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I nteraction of Substerilizing Gamma Radiation and
Thiodicarb Treatment for M anagement of the Tobacco
Caterpillar Spodoptera litura

K. RamesHh,A K. Gag? andR.K. Seth?

TheF; sterility technique(inheritedsterility usingsubsterileinsects)hasbeenproposedor
reprodutive suppressiomnf lepidopterarpests.Managemat of lepidopterarpestsusingh
sterility may be greatly influencedby other possiblestrataies, including chemicalcontrol
measures. Within this contet, a laboratoryinvestigationwas undertalen of the tobacco
caterpillarSpodoptera litura (Fabricius)(LepidopteraNoctuidae}o assesghebioeficagy of
asubsterilizingdose(70 Gy) of gammaradiationon bio-characteristicéviz., adultsurvival,
fecundity egg hatch,F; larval weight, F; pupation,F; sex ratio); to establishthe median
lethaldose(LDso) of anoximecarbamaténsecticidethiodicarb(Larvin”75WP),to S litura;
anddeterminethe interactionof thiodicarbwith the F; insectsderived from a substerilizing
gammadose.A doseof 70 Gy administeredo 7-day-oldmalepupae reducel thetheeclosion
by ~ 10%. Whenthe eclosedmales(derived from treatedpupag were matedwith normal
femalesthefecundityandfertility weredecreasedscomparedwith control(0 Gy). Analysis
of body weightof theF; larvaeshaved no significantinfluenceof radiation,i.e., growth was
comparale to thatof normalprogery, whichis apositive factorin thesterile-insectechnique.
Bioassayon newly molted6th instarlarvaewith thiodicarb(Larvin’75 WP) shaved thatthe
LDso of the insecticidewas6.76 ug g~* in the combinel treatment(radiationto P, male
pupae+ thiodicarbto F; larvae),ascomparedwith 28.67 g g~ * in the chemicaltreatment
(thiodicarb),indicating that the toxicity of the insecticideto the F; progery wasincreased
4.24timesby theradiationtreatmentwhich is amarkedy pronourtedeffect. Furtherstudies
of the combinedeffect of radiationandinsecticideon pupationandsex ratio of | progery
shaved that pupationwas affectedmore by the combinedtreatmenthanby the insecticide
alone,whereashe sex ratio was skewed in favor of malesin both the combinedtreatment
andthe chemicaltreatmentjndicatingthatthiodicarbwasselectvely moretoxic to females.
The possibleinteractionandpotentialandthe feasibleapproaclesof integrating R sterility
andthiodicarbtreatmentrediscussedor managerentof thelepidogeranpestsS litura.
KEY WORDS: Sphodoptera litura; gammaradiation;F; sterility; reprodiction suppresion;
se& ratio; thiodicarb

INTRODUCTION

Spodoptera litura (Fabriciws) is a comman defdiator of polyphagas nature,and it
hasattainedan econonically seriousstatusin the Indian subcotinent (9,2226,2). It is
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repotedto have developedimmerseresistancéo mary of thecommony usedinsecticides
(4,33,43) which hasmadecontrd of thisinsectpestextremelydifficult. Thisis considerd
to be one of the main causedor recentoutbre&s in the stateof Andhra Pradesh)ndia
(44). Increasingconcens aboutthe effects of chemicalpesticideson the environment
andinsecticideresistancéhave encairagedentomdogiststo seekenvironmentally sourd
alternatve methalsto contrd this pest.

Manipulation of the repioductive potential of insectpestspeciesratherthan instant
killing, is anervironmentallyfavored apprachin praection. Suchmeansmay include
themasgeleaseof sterilemaleinsectswith anaim of suppessingherepraluctionof the
endagenos femaleg7,20), thedisruptionof pheranonecomnunicationbetweerthesexes
for interfeiing with pestrepraluction(5), etc. Successn suchefforts for suppraesingpest
popuationswouldleadto thedesiralte effectof redicingrelianceonchemicainsecticides.

