and cotton swab to
remove the tispue debeis. The £iltrate was purified
by contrifugation at S000 rpm for 5 minutes and £inel
voluwe was made up te 100 ml in each case and stored
i glazg stoppered conienl £lasks, Theze formed the
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stock suspensiona for counting the mumber of inclusion
bedies per larvae

The stock sWepension was diluted further (1:10
or 1120) before counting.

Huemocytomater (NTUBAUR (improved double)
Germany, Fein optic JERA) was used for counting the
awnber of PIBs., The mumber was esctimated in each case
by wsing following formula ,
Mo. of PIBs = No. of PIBs cgunted in 10 mmx dilution

factor = 1000 xoriginal volume of
axtract (ml).

10@9"' = Tor conversion oFf cublc mm
to cuble mililitera,

L lﬁ" *

In order to confirm the group to which the
virtg isolated £xem Anemis pabulifern belonged, a
staining techniouve described Yy Bergold (1963) for
polyhedrosis vizus was used.

2 thin smear of polyhedral suspension was
air dried on clsan glase sliaa; The dried smear vas
treated with 1 B Hel for 2-3 minutes. Tho sglide vas
then washed vwith distillied water ond gtained with dilute
Giemaga spolution for 5.7 minutes. Excess stain was romoved
by washing the slide with distilled water, and examined
under microscope after drying, The glide prepared in
the same manner without acid treatment served as control,
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36\5'3. 5% of 1 2

For determining the gsie of polyhedral inclusion
bodies, partially parified suspenzion of Anguis NPV wan
used, A drop of polyhedeal svtapsngion was put on a
clpan glass slide and covered with cover slip, One
bundred PIDs were measured st random under the optical
nisrogedpe and the readings wore talen at 40 x magnification
vith the holp of £4lar micrometer, The micoroscope was
ealiberated hofore dse,

3.6 nfack . 14X

The cropa-infectivity tepts were conducted
t0 determine the hoot gpacificity of NPV of H. armicers
and A, sabinlifera. Highly concentrated suspensions
of both the virUses wore tested amainst difforent
lopidopterous ingects. The tests were eondueted
irdependently in two sets with threo replieations of
10 larvae cach, The leaves of the host plants of the
lorvae wore contaminated with the respective virus
stapension and fod to the gecond ingtar larvae, of
different aif)suies togteds The larvae of H. amigera
and 3. gmbalifors were also included as treated control
ag 5 choek on the vival infectivity. ;ﬂze fo)loving table
indicaten the different speciepn of ingects noed for
croge-infectivity tegts for both the virases,
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Table 1z Different speclen 0f insocts used for
croge~infectivity teste

Sg : ] h Food mater-
‘m,: Tegt insect Family Order ial used

1. EHeliotids armigera Noctuldae iepidoptera Sunflower

2. Mnomip smbulifers Noctuidae fapidoptera Jute

3« Amma Elava Hocetuldae Lepidoptera Cotton

4. Spodopterz litura Woctuidae Iepidoptera Castor

5. Digerisiap oblioug Aretidae lepidoptera Sunflower
6. Ruprogtiz spa. Lymantriidae Iepildoptera Castor

3.7. Biosssay of Heliothis NPV for virds activityr -

Bioassay tests were conducted for determining
tha insecticidal activity of NPV of H. prmigera.

34741, Zreporation of the vigyss

PIBg wero obtained by artificially infecting
the third instar larvas. After death they wera allowed
to putrefy in glass stoppercd copieal £lagk containing
little quantity of gterile distilled water for few days.
Then this crtde PIB suspension wag £iltered throudgh double
lapored muslin cloth and cotion swabs, The f£iltrate vas
purified bl centrifugation at 5000 rpm £for #ive minutes,
ahd gtorod in a glass stoppered conical £lask, The
numbor of PIbls wag estimated by using haemocytormeter, as
degoribed earlicr,
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34742, Zest larvaas
tlawly hatched (0.8 hourg) and £ive day old
larvae of He. amigera vere uzed for the exporimentse

3,7«3+ Bloassay mroceduras
34.7.3.14 Neuls

Prom the stock guspansion of 75 x 107 DIBs/nl
six serial dilutions of 37.50 x 107 = (5,), 18.75 =107 - (s,)
9438 x 107 - (S5), 4469 = 107 = (5,), 2.34 = 107 - (55) and
0450 x 107 ~ (S,) were obtained as indleated in Table 2.

Pable 2¢ Detalils of the various concontrations nsed
against newly hatched larvae

Sr. Source Dilution blank Final Cohcentration
No, suspenpion of gterile digti. folume achieved

{md 1led water added {ml) ' (PIBg/ml)

{m2 )

l. 10 o 10 20 37 .50x107- (sy)
2 10 g 10 20 18.75x107-(5,)
3. 108, 10 20 94385107 (S,)
4, 108 10 20 4.69m107-(sy)
5, 108 10 20 2.34x107 (5, )
6. 58 15 20 0.592107-(Sg)

347.3.2. Eive dav old larvser
From the stock suspension of 75 ¢ 107 PISa/ml,
7

three dilutions of 37.50x10 - (5;), 15,00x107-(5,), an
1.50%107- (8,) vere obtained.
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Ta‘éle 3: Details of varions concerntratione used acuinst
5 day o138 lsrvae

Sre Tource Dilntion blank Tinal  Conaentration
No. suspension of gterile disti- volune achieved
(m1) 1led water added (mnd.) (PIBs/ml)
(1)

1« 2068 - 20 75,0210 -85
2. 20 &8 10 20 37.5x107-5,
3. 8 as 12 200 315.0x107.s,
4 28, 18 .20 1.52107 -8,

Circular dises or smaller leaws of sunflower
were dippod in the virus suasmencions, dried under fan and
were fed to larvae for 48 hours. On gsubseguent Says
fresh food was gupplied. Tach treatment in elther case
was replicated thrice susing 10 larvae per replication,

A control was also maintained with egua)l numbker of
replications in bothtle experiments. The experiments
werg conducted at reom temperature.

Larval mortality was monitered daily until
2ll larvae died or pupated. In doubtful cases microscopic
examdnations were conducted by taking the gmeanre from
digeased larvace.

