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TheF � sterility technique(inheritedsterility usingsubsterileinsects)hasbeenproposedfor
reproductive suppressionof lepidopteranpests.Management of lepidopteranpestsusingF�
sterility may be greatly influencedby otherpossiblestrategies, including chemicalcontrol
measures.Within this context, a laboratoryinvestigationwas undertaken of the tobacco
caterpillarSpodoptera litura (Fabricius)(Lepidoptera:Noctuidae)to assessthebioefficacy of
a substerilizingdose(70 Gy) of gammaradiationon bio-characteristics(viz., adultsurvival,
fecundity, egg hatch,F � larval weight, F � pupation,F � sex ratio); to establishthe median
lethaldose(LD �
	 ) of anoximecarbamateinsecticide,thiodicarb(Larvin75WP),toS. litura;
anddeterminethe interactionof thiodicarbwith theF� insectsderived from a substerilizing
gammadose.A doseof 70Gy administeredto 7-day-oldmalepupaereduced thetheeclosion
by � 10%. Whenthe eclosedmales(derived from treatedpupae) werematedwith normal
females,thefecundityandfertility weredecreasedascomparedwith control(0 Gy). Analysis
of body weightof theF� larvaeshowedno significantinfluenceof radiation,i.e., growth was
comparable to thatof normalprogeny, whichisapositivefactorin thesterile-insecttechnique.
Bioassayon newly molted6th instarlarvaewith thiodicarb(Larvin75 WP) showedthatthe
LD �
	 of the insecticidewas6.76 � g g
 � in the combined treatment(radiationto P� male
pupae+ thiodicarbto F� larvae),ascomparedwith 28.67 � g g
 � in thechemicaltreatment
(thiodicarb),indicatingthat the toxicity of the insecticideto the F� progeny wasincreased
4.24timesby theradiationtreatment,which is amarkedly pronouncedeffect. Furtherstudies
of the combinedeffect of radiationandinsecticideon pupationandsex ratio of F� progeny
showed that pupationwasaffectedmoreby the combinedtreatmentthanby the insecticide
alone,whereasthe sex ratio wasskewed in favor of malesin both the combinedtreatment
andthechemicaltreatment,indicatingthatthiodicarbwasselectively moretoxic to females.
Thepossibleinteractionandpotentialandthe feasibleapproachesof integratingF� sterility
andthiodicarbtreatmentarediscussedfor managementof thelepidopteranpestS. litura.
KEY WORDS:Spodoptera litura; gammaradiation;F � sterility; reproduction suppression;
sex ratio; thiodicarb.

INTRODUCTION

Spodoptera litura (Fabricius) is a common defoliator of polyphagous nature,and it
hasattainedan economically seriousstatusin the Indiansubcontinent (9,22,26,42). It is
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reportedto havedevelopedimmenseresistanceto many of thecommonly usedinsecticides
(4,33,43), whichhasmadecontrol of this insectpestextremelydifficult. This is considered
to be oneof the main causesfor recentoutbreaks in the stateof Andhra Pradesh,India
(44). Increasingconcerns about the effects of chemicalpesticideson the environment
andinsecticideresistancehave encouragedentomologiststo seekenvironmentally sound
alternative methodsto control this pest.

Manipulation of the reproductive potentialof insectpestspeciesratherthan instant
killing, is an environmentallyfavored approach in protection. Suchmeansmay include
themassreleaseof sterilemaleinsects,with anaim of suppressingthereproductionof the
endogenousfemales(7,20), thedisruptionof pheromonecommunicationbetweenthesexes
for interfering with pestreproduction(5), etc. Successin suchefforts for suppressingpest
populationswouldleadto thedesirable effectof reducingrelianceonchemicalinsecticides.

Lepidopteraninsectsshow high radio-resistanceascomparedwith mostotherinsects
(28) and require higher radiationdosesfor 100% sterilization,which may causemore
debilitatingeffectswith enhancedsomaticdamageandreducedcompetitivenessof radiated
insects.To obviatesucha situation,substerilizing dosesof radiationhave beenproposed
to beusedfor inducing inheritedsterility to managetheS. litura population(35). Inherited
sterility in the progeny of treatedmale lepidopteranswas shown to have a potential in
suppressingpopulationsof thepests(19,21,28,29). Someattemptshavebeenmadetostudy
andemploy F � sterility for suppressionof lepidopteranpests(Pectinophora, Spodoptera,
Crocidolomia, Earias spp.)in theIndiansubcontinent(17,32,36,39,41).