Lepidopteraninsectsshav high radio-esistanceascompmaredwith mostotherinsects
(28) and requir higher radiationdosesfor 100% sterilization, which may causemore
debilitatingeffeas with enhanedsomaticdamag andredwcedcompetitivenesof radiatel
insects. To obviate sucha situation,substerilizing dosesof radiationhave beenproposed
to beusedfor inducinginheritedsterility to manayetheS. litura population(35). Inheited
sterility in the progery of treatedmale lepidogeranswas shavn to have a potential in
suppessingpopulationsof thepestq19,21,28,29) Someattempthave beermadeto study
andemplg F; sterility for suppessionof lepidgoteranpests(Pectinophora, Spodoptera,
Crocidolomia, Earias spp.)in thelndiansubcorinent(17,3,3639,4L).

Use of a substerilizig radiationdoseto induceinheiited sterility in S. litura would
resultin F; survivors whoseviability and survival might degend upa interactionwith
prevailing ervironmeral conditicns, which could include an insecticidetreatmentfor
insectcontrd. In a situationin which insecticidetreatmentis also being applied the
F; survivors with inherited sterility would definitely interactand influene the overall
manag@mentof the pest. In view of this, the thiodicab susceptibilityof F; progewy of
S litura treatedasmalepupa with 70 Gy, wasascertainetb understandhe compatilility
of theF; sterility techniqueandthiodicab treatmenfor manageentof this pest.

MATERIALS AND METHODS

THE TEST INSECT

Thetestinsectusedin the presenstudies,Spodoptera litura (Falricius) (Lepidoptera:
Noctuidae),wasmaintainedon castor(Ricinus communis Linn.) leavesat27+2°C, 75+
5% r.h. and12:12, L:D phaoperial underlabordory condtions. To prevent microbial
infection (pertainirg to bactera or nuclearpolyhalrosisvirus) in the culture, the castor
leaveswerewashedvith dilute potassiunpermaiganatesolution(~ 0.001%),followedby
water; the leaveswere air-dried. All the glassvare usedin the expeimentswaswashed
thoraughly in detegent, treatedwith 2% formalin andthendriedin anoven at 70°C for 4
h to checkmicrolal contaninationin theinsectculture.

Adults of S litura werefed on 10% sucrosesolutionandkeptin Persp& cageg20 x
20 x 20cm) for matingandoviposition. A freshcastoreafwith its stalkdippedin asmall
bottle of water wasplacedin the cageto sene asanoviposition site. Eggswerecollected
daily andstoredin plasticcupsunder high humidity for hatchirg. Theneonatdarvaewere
transfered ontotendercastoreavesfor feedirg andfurthe development.
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GAMMA IRRADIATION

Stage of the insect for irradiation In the presen study 7-dayold male pupae were
selectedor irradation, sincemostof the adult differentiationwas over at this age. Due
to its nonfeedingnatue andquiescenstage the pupaeweresimpleto hande, andcoud
be sterilizedwith a modeate dosage.ln mary instanceghe pupalstageis consideedto
be the mostapprgriate onefor irradiation, ratherthanyourger stagesbecase eggsand
larvaeareradio-sensitve andtheradiatian levelsrequredto inducesterility in thesestages
oftencauseprematuredeath or resultin thedevdlopment of abnamal adults(31).

Source Thetestinsectwasirradigedin awell-type % Cosourcg Gammas000irradiator,
BRIT, BARC, Tromtay; doserate9 Gy min—1!), at the Institute of NuclearMedicineand
Allied SciencesDelhi.

Dose used for irradiation The presenexperimentrequred the useof ganmaradiation

at a dosehigh enowgh to resultin a reasonale range of inheritedsterility amongthe F

survivors with satishctory competence.In view of the obsenations of Seth(35) during

radiobiologcal studiesof S. litura, a substerilizingdoseof 7 Krad (70 Gy) was chosen
for the presentinvestigationskeepingin mind its modeate substerilizingnatureandthe
reasonale level of F; survival.

Reproductive performance of irradiated S. litura In orderto assesshe repioductive
perfamanceof the treatedmales(T-mdes, derived from pupae exposedto 70 Gy), ten
individual pairsof T-malex nomal (N)-femaleweretakenasatreatedset. Theeggaying
capacityandpercemageof egg hatchof the matedfemalesweredetermine; eachmated
females dataconstituteconereplicge. Thereprodictive performarce of the T-maleswas
compredwith thatof N-insectsassesseih the similar manrer.

