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INTRODUCTION

The current level of production of vegetables in
the country is only 45 million tonnes as compared to the
national requirement of more than 98 million tonnes, com-.
puted on the basis of the minimm dlietary requirement of
280 g/day/person. 7The per-capite consumption of vegets-
bles in Kerala is among the lowest in the country (8,395 kg/
year) against the minimum requirement of 34.75 kg/year,
In the state of Kerala, the shortfall in the production
of vegetables is & gtaggerins 1.159 million tonnes/year
(Kerala Agrl. University, 1988). Augmenting the product-
ion of vegetable crops in the State is, therefore, &
matter which should be given top priority. 7o bridge
the shortfall in production, populérisation of vegetable
cerops with high production potential in relativelf short=-
er periods should receive emphasis. ¥hile planning for
producing more vegetablss for domestic consumption in
. Kerals and elsevwhere, the bhrinjel crop deserves to be
popularised through intensive production drives, in view
of ita high production petential of upto 80t/a in a
period of 150=160 days under the warm humid tropical
conditions.



In order to realise the production potentiel of
superdor varieties of brinjel which are recomrended for
commerciel cultlivation, a rational strategy of pest na-
nagement is indispenséble. Among thefpest complex esso-
clated with the brinjel crop, the fruit end the shoot
borer Leucinodes orbonalis Guen. (Lepidoptera: pyralidae)
is the most destructive one. 'Thq extent of damage caused
by L. orbonalis in India has been estimated to range from
19.49 per cent (Thondadarys and'Hiremath. 1983) to 59.10
per cent (Krishnamurthi Rao gt gl., 1983). The importe

ant minor pests recorded on the crop in the peninsular

India ere the leaf hopper Appascs biguttuls biguttule

Ighida, the eﬁilachna beatle Egggggnglgggng,gg,ggggtata
(Fabr.) and the aphids Aphis gossypii Glover. The fruit

and shoot borer being sn internsl feeder, need-based
control operations cennot be successfully exercised.
Therecfore, scheduled applications of synthetic 1naect1-‘
cides at intervali of 15 deys during the cropping period
starting from one month after planting is currently recome-
mended against the fruit and shoot horer (Kerala Agricule
tural University, 1986), Among the synthetic insecti-
cides which are recommended for scheduled applications,



decamethrin at 0.005 per cent end carbaryl at G.15 per
cent have become very populsr, Wwherever scheduled
applications of insecticides have become 2 routine pra4
ctice, the tendency to apply sub-lethal concentrations is
bacoming more widespreed in the country.

. Resurgence of arthropod pests following pesticie
de application is a well documented phenomenon (Huffaker
and Spitzer, 19503 Bartlett, 19683 Reynolds, 1971;
~ Evelsens gt al., 1975 end McClure, 1977). The stimula-
tory effects of the subelethsl concentrations of insecti-
¢ides on insect reprodugtion is also well documented in
literature (Dittrich gf 8l., 1974; El Lekwoh and Salan,
19743 end Honek apd Novek, 1977). The massive outbreak
of the gotton white f{ly Bemigie taebag]l Gen. and the wide-
spread failure of the cotton crop in 4ndhre Pradesh due
to extenalve uge of syntheti¢ pyrethroids to control the
boll worms of cotton and fruit borer in brinjel should be
consldered as a polnter te the magnitude of the hevoo
thet cen be caused due to resurgence of secondary pesis.
In the brinjal crop also, 1% is quite likely that on
account ©f the scheduled application of decamethrin and



carbaryl, the problem of resurgence of the secondary
pests such aas the leaf hoppers, the aphids or the
epilachna beetles might come up in the near future,

The information available on the insecticide-
induced resurgence hazards in several species of minor
pests of the brinjal crop is very scanty., Such valu-
able information would be required to formulste rate
ional pest management smtrategies to curb the resurgence
of the primary and the sccondary pests, The mechenism
of resurgence needs to be fully understood with a view

to counteract sny tendencies in crop peatz to resurge.

The presont studies were token up in this context
to evaluate the effect of subelethal doses of decamethrin
end carbaryl on the resurgence potential of three import-
ant minor pests of brinjal namely, the plent hopper (A. b.

biguttulas), epilachna beetle (H. 28 punctats) and the
aphid (A. gossypil).



Review of Literature



2« REVIEW OF LITERATURE

The post=treatment resurgence of c¢rop pests or
secondary pests following the application of insecti-
cides has been recorded for severzl crops including
cotton, rice, citrus, brussels sprouts, corn, soybean,
bhindi, mustard and straw berry, Reports on the eff-
ect of sub=lethal doses of insecticides on target ine-
sects have emerged meinly from studles on chemicel
control of pests. Reynolds (1971) mode & feirly ex-
houstive general review of the problems of insect po=
pulation upsets end resurgence of insect pests caused
by pesticidal chemicels., Specific reviews on resur-~
gence induced by sub-lethal doses of peaticides ere
very scanty. The up~to-date literature on the effect
of subelethal doses of insccticides on insect and mite

pests of crops is reviewed in this chepter,

The gub=lethsal doges of toxicents are those
which do not cause any mortality (Sutherland gt gl.,
1967). However, since effects will generally, but
not always be proportlonal to dosoge, it 1s necessary
to further define ithe sub=lethal level and its units
of expression in order that the measurement of en
observed effect be meaningful, Since insecticides



vary congsiderably in the levels of their toxiolty
the aubelethal doseges ere to be expressed with re~

farence to the lethal lavels,

The L050 per unit time can be considered as
subelethal since the mortelity expected is only 50
per cent of the test insect population for the time
intervsl in question (Sutherland et al., 1967).
Knutson (1955) reported thet in the case of Drgsophila
melanogaster exposed to lethal concentretions of
dieldrin for a sufficiently longer period of time
brought ebout mortality levela ranging between 66
and 99 per cent. The survivors from such treatments
gave rise to 7.6 per cent more eggs, 5.6 per cent ﬁore
naggots, 5.? per cent more pupse and 5.8 per cent more
of adults than in control flies. Ithe incresse in pro=
geny production following treatment with dieldrin, was
attributed to a direct reflection of cxtenzion of the
life span of the survivors ard the resultant realiga=-
tion of better progeny production traits. The incre-
ased smount of yolk assocliated with grezter number of
ezgs developing in the survivors nmight serve ag innoce-
cuous storage sites for DDT (Sutherlend gt 2l., 9967).
Thus eventhough sublethal effects can be axpressed in



survivors from exposure to levels toxic to & proportion
of the population, it will be essential that studies on
the effect of sub-lethal dosages are easentially based
on levels which are sub~lethal to the entire populat=
lons rather than a segment of the populetion,

Moriarity (1968) stoted that the more persiste
ent an insecticlde is in en organism, the greater the
likelihocd of sub=lethal effects. Subelethal effects
mey be manifested, if insecticidel molecules sufficient

0 cause death do not reach the site of action.

Singh and Lal (1965) indicated that the pos=
sible reasons for all insects not uniformly getting le-
thal doges of insecticides include uneven application
of insecticides, insects not coming in contact with
the insecticide for sufficiently longer period and the
insects getting themselves exposed to the residusl effe
ect of weak or partially deteriorated films of insectie
cides. '

Sub~lethal doses of ingecticides could influe
ence the populations by affecting the survivol pattern
and reproductive potential of the individuals end by
altpring the genetic make-up of future generations
(Moriarity, 1959),



2.1. Blological effects of sub=lethal doses of insecticides

2:1+1,

on insgsects and mites

Orientation

Perception of eny feeding substance by housee
flies causes the extension of the proboscis., Smith and
Roys (1955) studied the scoeptence threshold to sucrose
solution for the tarsel chemoreceptors for DDT-suscept-
ible 2nd DiT=-resistant strains of [ugcs domestice and
also for = atéﬁin of Fhormin regina susceptible to the
toxfcent. They have further reported thet the lethal
doges of LDT lowe;ed the acceptonce threshold of H.
goresticyg nine-fold in each susceptible ﬁtrein, but the
resistant strain'remained unsffected, The reJjection
thrash-cld for selt end alcohol in these insects were un-
effected. It was further observed that the acceptance
thresh-0ld to sucrose applied to the labeller chemoree~
ceptor wes reduced by a topical dose of IDT about 350
times lower than the LD50 end this minimum dose was
only a quarter of that reguired to produce visible sym-
ptoms of poisoning. However, parathion showed no such

‘apparent eifect on chemoreception in E. regina and M.

gomestica (Solaimen and Cutkomp, 1563).



Titova (1968) conducted laboratory snd field
studies in the Soviet Union to determine the effects
of inaecticides on the surviving populations as well
as on their progeny. 3Jhe surviving insect populations
atfter the treatments showed a reduced level 0f metabo-
lisn and wers more resistant to many adverse environe
mintel factors including insecticidsl treatments, The
ingcrease in the nuzber of such hardy individuels in
natural ingect populations was considered to be one of
the recaons f0r the need to intensify insecticidal tre~
atments to attain adequate levels of control, Titova
did not nention the nature of insecticides vhich were
used for testing.

Brady and Finley (1969) tested ths disruptive
effects of I.Dso concentrations of dicrotophos on adults
of the Indien neal moth Plodis interpunctells and found
no reduction in male response to female sex phercuce as
a result of .cuch treatments. Schricker and Stephen
(1970) reported the prevention of communication of ine
formation on f00d sources to the other members of ths
honey bae colony on oral adminietration of parathion.

The moths of Corcvra gephajonica and Cadra gaytells
which had eurvived after exposure to malathion in storage



10

godowns, were found to show whirling wovements and
frantic oviposition in nearby sites (Yedav, 1977). A
close¢ observation of oviposition under such & situate
ion reveanled frequent ejection of eggs und even the
formation ol a chain of immature ezgga. A4fter ovipoai-
tion, the moths did not underteke much movements and
then died.