The data vaee subjeeted to probit analysis
{(Finnew, 1952) for caleulating the values of LCon
(concentration required to kill 50 per cont mortality)
and LTg, (time required to give 50 por cent mortality).
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3474 Comparison of log &Tm valusss

Liog mm values obtalned for variouz concentratioms
againgst newly hatehed and five day old larves were
comparsd by employing the &' test.

The *&¢ yalue: for comparing two differont concentrations
ware caloulated by using formmlae gtated balow

&80 "V (5.2n 02 + ©.En B)2
et & 10g LTgyh = Log Ligy®
e _

(o€} = lay + n,)} - 2, where r, and n, rapresent
sumber of olservations used in caleulastion of I.'rgo forr
cach concentration,. .

3.8+ Field pfficacy of Faliothis BV in comparison with
other synthotie insecticides against H, ammlcoras

34841 Taxiohys
Confas It ig s golden yellow, large sceded
high vielding varicty with 105 days Suration.

3eBe2s Elald daniom and Anvouts

The £iel4 exporiment wag condueted durdng rabl
157879 at +tho moin farm of College of ageiculture,
Parbhang having typical black cotton sodl,

The seperiment was conducted in ramdomised block
design with twelve troatmonts reoplicsted four times, The
grogg and not plot siges were 3.0 X S0 mand 2,4 x 4.6 m
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rospectively. The spacing mointained was 30 om between
+he rows and 20 om hetwesn the plante, The peeds were
dibblod by mannual labour on 25th Bovembex, 1378,

3.8.3. Insecticifes ond Heliothig NPV:

The detalls of the Insecticides and their dosaces
usad in tho present investigation are given in Table 4.

The mmelear polyhedrosis wirus vas obtained
by infecting the second instar larvae, from laboratery
culture, The deadediseased larvae vere allowed to
putrafy and PIBs were isolated g desoribed eprlier,
Ths PIB pellet after £inal centrifugation was suspended
in khown volume of watey contalning 0.1 por cent Tueen.30
as emalgificr, The PIS comnt was faken by using hacmocytometer
from this resdVetos-idse spray suspension.

3.8.4, slication of

The ingecticidal sprays were prepared by
calevlating quantity of formulated product to be
gprayed on four plotes+ This quantity of insecticids
vas added to known yolume of vater calenlated on the
bagiz of water reauired for spraying coitrol plote
{0J75 Xitre por plot i.c. 500 litree por hectara),
Spraving was done with hand compression gsprayer having
three Mtres capacity., The ingecticides and virus



preparation weye applied at fruiting stage, when the
erep was most vulnerable to the pest abteck.

In order to evaluste the parformance of NPV
and incecticides ten plants wore selected at randem
£rom the not plot area before spraying, The total
nurher of henlithy apd infested pods wore cpunted from
all ten plavnts b2fore snd gfter 7 days of svraving and
at harvest.

The erop was harvested at the end of gensm
and profuce cbtalned from each nct plot was welghed
geparately,

34846, Statistdcal analysiss

The percentage damaged pods wexe calculated
on the bapis of total mumber of haalthy and dumaged pods
at the time of recording obmervations, The data were
subjected to ptatistical analyslg after angular transformation,

3.9, Persigtance of w RV on foliage of grams

In order to dotermine the persigtence of
Beliothis NPV on gram, sanmples were taken from the field
vhere virus was aprayed for f£ield test. The porsictence
of virus was meamred at 0, 24, 48, 72 and 86 hours post
treatment, Second to third ingtar larvae wvere used for
thie tost. Iarvae were allowed to £eed on treated foliage



£for 48 bours, ¥rezh food was esupplied thereafter.
Chpek wvas kept at all the postetreatment intervals.
Egelt Yeplication consisted of 10 larvac, which wera
eﬁénuneé deily until death or pupation.

virne persictence was oxpreassed az percentage
of original activity yomaining (OnR) at varioans gamples
times as sugoected by Yanoffo and Ratmer {1271)

whara,

oaR o DoESShtace mortality of sample = 100
percentage mortality at 0 hours
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CHARTER JU
RESULTS

Experimonts were conducted to study the
various aspects of nuclear polybedroses virug (PV)
infections in gram ped borer; Heliothias armiocera and
jute gemilooper, Anoals asimlifors. The £indings
include obgervations on the insect.virus relationship
and £10ld efficncy of Heliothis NPV in comparison with
othor pynthetic insecticides,

The rogults obtained are presented in this
Chapter wnder the folioving heads

4ol Synptomatology and natural incidence of discase

- P Astimation of number of polyhedral inclusion
hodies (PIBs) in the diseased larvae

4430 Staining property ard sicze of pdlyhedra

4.4 Crocgwinfectivity of PPV of H.amdgera and
fie 5%!&@& to othar relatsd and unrelated
Lepidopteras.

4.5, Bioasay of Heliothiz NPV for virus activity

4464 Field efficacy and parcistence of Heliothig

KPV againot gram ped borer on the granm,

4.1, Symtomatology and matural incidence of disease:
441.1, Holiothis amiceras
The naturally infected larvae of Hellothis

amicora did not ghow any symptomz in the early instars
and fei well, wWhilse approaching last imstsr, they became
sluggish and stopred feeding, Oolour of the digeased
larvae changed glightly on ventral side, which became
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creamy white as against nommal shining green of the
healthy larvae. Some of the larvac slsc exhibited the
tendency of moving to tops of the plastic containers
and died by hanging in a chavacterictic vay. Soon
after the death, intogument bocame brown or black and
ruptured with slightest touch, liberating whitish
hrown cotents (Pigael).

¥hen the nowly hatehed larvae were fod on sunflover
contominated with PIBs , they remained smaller and appeared
aghy white, The larvee died in 4 o 5 days, The shkin of
guch larvee also became fraglle and ruptured easily.