INSECTICIDE TREATMENT

Thiodicarb (C1gH18N40O4S3) is an oxime carbanate insecticide,which hasrecerly
beenintroducedinto India by Rhdne-Pallenc Agro Ltd., Lyon, France,uncer the trade
namesLarvinand Semein”. It is primaily an ingestionor stomachtoxicart, with
relatively little contad toxicity to insects.It haslittle or no translaminaactuity in plants
and no fumigant action. Thiodicarb hasbeenfound to be a pro-insecticide(10), andis
convertedin plants, insectsand soil into a more toxic commund methonyl, which is
the presumedhctive metabdite (18). Thiodcarbis a powerful ovicide (14) anda goad
larvicide (1530). It alsohasgoad adulticidalactivity in somelepidogeranpests.In the
preseninvestigationthiodicab Larvin“75WP wasused.

Leaf-disc bioassay An insecticidesuspensionf 0.1%strengthwasusedin thebioassay
studies;it comgised 100 mg of Larvin”75 WP (a.i. thiodcarb) mixed with 100 ml of
distilled water The testinsectswere prepaed for bioassayasfollows. In the laboatory
stockculture,the 5th instarlarvaewereregularly monitaedfor headcapsulesplit, which
indicatedinitiation of the processof molting into 6th instat The 6th instar larvae (L6)
wereidentifiedby the darker color of the cuticle,andby the promirent,inverted V-shape
frontal sutureon the head. The late 5th instar larvae were left undisturled overnigtt to
undego molting into 6th instarlarvae. Theselarvaewere removed from the castorleaf,
keptin plasticboxes, andstaned for ~ 3 h, during which time the larvae excretedtwo
or threepellets,indicatingthat they were successfullypremnditiored for bioassay The
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precanditionedlarvaewereindividually weighedandthe bodyweightwasrecoded. The

dosagef insecticideto be admiristeredto eachlarvaewascalculatedn the basisof body

weight. Anothersetof the insectsfrom this stock culture wasirradiaded as pupaewith

a partial sterilizing gamna doseandtheir F, progery larvae were prefaredin the same
manrer asin the caseof uniradiatednsectsfor insecticidebioassay

Incorporation of insecticide in leaf discs Castorleavesof the sameageand primatiily
from the samesource were selected. Leaf discs2.5 cm in diameer were puncted out
with a metal-punchey taking careto avoid the midribs. The insecticidesuspensiorwas
gentlystirredanda calculatecamownt wasplacedonthediscwith amicropipettedispenser
sothata thin, uniform insecticidefilm wasformed on the leaf. Theinsectsweretreated
with seven dosesof the insecticide(Larvin), namely 1, 5, 10, 20, 25,50 or 100 ug g —%;
distilled waterwasappliedon the contrd leaf discs. The leaf disc was air-dried at room
temperéure and then transfered to a 100ml-capacity plastic box contaning layers of
moistenedilter papers;to avoid desiccationof leaves(3). The treatedleaf sectionwas
placedfacedowvnwards,to avoid the chane of the insectbeingin contactwith the poisa
prior to eatingit (16). Larval mortdity wasassessed8 h aftertreatment.The moribund
larvaewerecorsideredasdeadfor the purposeof calculatirg percatagemortality.

Statistical analysis The LD 5o of Larvin wasobtaired from the dosemortality databy
prohit analysis(13). The dataobtainedfor percemagepupaformation, adut emegence,
malformationin insectsandegg hatch aswell asnumber of eggs laid, were subjectedo
analysisof variane followedby Studeti's t-testor LSD testbetweertreatment$40).

RESULTS

BIOEFFICACY OF GAMMA RADIATION

Effect on pupal eclosion The datareveal that adult emegenceafter pupalirradiation
was 75.3% in the treatmeh as compmredwith 83.3% in the contiol (unirradiated) the
differencebeingstatisticallysignificant(Tablel1). Similarly, ganmairradiationwasfound
to inducemalformationin 134% of theeclosedaduts, P<0.0L (Tablel).

TABLE 1. Effectof irradiationof male pupaeon adultemegene andmalformationin Spodoptera
litura (dataaremeanst SE)

Treatmento malepupae % Adult emegene % Malformation among
emepged adults

70Gy 753 +£1.72 13.4% +1.26
0 Gy (contrd) 83.3% +1.29 2.4% +0.02

Within columns meandollowed by a differentletter differ significantly at P < 0.01(Studentst-test); n=3, eat
replicatecomprishg 50 insecs.