Volney and Mo Dougell (1979) reported that
permethrin acted as a motor stimulent to virgin fems-
les of the Eastern apruce bud worm uwoths Choristoneurs
funiferana., W¥hen males were exposed to gsub-lethel dos-

es of permethrin, prostrate and unco~ordinated behsviour
was dominant in the first 96 hours-of trectment,

Ihe odour emenating from the insccticide resi-
due had no influence cn the orientation of hoppers
{Che2lich and Heinrichs, 1980).

The sub-lethal sctivity of amidines on Heliothis
groigera, Fieris bragsicoe and Spodoptera littoralis ine
festing cabbage was assessed by fesding these insects
on cabbage leaves previously dipped in 2 suspension of
aemitraz at 0.5 g/l. It was found that the larvae.spent
aore time moving around on leavea'rather then showing a
direct feading response (Giles end Rothwell, 1983).



2.1.2. Feeding

Georghion (1965) evaluated the effect of sub~
lethal doses of Isolan - a carbapate insecticide at
0.3 hg/fly on the house fly M, domestica. It was
found that the treated flles consumed as much as
51.8 per cent leas 32p jabelled milk than the untre=-
ated flies even up to elght deys after treatment.

The rate of feeding of the ground beetles
Harpalug rufipea, a predator of Plerig rapse larvae,
was influenced by DDT applied to soil (De;mpster. 1968) .
One-third redustion in feeding was recorded in inge=-
¢ts occurring in scils containing 10 or 20 ppm EET.

P brageicee larvae fed on meridic diet containing
0.7 pes of LOT ghowad an overall reduction in food
congumption but the digestibility of food end efficlen-
cy of conversion of ingested material iato tissue blo-
mass were higher than in sontrol {Turunen, 1575). When
resurgence~inducing insecticlides such as decamethrin,
methyl parathion =nd diazinon were sprayed on rice
plants, the feeding rate of the brown plant hopper

Nilepervata, lugens was Incraased by 61, 43 and 33 per

cent, respectively, as compared to control (Chellish
and Heinrichs, 1980} Subelethal doges of DDT and



fenitrothion on cotton semilooper Achoea jenate low-
ered the rote of food intake, but this treatment ine
creased the weight gain and the digestibility of the
food significantly over control (Ramdev and Reo, 1980).
Tan (1981) investigated the antifeedant effect on the
first and fifth instar larvae of E. bragsjcae at sub-
lethal levels of cypermethrin end permethrin (1 mg ai/l)
using leaf discs of brusse}g' sprout treated with pyre-
throids by dipping in the insecticide. FPermethrin was
slightly wore effective then cypermethrin as an anti-
f@edaﬁt ageinst fifth instar lervae of PF. brasgsicae,
However, the sub=lethal levels of cypermethrin which
induced an antifeedant response of over 50 per cent
against the fifth instar larvae were lethal to the first
instar larvae. Gaj)endran et 8l., (1986) tested the
effect of sub~lethal dozses of four insecticldes nanmely
deltamethrin, methyl parathion, monocrotorhos snd cerba-
ryl on the last instar nymphs of A. gossypiil. Nymphe
developing from the survivors were found to fead more
than the control population. Nymphs treated with delté-
methrin (LD10) fed 21.29 per cent more than the nymphs
from untreated check. Though methyl parathion at L&Ho
recorded an increased feeding rate at LD35, carbaryl
and monocrotophos at sll subelethal dosages reduced

feeding rate to a greater extent.



¢%1¢3s Sex ratio and Reproduction

Singh and Lal (1966) observed no significant
difference in the sex ratio of the firat and second
generation Dyadercus koenipidil obtained from adults
surviving various doges of LLT and endrin., The fe-
male=-male ratio in the F1 generatl on was shifted in
favour of the females in the broads of fetranychus

urticna reacred on carbaryl snd ILT residues (Dittrich

gﬁ,g;.. 1974). Studies %o investigate the role of

ceriein biologicel factors as possible ceuse for

brown plant hopper resurgence indicated thet, although

there were more femalez than males in hoppers cultured

on insecticide sprayed plants, the differences among

treatments were not significent (Chelliah end Heinrichs,

1980) .

Among the different effects of the sub~lethal

doses of insecticides reported on insects, the im-

pact on ithe reproductive potential is most pronounced.

Such effects are reported to be either stimulatory

or suppressive,

Huffaker and Spitzer (1950) reported stimula-
tory effect on the reproductive potential of the
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Eurcpean red mite Peponychug ulmi following the appli-
cation of DT, Outbreaks of tha soft scole Coccus heg~
peridum (Bartlett and Ewart, 1951) and the frosted
scale Lecanium pruinogum (Bartlett and Ortege, 1952)
were recorded following opplication of DDT and lead
arsenate. Application of parathion on European red
mites occurring as a pest of apples led t0 repid ine
crzase in the populations of these mites (Hueck ot 2l.,
1952).

Roan erid@ Hopkins ( 7961) suggested that sube
lethal doges of insecticides might positivaly stimu~-
Inte neural activity to bring about a favourable neuros
hormonal influenoe on insect reproduction, Apparent
1nc;'ease in the population of the treated strawberry
aphid Cgetosjphon foll, than in the control was
detected to be cauged by the application ot.phorate
and digulfoton (Shanes, 1961). In experiments with the
colarado potato beetle Lentinotarasn gdecemlineata it
was found that sub~lethal doses of LDT or methyl para-
thion had a stimulatory effect on egg production
(Kuipers, 1962); However, Adkinson and Wellso (1562)
showed that sub-lethal doses of DDT brought sbout a
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decresse in theifecundity of the pink boll worm Egcti-
novhora gossypiella. Exposure of grubs and adults of
Colondrs oryzae to sub-lethal doses of pyrethrins (3 ppn)
reduced the reproductive potentiel of adults (Chadwick,
1962).

Aedes aepypt) did not lay eggs until after a
blood meal and although feeding and egg laying were un-

affected by subelethal doses of dieldrin czusing very
little mortallty, higher doses of dileldrin decressed egg
leying. Thie has been attributed to lack of feeding
(Duncen, 1963),

in studles on the effect of subelethal dozes of
carbaryl, methyl parathion and endrin applied topically
to the larvae of 8. littoralis, Essac gt gl. (1963)
recorded an increase in the nunber of eggs produced by
treated larvse as compared to the untreated individuals.
According to Bordeaux (1963) increase in the arthropod
populations following application of synthetic orgenic
insecticides could not be solely attributed to the re-
laxstion of the biotic stress from natural enemies,

but mainly due to stimulstory effects on the populations.

The influence of insecticides on the reprodu-

ctive potential of target insect species is highly
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variable. DDT at lower doses produced an unusual rea=-
ponse in the viviparous individuals of Glossina palpalig
which developed a lower percentage of fertile flies than
in ige control populations for all dosages tested. Howe
ever, at higher doses of LLT the percentage of survie
vors which produced larvae showed an increesing trend,
But most of the offspring thus developing did not sur-
vive to sttein sdulthood (Baldry, 1964). Topical eppli-
/cation of half the LD10 dose, which had virtuslly no
toxicity caused substantial decrease of egs production
in 4, domestica with four of the five carbomate inse=-
cticides tested and such reduction in fecundity could
not be attributed to any decrease in feeding activity
(Georghion, 1965),

Haximum reduction in the average number of eggs
per female occurred in groups of the cotton bugs treat-
ed with higher doses. Singh end Lal (1966) applied
graded doses of TLT and endrin on L. koenlgii and found
thet the less toxic doses (sub-lethal) sometimes in-
creased the fecundity but always reduced the percentage
of ovipositing females. Similer results were obtained
for Y. gomestica treated with v BHC (Ramade, 1967).
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Lucky (1968) developed the "hormoligosis® cone
cept mccording to which sub=harmful quantities of any
stressing agent will be stimulatory to the orgenism by
providing it increased sensitivity to respond to chone
ges in the environoment and increased efficlency to
develop new or better systems to fit a sub-optimum ene
vironpent. Horiarity (1969) has reviewed in deteil the
effect of sub-lethal doses of synthetlc insecticldes
on insects. Camplon (1970) mede @ review of the ine
fluence of fifteen compounds applied to adult moths of
red boll worm-Diperonsis castenea. Subelethal doses of
carbaryl led tc a marked increase in the rate of ovi-

poslition,

Increased reproduction of Hyzug persicae at sube
lethal doses of phosphamidon under ceged conditions was
obgerved by Parry and Ford (1971) ana they suggested
that it might be dﬁe to neuro-endocrine imbelence. The
parental populations of female Tetranvchug urticee kept
on substrates containing residues of 200 ppm spray of
carbaryl and 100 ppm of LDT showed significently higher
fecundity as compared o untreated individuals (Dittrich
gt al., 1974). © Adult Iemales of the F, populauions
also had a significantly higher (=]74+4 proﬁuction when kept

on subgtrates containing rasidues of carbaryl and IDT,



Counterpoise hormoligoais involving the stimulation

by small quentities of a stresser 1s implicated to be
responsible for such effects rather than due to im-
proved nutritional stetus resulting from altered phy-
siology of the food plent. In S. ;1£torglgg at sub-
lethal dose of phosfolan and leptophos 2n increased
number of eggs laid per female as well as adult longe=~
vity was observed (Lokwah and Salam, 1974). Adults

of the black carpet beetle Attagenug megatopa that
survived sub-lethal doses of malathion and dichlorQvos
produced 63 and 74 per cent fewer larvae respectively

" than did untreated edults (Zettler and Lecato, 1974).