Ho externzl syuaptoms of the dlsease were
obgerved in the infected pupae but infected pupae £ailed
to emerge into mothg,

4,1e2. DNatural $ncidence of disease in H. amdgeras

The larval mortality due to disease usually
appeared in the last instar, The average p=r cent
mortality due to diseaze was 4466 ... The Yegulin
arce pregented in Table S5,

44143¢ anomis salmlifora:

The natwrally infected larvae 41id not show
any agparent aymptoms till the disease advanced. The
larvee generally dled in their lagt ingtar. Before
death, slight changes in the body colsur could be noticed.,
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Table 53 The natural incidence of nueclesr polvhedrosis
in H, punlgers

Hopt-plant Date of Bo. ofF 1o, of % mar. Mean <
gurveped eollection larvae larvae tality morta-

evlleoted died duve Ity
2o JBY, -
arhax 34,10,78 52 G 116
15,10,78 87 o 15,8
25.10,78 48 7 14.6 13.20
2.11.78 a0 3 10,0
Gram 1G432.78 43 7 16 .2
20,1479 23 5 2147 16.13
3 11.1

25,1.79 27

The ventral side of the larvee bocame slichtly yellowich
vhite in colour ss againgt green in healthy emes. The
infected larvee became alugodsh only just before desth
and some of the larvan dief in a chavacteristic way of
hanging £rom the top of tho container by their prolege,
Intogtment &lso becams £racile and boldy conkents oored
out with glightest touch (Fig.2)«

Arvifiedaldly infected 378 instar larvae shouwed
sindlar symptoms and dled in 4 %0 S daye, Uhile the
newly hatched larve remained mhaller; became chalky white
and dled in 3 to 4 days.
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4.2, Estimation of number of polvhedral inclusion bodiecs
(PIBs) in tha diseased Jarvae:

Tha Table 6 and 7 represcht the number of PIBs
estimated per larva in Hellothis spmdoora and Znomis
ammm,mamivaly.

Table 6t Haemocoytometer count of PIBs £rom discaced
larvae of H. amnigers

Sr. Total volume Dilution 'I‘otal Hoe of Bgtimated
! o et Bt s
Y 3 3 ) 5

1. 100 - 20 2053 2.053

2. 100 » - 3237 3,273

3, 100 20 2602 24602

4. 100 20 2137 2,137

5e 100 20 2383 2.383

6. 100 20 2895 2.895

7. 100 10 3563 3,563

a, 100 20 2116 2.116

9 100 10 3113 1.113
10. 106 10 2491 2,481
11. 100 20 2680 24630
12, 100 20 3880 3.830
13, 100 10 2439 2,439
14, 100 10 2835 2,835

15, 100 10 2499 2.499
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1 2 3 3 5

16, 100 10 3630 34630
17. 100 10 2250 24250
184 100 10 2574 24574
10, 100 10 1122 14112
20 100 10 1353 1,353
2. 100 10 3054 14054
az, 100 ' 10 2937 2,917
234 100 10 3303 3,303
244 100 10 2942 2,842
25, 100 10 2159 24159

Tabile 73 Hacmooytometer count of PIBs from diseaged larvae

of A. salmlifera :
ST Total volume Dilution  TOLa) hos OFf  Estimates tiog
Ho. of axtract PIBs ed of PIBz x 10
) in 10 mm

: § 180 16 3729 3,729

P 100 10 1271 1.27%

3. 100 10 1730 1,738

I 100 10 3071 3071

5e 100 10 3112 3112

Oo 100 10 1250 1250

7e 100 10 775 0,775

8 100 . 10 1373 1.273

a, k {i 18 16 2222 24222
10. 100 10 1443 14423
11. 100 10 2280 24250

124 100 10 3031 3,031




‘ The ectimated mmbor of BIBn in the larvae
of M. armicera ranged frem 1.055 x 10° to 2,880 x 10°

with 2n average of 2.570 + 0,701 x 10° and in
he-gabnlifera £rom 0,775 % 10° to 3,720 x 107 with an
avorage of 2,106 % 0,903 = 10°.

' The polyhedra gtained pink red vhen pre-lrested
with 1 ¥ HC, while those without acid trectmont remained
ungtained.

size of polyhedral) inclucion bodiss of
e sabulifera rafged from 1.85 to 4.80 fm with an avorage
05 3433 4 0,612 . Fifty.five percent FIBs wera in the
range of 3.01 €6 4.00 pm (Toble 8 and Fig.3)

Table 8: Frecuency distribution of diameter of PIPy of
gabylifera

Ze
oy Diamter in micren: .Prequency  Mean @ismeter
in kicron-
1e 1300 ~ 1,50 0 '
2e 151 « 2,00
3¢ 201 - 2.5
4, 251 - 3.00 20
S 3401 = 3.50 33 3.33. & 0.612
By 3451 = 4400 22
T« 401 = 4,50 15

Be 4451 « 5400 1
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4.4, Cross infectivity of RFV of H. appiceors and
A. galuliferg to related and unrelated Lepidoptera

The results of laberatory experiments with TV
of B. armioopra to infect the larve of A. salulifera (.}
anomis flav, Spolovkora litura (F), Diacrisin ohldaua {(W.)
and Buprostic sp. and that of 2. gaimlifers to the
B. amioera, a. Sawe 3. Adiuga. 2. 2blioun o d
Efiprogtis .sz;a are prescnted in Table 9 {a) and (b),

Takle § (2)3 Crosoweinfectivity of WOV of H. armicera
to othor Iapi&a;gm . 8

o
Se. Foe, of lMortality d&we to Infe.
No, oot insect lazvae  §irus Proto- umkmowd Coin

w02 vity

4. nnemiz eatmlifera 20 - - 3 Vi
2 \ m m 20 - 4 - Ve
3+ Soodoptenn litung 20 - - - Ve
4. Binopdods oblioua 50 - 13 - -
5. Enproctis spe , 20 - - - -Ver

6« Ep g%;hm armicera 20 20 - - Vo
* control)
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Tabiie 9fb)2 Crosseineffectivity of NPV of a. galmlifora
to obher Lepidoptera

%g" Test Insect No of Mortality due to z'gf"
. larve vires proto- baedz- unknown vity
zoa  er
le 2uomis flawa 20 - 5 - 1 -ve
2. gpodoptern Jiturg 20 - - - - =
3 BeMothis ardigers 20 - - 2 3 ~ve
4. RBlacrisis oblicua 50 - - 1 - -ve
5. Huprooils ab. 20 - - - 3 -ve
6 a&q&a galulifers 20 20 - - - e
* control)

The results indicated that the NEV of ¥. armigeca
and A, sabulifors were not crosc-infective to the species
tegted. Thore were no detectable symptoms of polyhedrosis
and ne death occurred due to virvs.