Useof a substerilizing radiationdoseto induceinherited sterility in S. litura would
result in F � survivors whoseviability and survival might depend upon interactionwith
prevailing environmental conditions, which could include an insecticidetreatmentfor
insectcontrol. In a situation in which insecticidetreatmentis also being applied, the
F� survivors with inheritedsterility would definitely interactand influence the overall
managementof the pest. In view of this, the thiodicarb susceptibilityof F � progeny of
S. litura treatedasmalepupaewith 70Gy, wasascertainedto understandthecompatibility
of theF � sterility techniqueandthiodicarb treatmentfor managementof this pest.

MATERIALS AND METHODS

THE TEST INSECT

Thetestinsectusedin thepresentstudies,Spodoptera litura (Fabricius) (Lepidoptera:
Noctuidae),wasmaintainedon castor(Ricinus communis Linn.) leavesat 27� 2 � C, 75 �
5% r.h. and12:12, L:D photoperiod underlaboratory conditions. To prevent microbial
infection (pertaining to bacteria or nuclearpolyhedrosisvirus) in the culture, the castor
leaveswerewashedwith dilutepotassiumpermanganatesolution( � 0.001%),followedby
water; the leaveswereair-dried. All the glasswareusedin the experimentswaswashed
thoroughly in detergent,treatedwith 2% formalin andthendriedin anoven at 70 � C for 4
h to checkmicrobial contaminationin theinsectculture.

Adults of S. litura werefed on 10%sucrosesolutionandkept in Perspex cages(20 �
20 � 20cm) for matingandoviposition. A freshcastorleafwith its stalkdippedin asmall
bottleof water, wasplacedin thecageto serve asanoviposition site. Eggswerecollected
daily andstoredin plasticcupsunderhighhumidity for hatching. Theneonatelarvaewere
transferredontotendercastorleavesfor feeding andfurther development.
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GAMMA IRRADI ATION

Stage of the insect for irradiation In the present study 7-day-old male pupae were
selectedfor irradiation, sincemostof the adult differentiationwasover at this age. Due
to its non-feedingnature andquiescent stage,thepupaeweresimpleto handle, andcould
besterilizedwith a moderatedosage.In many instancesthepupalstageis considered to
be themostappropriateonefor irradiation, ratherthanyoungerstages,becauseeggsand
larvaeareradio-sensitiveandtheradiation levelsrequiredto inducesterility in thesestages
oftencauseprematuredeath,or resultin thedevelopment of abnormaladults(31).

Source Thetestinsectwasirradiatedin awell-type
���

Cosource(Gamma-5000irradiator,
BRIT, BARC, Trombay; doserate9 Gy min � � ), at theInstituteof NuclearMedicineand
Allied Sciences,Delhi.

Dose used for irradiation Thepresentexperimentrequired theuseof gammaradiation
at a dosehigh enough to result in a reasonable range of inheritedsterility amongthe F �
survivors with satisfactorycompetence.In view of the observations of Seth(35) during
radio-biological studiesof S. litura, a substerilizingdoseof 7 Krad (70 Gy) waschosen
for the presentinvestigations,keepingin mind its moderatesubsterilizingnatureandthe
reasonable level of F � survival.

Reproductive performance of irradiated S. litura In orderto assessthe reproductive
performanceof the treatedmales(T-males, derived from pupaeexposedto 70 Gy), ten
individualpairsof T-male � normal(N)-femaleweretakenasatreatedset.Theegg-laying
capacityandpercentageof egg hatchof thematedfemalesweredetermined; eachmated
female’s dataconstitutedonereplicate. Thereproductive performanceof theT-maleswas
comparedwith thatof N-insectsassessedin thesimilarmanner.

INSECTICIDE TREATMENT

Thiodicarb (C � � H ��� N � O� S� ) is an oxime carbamate insecticide,which hasrecently
beenintroducedinto India by Rhône-PoulencAgro Ltd., Lyon, France,under the trade
namesLarvinand Semevin. It is primarily an ingestionor stomachtoxicant, with
relatively little contact toxicity to insects.It haslittle or no translaminar activity in plants
andno fumigant action. Thiodicarb hasbeenfound to be a pro-insecticide(10), and is
convertedin plants, insectsand soil into a more toxic compound, methomyl, which is
the presumedactive metabolite (18). Thiodicarb is a powerful ovicide (14) anda good
larvicide (15,30). It alsohasgood adulticidalactivity in somelepidopteranpests.In the
presentinvestigation,thiodicarb Larvin75WP wasused.