Sheperd gt al. (1977) reported resurgence of
insect pests of soybean as & response to insecticides
and field is=olation, Treatment of soybean with methyl
parathion end methomyl caused resurgence of most of
the associated insect pest populations. 'When monocro-
. tophos was applied, less resurgence occurred. ZThey
have further reported that newly established soybean
fieldslin 1solated situations were more prone to oute
breaks of these pests than the fields which were cule
tivated every year. Upsurge of the gtorage pests C.
cephalénjca and C. sautells was observed in godowns-
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shen storage walls were sprayed with sub=lethal doses
»f malathion and DBVP (Yadav, 1977).

Chelliah and Heinrichs (1978) studied the eff-
ot of direct spray of sub=lethal concentration of
sertain resurgence=inducing insecticides on brown plant
noppers &n increase in the fecundity of hoppers, spray-
ad with sub-lethal concentrations of methyl parathion,
WL 43467 end FIC 35001 was recorded in this experinent.
dhile evaluating inmecticides against the pea aphld,
Agyrthosiphon pisum HMueke et al. (1978) observed an
increase in the population of pea aphid on the resise
tant varieties namely Dawson end Team when sprayed with
leptophos both in laboratory and under field conditions,

When Kwen end Gatchouse (1978) applied perme-
thrin at LEWS and LD30 dosages, the tsetge fly Glossine
morgitens morsitang male survivors showed increased
actifity and a level of mating Buccess equal to .the un-
treated males, but in femalaé fecundity was reduced,
deinvrichs gt g;,dl(1978) guggested that resurgence ine
ducing insecticides like decamethrin end methyl parce
thion could be utilised to induce heavy popuiation build
up of the brown plant hopper N, lugens so as to ensure

field acreening for reslistence.
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The reproductive rate of BPH was higher when
they were confined on plants sproyed with the ingecti-
cides-methyl parathion and decemethrin at their late
nymphal (fourth and zifth inster) end adult stages
than from first instar to adult and second instar to
adult stages (Chellish, 1979). The effects of topical-
ly applied sub=lethal doses of carbofuran end carbaryl
on the western corn rootworm Djlebroticg wvirgifers have
been studied by Ball and Su (1979). The mean number of
eggs per female pér daey for insects treated with 0.0025
g of carbofuran was significently higher than for fe-
males treated with 0,000025 lLg/insect or for the une
treated indlviduals, 1In the cese of carbaryl, the num-
ber of eggs deposited per female per day was signifi-
cantly higher et the doses 0.0005 jg and 0,05 [g/insect.

Patil and Khenvilkar (1979) reported & reducte
ion in the oviposition in the polyphagous pest S. Zitupra
vhen treated with UGBO and 1850 doses of parathion.
Topicel application of LDB' LD1O, LD25 and LD50 of
methyl parathion and decamethrin on f£ifth instar nymphe
of the BPH, N. lugens caused increased reproduction in
the pesulting adults, although the dose for maximum
stinuletion differed between the twq insecticides



(Chelliah et al,, 1980). At 1550. decamethrin stimu-
lated reproduction inm hoppers significantly. At this
dogse, there was an increase in the number of nymphs by
over 75.0 per cent,'followed by LDg (45,0 per cent),
Wy (30.0 per cent) and LD, (21.0 per cent). In the
group treated with methyl parathion, the nusber of nym=
phs was highest st LDzS. while perthane at all the sub~
lcthsl doses did not cause sipnificant diiference in
nymphal numbers. Heinrichs gt al.. (1982) investigated
the effect of insecticide applications in low land rice,
as influenced by method and timing of insecticide sppli-
cation, OStimulation of reproduction as indicated by
the high BPH egg population in the insecticide=-treated
plots was the most imporiant factor causing resurgence.
Kempra] (4982) also recorded thet when methyl parathion
and cypermethrin were sprayed in rice fields, these
caused resurgence of BPH, The sub-lethal effacts of
deme%on -3- methyl on the devclopment and fecuﬁdity of
e persicee were determined in laboratory atudies in the
United Kingdom. Fecundity during the first four deys
of reproductive life was higher for the progeny of tre-
ated aphids than for those of untreated aphids (Coombes,
1983). When tobacco bud worm (Menduca sextis) larvee
were Subjected to orael doses of fenitrothion ranging

from 0,001 to 1.0 mg/kg body welght, the reproductive
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potential of the resulting asdults was slightly higher
than control (Steward and Fhilogine, 1983).

The effect of sub-lethal concentrations (1015
and DC50) of permethrin, fenvelerate, methamidophos end
carbaryl on female fecundity of digmond back moth Flutelle
svlostelle was investigated (Kumar and Chapman, 1984).
Except permethrin, the other insecticldes inhibited
female fecundity. 1Ireated females preferred to ovi-
posit on untreated leaf discs rethér then on those vhie-
ch were treated with the pyrethroids at concentrations
equal to their LCgo. Dittrich gt pl. (1985) found
thet there was a stimulation in fertility in the white
fly Bemigis tabogi developing on cotton plents due to
DDT residues.

DBalaji et el.. (1986) tested the effect of
spraying rice plants with synthetic pyrethroids on the
pqpulatibn build up of the BPH, over two generationa.
They foungd that lower doses of decamethrin cauged a
stimulatory effect on the progeny production in N,
duzens in the sccond generation. Decamethrin was found
to retein the stimulatory effect even on the third

generation progeny. ‘Among the mechenlsms of resurgence,
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reproductive stimuletion in females receiving sube
lethal doses Of insecticides and selective eliminat-
lon of nntural enemies were considered to be of major
relevance. The resurgence inducing insectlcides deve=-
lop a favourable environment in the rice ecosystem for
the BFH to orient, feed and reproduce, leading to build
up of large populations which are injurious to the crop
(Chellish, 1986).

An upsurge of the yellow mite ERolyphapotarsopgmus
lstug on chilliea following follar applicaetion of mono-

crotophos, methyl demeton, thiometon, phosphamidon,
fofmothion and neem coke extract was reported by Lavid
(1986), The stimulation in the reproductive rates due
to the sub-lethal doses of these pesticides wns impli-
cated in the flare up of their populations. Sub=-lethel
effects of the four insecticides, deltamethrin, methyl
parathion, monocrotophos and carbaryl were studled on
the last instar nymphs of cotton aphid A, gossypii
(Gajendran et gl., 1986). Deltamethrin registered

the lowest LD50 value among these toxicants and at this
level the insecticide increased the reproductive rate

of the ephid.
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2.1.4. Duration of immature stages and adult longevity

The extension of the adult life-=span of females
has been attributed as 2 possible reason for the incra-
aged rate of reproduction in D. gelanogasmtep §Knutson,
1955),

The 1life-span of the treated female housefly
Lecame longer on exposure to the sgub=lethal doses of
dieldrin. The progenies from such individuals showed
increased weights (Afifi ond Knutson, 1956),

Adkinson and Wellso (1962) recorded a2 contrast=-
ing trendé of shortening'the longevity of the adult pink
boll worm whnich survived treatment with low dosages
of DDT., The average duration of the larval development
period of the boll worm Hgliothig zea surviving egg
treatment with the insecticides endrin end a 111 mixture
0f azinphos methyl and szinphos ethyl was approxiige
tely two days longer than for the untreetéd control gro-
ups., However, the duration of the development period
of the larvae of tobacco bud worm, Heliothis viresceng
was unaffected by the insecticldel treatment of ezgs.
The total developmental period of larvae of this insect
treated with a mixture of ezinphos methyl and azinphos
ethyl (1:1) was approximetely two days longer for boll



worms and four days longer for the bud worm then for
the imtreated control groups of each species (Chautheri
and Adkinson, 1966).

The oviposition period, fecundity and poste
oviposition period of the female D, Eggg;g;;'surviving
the lower doses of DDT (0,006 to 0.03 per cent) and
endrin {0.0015 to 0.004 per cent) were not significante
3y different from the control in both the adult and
in the first generation individusls (Singh and lLel,
1965). There was no significent difference in the nym=
phal period and sex-ratio of the first and second gene-
ration populations emerging from adults surviving vari-
ous doses of both the lnsecticides.

Madhavan et a). (1970) investigoted the effect
0f subelethal doses of DLT, endrin, carberyl, endosul-
phed, end parathion on growth, developmental period end
fecundity of Iribolium castepneum by rearing the insect
in vheatflour medium containing sub-lethal concentrate
lons of these insecticides, Treatment with sub-lethal
doses prolonged the larval period in approximately di-
rect proportion to the concentration of the insecti-

c¢ide while the rate of growth of the larva was supressed.



. The longevity of the female western corn root
wort: D, yirgifera topically trected with the sub-lethsl
doses of carbofuran at 0.0025 ig and 0,000025 g per
insect, was significantly greater than for control
groups. There was no significant difference in longe=-
vity between the two doses (Ball and Su, 1979).

Chellish (1979) reported decreaze in nymphal
duration of BFH when lower doses of diazinon (at 0.1 kg
ai/ha) was applied to rice plants, There was no signi-
ficant difference in the sexeratio of the adult emer-
gents among the treatments. 1he duration of nyaphal
stadia of hoppers developing on-plants spreyed with
methyl parathion or decamethrin did not differ asigni-
ficaﬁtly from that of control. However, the total nym=
phal duration was significantly different among the
treatments. The hoppers developing on deltemethrin
treated leaf surfaces completed their nymphal stage
1a1 days earlier than on control plants {Chelliah and
Heinrichs, 1980).

A shortening of the larval duration in Se
liturs wia reported by Patil snd Khonvilltar (1979),
following application of parathion at its sub-lethal
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concentration. Lengthening of the larval period of

P. bragsics was obgerved when the fifth Instar larvae
waere continuously fed leaves trested with the‘sub-lethal
doses 0f cypermethrin and permethrin. The larval and ‘
pupal welghts were also reduced due to this treatment.
(Tan, 1981). A significant difference in the longe-
vity end welght of female lgchiodon geutellarig was ob=-
served when exposed to subelethal doses of malethion

(Ten et 21., 1983).