In the cace of Dagrisia oblicua fed on the NEV
of Rellothin and Anemis 13 and 11 larvea were died dus to
protozoan diseage, respectively. On microscopic examination
on the smears of dead larvae the minute oval sporas in
huge nubers were obaerved,

S4milarly in ease of A. £lava fed on Halicthig
and nnomia NPV, four and f£ive larvae died due to
protozoan dipsease, respectively., On microscopic exanmination
oval spores in hugs mumbers gimilar to those observed in
Da gblicus vere obgerved,
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in the case of He armioera fed on Anomis NPV
two larvas guccumbad to protozoa and three to bacterial
in%&@n, on miorozcoplc examination oval minute
spores in huce numbers were observed in protozone dlseased
larvae while in bacterial diseased larvae rod ghaped
bacteria were obscrved.

445 DPloassay of Heliothic NPV for wirus activitys

4+5.1s Tino.mortslity stvudies s

The time.mortality data on newly hatched and £ive
day 013 larvae fe! on diffeorent concentrations of Pibe
f£or 48 hours are presented inm Table 1D and 11 and graphically
Gepicted in Figure 4 and S.

It will be scen from these tables that the range
of conconbrations tosted against newly hatched larvae
vas £rom 0,59 = 107 to 37.583107 vhere ag it was from
1,50 % 107 ©6 75,00x107 for £ive day old larvas.

The values of &*.?50 calculated for neyly hatchsd

larvae vwhen #2d on various concentrations viz, 3?.50x16?,

18,7510, 9.39u107, 4.60x107 and 2,34x107 were 3.43,
3484, 5.38, 5,33 and 8,75 daye, respectively (Table 12

an& ¥ ig!.e’ -

The mSG value for 0.59::107 concentration could
not be worked out as maxlmm percentage mortality obtained
wag mlg 43 per cent,
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similarly the Iz, values were ealeulated for
£ive day 014 larvas when fod on warious concantrations
iz, 5.0 = 107. 37.5 % 107 and 15.0 x 1 7‘ e rosults
of LTy, values with fidueial limits ave presented in

Table 13 and graphically depicted in Fio.7.
The L'I'ga valuge for varions concentrationg tested
ware 4,37, 5,15 and 7,91 days respectively.

Tho valuen of L‘i’sg £or concenbtration 1,50 x m?
eonld not be worked out as maximum percentage mortality
obtalned was only 41.05 por cent,

4,542+ DOsage-mortality studieps

The data prosented in Takle 10 and 11 were also
used to calctlate the 10y, values for novly hatched and
£ive day 0ld lorvaec. The values of LCq, along with
£i3ucial limits were given in Table 14 and depicted in
Fig,8,

The LG, valucs caloulated £or newdy hatched and

£ive day 0ld larvae were 0.831 x 107 and 2.862 x 107

rogpectively.
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4.5, Iicld efficacy and persistence of Holiothdg NPV
against gran pod borer on grams

a) Rield sfficecy of NEVs

Bfgdcacy of Hellothizn NPV and various incecticidew
was studied by taking in to congideration the following
parampters

4 5.1, Derentage infostation of poda bv He stmioers
44642, Tffect of NPV and insecticides on the yield
4,64%0 Eercantagg infegtation of nods by Halist]

T I -

Before gpraying the crom, infegtation obsorved
in different plbts wag recordads The rocsults are
pracented in Table 15,

Results indicated that theve was no sigmificant
differences amongsk tho treatments hafore the apnileztion
of Foliothis NPV and ingecticides indleating therchy
uniform pect infestation throughout the experimental area.

40501%2§

Obgervations recordad on the infostation of pods
after 7 éiam of treatment are presented in Table 16,

It is5 evident fhat the Haljothis NPV and all
ingacticidal treatments were significantly superior over
aontrol in roducing the infestation of ths pod borer,
However, tha lowest pereentage pod domoge 0,64 par cent



Table 153
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Hy pmfoers in different treatments

Pro.count observaticong on the pod damace by

cuantity

Treatments Per cent pod demaged Mpan
of a.i./ha _ replicationa par
T % 17T v cent
gndosvlfan 350 m} 11.88 12,08 8,01 215 10,03
0,075 (BQ) 08) {20.,27) (16.43) (16,54) (13.33)
Phogalone 233 ml 3.37 4,00 6,35 11,65 6.34
0 .05% (£C) (10.47) (11.54) (14.54) {19,911} (14.11)
suinalphos 259 mi 3257 B.54 9039 11.05 .14
0 ,05% (B0) {10.78) (16.98) (17.76) (19.46) (16.22)
renfalerate 66 ml 7 o1 5,74 5,59 7 .34 6,64
00354 (50) {15.79) {13.81) (13,56} (156.,22) (14.84)
Penvalarats 132 m} 5.95 771 7 #79 18 .66 10 .03
0403% (2C) (14,06) (16.11) (16.11) (25.55) (17.45)
carbaryl 1000 g 0,01 10,75, 9,06 6,03 8,72
0.02% (W) (17.46) (12.,090) (17.46) (14,18 ) (17.04)
DOT 0W2% (w2) 500 g 8.48 8,46 5..47 2417 7 90
(16,85} £{16.85) (13.44) (18.34) (16,37)
ouinalphos 300 g 4.75 .44 5,38 13.61 7.7
1.5% (Guct) {12.,52) {15.79) (13.31) {21.64) (15,81)
BED 10% (dnst) 2000 g 9.75 3.20 7 .09 9,16 7,30
(18,15} (10,30) (15.,34) (17.56) {15.33)
Parathion 2 400 ¢ 4 .95 7.53 7479 7471 6497
{dust) (12.66) (15.98) (16.11) (16,11} (15.19)
Heliothic BPS 476 7.55  4.89
i - 4 L3 14 03 7.13
,ﬁ{ﬁmm PiBe/ (12.52) tnsfam £12.56)  (21.97} (15,76)
control 7,00 5,84 0,38 10 .16 8 .45
(16,32 ) {13.94) (12.,24) (18.53) (16.,75)
Sty 3 ) 14430
G.Eg ‘ P |3 {3.03} 4'1

Figures in parenthesis are transformed values,
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Table 162 Rffect of HPFV and ingecticides on the pol damage
by He armigere on gram 7 days after appliention
mentity Par cent damaged Mean
Treatments of a.l. Repggca:at:lons por
T T 111 ¥ cent