Effect on fertility of female moths crossed with irradiated males Thenomal female,
whenpairedwith a malewhich hadbeentreatedasa pupa hadan averaye fecurdity of

17442 eggs oviposited; egg hatchwas 58.®46. For nomally matedadults(i.e., contrd)

thenumter of eggs ovipositedperfemalewas194Q3, andfertility was93.%%. Theresults
indicated10.1%redwction in oviposition and 3724% declinein fertility dueto gamma
irradiation of pupae(Table2).
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TABLE 2. Egg laying andfertility of a normalfemale Spodoptera litura crossedwith a malemoth
derived from a pupairradiatedwith 70 Gy (dataaremeanst SE)

Treatmento malepupae Eggslaid / matedfemale % Egghatch
70Gy 1744.2% 1 48.0 58.71% + 1.27
0 Gy (contrd) 1940.3* +31.4 93.53% +1.19

Within columns,meandollowed by a differentletter 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, gererationof S litura treatedas a male pupa
shaved no statistically significanteffect on the body weight: 0.2 g ascomparedwith
0.30L g in thecontrd (Table3).

TABLE 3. Freshbody weightof newly molted6th instarlarvaein the F; generatiorof Spodoptera
litura mothsirradiatedasmalepupaeandcrossedvith normalfemales(dataaremeanst SE)

Treatmento maleP; pupae Freshbodyweight of F; larva (g)
70Gy 0.27% £ 0.017
0 Gy (contrd) 0.30F 4+ 0.018

%No significant differenceat P = 0.01 (Students t-test) n=30.

BIOEFFICACY OF INSECTICIDE ON TREATMENT

Thebioassayresultsaftertreatmenwith Larvin, weresubjectedo probitanalysisand
theLD3o of thenewly molted6thinstarlarvaewasrecodedas2867 ug g —! body weight,
within 95% fiducial limits. The x2 value was 4.51 and the log doseprobit regression
equatimwasY =0.79X + 3.7 (Fig. 1). It wasobsenred thatafterthelarvaehadfed on
theinsecticideeoatedeafdisc,convulsionsandtremas of varying degreeswereprodiced,
followedby pardysis. Thete wascopiaus regurgitation of the gut contens, andcessation
of feeding or limited feedng, wasseenespeciallyat higherdosesof theinsecticide.The
symptans were typical of thiodicarb, a stomachpoisa. In addition the treatedlarvae
remaineé smallandshriveled, ascompaedwith thecontrd.

TABLE 4. Effectof thiodicarb(asLarvin) on percentag pupationandsex ratioin the F; popuation
of Spodoptera litura derived from mothsirradiatedasmale pupaeandcrossedvith normalfemales
(dataaremeanst SE)

Featuesobsened Larvindose(ug g~ T)

0 1 5 10 20 25 50 100
Raditiontreament(70 Gy to parentmale pupag

% Pupaton 30.0a 21.4b 13.3c 12.5cd 11.1cd 7.4d 0 0
+1.7 +2.2 +2.2 +11 +1.3 +0.4

Sex ratio* (M:F) 1.2:1 1.4:1 141 1.6:1 1.8:1 1:0 - -

Control (0 Gy)

% Pupaton 94.4a  92.1ab 76.7b 56.6C 26.6d 16.6e 10.7f 0
+4.2 +5.4 +45 +3.3 +2.3 +1.4 +0.9

Seratio® (M:F) 1.07:2 1001 1.09:1 1121 1.66:1 1.50:1 2.00:1 -

Within rows, meansfollowed by a commonletter do not differ significantly differentat P < 0.05 (ANOVA
followedby LSD post-test); n=5; agroupof 15insect comprisedonereplicate
* Sex ratio of emeged aduks wasrecorded on a groupof 75 pupae in eachregimen.
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Fig. 1. Bioefficagy of thiodicarb on F; progery of gamma-irradiatednale Spodoptera litura.
Combinedtreatment.Dso = 6.76ug g~ ; x* = 9.78.Chemicaltreatment.Dso = 28.67ug g™ "; x°
=451.