Ross and Brown (1982) reported the inhibition
of larval growth of Spodoptera frugiperde due to sub-

lethal dietary concentrotions of insecticides., Fenvalge
rate, permethrin, endosulfan, SU 35651 and cyromazine
inhibited growth by more then 39 pef cent while chloro-
pyrifos, methyl parathion and piperonyl butoxide were
less 1nhiﬁitory to 'larval growth, Toxaphene, carbaryl,
thiodecarb, methomyl, chlordimeform and imidazole pro-
duced only a transitory growth reduction, wh;le methio=-

carb and the JH analogue methoprene incressed growth,

Steward and Philogine (1983) studied the sube
lethal effect of fenitrothion on the development of a
parental pgeneration of }. gexta. Treated larvae took

more time to reach the pupzl stage and had greater larval
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body welghts thon control.

Sub=lethal effects of permethrin, fenvalerate,
methamidophos and carbaryl on the diamond back woth,
P, xylostella was investigated. The insecticides teste-
ed had a deleterious effect on the number of larvaé
which pupated, the pupal duration, the number of pupae
which survived to adults and cocoon formation in pupaer
Frolonged duration of the larval period and deformie-
ties in pupae were also detected (Kumar end Chepman,
1984). Significent differences in the nymphal durat-
ion and aslete production were not recorded on A, gossypii
vhen they were treated with subelethal doses of four
different insecticides deltamethrin, methyl parathion,
monocrotophos and carbaryl (Gajendren et gl., 41986).

Survivel

Though the longevity of the sdult pink boll
worm subjected to the low dosages of LLT was shortencd
(Adkinson end Welisso, 1962) the extent survival of the
insect was found to be adversely affected by such treat=
ments. Bariola and Lindguist (4370) investigated the
effects of exposing the cotton boll weevil, Anthonomig
grandig to sube-lethel doses of systemic insecticides,
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disulfoton, dicrotophos, monocrotophes snd eldicarb,
An increszse in mortality was observed when the dura-
tion of exposure was increased and also when the dose
was decreased, Sube=lethal doses of carbsryl (LDBO)
significently increased pre=-oviposition snd oviposi-
tion perisdz as well a2s male and female longevity in

S, 1liturs (Abo- Elghor gt al., 1972)

Tudd gt al.. (1985) reported that sub-lethal
doses of three seleéted insecticides had no influence
on the survival of lhyridoptervx evhemerseformis en
important bagworm pest of Juniperus vireinisna trees
in Texas. B, febacl assumed serious proportions on
cotton and brinjal and severasl reasons have been attri-
buted for its outbreak. ﬁavid'gshglol (1986) aseribed
this phenomenon to indiscriminate uge of synthetic py-
rethroids to suppress the. boll worm pests of cofton
and the frult borer of brinjel. Patel gt 8l., (1936)
also reported the resurgence of sucking pests on cot=
ton following the use of DLT and carbaryl. Increase
in populstion of aphid and leaf hopper pests of cotton
was recorded in plots which received synthetic pyre-
throids. This was more pronounced in thoge plots which
received lower doses of permethrin and deltomethrin

(Ravindranath and Pillal, 1986).
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2.2. Effects on field applicafion

2.2,1. Effects on Flant growth end indirect effects on pest
populationa

At low levels, some or\ﬁhe orgenic pasticldes
provide & supplementary source of nitrogen, phospho=
rus and other nutritive elements end thusg they tend to
promote growth end development of the plents. Incre=-
ase in fecundity of Insects developlng on such planta
might be parfly due‘to improvement of the nutritional
status of the plant (Rudd, 1964). The effect of low
doses of treatments of seeds of cotton with insectici-
des phorate, toxaphene and DUT on aphids and thrips
was studied by Mistric and Mitchell (1966). Under such
treatments fruiting was delayed but thers was incresse

in yleld of seed cotton with decrease in concentration,

Reghupathy end Jayaraj (1973) studied the pat=
tern of infestation of the leaf hopper Amrages devestana
on bhindi plénts which recelved soil application of
disulfoton granules at 0.5 and 1.0 kg ai/ha at the tinme
of sowlng. They have observed that the populations of

the test insect showed an increasing trend after loosing
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the toxic stimulus of the systemic insecticide. Since
the involvement of predators was excluded in this ex-
periment, the resurgence of the test lnsects was attri-
buted to the improved nutritional stetus of the plants;
characterised by the reducticn in calcium. Reduction
in the content of calcium brings ebout ;eduction in
'the mechanical strength of the cell wall which in turn
promotes stylet penetration by the sucking insects. In
the treated plants, there was an appreciable increase
in the content of ammoniced nitrogen, a condition whi=
ch is very favourable for the nutrition of the assoclia=
ted insects.

Sithansnflem gt gl.- (1973) reported reaurgence
of A, gopaypii on cotton plents that had received goil
application of phorate and disulfoton granules. Lower
carbohydrates, narrow C/N ratio and grester quantities
of free amino acids were implicated as factors respon-

sible for such resurgence.

Reghupethy and Jayaraj (1974) observed thet the
application of phorate through soil resulted in the re=

surgence of A. gogsypii and A. devagstong when the effect



of the chemicsl venished. They have atiributed the
pest flare up due to the alteration of the rhysiology
of the plant by enhanced supply of phosphorus from
ingecticide., This was assobiated with increase in am=~
woniacal nitrogen, phosphorus end decreage in carbo-
hydrates end calcium content which seemed to be favourx
ble to the pests.

Lee (4976) reviewed the phytotoxic effects of
carbofuran which may render the rice plants more favo-
urable for the agsociated ingects. Stabilization of
the IAA content in rice plants due to inhibition of
IAA oxidage, increase in the contents of chlorophyll
A and B énd higher nitrogenase sctivity in treated
plants are indlecated as the important fagtors that gon:
fers the phytotoxic effects on treated rice plants,

. lelationship between improved growth of rice
plants following insecticlde applicetion and the chan=-
ges in the nutritional status of the plent have not
been fully eastablished. Vhile studying the cauges of
resurgence of the blue leaf hopper Zygina maculifrong
on the rice plant protected with aystemic insecticides,
Mani end Jayaraj (1976) reported thet low content of

calcium in treated plants contributed to resurgence.

dc



On studying the effect of dipping chilli seed=
lings in three concentrations of different organophos=-
phate 1nsect1cides nemely phorate, carbofuran, quinal-
phos and methyl demeton on the growth of the plant,
Sinha and Roy (1977) reported an increase in plent
height and the fruit characters (length, number and
welght) in these plants which were treated at the low=
est concentrations. The fecundity of BPH increased
when they were fed and allowed to oviposit on plants
previously sprayed with NRLC 161, diszinon and methyl
parathion at a stage when the toxlc stimulus of the
toxicants vanished and after the toxicity of the inse-
cticide was lost (Chelliah and Heinrichs, 1978). The
increase in fecundity was asecribed to the biochemical
changes in host plant which might have indirectly aff-
ected the hoppers feeding on 1it.

Application of granular formulation of carbo-

furan in paddy fields significontly increased the hei-
ght of rice plant (Heinrichs et al., 1978)., Increased

plant growth might contribute to resurgence as green
healthier plents attracted more macropterous hoppers
of N. lugens to elight on luxuriently growing plants.

Increased rate of feeding, enhanced reproduction and



extended longevity would also have contributed to the
resurgence of the_hoppers. Field tests carried cut in
India on the effestiveness of spray combination of Dipel
(a preparatioh of Bacillus ghur@ggiéngig) and various
chemical insecticides at their sub-lethal concentrations
reaulted in increased fruit yield in brinjel (Sekar and
Basgkaren, 1978).

4 field evaluation on the efficacy of five dif-
ferent ingecticides, menocrotophos, phosphemidon, dime=
thoate, cerbaryl and aldicarb egainst aphids and Jassids
on okra was carried out by Fatel gt al.: (1980). Five
rendomly selected plants were measured after nine weeks
Iof germination go as to determine itis effectiveneés on
growth of plants. An average increase in the plant hel-

ght in aldicarb treated plots was reported.

ifice plants sprayed with methyl parathion and

decamethrin produced more number of tillers and leaves .
This increasged growth caused the plants to be more attra=-
ctive by the hoppers, [HMethyl parathion vhen sprayed on
rice plants stimulated plent growth by increasing tiller
nurber and lesf number (Heinrichs gt al., 1982). Ahamed
(1986) studied the relstionship between the population
of the c¢cicadellid Amrasca blguttula biputtuls in brinjal.
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The number of individusls of the imsects occurring on
the orop was negatively correlated with plent height,

number of leaves, nurber of flowers and frult yield.
Effect on natural enemies associated with crop pests

Selective elimination of natural enemies due to
lethal and sub-lethel doses of insecticides has been ime
plicated as en 1mp6rtant factor thet regulates resur=
gence of phytophagous insects., Perhaps one of the strike
ing cases was the classiéel example of biological con=
trol i.e., the cottony cushion scale iggggg,gggggggi
end 1ts predator, the vedalia beetle Rogolis cardinalis
was upset by the use of DDT for other citrus pests in
Central Africea (Lebach, 1947). %he complete defoliat-
ion of citrus plants in 1946 was attributed to the
elimination of natural enemies. The elimination of
various predatory mites due to pesticides used for the
control of mites and insect pests resulted in geveral
of the minor pests becoming major ones (Huffakker and
Spitzer, 1950).

Destruction of natural enemy following inten-
sive application of broad spectrum insecticide was suge
gested as an lmportant fagtor for BPH resurgence in
rice (Kirtani, 1972, 1975).