Eﬂﬁef“lfaﬁ 350 ml 3 QQB 0 ¢?6 D Q?B 4] .85 0 084
0.07% (EC) {5.44) (4.80) (4.80) {5.13) (5.04)
Phasalone 233 ml 0477 1.86 1.66 1.60 1 47
0.05% (2C) {4.,80) (7.71) (7.27) (7.27F (6.76)
ouinalphos 250 m1 0,88 0,66 0457 140 0490
0,05% {5Q) {(5.44) (4.44) {4,05) (6.0} (5.18)
Papvalerate 66 ml 129 190 1.69 1.91 1,70
0,015% (80) {6.29) (7,92) (7.27) (7,92} (7.23)
Tenyvalerate 132 ml 065 0 450 0458 0.21 0.64
G.03% (EC) (4.44) £4.08) {4,05) {3.13) {4.41)
Car' 4 3 1000 g 0 64 1.68 1 .56 137 1.31
O (WP) (4.48) (7.27) {7.03) (6,55) (6,32)
DOr O.X% (Wh) 500 ¢ Z.28 158 1445 1.79 1.78

{3.53) (7.03) (6.80) " {7.49) {7.46)
15% {dngt) {5.24) {8,01) {10.14) {0.63) (8,53)
BHC 10% {(Gust) 2000 g 2.03 2450 250 152 2414

{3,130 (92.19) {9,10) (7.03) (3.34)
Parathion 2% 400 o 1.31 1.89 1.88 2,11 1.80
{dust) {6,65) (7,71) {7.71) (8.33y (7.57)
Beldathi s uEy 1,78 1.88 0,52 1.27 1,36
gisz x 10°PEBs/ {7.48) (2,713 (4,05) (6,29) (6.38)
Contro}, 6 460 4,30 6.53 6450 640}

{14.89) (1197 (14.89) (14,79) (14,13)
S Jg - ,t O 059'9
35&, ( Pm=m 0.\95) 1072

i

Pigores in the parenthesic are transfommed values
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was obgervad in plots trested with fenvalerate 0,03

per cent, vhe treatments fenvalerate 0,03 psr cent,
endosulfan D O7 per cent, and quinalphog 0.95 per cent
wars at par with each other and significantly superior to
oontrols )

HBeliothic MOV &reatment was at par with
treatments carbaryl, 0.2 per cent, phogalons 0,05 per cent,
fonvalerate 0,015 per cent, DDT 0. per cent, parathion
dugt 20 kg/hae Tt was £ifih in the order of superiority
in reducing the infestation of pode by pod borers,

Observations recorded on the pod damage at
the time harvest are presented in Table 17 and graphicallv
depicted in Pig«9,

The results indicated that Haliothis NPV
and all ingecticldal treatments were significantly superior
to &ont.rol. Treatments with fenvalearate 6.03 per cent,
erndosulfan .07 per cent and quinalphos 0,05 per cent
wore at par with gach other and superior bver rest of
the treatments.

4965424

The data on yield obtoined in various treatmentg
are given in Table 18,

Results indicated that gll the treatmentc were
sionificantly superior to control in inoreasing the vields.
Endosulfan 0.07 per eont, fenvalerate 0,03 per cent,



Tabla 17 cﬁmmraﬁiw efd cacy of WPV and inseoticides

he pod damage by H, armicers at harvest
‘ uantity DPer cent pods damaged Hean
Treatments e o i./ha Replicatione per
3 5 TIT IV cent
Endosulfon 30 ML Y.99 1079 6479 1.44 1.50
0 07% {BO) (7.92) (7.49) (4.80) (3.83) (5.96)
Phosalons 233 m1 1417 1.66 3.26 245 2.14
94054 (BC) {6402 (7.,27) (10.30) {8,91) {(2.12)
Qudna & 250 ml  1.17 1480 147 1.4 1.42
0 4055 (2) {6.02) (7:27) (G.80) (3,63 {5.23)
o oiEh o) (Fo49) (Flom  (aEa s  (aoig
Fenyalerate 132 m} 0,85 04717 G777 0.98 0..84
0034 BC) {{8.13) {(4,80) €4 .80) (5.44% (5,04)
QBIM’YI 030 g 193 1.99 1,79 1247 1.80
0..2% (P} {7.22) (7,93} (7,49) (6,80) (7.53)
IDT 0.1 (WP) 500 g 1.94 2,12 147 2.13 1.94
) §7.92) (8.33) (6.30) (3.33) (7.34}
@us.nalguﬂ 330 g 1,79 2442 2,46 2,89 2439
1.5% (cust) , (7.49) {8.91) {8.91) (msey (8,73)
BEC 10% (dust) 2000 g 1496 231 232 221 220
(7.92) (8,72) (3.72) (8,56 (8.47)
Parathion 2% 400 g 1.7% 275 2447 3.78 2469
{dngt) (7:42) (2.46) {(8.91) {11.08% {9.23)
Eeliothin NPV 2.18  2.2¢4 1.23 179 1.826
2.52 % 10° PIBe (5.33) (8.53)  (6,20) (7.49)  (7.66)
par ni. . -
Contyrol 6,60 6,450 7 50 9,01 7 .70
{14,89) (13.77) (16,32} (18.23) (16.05)
SiE“'¢ ,.“",, 0.541)
GJ;Q ( Pm 60’65) 1034

Figares in paventhis are transformed valuss.
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ALl TER § AND 15 D&YS OF SPRYIRG OF NPV AND
INSECTICIDES.