BIOEFFICACY OF COMBINED TREATMENT

Effect of radiation on insects susceptibility to thiodicarb In F; progery of the
irradiatedmaleparen, the LD 5, of thiodicab (Larvin®75WP) in nenly molted6th instar
larvaewas6.76 ug g~! bodyweight, within 95% fiducial limits. The LD 5, valuein the
comhnedtreatmen (radation + insecticide)wasdecrasedby 4.24timescomparedwith
thechemicaltreatmen(Fig. 1). Thelog doseprobitregressionequationwasyY = 0.85X +
4.30andtheobseredheterogneitywas9.78

Effect of combined treatment (radiation + insecticide) on pupation and sex ratio At
all testeddosesof insecticide pupation percentge washigher in theinsecticidetreatment
(L6 treatedwith thiodicab alone) thanin the combired treatmen (F; L6 larvaederived
fromirradiatedparentexposedo thiodcarb). The percentag pupation,however, declinel
very rapidly up to a doseof 25 g g—! in boththeregimers, in a dosedepeneéntfashion
(Table4). Thedeclinein pupationwashigherwhenbothtreatmets weregiven thanin the
thiodicab treatmeat alone.Obsenationson the sex ratio of theensuingoupaeshavedthat
it wasmoreskewedin favor of themalesin bothgroupsof expeiimentsandfurthermorein
thecombiredtreatmengroup (Table4).

DISCUSSION

The sterile male techniqie was adwocatedover 40 yearsago by E.F Knipling, and
was usedsuccessfullyto eradiate the scravworm fly in Curacaocislands, southeaster
andsouthwestertSA, PuertoRico andMexico. This successnspiredmary researchrs
to employ the technique againstthe mostnoxous lepidogeranpestsof crops. However,
insecticidescontinte to play animportantrole in pestcontrd all over the world. Often
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insecticidesareappliedwith a view to reducirg the population levels of the targetinsect
first, followedby thereleaseof sterilemales.lt would be of greatimportanceto knowv how
theinsecticideresidus interactwith the F; progery of lepidogeranpestswhich inheiited
sterility from parem moths (P-mahs) irradiatedwith substerilizinggamna doses. The
presentwork studiedthe susceptibilityto thiodicarb of F; progery of S litura derived
from a substerilizedmale parent and the feasibility of using the F; sterility techniqe
in conjunction with an insecticidetreatmen for the managerant of this lepidogeran
polyphagots pest.

A 70 Gy y-doseto S litura pupaeresultedin a 9.38% rediction in adultemepgence
ascompaed with the cortrol, andin 13.3% malformationof the emeged adults. Many
workers have studiedthe feasibility of the sterile insecttechniaqie (SIT) for the contiol
of Spodoptera species(35,37,%4,48) using ionizing radigion on almostall stages,and
particulaly the older pupaeand adults. The dataon radiosensitiity of the pupaemay
help corsiderablyin determinirg thegamna dose optimumnunber of sterilizedpupaeto
bereleasedn atargetarea,andevaluation of radiation-basedyendic technques(SIT, F,
sterility techniqe) for pestmanagment.

Thecorrectedsterility in S. litura dueto 70 Gy was37.24%, whereagheredictionin
egglayingwas10.1% in compaisonwith thecontrd. Similarfindings have beenreportel
byLi etal. (23)in Ostrinia furnicalisreceving 25Krad. Whenmalepupaewereirradiatel
by a substerilizingdoseof radiatian, the geneal trend was that fecundty of the mated
femaleandpercemagehatchirg of F; eggsdeclined Thelevel of declinein reproductive
featureswasfound to varywith insectspeciesageatirradiatian, anddoseof radiatian [refer
to obserationsof Walker et al. (46) on Diatraea saccharalis, Sallam(34) on Shodoptera
littoralis, Aguilar et al. (2) on Heliothis virescens, Bughio (6) on Chilo partellus, and
Mastroand Schwalbe (24) on Lymantria dispar]. Wakid et al. (45) found an apparet
increasan the egg praductionandhatchof F; larvaewhenfully maturemalepupaeof S.
littoralis —irradiatedat 2—16Krad — werepairedwith normal femalesput irradation with
morethan16 Krad resultedn suppresedegg productionandeggfertility. In our studythe
decreasavasseenn theseparametes (egg praductionandegg hatchinto F, larvae)in the
caseof S litura dueto radiation Effedivenessof a dosemay vary with the attributesof
differentspeciesandwith ervironmenal condtions.