Correlation studies showed that natural enemy
destruction provided a ressonable cause~-effect expla~
nation for all pesticide-induced outbreaks of mites
and aphids. Newsom (1973) conducted experiments on the
direct léthal effects of pesticides on parasites and
predators. He suggested thet various predetory spec=
ies may be poisoned by feeding on prey intoxlcated dby
feeding on plents trested with systemic insecticides.
Sub=lethal effects of LDSO and LD90 dosages of carbo=
furan, methyl parathion and methoxychior on the alfslifa
weevil parasites, Microctonus sethiopoides was studied
by Dumbre and Hower (1976). The parasites surviving
exposure to LDSG doges or\the insecticides during the
adult or pupal stages showed & 25=-50 per cent reducte
ion in the life-span and é reduction in the reproduct-
ive potential by 40-60 per cent. Dyck end Orlido (1977)
reported that, regular.spraying with methyl parathion
reduced the populations of the mirid predator Cyrtorhinus
1ividipennis resulting in substential increase in BPH
populations. Heinrichs (1977) cautioned that the use
of ingecticldes for controlling the insects might not
always be effective and this could produce considerable
gide effects. High toxicity of insecticides like methyl
parathion to natural enemies of the EFH was implicated
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by Stapley et al. (1977) as one of the important facte
ors for resurgence of hoppers. 7This conclusion was
based mainly on the mortality of C. ijvidipennis an
important predator of hoppers.

Resurgence of the scele Fioring exterps on
Hemlook following insecticide application was reported
to be due to extinction of the parasites from the half
sprayed portions (McClure, 1977j. Chu st g;.; (1978)
compared the relative toxiéity of nine inseéticides
egeingt rlce pests and thelr natural enemies, O0Of
these the compounds fenitrothion, methyl parathion and
phenthoate were most toxic even at their low concentra-
tions., Hasurgence of BFIl has been attributed to the
destruction of natural enemies, The bulld up of the
aphid end the mite pests of cotton, following the use
of pyrethreoids, was mainly due to mortality of preda=-
tors (Sellammal gt al., 1979). Syrett and Penman (1980)
studlied the toxicity of insecticides to lucern aphids
and thelr predators. On the basis of LDEO values the
ingecticides were as toxic to both aphids and preda-
tors. A comparative study of the effect of some pestiw
cldes on three predaceous mite specles Iyphlodromus pyri,

Amblyaeiug potentilise and A. bibens revealed that in
abandoned orchards these predatory mites were sble to
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keep the spider mites in check. Outbreaks of tetranychids
occurred when the orchards were under pesticide treate
mént in 2 situstion where the predstory mites were virtuae

1ly absent (Overmeer and Vanzon, 1981).

The parasites Apsnteles congrsgntus emerging from
the larvoe of i, gexita which were treated with low doses

of methoprene (1) hed pupated but were trensformed into
noneviable pupalesadult mossics (Beckage and Riddiford,
1982), Jacobs gt sl. (1984) could not detect any sub=lethal
effects on the number of egz deposited per host ogg or

om the sex=ratio of the resulting offspring of Irjichogramme
pretlosun expesed up to the LC55 of endosulfan or an cho ’
of peramsthrin, Wan and ¥Wen (1984) reported a high mortality
of the natural enemies of cotton mites following the delta-
methrin application.

Field plot tests cerried out in Indis to detere
mine the selective toxdclty of smome synthetic pyrethroids
and conventionel insecticides to the brinjel aphid pre-
detor, Henochilus ggggggulatug showed that the conventione-
al insecticicdes were less toxic to aphlds then the synthe-
tic pyrethroids bui gave high mortality of the coccinellid
(Tewari and Moorthy, 1985).
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In field and micropldt experimenta conducted
by Naterajen et al.. (4986) it was found that there
was a very high increese in the population of aphiq,
A. gaoaypld following the treatménts wifh synthetic
pyrethrolds in situstions where the natural parasitism .
and predator population were less. Fleld and green
house gtudies conducted to identify resurgence induc~
ing insecticides and their toxicity to the mirid bug
C. ;;vidiggnnig and wolf spider Lygoga psendoanmulats
the important natuéal enenies of BFH, it was revealed
that all the insecticides were highly toxic to the pre=~
datory bug and the spider. The resurgence of the BPH
was stated to be mainly due to a decrease in the natu~
ral enemy populstion (Reamen aﬁd Uthamasamy, 1986).
Rosenheim and Hoy (1988) investigated the impact of
sub-lethal effects of insecticldes on the parasitoid
Aphytis melinus. Survivors from individuals exposed
to carbaryl did not exhibit any significant subelethal
offects, whereas exposure to the orgenophoaphorus toxie
cants reduced their longevity by 73=85 per cent and ale
g0 temporarily reduced progeny production, Chlorpyrifos
also caused shifts in the sex ratios of the offapring

in fovour cof dominance of the meles.



Materials and Methods



3. MATERIALS AND MEXHODS

Laboratory and field studiles were carried out
to evaluate the effect of subelethal doses of decame=
thrin and carbaryl on the orientation, feeding, repro-
ductive potential and survival of the following test
insects:

a) Henogepilachna 28 punctata (Fabr.)
(Coleoptera; Cocoineliidae)

b) Aphis goagvpii Glover
(Hemipteras Aphididae)

c) Amrgsca bigubiula bieuttula Ishide
(Hemiptera$: Cicadellidae)

Maintenance of stock cultures of the test Insects
Rearing of H. 28 punctata

Grubs collected from field were used to establiw
sh nucleus culture of thig insect., The grubs were re=
ered on fresh brinjal leaves kept in glass petridishes
of 1% em dlameter, Moistened filter paper discs were
kept on the bottom of the dishes for keeping the leay=
es turgld., Fresh leaves were introduced every day to

the container after removing leaf debris and excreta.



Imnediately on emergence the adults were sexed and
pairs were then confined in separate dishes for breed-
ing and oviposition. Cotton swab soaked with dlluted
honey was kKept in the petridishes for the adults to
fced On, Eggs depoaiteq on successive days were ree-
moved and kept for reariﬁg to ensure avaeilability of
gtages of the test insect of precisely known age. For
hatching, the leaf bita containing the eggs were kept
over a moist pad of cotton inside petridishes. The
freshly hatched grubs were transferred to tender leave
83 as already‘eXplained before. On attaining the third
instar 15 to 20 grubs were transferred to rectengular
museun Jars of size 13 x 93 ® 20 cm and kept covered
with muslin cloth held in position by rubber bends,
Bouquets of brinjal leaves with their petiole ends dip-
ped in water in glass vials were introdiced into the
museun Jjars for feeding. The required number of test

insects were drawn from the battery of rearing Jers.

All the glasowares used for rearing the test
insects wesre washed thorcughly, rinsed with 80 per cent
formaldehyde and then kept in hot air oven at 160°C for

one and a half hours before usge,



Rearing of A. gogssvpii

For establishing a stock culture of A, goasypii,
a single apterous adult wes initially collected from an
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untreated healthy brinjal plent grown under caged condie

tion &and this was then transferred on to another heal-
thy potted 30 day=0ld brinjal plant of the type SM«~6
using a camel hair brusthEhe bristles of which were
slightly moistened. &rom emong the F1 progeny of this
insect, five healthy apterous adults were then transfere
red individually to the potted plants in cages for fur-
ther multiplication. The progenles developing from
these insects were meintained in separate ceges. Addie
tional healthy brinjal plants were introduced into the
' cages when the host plants developed symptoms of wilt-
ing on account of feeding by A. Eosgsypij.

Rearing of A. b. biguttula

The breeding stocks of adult hoppers fronm U=
treated brinjel plents in the field were collected and
released on young potted plants kept inside field cages.

Frashly hatched nymphs on emergence were transferred to

fresh seedlings of brinjal end kept inside field cages
of the seme size. Generations of the test ingect were

thus reared for experimentel purposes.
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Insecticides

The two insecticides decamethrin and carbaryl
belonging to pyrethrolds and carbamates respectively
were selected for the study. Details about the test

ingecticides are as follows!

Table 1. Details of insecticides used in the experiments

Tagt insecticide

Decamethrin Carbaryl
(Deltamethrin)
Trade name . Decis Sevin
Formulation 98, 5% technical 85% WP
used material
Chemical name (8) = «cyano-n= 1-Naphthyl N-
phenoxybenzyl (IR, methyl corbamate
3R)=3=(2, 2 dibro-
movinyl)«2,2~dimethyl
cyclopropanecarboxy-
late
Structursl
formula
H
Py . ﬁ ; /»\] “D
. ?§ L :,)CD'\ }g;
E)‘Y/_H.'o * o_c Q
%ggéﬂigal 022 H19 Br2N03’ C12H11N02

----------—---—---a-—-----ﬂ--



.
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- Molecular
welght

Helting point

Appearance

Colour
Solubility

Stability

ggﬁte dgrmam
values
(rdls)

Acute oral LD50
values (Rats)

Tolerance
linit

Practical ap=-

. plication doses
in agriculture
(in g/ha of ac-

tive ingredient)

Source

505.26

98 to 101°C

Odourleas = Crystal-
line powder

Practically white

Soluble in acetone,
ethanol dioxen and
most organic solvenis.
Practically insoluble
in water (< 0.002)

Very good = No degrae
dation after & months
at 4H0°C

135 mg/kg

0.0% mp/kg

5=17.3 g

Roussel Uclaf Division
Agrovet 163, Avenue,
Oambetita 75020, Paris,
(France)

1.232 at 20°C

142°C

Crystalline
solid

¥hite

Soluble in po=
ler orgenic sol-
vents = low 5o~
Jubility in
water (40 ppm)

Stable in sto-
Yage '

500 mz/kg

400 mg/kg

750-1500 g

Union Cerbide
India Ltd-.
Middleton stre-
et, Calcutta
700 071

---*-““_“---’------“ﬂh-‘----—“



Laboratory studies
Fixing of subelethal doses for the test inmects

Diiferent concentrations of the test insectici-
des were prepar2d in 5 per cent benzene emulsion water
(95 ml benzene + 0.5 ml of teepol + 94.5 ml distilled
water). Suspensicna of the insecticlides at graded
concentrations were applied at 5 ml of spray fluld
per treatment topically to the fourth instar grubs
of i, 28 punctats kept in petri-dishes of 15 cm dig=-
meter using & Potter's tower, keeping the pressure at
10 kgjcmz. Two series of controls were run in this
experiment, one for sprays of distilled water and the

other for bhenzene-emulsion-water,

For determining the LD levels of 5, 10, 25 and
50 values of the insecticldes, sepsrate .expoeriments
were carried out. In order to fix up the greded con-
centrationa. for the different e¥periments, trisls
were initislly conducted using seversl graded concen=
tratiors well below the recommended concentrations for
fleld application which is ekpected to ceuse 95-100%#
mortelity. Based on the mortelity rates for such
concentrations, the limits within which the required
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IC levels would fall were determined, The approximste LC

levels were aloo asgsessed in such probing trials.