T TaNVALERATE 0,015% (E.C.) T;o PARATHION 20 k/ha (Dust)



Table 18: Yield data of gram in q/ha
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fuanticy

QQD. ‘ P o 9;@5)

2456

vield in HMean
Treatmenta of a.l. -
Replication
L T gy opMcafions o

Endognlfan 30 MY 22.64 19,92  20.64 18.11 20,82
0.0% BC)

Phosalone 233 mi 13.58 15,39 18,11 18.11 16,29
04054 (Tc)

Huinalphos 29ml  19.02 20.83 15,85 21.93  19.35
‘0055 (BQ)

Fenvalerate  G6 ml  13.58 16,30  18.11 17.21 16 .30
0 «215% (®0) ~

'Ponvalerate 132 m1 22,64 18,11 21,73 ?0033 20,32
0,23 (30} -

c:arba 1000 g 15.85 13.58 | 18,11 1811 16 (41
DDT 0.3 (UB) 500 .9 18,11 19,02 20,83 18.11 19.01
Duinalrhosn 300 g 15.858 12.68 16430 17.21 15,52
1.5% (dust) :

BEC 10% {Dust) 2000 g 12,58 10,86 15.39 15,29 13.80
rarathion 400 ¢ 13,58 10,86 15,39 13.59 13.35
2% {dust) )

Hallothis OV 19,11 19,02 18411 20,93 19.01
2.52 x 16°

PX8g /ml

Control 8.058 10.86 9,08 10 .86 5,95
S8Be & 11,892
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guindalphos 0,05 per cant, ODT 0,1 per cent and
¥eliothis HIPV were found to be better than rest of
the treatimants.

B Peroistehce of Heliothis NPV on grams

The persistence of Heliothis NIV was studied
by feeding the samples ::':f BV sprayed gram leaves
collectad at 0, 28, 48, 78 and 96 hours intervsl, e
repults oblained are presented in Table 19,

Table 19: Torgistonce of Helliothig WPV sn gram follace

iﬁ;ﬁ*‘;&?@?‘; :-grg%gt larval mortality due m%agan oan#
ing inter- Replications b

I 11 1T -
Q4 o, 70 90 80 8¢ -
24 heg, G0 70 85 70 87 .5
42 hrs. 80 40 g0 50 62,5
72 hroe a0 20 30 30 37.5
96 hro. 10 30 20 20 25,0

* OMR o~ Original Activity Remaining

From tha dnta 1% 4is apparent that the virue
activity reduced with time. The value for original
activity ramaining (OAR) were 8%.5, 62.5, 37.5 and 25.0
per cont at 24, 48, 72 and 96 hours respectively.

#RE
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CHAREPTER VU
DIscussion

In the pregent investigetions studies wore
conductead to understand the insectevirus rolationahip
of nuclear polyhedrosis virus (WVP) infections in fute
semilooper {(Anomis sabnldifera {Cuence) and gram pod borer
Heliothis semidera (Mubner) and £ield officacy of
Dpliothig NV, The results obtained are diccusged in
the light of avallable literature under the following
headings

$.1. Symptomatology and natural incidenes of disease
5.2. Sige, staining proporty ani count of PIBg

5.3, Cross-infectivity tests

5.4, Bloassy of Haliothls NPV

5¢5. Fleld efficacy and perpistenice of Heliothls NpV
against He goaigora on gram

S5e1. Synptomatology and natural incidence of diseases

The dlagnostic symptoms of any digespe are
important to distinguiph it £rom other similar types of
maladies. The well known ®Wipfelkrankheit™ characterigtic
way in vhich the polyhedral virug affected larvae hang
from pupport was the common symptom observed in the
larvae of [ amidgers end A, gabulifora (Fig. 1 & 2)



54

Patel ¢k nle {1968) were the £irst to report
the symptematology of nuclear polvhedrasis in tho
loboratory eulture of ¥, apmiders from India. They
obgserved thet the affected larvae bacame paralysed
and the istequnent became soft and brown or black.
gimilar symptoms were aleso described by Jacob and
Sabramaniam (1972) from colmbatore,

In the prosent gstudies, in artificially
infocted larvao the symrtoms differed slightly, The
infected latvas remained considerably amalier,’ became
orany white, fed wvery little ard usvally died ghoving
wiiting symptomes in both the cases.

The nuclear polyhcdrosgis virus disease
of zpemis sxbulifors was noticed €mom the batches of
larvae collected from jute fields reported to be heavily
infected with this insect. Though the inditial poriodic
aolleations of jute semilooper did not show any
incidence of virus inflection, the later collection during
the month of September.Octaobar, 1972 invariably shoued
the larvae infected with NPV, Ho previous report is
availanle on the nuclear polyvhedreosis virug infoction
of Ae gabulifers and hence this avem o be the £iret
roport., However, Bishop and Blood (1977) have reported
the oncurrence of nuelsar polyhedrosiz in A, £lava from
tueensland, Australlc.
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Ramkrisinan and Pamar (1977) reviewed the gtatus of
microbial infedtion in insect pects in India,

Agcording o them ao far only 12 smecies of ingects are
reported o have Baculovirus infections. Recently
Waghmare (1977} roportsd BEV infections in Ixichoplusia ni
rerigoca capongis and Heliothis armigera from Maharashtra,

Indise

Haggkand Srivastava (1979) slso reported NPV
infections in rice gtem borer (Secamis Inferens (W.)
Bodrvophacn incortulng (W,.) and the rice skipper
Paznars wathiss (Fe)

The symptomg of BPV infections obegerved in

Jponis gabnlifera were similar to thoge obssrved by
earliicr workerce.

Tho information on natural incldence of MV
infections reported from Indla js generally lacking,
In the precent studies we attempted to gather information
on this agpect by paricdic collectiang of larvae of
Hes arpdoera from itc two major host plants 4.2, arhar
and grame. These hoot plants werse selected for study as
vezxy little pesticides are applied 0 these eorops and
there is considérable potential in' developing microbial
control of H. armigers £or these corops,

The natural incidence of Holiothis NeV
on garior and gram was 13.20 and 16.30 por cent respectively
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(Table 5). Waglmare (1977) ptudied the natural incidence
of Holiothis BBV on gram sunflowor, beans, peas and
mafgs. He obgerved that the discaee ineldence varied
in different £ood plsnts. He attributed the differsnces
to ths variation in the inceulum of the vims present
in natwre,

Pawar and Ramkrisiuan (1971) reported that the
nataral incidence of 2. litwrs was 41 per cent,

S5e2+ Size, stuining proporty ard count of PIBas

The PIBs of A. gabulifers stainnd pinkich
red after pre~treatmont with asid, This staining property
of PIEs with Giomsa stain confirmed that the virus
isolated from this cpecies belongs to the group of
nuolear polyhedrogis virue, which i;a alpo olassified
as Subgroup 3 of the genus Spoulovirus (David, 1975).