Leaf-disc bioassay An insecticidesuspensionof 0.1%strengthwasusedin thebioassay
studies;it comprised 100 mg of Larvin75 WP (a.i. thiodicarb) mixed with 100 ml of
distilled water. The test insectswereprepared for bioassayasfollows. In the laboratory
stockculture,the5th instarlarvaewereregularly monitoredfor headcapsulesplit, which
indicatedinitiation of the processof molting into 6th instar. The 6th instar larvae(L6)
wereidentifiedby thedarker color of thecuticle,andby theprominent,invertedV-shaped
frontal sutureon the head. The late 5th instar larvaewere left undisturbed overnight to
undergo molting into 6th instar larvae. Theselarvaewereremoved from the castorleaf,
kept in plasticboxes, andstarved for � 3 h, during which time the larvaeexcretedtwo
or threepellets,indicatingthat they weresuccessfullypreconditioned for bioassay. The

Phytoparasitica 30:1,2002 3



preconditionedlarvaewereindividually weighedandthebodyweightwasrecorded. The
dosageof insecticideto beadministeredto eachlarvaewascalculatedonthebasisof body
weight. Anotherset of the insectsfrom this stockculturewas irradiated aspupaewith
a partial sterilizing gamma doseandtheir F � progeny larvaewerepreparedin the same
manner asin thecaseof unirradiatedinsectsfor insecticidebioassay.

Incorporation of insecticide in leaf discs Castorleavesof thesameageandprimarily
from the samesource, wereselected.Leaf discs2.5 cm in diameter werepunched out
with a metal-puncher, taking careto avoid the midribs. The insecticidesuspensionwas
gentlystirredandacalculatedamount wasplacedonthediscwith amicropipettedispenser
so that a thin, uniform insecticidefilm wasformed on the leaf. The insectsweretreated
with sevendosesof the insecticide(Larvin), namely, 1, 5, 10, 20, 25, 50 or 100 � g g � � ;
distilled waterwasappliedon the control leaf discs. The leaf disc wasair-driedat room
temperature and then transferred to a 100-ml-capacity plastic box containing layersof
moistenedfilter papers,to avoid desiccationof leaves(3). The treatedleaf sectionwas
placedfacedownwards,to avoid thechance of the insectbeingin contactwith thepoison
prior to eatingit (16). Larval mortality wasassessed48 h after treatment.Themoribund
larvaewereconsideredasdeadfor thepurposeof calculating percentagemortality.

Statistical analysis The LD � � of Larvin wasobtained from the dosemortality databy
probit analysis(13). The dataobtainedfor percentagepupaformation, adult emergence,
malformationin insectsandegg hatch, aswell asnumberof eggs laid, weresubjectedto
analysisof variance followedby Student’s t-testor LSD testbetweentreatments(40).

RESULTS

BIOEFFICACY OF GAMMA RADIATION

Effect on pupal eclosion The datareveal that adult emergenceafter pupal irradiation
was 75.5% in the treatment, as comparedwith 83.3% in the control (unirradiated), the
differencebeingstatisticallysignificant(Table1). Similarly, gammairradiationwasfound
to inducemalformationin 13.4% of theeclosedadults, P � 0.01 (Table1).

TABLE 1. Effect of irradiationof malepupaeon adultemergence andmalformationin Spodoptera
litura (dataaremeans SE)

Treatmentto malepupae % Adult emergence % Malformation among
emerged adults

70 Gy 75.5!#" 1.72 13.4 !#" 1.26
0 Gy (control) 83.3 $%" 1.29 2.4 $%" 0.02

Within columns,meansfollowed by a differentletter differ significantly at P & 0.01(Student’s t-test); n=3,each
replicatecomprising 50 insects.