Altogether five concentraticns were tested in sepa=-
rate serles around the epproximate medlen concentration,
two on the higher side and two on the lower side, the ne-
dian concentration being the other, For ecach concentrote
ion, three replicates were run and there were ten insects

per replicate.

After topical eprlication of the insecticides, the
patri-disghes along with the insects were dried for 15 min.
wnder a ceiling fan and the grubs were transferred to clean
Petri~dishes in vhich brinjal leaves of the optimum age
were Introduced for the grubs to feed. The mertslity data
were recorded after & period of 24 hours and these were
corrected using the Abboti's formula. %She LC values were
computed following the”stendard procedure (Finney, 1952).
Since the guantity of-the toxicant used in each freatmant
wag fixed (5 ml of fluid/treatmaht} the WD, valuss were

the same iIn the present gtudics,.

The general methodology adopted for determining
the sub~lethal concentrations of decomethrin and carbaryl

in the case of H. 28 puncteis was also followed in the
case of A, gossypii ond A. be biguttula,
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Selete

In the case of these two insects, the fourth
instar nymphs were used for these experiments. lhe
nymphs of A, b. biguttuls were temporarily immobilised
by keeping the stages of the insects in a refrigerator
at 5°C for a period of 10 min.

Testing the effects of subelethal doses

Effect of treatment with sub-lethal concentrations on

orientation

a) E_o _ag gggctata

To assess the orientatlonal response of H. 23
punctata towards the plants treated with the sub-lethal
concentraetions of the LC 5, 10, 25 and 50 the experi-
ments were conducted in field cages (size 180 x 90 x
90 em) using potted plants (Plate=1). One month old
potted plents were arrangecd in the cages in an oblong
manner (Plate 41). Eight of the potted plants were tre-
ated each with 25 ml of the four sub-lethal concentrat=
ions of decamethrin and carbaryl using an atomizer.
There were two controls - one with wafer spray and ano-
ther with benzene-emulsion-water, Fitty numbers of
ong~dey=-old adults were transferred to a petridish end
gtarved for 3 h. The petridish containing the insects



Plate 1 Ficld cages used for asdessing the
oricntationm) resronse of M., 28 punctats

Plate 2 Glass trough used to agseses the orientnte
icnzl responase of A. gossvpii









was kept open in the centre of the potted plents at a
height close to the cenopy. 7The inseots alighting in
each of the potted_plant were counted and collected use
ing an aépifator at the end of 24 h. They weore atart-
ed for a periad of 3 h and kept in petridishes in the
centre of the cages for re-determining their orientate
ional response. %the plants in the cage were rearrsng-
ed before reintroduction of these insects. The respon-

ge of the insects towards both treated and control
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plents was thus recorded at intervals of 24 h for 7 days,

b) &o Eﬁéﬁﬂ Qii

To evaluate the orientational response of A,
gossypil, fresh healthy leaves were collected and 2 ml
of the sub-lethal doses of the inaecticides were spra=-
yed on the lower leaf surfaces. Benzene ermulsion water
end distilled water treated leaves served as controle.
Ireated leaves were eir dried end then placed in a cire-
cular menner over a labelled glass trough (diasmeter
30 cm) (Plate.2).

One hundred lest instar ﬁymphs of the test in-
gect were kept in the centre of the trougn and they
ware forced to disperse by allowing the leaf to wither.
The number of nymphs reaching the treated and control



leaves at the end of 7 h was recorded to determine
the orientational preferences of the aphids to tre-

ated leaf surfaces,

c) A. b biguttula

The experiments to determine the orientational’

response of these insects were carried out in amall
field cages which were illuminated Lrom above by a
fluorescent tube light (light intensity approximately
175 lux). Seedlings ecged 25 days were sprayed with
the sub=lethal doges of the insecticides and the root
systemg were immersed in water kept in conical flask
of capacity 250 ml (Plate 3). These conical flasks
conteining the treated seedlings were then erranged
in a circular manner inside the cage (60 x 60 x 90 cm)
Fifty adults aged 10 days were relessed in the centre
of the cage (Flate 3),

At the end of 1 hy the number of ingects act-
u3lly present on the trested plant and control plants
were recorded. At the end of 60 min. the plants were

rearranged end similsr observetions taken once agein,
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Plate 4



Felele Effect of sub=lethal concentrations of insecticides on

the extent of feeding
a) H. 28 punctata

Fresh uniform sized leaves of medium development
(15-20 days) were taken and the lower surfaces wers tre-
ated with the sub-lethal doses of the insecticides under
the Poiter's tower. The lover surface of the leaf was
treated becsuse the insecte tend to eggregete more on
this side. The treated lesves were dried and newly moulte
ed fourth lnatar grubs were trancferred to the leaves
end kept .in petri-dicshes. Ten grubs were allowed to
feed on the treated leaves for 8 h. The control aets
were treated with BEW and distilled waters . The aree fed

by the ten. grubs was measured uwelng a2 graph paper.

b) A. gossypii

To estimate the rate of feeding of A, gossypil
on exposure to sube-lethel doges, radio active phosphorus
(32P) was used. Ten micro curies of “2P ware trans o=
red to a conical ilagk (250 nml) end the volume of the
soluticn in the f{lesk was -brought to 200 ml by adding
distilled water, After thorough mixing 10 ml of this
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solution was pipetted out separately into different
conical flasks (i.e. each flask contained 0.5 p~8u)

to each of wiich 240 ml distilled water was added.
Thirtyeday=-0ld brinjal plants were placed in conical .
flasks (one plant/flagk) in such a way that the roof
portion of the plents were fully immersed In the
radioactive solution (Plate 4). The plants were all=-
owed to absorb 2p for a period of 36 h. They were
then removed from the flasks and after washing the
roots in distilled water the plents were introduced
into another set of conical flasks containing distil~
led, water. Fifty nymphs which survived the treatment ~
with sub-lethal concentrations were then released to
the plants (Plate 5 a). The flasks and plants were
kept‘inside a cylindrical cage and allowed to feed

for two deys (Plate 5 b). Forty eight hours later,
the test insects were removed from the plants and col=
lected in scintillation vials. These vials were kept
in an oven at about 50¢ to 60°C for 2 min. The vials
were then tasken out from the oven and 1.0 ml Lipo luma
solution was added to dissolve this material followe
ed by di-acid digestion (HNCB-H01OA). After digest-
ion, the volume of the digest was brought to 200 ml
with distilled wﬁter and . . radloactivity was deter-

mined by Cerenkov counting technique in a microprocesser



Plate 5(a) Hyupha of A. goggyeil on lesves of 325

labelled brinjal piaats

Plate S(b) Drinjal plont (°°p Yabelled) having
As goasypii kept inside cylindrivel
yes to assess fecding ratg of the

gect



Plate 3 (@)
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controlled liquid scintillation system (Rack bete of
IKB-Wallac). The feeding rate was assessed indirectly

‘from.r counts for the respective treatments.

c) &l _Qo b;guttula

The procedure employed for A. gogsvpil was
also followed for A. b. biguttuia

The influence of topical applications ¢i sup~asevnas
goncentrations on the sex=ratio, reproductive poten-

tlal, duration of immature stages and adult longevity

a) H. 28 nunotsta

Sex=ratio

The number of edult meles end females develop-
ing from 50 grubs surviving from sub=lethal treatments
were reared till becoming adults and thelr :isex-
ratio (female:pmle) was then worked out.

Rleproductive potential

The sub~lethal doses of the insecticides were
topicelly applied on the freshly moulted last instar
grubs under potters tower at 10 kg/cme pressure. Grubs

treated with BEV and distilled water served as controls.

4
4



Twenty five grubs were taken for each treatment so
as to get at least five successful mating pairs of
survivors from each of the replications, TIreated
grubs were dried under the ceiling fan for 15 min.
and were then carefully transferred én to fresh brin-
Jel leaves. A pair of male and female insects was |
separpted and this was confined in labelled petrie-
dishes. Fresh brinjal leaves asnd cotton swabs wifh

honey were provided ss food for the adults (Plate=6).
. The number of epgs deposited per female in success=
ive days was recorded end the fecundity rates were
thus worked out,

Tne number of days from egg leying to egg

hatch was expressed as the incubation perlod.

For Qetermining the egg hatch percentage lcaf
bits with egg messes heving 100 numbers of eggs from
each treatment were cut out with a fine pointed scis-
sors carefully without causing eny dema2ge to the eggs.
The eggs thus separated were placed over moistened
cotton in petridishes and the number of eggs hatching

out was recorded.