Studiesof the effect of gamna-irradiatel male paren pupaeof S litura on the fresh
body weight of newly molted 6th instarlarvaein F; progey reveded thattherewasno
significantdifferencein the paramete betweentreatmentand contrd. Sethand Sehgal
(38) recodeda 234% redtction in the dry body weight of 6th instarlarvaeanda 36.0%
redudion in thatof pupaeof S. litura, irradatedas6thinstarlarvae in the samegeneation,
at a doseof 7 Krad. However, the stageat irradation in the presentinvestigationswas
different, viz,, pupa, andfreshbody weight of L6 was assesseth the F; generéion. It
appeas thatthe repioductive competitvenesf F; progery with normal populdion may
not decreaseasrepraluctive viability of F; Spodoptera canbe correlate with its larval
body weight, which shaved satishctory growth in the presentstudy Therefae, these
resultsare of impartancein the applicationof the F; sterility techniaie (modified sterile
maletechniqe), wherethe F, progery of irradiatedparentsvould competewith thewild
pestpopulation.

Bioefficagy testsof thiodicarbon S litura shavedthatthe LD 5, value of thiodicarbon
the 6th instarlarvae of normd pareit's progery was 28668 g g —! body weight, using
a leaf disc bioassaymethal. In an earlierexpaiment Yu (47) repated the LD 5o value
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for techncal thiodicab, appliedtopically to 4th instarlarvaeof Soodoptera frugiperda, as
58.5and2.25ug g~ bodyweightin a resistantfield strainand a susceptibldaboratory
strain, respectrely. Suchdifferencesin respose to thiodicarbmay be attributedto the
differencein specieslife-stagetreated,methodof application insectstrain, formulation
of insecticide,etc. To the bestof our knowledge, no suchwork relatedto the LD 5, of
thiodicab hasbeenreportel earlierfor S litura.

Thetoxicity of thiodicabto S. litura wasincreased!.24fold whenthelLD 5o valuesof
the combired treatmeniradation + thiodcarb) werecomparedwith thiodicab treatment
alone. This is in agreerent with the resultsof Moustaf and Abdel Salam(27), who
administerd substerilizingdoseq2.5, 5 and10 Krad) of gammaradiation to malepupae
of S littoralisandcondictedinsecticidebioassay®n4thinstarlarvaein F; progery. Their
resultsindicatedthatinsecticidesusceptibilityof larvaeincreasegdnot only with thiodicab
but also with chlompyriphos, deltamethin, cyanghosand cyfluthrin. Excegionally, in
the caseof Empire’(diflubenzuon + chlorpyriphos), the susceptibilityof the larvae was
decreasedThe presehfindingsarein agreementwith thoseof El-Banbyet al. (11), who
repoted similar resultsin S. littoralis with chlompyriphos. Abdel Salamet al. (1) found
increasedsusceptibilityof Tribolium confusum adultsto all the insecticidestested,viz.,
malathion formathion, esfewalerate and Duradin (methanyl + flufenoxuran) whenthe
pupa& wereirradiated1-2 daysbefae eclosion. However, our resultsare contradctory
to the repat of Carpenterand Yourg (8), who testedthe insecticidesmethonyl and
carbayl on carbary-resistantand-susceptiblestrainsof S. frugiperda in theF; progery of
irradiatedadults(10 Krad). Irradation wasfound to inducevarying degreesof resistance
to insecticidesn all thetestscondicted,andno interaction wasevidentbetweerradiation
treatmenhandinsecticideresistancer betweerradiation treatmentindstrainperiormane.
In this contet, it shouldbe notedthat a chang in toxicity of the insecticideto the F;
progery of an irradated parentmight depenl largely on the differential behaior of a
particula insectspeciesandits strain,and on the insecticideused. This wasillustrated
by Moustaf and Abdel Salam(27), who found that irradiation increasecdthe toxicity
of someinsecticidestowardsS. littoralis, reducel it in the caseof Emgre, andled to
no chang with Deenaté(methonyl + diflubenzurm) or Delfos”(chlorpyriphos+ Dowco
449) Similarly, varying resultswererepoted by Abdel Salamet al. (1) on the toxicity
of different insecticidesto adultsof T. confusum irradiatedas pupae. Theseinsecticides
weremore toxic whenirradiation wasdore in a late pupal stageratherthanan early one.
Similarly, Callosobruchus maculatus adultsshavedmoresusceptibilityto fervalerateafter
irradiation, wheres the opposite effect was obsered with cypemethrin, undersimilar
condtions (12).