Effect on fertility of female moths crossed with irradiated males Thenormal female,
whenpairedwith a malewhich hadbeentreatedasa pupa, hadan average fecundity of
1744.2 eggs oviposited;egg hatchwas58.7%. For normally matedadults(i.e., control)
thenumberof eggs ovipositedperfemalewas1940.3,andfertility was93.5%. Theresults
indicated10.1%reduction in oviposition and37.24% declinein fertility due to gamma
irradiation of pupae(Table2).
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TABLE 2. Egg laying andfertility of a normalfemaleSpodoptera litura crossedwith a malemoth
derivedfrom a pupairradiatedwith 70 Gy (dataaremeans SE)

Treatmentto malepupae Eggslaid / matedfemale % Egghatch
70 Gy 1744.2! " 48.0 58.71 ! " 1.27
0 Gy (control) 1940.3$ " 31.4 93.53 $ " 1.19

Within columns,meansfollowed by a different letter differ significantly at P & 0.01(Student’s t-test);n=10.

Effect of gamma radiation on body weight of F � larvae The live body weight per
freshly molted 6th instar larva in the F � generationof S. litura treatedas a male pupa
showed no statisticallysignificanteffect on the body weight: 0.279 g ascomparedwith
0.301 g in thecontrol (Table3).

TABLE 3. Freshbody weightof newly molted6th instarlarvaein theF� generationof Spodoptera
litura mothsirradiatedasmalepupaeandcrossedwith normalfemales(dataaremeans SE)

Treatmentto maleP� pupae Freshbodyweight of F� larva (g)
70 Gy 0.279! " 0.017
0 Gy (control) 0.301! " 0.018

! No significant differenceat P = 0.01(Student’s t-test); n=30.

BIOEFFICACY OF INSECTICIDE ON TREATMENT

Thebioassayresultsaftertreatmentwith Larvin, weresubjectedto probit analysisand
theLD � � of thenewly molted6th instarlarvaewasrecordedas28.67 � g g � � body weight,
within 95% fiducial limits. The '#( value was 4.51 and the log dose-probit regression
equation wasY = 0.79X + 3.79 (Fig. 1). It wasobserved thatafter the larvaehadfed on
theinsecticide-coatedleafdisc,convulsionsandtremorsof varyingdegreeswereproduced,
followedby paralysis. There wascopiousregurgitationof thegut contents, andcessation
of feeding, or limited feeding, wasseenespeciallyat higherdosesof the insecticide.The
symptoms were typical of thiodicarb, a stomachpoison. In addition, the treatedlarvae
remained smallandshriveled, ascomparedwith thecontrol.

TABLE 4. Effectof thiodicarb(asLarvin) on percentage pupationandsex ratio in theF� population
of Spodoptera litura derived from mothsirradiatedasmalepupaeandcrossedwith normalfemales
(dataaremeans SE)

Featuresobserved Larvin dose( ) g g
 � )
0 1 5 10 20 25 50 100

Radiationtreatment(70 Gy to parentmalepupae)
% Pupation 30.0a 21.4b 13.3c 12.5cd 11.1cd 7.4d 0 0

" 1.7 " 2.2 " 2.2 " 1.1 " 1.3 " 0.4
Sex ratio* (M:F) 1.2:1 1.4:1 1.4:1 1.6:1 1.8:1 1:0 - -

Control (0 Gy)
% Pupation 94.4a 92.1ab 76.7b 56.6c 26.6d 16.6e 10.7f 0

" 4.2 " 5.4 " 4.5 " 3.3 " 2.3 " 1.4 " 0.9
Sex ratio* (M:F) 1.07:1 1.00:1 1.09:1 1.12:1 1.66:1 1.50:1 2.00:1 -

Within rows, meansfollowed by a commonletter do not differ significantly different at P + 0.05 (ANOVA
followedby LSD post-test); n=5;a groupof 15 insectscomprisedonereplicate.
* Sex ratio of emerged adults wasrecordedon a groupof 75 pupae in eachregimen.
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Fig. 1. Bioefficacy of thiodicarb on F � progeny of gamma-irradiatedmale Spodoptera litura.
CombinedtreatmentLD �
	 = 6.76 � g g 
 � ; , � = 9.78.ChemicaltreatmentLD �
	 = 28.67 � g g
 � ; , �
= 4.51.

BIOEFFICACY OF COMBI NED TREATMENT

Effect of radiation on insects’ susceptibility to thiodicarb In F � progeny of the
irradiatedmaleparent, theLD � � of thiodicarb (Larvin75 WP) in newly molted6th instar
larvaewas6.76 � g g � � bodyweight,within 95% fiducial limits. TheLD � � valuein the
combinedtreatment (radiation + insecticide)wasdecreasedby 4.24timescomparedwith
thechemicaltreatment (Fig. 1). Thelog dose-probit regressionequationwasY = 0.85X +
4.30andtheobservedheterogeneitywas9.78.