Ten numbers of freshly hatched grubs were se-
parated out for each of the treatments and were then
reared to adulthood, 7The mean number of days taken
by the gruba to reach the pupal stage was expresséd

as the larval duration.

b) &t 088 !Eii

Reproductive potential

To study the effect of topical application of
decamethrin and carbaryl at their sub-lethel concen=-
trations on the reproductive potential of A. gossypii,
the test insecticldes were applied topically on the
last instar nymphs at 5 ml/replicate/treatment wnder a
Fotter's tower. Insects %regted under the Potter's
tower with BEW and distilled water served as controls,
The initial nunber of insects in each replicate wos
s0 fixed at relatively higher levels in such a way as
to get at least 10 survivofs in each lot, After twen=
ty four hours of treatment 10 survivors from each of
the trested groups were drawn out and these were then
trangsferred to 30-dey=-old potted brinjal plants. These

plents were confined in cages with wooden fromes
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(60 x 60 x 90 cm) and covered with polynet having 25
meshes/cmZ(Plate 7). As the edults started reproduce
ing, the progeny production was counted at intervals
of every 24 h to assess the reproductive potential,
The yoﬁng ones after counting. were removed from the
plants leaving the adults to reprocduce on the plants
end thereby to realise the full reproductory potene
tial,.

The nymphs produced by the adult survivors
exposed to sub=lethal concentrations of the test ihse-.
cticides were removed immediately and reared on young
potted plents (25-30 days=old). These plants were
enclosed in round nylon film cages. Number of daya
taken by the nymphs to reach the adult stoge in each-
treatment was recorded and exXpressed as the nymphal

duration.

The number of days teken by the adults from

emergence 111l deafh was expressed as adult longevity.

¢) A. b. biguttula

Sex ratio

For determining sex ratio, nymphs obtained
Irom the adults which hed emerged from fourth instar



nymphs previously exposed to subelethal doses of the
insecticides were used., When the nymphs attained
adulthood,40 individuals were sexed and the sex-ratio

(fei:sle: male) was then worked out.
Reproductive potential

Healthy apical shoots of the brinjel plenta of
uniform growth end development were kept in an upright
position inside specimen tubes of size 10 cms using
cotton plugs., Small quantitlies of water were kept
inside the speclimen tubes to keep the shoéts turgid
and without fading. These were transferred to eight
glass Jars (13 x 13 x 20 cms) (Plate 8), Ten females
of A. b. blguttula aged 8 deys which had been exposed
to different sub=lethal concentrations during thelir
last aymphal instar were drawn out and then transfere
red into the shoots kept under confinement in glass
Jars covered with muslin held in position by rubber
bands. The Jars were kept at room temperature under
fluorescent tube light continuously for 24 h. After
this pericd, the insects were removed and the plant '
parts were treated with lactoephenol reagent, to
render the plant tissue transparent and thus to locate

the eggs which were deposited into the plant parts



Plate 6 Cviposition cage for H. 28 punctets

Flate 7 Cage uged to assass the reproductive po=-

tential of fe gogsypid

Plate 6 Ovipositlon cage £or A. be bicuttula



Plats 8 | Plate 7 Plate 6
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clearly viasible. The number of eggs deposited in the
shoots belonging to different treatments were thus re-
corded to asseszs the influence of the sub~lethal doses

of ingecticides in the test insects.

The procedure for calculating the nymphal dura-
tion was the same as thet was described earlier for Aw
gosgypii. The procedure for studying adult longevity
of ;4_. b. biguttuls wes same as thet described for A.

gossypll.

Effect of sub-lethal concentrations of decemethrin and
carbaryl on the reproductive potential on F1 and F2

generations,

The aim of these experiments was to assess the
effect of treatment of the parental, and the F1 emers=
gents with decamethrin and carbaryl gt thelr subelethal
concentrations. The effects of such treatments were

studied meinly in terms of progeny production.

a) H. 28 punctata

Lots of fourth instar grubs (final instar) drawn
Irom the stock culture were treated toplcally with sub-
lethal concentrations of the two test insecticides (sec-

tion 3.1.: 3. a,) and they were reared on brinjal leaves



until pupation in petridishes, On adult emergence five
pairs of freshly emerged individuals were collected and
these were confined separately in pairs in petri-dishes
containing tender leaves of brinjal, The fecundity, egg
hatching percentage, larval duration and adult longevity
of the treated parental generation as well as the F1 and
Fz generation were recorded by continuous rearing of the
individuals under the same stress conditions from the par=-

ticular sub=lethal concentrations of the insecticide,

b) A. gosovpil

The fourth instar nymphs of A. gogsypil emerging
Irom a parental population exposed to the sub=lethal con-
centrations of the two test ingecticides were again ex-
posed to the same levels of sub-lethal doses by topical
applications at its fourth instar stage and were further
reared on brinjal plants as already descriﬁed in section
3e71+3.80, The date on progeny production in the F, and
FE generations were recorded in this eixperiment to assess
th¢ impact of successive treatments with the two test

insecticides at their sube-lethal concentrations.

c) &o En bi ggttUIB

Procedure followed under section 3,1.3.C. was

adopted here too., Fourth instar nymphs emerging out fronm



a parental population expozed to sub-lethal concentra=-
tienanwere agein eXpozed to the ssme subelethasl cone

centrationsz.. The data on progeny production in the F,
and F2 generations were recorded in this experiment to

agsess the impact of successive trestments.

FeleHe Effoct of sub=-lethel concentrotions of decamethrin and

carbaryl on the survival of the adults of insects

In this experiment, the adult survival percent-
ages of the test insects wsre studied to éasess the
impact of treatment with subelethel concentrations of
the insecticides on the pattern of survival of the ine

nects,

a) ﬂ- 2§ ngictatg

Fifty numbers of last instar grubs of this in-
sect were topically trezied with the subelethal concene-
trations of the two test insecticides and on adult em=
ergence, three replications each containing five pairs
of adults were rune 7The adulis were confined in petrie
dishes and fed with brinjal lewves of uniform age end
texture, 7The replicetes vere kept under continuous
observation snd date on the munber of survivors were
raecorded on every alternate dey for upto 20 days efter

amergence, and cxpregged as per cent survival,
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From among the fourth instar nymphs of A.gossypil

treated topically with the two insecticicdes at thelr
sub~lethal concentrations, three replicetes esch con=~
sisting of 50 individuals were drawn out and these were
confined on ceged brinjal plents aged 30«35 day. The
replicates were kept under continuous observation. The
nynphs energing out in the cages were removed at inter-
vals of 8 h using the wet bristles of cemel hair brusgh
to retein only the acults. The date on the survival of
adults were recorded at intervals of 24 h for e totél
period of upto 5 days.

c) A. b. biguttula

The same technique as detasiled under A, gosgvpii
vas adopted for A. bh. biguttulg.

Field studies

The fleld experiment vas conducted during the

autumn season in the Instructional Farm of the College

 of Hortigulture, Vellenikkera during 1985, edopting a

randomised block desigh with three replications. Unifora
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alzed 25=30 days=0ld brinjal seedlings of the type SM-6
were planted et s spacing of 60 cms The gross plot size
wes 3,5 X 2.4 ms All the cultural operations except
plant protection measures suggested in the Package of
Practices of Kerala Agricultural University (1984) were
followed. |

The treatments were as followss

T Lecamathrin 1C 5

;

Ta o L0

I3 " o5

Tu i LCgo

‘1‘5 Carbaryl 1C5

T ’ %40

T " Log

s " LC50

Ty Standard field dose (0.005%) for deca~
methrin

T,o Stendard field dose for carvaryl (0.20%)
T11 Control with BEW
'I‘12 Control with distilled water

The first spraying was applied one month: after transglen-
tation. The second and third rounds of sprayings vere
given at intervals of 21 days. The pre=-treatment obser=-

vations on the incidence of the test insects were collected
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on the previous day before spraying end the pogt-treat-
nent data were taken one weegk sfter insecticidal appli-
cation. Six plents at the centre of each plot formed

the observationzl unit,

Azseasment 0f pest distribution

a) H. 28 punctate

For recording the occurrence of eggs aﬁd inci~
dence of grubs end adults, 10 leaves of medium growth
stage were selected at random from each of the six ob-

gervation plants.

b) A. gongypil

One tender leaf from the top, middle and bottom
portions of cach of the six observation plants was sele=-
cted ét random and the number of aphids eccurring on all
the three leaves was directly counted to represent the
populaﬁion load. Counts of adults end nymphel stages
were recorded from each leaf after gently turning the
leaf to expose the ventrsl aspects of the lamina hori-
zontally,

c ) &n h- biguttula

The general procedure followed for recording
population of &, b. biguttuls was the same as in the
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cace of A, gomsypii. Since the adults and the nymphs,
particularly the former were very agile with leaping
nmovements, particular care was taken in teking the ob~
servations after turning the leaves in an extremely
gentle manner without dislodging the individumls, The
adults which tended to fly off from the sampling unit

were also counted and recorded.

Plant growth attributes

The possible effects of the insecticldes when
applied at sub=lethal doses on growth of the plant were
also assessed. For this 10 plants were selected at rane
dom from each plet. The following parameters were re-
corded,

a) Height of the plant

Helght measurement was taken at the end of 10

days after treatment using a metre scale.

b) Canopy/spread of plant

The full cenopy/spread of the plant was measured
on the 10th day after applying the insecticide along

the outer most circle as its perimeter,
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Be2elts

¢) Number of branches

The number of fresh branches appearsed 10 days

after the application of ingecticides wag recorded.

d) Yield

Number and totsl weight of frult harvested at

weekly intervals were recorded.
Presence of natural enemies

The pattern of occurrence of natural enemies
after application of sub=lethal doses of insecticides

was recorded.
Residue enalysis

The residues of the insecticides in fruit her-
vested from plents trested with the sub=lethal doses of
the insecticides were asseyed chemically,

Detection of carbaryl residues

The simple colorimetric method suggested by Ben-
son and Finneachiero (1965) was adopted to detect carbae

ryl residues.