The muclear polyhedrosis viras inelusilon bodies
differ considerably in pize from speclos to specles and
also within the came greciss and range from 0.5 €0 15.0
um in dlameter {Bexgold, 1963)¢ Tims the observations
nade in the present atudies on the PIB sige of A. saiulifera,
which was 3433 & 0,612 um chrborate Bergaﬁé generalizetion,
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The mmber of polybedral inclusion bodiles
harvagted £from naturally infacted Anomis sabulifors
and Helobhig armidera Xarvae were ectimated to range
£rom 0.775%10% to 3.720x10° and 1,055x10° to 3.830x10
with an averace of 2,106% 0,003x10° and 2.57040.701x10°,
rospectively.,

o

Igmoffo (1966) reported that one diseased
last instar larve of He.zga could yield from 6 to 24
billions PiBg with an average of 15 billion, ‘Ignaﬁfo
and Cracea (1969) defired otie larval equivalent (LD)
or larval unit (V) as 6x10° PIBs., Accordingly, the
fully growm £inal ingtor discesed larvae of A. sabulifaors
and He amiiders gave 0435 and 0,43 larval ecuivalente.
Thos thepe egtimated yields aye relatively very low,
Howeyer, similaor restlts were obtained by Pawar and
Ramkrighnan (1971) in the case of 8. Jikurs,. The nunber
of PIBg estimated in larve on an average vas 1.06£0,60x10°
with minirom end Meximom of 0.6 and 3,23x10° PIBe
respectively.

Narayanan et al. (1978) observed yields of
inclusion bodies ranging £rom 0.35 to 9.’78::109 in case
of Imeacts albietrias ().

The relatively low yields of PIBs obtained in
the pragont studles could be attriboted to ths fact that
tho larvae  hed natural incoulum which might be
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congiderably low, Conziderably high yields obtglned
by Narayanan gt ake (1978) were due to higher degages
of wirus fed to the larvac of A. allistrion,

5/.31& winf 3

Tha specificity of an insect virus is of intevest
in ralation ¢o the range of pests it might control, the
cffect on bepeficial insects and more broadly in
relation to hazzards for man and animals, This subject
has been extehsively reviewed Alzawa (1963) and Ignoffo
{19683, 1973, 1975),

In the pregent studiesc the NPV of A.sabullfopa
and B. amiders were not coaras infective te other specles
teanted, None of all the species kepides pnomis zalnlifera
and Hellothis svmigers., They wire aleo not crosg-infactive
betyweon themselves. Fowever, death in some case appoared
dus to baoterial and protozeoan infections (Tablew9d),

Thége results are gimilar to thoge revorted
by earlier wok ere, (Rajmohan and Jayraj, 1975: Paver
and Ramkrighnan, 19717 Canerday, 1968), However,
there are also roport of succespgful erosg-transmission
of NPV among ingects. There are fower reports of
transfamilial and only three reports of trangordingl
transmisalon {Ionoffo,1975) . Succesful cross transmiscion
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of alfanlfa looper, Autoatapha caldforniacs to other
lopidopterous hosts lile Ixichopmiaia pi, Snedopters
exigua, Datigemenc acries, Heliotils zea, Bacculatrix

thurberiells anl Plutolla zyllostella (Vail and Jay, 1973)
Diaparopsis watersl (Roths) (Yacquemard and Delattre, 1977)

and Diastraea grandiosella (Davis and Sikorowski, 1972}
have been reported.

tuantiative deterﬁxanation of interingtar
-pupceptibility of lipidoptercus speeies has been
mainly rastricted to subgroup A, miclear ptilyhedroasis
virug, In general, youtger larvasc are more susceptible
to Baoulovirus infection than mature larvae {Hunter
and Hall, 19687 Pawar and Ramkrishnan, 1975).

The range of interinstar gusceptilbility appears
to ba dopendent on the particular inssct-virus system.
Pawar and Ramkrishnan €(1975) demonstrated that neuly
hatohed lar€ae wverc 40 times more susceptible than
five day old larvae o NPV, Similarly Magnoler (1875)
reported that third instar Malacogomn larvas wore twice
ag pusceptible to an HPV sz fourth inastar larvae.

In the pregent studies the time mortality
and dopage mortality study with newly hatched and five
day old lorves indicated thet ths mortality inoreased with
dogages whlle the incubation period (time taken from
infection to £ive per cent mortality due to NPV)and LTy,
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{Time required to obbtain 507 mortality) deercased
{1able 10, & 31),.

The '&* values for tegting the differences
betwoen the LT, values obtained with various concentrations
are preseptad in Table 19. It is evident that all the
LTy, valuge of respective goncontration differed
gignificantly for both the stages. The Table 20 gives
the I0g,, I0,, and Chn values for both newly hatched
and five day old larvae along with respective £iducial
limits, IC, values were 0.931x107 aand 2,862,107
regpectively from newly hatebed and five day oid larvss,
The upper fidusial limit of newly hatehed and lower
fuucial level for Diveday old larvas overlapped
conglderably, indiesting thoreby that pogsibly there was
Iittle difforones in the reoponse of two larval stages,.
Convergely at the 1C,, level thore vas no overlap in the
fidueial limit and shout 5 fold difference in the
rasponge of two inptarg. Thus the £ive day o143 lavvae
were relatively mors resigtant to virus diseoase *han
recnate larvec. Becouge of thelr i.n::reeigea mags, popualaticons
of £ivé day old larvee probably require large arount of
virug to cause &ispase than 444 newly hatehed larvae,
1 theore wag no physiologienl differences hetucen those
two stages the quantal regponses with vires shonld have
beatt similar. Apparently, there were signif icent
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\

physiological differences which affected sugceptiblility
to wirvs in the ecage of these two stages studias,.

5.5 Field efficacy and persistence of Ieliothic MYV
against He grmicers on orams

In the present gtwlies it was found that the
Nov (2.52x10° PI8s/ml) and all insecticidal treatments
were sffectige in redueing the infectation of pods at
both obmervation Antervalg L.2. 7 days and at harvest
{Table 16 & 17},

Trontwonts, fonvalerate 0.03 ner cent, endozulfan
0,07 por cant, and quinalphos 0,05 per cent were at par
vith esach othor and significantly suparicr over rest of
the treatments,

Hellothin NPV treatment was superior over the
treatiment BHC and duinalphos dugt in reducing infestation
and over carbaryl 0.1 per cent, fenvalerate 0,015 per cent,
phogalone 0,05 per cent).cuinalphos dust, BHEC duct and
parathion dust, % recording hicker yieclds. It was
£i£th 4n the order of guperiority im reducing the infestation
of poda..