Effect of combined treatment (radiation + insecticide) on pupation and sex ratio At
all testeddosesof insecticide,pupation percentagewashigher in theinsecticidetreatment
(L6 treatedwith thiodicarb alone), thanin thecombined treatment (F � L6 larvaederived
from irradiatedparentexposedto thiodicarb).Thepercentage pupation,however, declined
very rapidly up to a doseof 25 � g g � � in boththeregimens, in a dose-dependent fashion
(Table4). Thedeclinein pupationwashigherwhenbothtreatments weregiven thanin the
thiodicarb treatment alone.Observationsonthesex ratioof theensuingpupaeshowedthat
it wasmoreskewedin favor of themalesin bothgroupsof experimentsandfurthermorein
thecombinedtreatmentgroup(Table4).

DISCUSSION

The sterile male technique was advocatedover 40 yearsago by E.F. Knipling, and
was usedsuccessfullyto eradicate the screwworm fly in Curacaoislands,southeastern
andsouthwesternUSA, PuertoRico andMexico. This successinspiredmany researchers
to employ the technique againstthe mostnoxious lepidopteranpestsof crops. However,
insecticidescontinue to play an important role in pestcontrol all over the world. Often
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insecticidesareappliedwith a view to reducing the population levels of the target insect
first, followedby thereleaseof sterilemales.It wouldbeof greatimportanceto know how
theinsecticideresidues interactwith theF � progeny of lepidopteranpestswhich inherited
sterility from parent moths(P-moths) irradiatedwith substerilizinggamma doses. The
presentwork studiedthe susceptibilityto thiodicarb of F � progeny of S. litura derived
from a substerilizedmale parent and the feasibility of using the F � sterility technique
in conjunction with an insecticidetreatment for the management of this lepidopteran
polyphagous pest.

A 70 Gy - -doseto S. litura pupaeresultedin a 9.36% reduction in adult emergence
ascomparedwith thecontrol, andin 13.39% malformationof theemergedadults. Many
workers have studiedthe feasibility of the sterile insecttechnique (SIT) for the control
of Spodoptera species(35,37,45,48) using ionizing radiation on almostall stages,and
particularly the older pupaeandadults. The dataon radiosensitivity of the pupaemay
helpconsiderablyin determining thegamma dose,optimumnumberof sterilizedpupaeto
bereleasedin a targetarea,andevaluationof radiation-basedgenetic techniques(SIT, F �
sterility technique) for pestmanagement.

Thecorrectedsterility in S. litura dueto 70 Gy was37.24%, whereasthereduction in
egg layingwas10.1% in comparisonwith thecontrol. Similarfindings havebeenreported
by Li et al. (23)in Ostrinia furnicalis receiving25Krad. Whenmalepupaewereirradiated
by a substerilizingdoseof radiation, the general trendwas that fecundity of the mated
femaleandpercentagehatching of F � eggsdeclined. Thelevel of declinein reproductive
featureswasfound tovarywith insectspecies,ageatirradiation,anddoseof radiation [refer
to observationsof Walker et al. (46) on Diatraea saccharalis, Sallam(34) on Spodoptera
littoralis, Aguilar et al. (2) on Heliothis virescens, Bughio (6) on Chilo partellus, and
MastroandSchwalbe(24) on Lymantria dispar]. Wakid et al. (45) found an apparent
increasein theegg productionandhatchof F � larvaewhenfully maturemalepupaeof S.
littoralis – irradiatedat 2–16Krad– werepairedwith normal females,but irradiationwith
morethan16Kradresultedin suppressedeggproductionandeggfertility. In ourstudythe
decreasewasseenin theseparameters (eggproductionandegghatchinto F � larvae) in the
caseof S. litura dueto radiation. Effectivenessof a dosemayvary with the attributesof
differentspeciesandwith environmental conditions.