Thus, it may be concluakd that the behaior of the F; progewy of irradated males
doesnot follow a fixed pattern,as far as insecticidesusceptibilityis concened. This
could be attributedto a specificmodeof action of different insecticidesandto different
species-specifirractionsf insectpests.However, the dataon behaior andsusceptibility
of F; survivors of S litura towards thiodcarb are very important, since they have a
bearirg on SIT progams, where popuations of the F; progery of the releasednsects
aregreatlyinfluercedby insecticidesand/a insecticideresiduesThepresentnvestigation
demanstratedhatthe progery of irradiatedinsectsweremoresusceptiblehanthe contol
to thiodicarb,under labordory condtions. However, considerig thefactthattherespamse
of insectsin the above caseswashighly varialle, it is suggestedhat further work needs
to bedone,to deternine the degreeof toxicity of theinsecticideto all stagesf theinsect
afterirradiation.
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Labaatory experiments on the effect of combired treatmen on pupation and sex
ratio of F; progery shaved that with increasingdosesof insecticide,the percentag
pupdion decreased.At the toxicart doseneaestto the LD 5o value (5 ug g—! in the
combinedtreatmehand25 g g~ ! in theinsecticidetreatment)therewas13.3% pupatian
in the conmbined treatmeh comparedwith 16.6%in the insecticidetreatmen (Table 4).
Furthemore,therewasa 78—8% redLction in pupa formationin the commbinedtreatment
as compredwith thatin the insecticidetreatmen (Larvin at a rangeof 1-10 ug g —1).
The percetagedeclinein pupa formationwasgreaterin the combinedtreatmeh— where
gamnaradiationof themaleparen prece@dtheinsecticidebioassayf theprogery — than
in the insecticideonly treatment,indicaing that ganma radiation exerted a prorouncel
effect on the insecticidetreatment. In the combinel treatmentthe numbe of larvae
surviving until pupation wasvery low, sinceonly 7.4%of thelarvae pupate successfully
following theirradiatian + thiodicarbtreatmentwith a doseof 25 g g —!, whereasabove
this dosetherewas comgete larval mortality. This effed was obsered in the radiatiin
contrd (0 Gy) attheinsecticidedoseof 100ugg~—!.

It is a generalobsenation that malesare more resistantto ganma radiation than
females. However, asregardsinsecticidesthe susceptibilityof malesand femalesmay
depenl on the insectspeciesand the insecticideused(25). In the presen study with
thiodicab andgammaradiation thereis a marked skewing of sex ratio in favor of males.
This is in agreementwith the findings of Li et al. (23) and Bughio (6), who reporteal
similar resultson Ostrinia furnicalis and C. partellus, respectiely. Mishraet al. (25
repoted thatthe susceptibilityof femalesto carbayl was higher thanthat of malesin a
labordory popuation of Rhyniptia laeviceps, a beetlepestof millet in India. To the bestof
our knowledge,nowork hasbeenrepatedontheeffect of anoxime carbamée insecticide
like thiodicarbon thesex ratio of insects.

A rangeof substerilizingganmadoseq40-200Gy), administeredo freshlyemeged
adultmoths, hasbeenstudiedextersively with the F; sterility techniaque for the contrd of
S litura (39). The older pupae(7 daysold, asa phaate adult) irradiatedin the present
investigationsmight be a feasiblestage— dueto lesssomaticdamageandcorveniencein
handing —to emplag in theinheritedsterility techniqiefor lepidgteranpestsuppression

Use of low-range substerilizingganma doseshas beenfound effective for better
mating viability of P; and F; insectsamongnatural populations, whereasthe higher
rangesubsterilizingdosescould be more effective in P; crosseghanin F; crossegR.K.
Seth,unpwlished). Whenusinga higherrangesubsterilizingdose therefae, integration
of thiodicarb treatmen could be more effective sincelessrepraluctively competitive F 4
insectsat this dosewould be moresensitve to thiodcarbandsuffer high mottality befae
they reacled the adult stage. However, whena low range substerilizingdoseis usedfor
F; sterility, the thiodicarbtreatmen might affect the pragnatic impactof the F; sterility
techniqiebykilling theF; larvee,becausé&; adultprogeny wouldnotbeformedto employ
inheritedsterility for pestsuppession. Furthemore, if needd, the thiodicab treatment
alonecould be employed effectively to reducethe natual population to a desiredlevel
before theapplicatian of F; sterility, for efficientuseof bothtechnques.
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