Saxena gt ale (19%1) reported that two sprays
at fortnidhtly interval with 0,07 par cent endosulfan
proved effective in reducing the infestations of gram
pod borsr 'from 9.2 per cent to 5,3 per cent, Similar
regults were obtained by most of the earlier workeres,



{Singh and singh, 1973y shherds and Dutta, 31575
Balasubramaniam et al, 1976) Shetogar, (1977) reported
that guinalphos 350 g a.l./ha checked the infertation
of pofdls by pod borere and also gave high vields.

zllen ek al. (1966) made comparison batwveen
£ield application of Haliothis N on cotton at dosages
of 12 x 10* o 6 x 101t PIBg facre and Toxaphane/DDT/
Hothyl parathion at 2,0/1.0/1.4 1b per aare for control
of infestation of Helicthic egy and larval stages.
Reduction in infestaticn levels of the NPV and chemicallv
traested plotn were esgentially the same,

Hogt of the sarlier workers found +hnt Haliothis
REV was ap effective wag standard insecticide (andreve
at al. 1975; Rome, 19757 Bull et al. 1976: Makede, 1973)

Bowaver, Champman ani Ball (1967) indieated
that the Hellothis NPV et dosages of 6x10'! ana 6md”
BIBz por acye was effecktive as good s or imtter than
the ingecticide treatmonts with endrin/DDT/metlhgld
parathion ot 0.,4/1.0/0.5 1b per acre and towephane/put/
methyl parathion at 2.0/1.0/0.5 1b por acre.

It iz well kmown that biological insecticides
like Baoulviruses are inactivited by factors like UV light,
pH, high temerature ste. Sunlidht has boan particularly
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shoun to inactivate the viruses (Ignoffo and Batgzer, 1971).

In the prosent study the virus getivity was
lost by about 12,5 per cent within 24 hours and 75
por cent by fourth day, These f£indings corroborste
with the earlicr roports (Yearin and Young, 1976, Young
and Yearian, 1976 and Mgkodc, 1978).

ek
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Uoe of microbial pestiecides for the control
of ingect pests is geining popularity in the recent
years,. Thoy are safe, gpecifie, biodegradable and
environmentally non-harmful, Among the various groups
of micro-organisms infecting insects, bacteria and
viruses show congiderable promise.

In the praesent investicatiens, laboratory
studies on ths nuclear pelyhedrosis of gram pod borer,
Heliothig armicers (Mubner) and jute semilooper, Anomis
satnlifers (Cuenee) were earried aut to understand the
ingect-virug relationship. The field afficacy and
pgtsistance of Hellothis WPV wae algo studied. The
observations were made and resulte obtained are summarirzed
below

1= R The gyrptome typieal of muclear polybedrozis
wore obsorved in hoth naturally and artifieciaslly infeetsd
laryvoe of He gipioorn end 3. gatumlifers.
BHa2e Tho nuclear polyhedrosis virus of Anpmis

fern 18 reported for the first time,

17 The natural incidence of the disease in
B, azmdoors was 13420 and 16,13 in the larvas collected
periodically from the £ioldsg of arhar and gram.
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Gude The polyhedral inclugien bodieg estimated
in H. ardcers ranged £rom 1.085x10° to 3.88x10° with
an averace of 2.530 & 0.70::199 while in case of

Ae sabulifers ranged from 0.775x10° to 3.729x10° with
an average of 2,108 & 0.903x10°,

645, 8dze of polvhedral inclugion bodieg of

Ae goifors ranged from 1,88 Lo 4480 um with an
avorage of 3,33 & 0,612 un, Fiftyv.five per cent PIBc
verc in the range of 3.01 to 4,00 un., The sgtaining
property of the PIBs revealed that the virus balongz to
the group of mmclear polvhedrosis viruses.

6.46. The cross-infoctivity of both the NFVs to the
lazvae of Anomis £lava, Spodoptera litura, Diacrisia
sbloua, and Euprestis gR. were negative, The cross-

infectivity tacsts of Hallothis NEV to A, aabulifeora and
vice.yersa also proved negative,

Gale The laboratory Moagsay was conducted for
Heliothis NPV using newly habtched anc;; £ive day ol larvse
as test ingect. In general, the morkality of tho larvae
increased with increase in dosages and the LTy, values
decreased with increase in dosages, The valnes of Bigy
for newly hatchod larvae fed on 37,50x107, 18,75x107,
94302107, £.692107 and 2.34x10’ concentrations were

314‘3' 3‘35' 5&3?) 5;33 and 8-?& daYs r@sp@ctinYQ
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hile in the case of five days old larvae the values
were 4437, 5.15 and 7.91 days respectively, for 75.0x107,
37 ,33:197 and 3,5,9,;197 concentration, |

The LTy, values calculoted f£or nowly hatehed
and £ive day old larvee were 0.83:107 and 2.862x107,
rmsmctiveiy‘ Thug the newly hatohed larvae were 3.%

timep more sugeeptible than five day 013 larvaa,

Gafla Bfficaey of Holiothls NPV and other synthetie
ingecticlden was evalnated for the control of gram pod
horer, The treatmonts included movere denvalerate 0,03

and 04015 per cont aJd. , endosilfan 0,07 per cent ad.,
quinalrhos 0,05 per cont a.de, phogalone 0.05 per econt

Aele, tarbaryl 0.2 par cent aJde, DOT 0.1 per cent ad.
Holiothis PV 2.52:x10° PIBs/ml, quinalphos 1.5 per cent
dust, BHEC 10 per esnt dust 3nd parathion 2 per cent dust
(21} Gust formulation were applied at therate of 20 kg/ha).

It was found that the fenvalerate 0,03 per cent
el 4, endeoglfon 0407 par cent a.d. and quinalphos .05
por cont pl.d. vere most effective than rast of the
treatment, Eliothis NIV wag £4£fth in tho order of
superiority beth in redncing the pod damage and incressing
the yield, |
6.9 Parsistence of Holdothis MW was found to
deorease with time. The original activity remaining (O2R)
values wore B87.5, 625, 37.5 and 25.0 per cent 3t O, 24,
48, 72 and 96 hours, respsctively,
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