Studiesof the effect of gamma-irradiated maleparent pupaeof S. litura on the fresh
body weight of newly molted6th instar larvaein F � progeny revealed that therewasno
significantdifferencein the parameter betweentreatmentandcontrol. SethandSehgal
(38) recordeda 23.4% reduction in thedry bodyweightof 6th instarlarvaeanda 36.0%
reduction in thatof pupaeof S. litura, irradiatedas6th instarlarvae in thesamegeneration,
at a doseof 7 Krad. However, the stageat irradiation in the presentinvestigationswas
different, viz., pupa, andfreshbody weight of L6 wasassessedin the F � generation. It
appears that thereproductive competitivenessof F � progeny with normal population may
not decrease,asreproductive viability of F � Spodoptera canbe correlated with its larval
body weight, which showed satisfactory growth in the presentstudy. Therefore, these
resultsareof importancein the applicationof the F � sterility technique (modifiedsterile
maletechnique),wheretheF � progeny of irradiatedparentswould competewith thewild
pestpopulation.

Bioefficacy testsof thiodicarbonS. litura showedthattheLD � � value of thiodicarbon
the 6th instar larvaeof normal parent’s progeny was28.668 � g g � � body weight, using
a leaf disc bioassaymethod. In an earlierexperiment Yu (47) reported the LD � � value
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for technical thiodicarb, appliedtopically to 4th instarlarvaeof Spodoptera frugiperda, as
58.5and2.25 � g g � � bodyweight in a resistantfield strainanda susceptiblelaboratory
strain, respectively. Suchdifferencesin response to thiodicarbmay be attributed to the
differencein species,life-stagetreated,methodof application, insectstrain, formulation
of insecticide,etc. To the bestof our knowledge, no suchwork relatedto the LD � � of
thiodicarb hasbeenreported earlierfor S. litura.

Thetoxicity of thiodicarb to S. litura wasincreased4.24-fold whentheLD � � valuesof
thecombinedtreatment(radiation + thiodicarb)werecomparedwith thiodicarb treatment
alone. This is in agreement with the resultsof Moustafa and Abdel Salam(27), who
administered substerilizingdoses(2.5, 5 and10 Krad) of gammaradiation to malepupae
of S. littoralis andconductedinsecticidebioassayson4thinstarlarvaein F � progeny. Their
resultsindicatedthatinsecticidesusceptibilityof larvaeincreased, notonly with thiodicarb
but also with chlorpyriphos, deltamethrin, cyanophosand cyfluthrin. Exceptionally, in
the caseof Empire(diflubenzuron + chlorpyriphos), the susceptibilityof the larvaewas
decreased. Thepresent findingsarein agreementwith thoseof El-Banbyet al. (11), who
reported similar resultsin S. littoralis with chlorpyriphos. Abdel Salamet al. (1) found
increasedsusceptibilityof Tribolium confusum adultsto all the insecticidestested,viz.,
malathion, formothion, esfenvalerateandDuradin(methomyl + flufenoxuron) whenthe
pupae were irradiated1–2 daysbefore eclosion. However, our resultsarecontradictory
to the report of Carpenterand Young (8), who testedthe insecticidesmethomyl and
carbaryl oncarbaryl-resistantand-susceptiblestrainsof S. frugiperda in theF � progeny of
irradiatedadults(10 Krad). Irradiation wasfound to inducevarying degreesof resistance
to insecticidesin all thetestsconducted,andno interaction wasevidentbetweenradiation
treatment andinsecticideresistanceor betweenradiation treatmentandstrainperformance.
In this context, it shouldbe notedthat a change in toxicity of the insecticideto the F �
progeny of an irradiated parentmight depend largely on the differential behavior of a
particular insectspeciesand its strain,andon the insecticideused. This was illustrated
by Moustafa and Abdel Salam(27), who found that irradiation increasedthe toxicity
of someinsecticidestowardsS. littoralis, reduced it in the caseof Empire, and led to
no change with Deenate(methomyl + diflubenzuron) or Delfos(chlorpyriphos+ Dowco
449). Similarly, varying resultswerereported by Abdel Salamet al. (1) on the toxicity
of different insecticidesto adultsof T. confusum irradiatedaspupae. Theseinsecticides
weremore toxic whenirradiation wasdone in a latepupal stageratherthananearlyone.
Similarly, Callosobruchus maculatus adultsshowedmoresusceptibilityto fenvalerateafter
irradiation, whereas the opposite effect was observed with cypermethrin, undersimilar
conditions (12).

Thus, it may be concluded that the behavior of the F � progeny of irradiated males
doesnot follow a fixed pattern,as far as insecticidesusceptibilityis concerned. This
could be attributedto a specificmodeof actionof different insecticidesandto different
species-specificreactionsof insectpests.However, thedataonbehavior andsusceptibility
of F � survivors of S. litura towards thiodicarb are very important, since they have a
bearing on SIT programs,wherepopulations of the F � progeny of the releasedinsects
aregreatlyinfluencedby insecticidesand/or insecticideresidues.Thepresentinvestigation
demonstratedthattheprogeny of irradiatedinsectsweremoresusceptiblethanthecontrol
to thiodicarb,under laboratory conditions. However, considering thefactthattheresponse
of insectsin the above caseswashighly variable, it is suggestedthat further work needs
to bedone,to determine thedegreeof toxicity of theinsecticideto all stagesof theinsect
afterirradiation.
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Laboratory experiments on the effect of combined treatment on pupation and sex
ratio of F � progeny showed that with increasingdosesof insecticide,the percentage
pupation decreased.At the toxicant dosenearest to the LD � � value (5 � g g � � in the
combinedtreatment and25 � g g � � in theinsecticidetreatment), therewas13.3%pupation
in the combined treatment comparedwith 16.6%in the insecticidetreatment (Table4).
Furthermore,therewasa 78–83% reduction in pupa formationin thecombinedtreatment
as comparedwith that in the insecticidetreatment (Larvin at a rangeof 1–10 � g g � � ).
Thepercentagedeclinein pupa formationwasgreaterin thecombinedtreatment – where
gammaradiationof themaleparent precededtheinsecticidebioassayof theprogeny – than
in the insecticideonly treatment,indicating that gamma radiation exerted a pronounced
effect on the insecticidetreatment. In the combined treatmentthe number of larvae
surviving until pupation wasvery low, sinceonly 7.4%of thelarvaepupated successfully
following theirradiation + thiodicarbtreatmentwith a doseof 25 � g g � � , whereasabove
this dosetherewascomplete larval mortality. This effect wasobserved in the radiation
control (0 Gy) at theinsecticidedoseof 100 � g g � � .

It is a generalobservation that malesare more resistantto gamma radiation than
females. However, as regardsinsecticides,the susceptibilityof malesand femalesmay
depend on the insectspeciesand the insecticideused(25). In the present study with
thiodicarb andgammaradiation, thereis a markedskewing of sex ratio in favor of males.
This is in agreementwith the findings of Li et al. (23) and Bughio (6), who reported
similar resultson Ostrinia furnicalis and C. partellus, respectively. Mishra et al. (25)
reported that the susceptibilityof femalesto carbaryl washigher thanthat of malesin a
laboratory populationof Rhyniptia laeviceps, abeetlepestof millet in India. To thebestof
ourknowledge,nowork hasbeenreportedontheeffectof anoximecarbamate insecticide
like thiodicarbon thesex ratioof insects.

A rangeof substerilizinggammadoses(40–200Gy), administeredto freshlyemerged
adultmoths, hasbeenstudiedextensively with theF � sterility techniquefor thecontrol of
S. litura (39). The older pupae(7 daysold, asa pharateadult) irradiatedin the present
investigationsmight bea feasiblestage– dueto lesssomaticdamageandconveniencein
handling – to employ in theinheritedsterility techniquefor lepidopteranpestsuppression.

Use of low-range substerilizinggamma doseshas beenfound effective for better
mating viability of P� and F � insectsamongnatural populations, whereasthe higher
rangesubsterilizingdosescouldbe more effective in P � crossesthanin F � crosses(R.K.
Seth,unpublished).Whenusinga higherrangesubsterilizingdose,therefore, integration
of thiodicarb treatment could be moreeffective sincelessreproductively competitive F �
insectsat this dosewould bemoresensitive to thiodicarbandsuffer high mortality before
they reached the adult stage.However, whena low range substerilizingdoseis usedfor
F� sterility, the thiodicarbtreatment might affect the pragmatic impactof the F � sterility
techniquebykilling theF � larvae,becauseF � adultprogeny wouldnotbeformedtoemploy
inheritedsterility for pestsuppression. Furthermore, if needed, the thiodicarb treatment
alonecould be employed effectively to reducethe natural population to a desiredlevel
before theapplication of F � sterility, for efficientuseof bothtechniques.

ACKNOWLEDGMENTS

The first author(KR) is grateful to the Indian Council of Agricultural Research, New Delhi, for a Junior
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