Reagents and chemicals used for the assay were the fole
lowings'
a) Acetone
b) Fethylene chloride
c) Activated charcoal
d) Anhydrous sodium sulphate
e) Coagulating solution?! 1 g of ammonium chloride
dissolved in 400 ml of distilled water and add-
ed 2 ml of orthophosphoric acid
r)-Alcohalic potassium hydroxide (56 g of potessium’
hydroxide in 1 litre distilled ethanol)
g) Chromogenic reagent: saturated a cocld mixture
of 25 ml of ethenol and 2 ml of glacial acetic
acid with pera nitrobenzene diaszonlum fluoborate
(about 25 mg) by mixing thoroughly for 2 or 3 min,
Flltered throuzh Whatman No.1 filter peaper and
kapt cool,

Preparation of sample solution

ITwenty five grams of the fruit samplq was welghed
and transferred into a conical flask (250 ml), Acetone
was added Just to soak the material which was kept for
24 hours. 7o this, methylene chloride was added snd the

contents were shalkken in a sheker for half sn hour. Yo



this, a pinch of charcoal was introduced and again it
was kept in the shaker. The contents were then filter=-
ed through anhydrous sodium sulphate and the volume
wos made upto 100 ml, This extract was allowad to
evoporate in a beaker. The contents were weshed with‘
acetone (10 ml) which was trenaferred to 25 ml volume=-
tric flask, Fifteen ml of the coagulating solution
was added to this and the volume was nmade upto 25 ml
with 10% agueous acetone. Five ml of this was then
transferred from the flask to B 19 tubes. It wes

" then placed in ice bath below 4°C., It wag then set
for 3 min. after adding 2 nl1 of alcoholic potassium
hydroxide by gentle mwirling, Then 1 ml of acetic
acld was added end was agein shook for a while immae
diately. Une ml of cold chromogenic reagent wss add-
. ed to develop colour. The absorbance was determined
at 477 nm (wavelength observed to glve the maximum
absorbance) ageinst a blank prepared from the fruit
harvested from control plois.

Statistical analysis:?

The data collected in varioua-experiments were
statistically analysed by foll?wing methods outlined
in Panse end Sukhstme (1957). The LDg, LDyq, LDyg end
LDSO valuos of the insectlicldes were worked out by the



sethod described by Finney (1952). Velues were trans-
ferred into corresponding angles (Arc sine transformate
ion) or to square root values on & need based maoner snd
anslysis vas done. The control obtained duz to insectici-

dal trectmente wes asgessed over the post treatment counts.

Luncons multiple range test (DHRT) was applied for
comparing the trectwent means. Letter designotion waas

applied for comparing the tresztments.

The various laborztory experiments were carried
cut at ambient temperature and humidity conditions indie-
cated in Appendix I. |



Results



4, RESULIS

4.1. Sub=lethal concentrations of insecticides to test

insects

The LD5, LD10, LD25 and LD50 valueg of deca-
methrin and carbaryl to the three test insects, epl-
lachna beetle H, 28 punctata, brinjal aphlid A. gossypil
end the brinjal hopper A. . pbiguttuln ere presented in
Table 2., At LD5 level decemethrin showed 1,00000,
1,76470 and 1,31250 per cent more toxic stimulus es
compared to carbaryl for the ingects H. 28 puncteta,

A, gossypii and A.p. blguttula respectively. At the
LB&O' LDa5 and LD50 levels also the incrementel toxic

potency of decamethrin was pronounced,

4.2, Biological effects of sub=lethal concentrotions of ine

secticides on the test insgeta

4.2.1. Effect of treatment with sub=lethal concentrations on

orientation

The influence of subelethal concentrations of
ingsecticides on the orientation of the three test ine-

secta are presented in Table 3,



Table 2. Sub=lathal dogos (LDg, LDqqs 1D, and LDSO)

of deccemethedin ond ecarbaryl to test lusects

Dose -~ mg/l0 inscets
xﬂﬂect Inﬂaebic:lﬂe M N e O A 4B M G GP ES WA em Se s mm we W M

5 10 25 50

H. 28 Decamethrin 17 x 107° 67x10™0 oow10™7 97x10™

punctata .opvorv 1721070 18:107°  90x10™ §2110™
(1000}  (269)  (107)  (85)

Do 44 Decamethrin  17x10™°  13x10™7 18210 Goxa0™

Corbaryl 92107 17210 43:10™% Goxio™d

(1765) (1308) (239) (112)

Ae Be  Decomethrin 102207  27230™° 192107 16x10C
biguttula .
' - -F - "
Corbaryd 21:10™°  49x10™°  45x10™% Gax10™?
(1313) (181S)  (2368)  (400)

Plgures in parentheses denste nurbor of times increase

in a glven dose of carbaryl over decamcthrin,
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Table 3, Subelethal offccts of insecticides on the orxienw
tationnl reaponse of insects

ombor of ingsecots

i ) T0GHAY wm @ o oo s e o eroh i s
ID-SC*C&&" aosa )
cide (o) e 28 punctoba A. dogovpll  AlDe biguttols
Decarmge= 8 12490 4 13,67 e 7«80 &

thrin
10 0:62 ¢ 6.67 cd 4,10 od
25 Ge8G b 44,33 abe 4.17 bed
50 4486 @& 2.00 &b 1.97 &b
Caxboryd 5 23,57 & 13,33 e 4,93 @
10 08,00 be 8,00 @ 3,27 sbed
25 4;81 Q 3.‘67 abc 2.10 ahe
50 4,09 a 1,00 a 1,63 a
Chect: (o= 17:52 e 22,00 £ 0630 ef
Checl (Plein) 15,67 @ 22467 £ 10,73 £

The values folloued by cormon letters within g column orae
not significantly different at 5% leval {(DM5T)



a) H. 28 punctata

The response of insects towards both treated
and the untreated check plants recorded at intervals of
24 h upto seven days resulted in’adults alighting more
on the untreated check plants than on the treated ones,
The number of insects alighting on the untreated check
plants was gignificantly higher than with that of any
of the insecticidal treatments. Among the different
treatments there was a slgnlficant difference between
the number orientating towards substrates which receiv-
ed lower end higher sub-lethgal concentrations. The
lowest concentrations of the two insecticides did not
show significant differences, In the case of decame=
thrin, the number of H., 28 munctata alighting on plant:
treated with the LD50 concentration was distinctly low=-
er than all the lower doses of LD25, LD10 and LD5. in
the case of carbaryl also the trend of orientetion was
eluost simllar, the number alighting on the treatment .
with LD5O being significantly lower than in the case
of LD10 and LDB treatments.

b) A. gossypii

The orientational response of A. gossypii was
basically similar to H. 28 punctata,



The number of aphids moving towards treated
leaves at the end of seven .h showed that, the odour
from the residues of both insecticldes sprayed at
their sublethal concentrations on the leaves dld not
elicit specific positive orientation response of
aphids, 7The number of aphids alighting on treated
leaves was significantly lower than in control. The
minimum number of aphids aettled on leaves treated
with carparyl at LDSO dose and this was lower than
ih the case of all other sub~-lethal doses except de=-
camethrin at LD50.

c) A. g.\ biguttule

In respect of the number of hoppers alighting
on treated leaves the variations were significant.
The number of hoppers settling on decamethrin treeted
leaves at LD5 level was on par with the control with
BEW, At LDso concentration of both inasecticides,
there was least attraction. The number of hoppers
collected from leaves treated with the LD10 and L!:ﬁa5
dosesa for each of the tgst chemicals ghowed no signi-

— ficant difference.
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4,2,2, Effect of treatment with subelethal concentrations of
insecticides on the extent of feeding

The differential rates of feeding of H, 28
punctate on exposure to different sube-lethal concentra-
tions of the two test insecticides are presented in

Table 4 and that of A, gossypil end A.he biguttula in
Table 5,

a) H. 28 punctata

The feeding rates by the fourth instar grubs
fed on leaves treated with different sub-lethal concen-
trations of the test insecticides showed significant
variations. It was evident that, both insecticldes at
all four sub-lethal concentrations resulted in a reduct-
ion in the rate of feeding as compared to the untreated
check. The range of reduction was between 28 end 71 per
cent and 26 end 63 per cent for decamethrin and carbaryl
respectively (Fig 1). The feeding was minimum in the
case of the two insecticides at their LD50 levels end
these were on par for both insecticides. At LD5 and

LD10 levels the feeding rates were on par.

b) A. gessypid

Feeding rates of A, gossypii (Table 5) nymphs
surviving treatments with different sub-lethal concentrations



Table 4, Differential feeding rote of §, 20 punctatg
grbg on oubstrates treoted with subelethal

doses of ingenticides

Tor cont il

ginggct:!.— nggl aArea £ed Crease Or e
(31 o) CECase ovey
check

M EP O P P 4p Wb Em ke w WE sk e o ar W dr BN G YR wh o A T e o W

Dacamee 5 344,99 ed {w) 40,27

thrin , _
10 411,94 & {w) 28,67
25 232477 ab (=) 58,70
50 164,44 a {=) 71,53

Carbaryl 5 . 336,95 ed (=) 41,65
10 . 422450 4 (=) 26484
25 283,61 he (=) 50,02
30 214,03 ab (=) 02.90

ntreated

chock (nE) - 530,28 @ -

" - (Plain) 057750 © -

The values followed by a common lotter are oot sicnie

£4cantly QiEfcrent at 5 leval (DIRT).

14
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- Table 5. Differential feeding rate of A. goggypii and 4. b,
biguttuls treated with sube-lethal doses of insecti-

cides,
T T T T T T T T T Al gosswpli . As b. biguttuls
Insecti=- Lethal cpn/50 percent cpm/ 50 percent
cide dose insects increase/ insects increase/
decrease decrease
over over
check check
Decames 5 646 ¢ = 4,87 9,09, T+ 2,22
thrin (640,33) (8830.79
10 6.96 d + 2,58 8.41 e - 5,34
(1051.53) (4509.76)
25 5,89 b =13.16 7.9 ¢ -10,68
(361.77) (2807.36)
50 5.1’2 a -20.11 7.2“ a ‘18.57
(225.65) (1391.31)
carba”l 5 7.09 d + z’061 8.75 f - 1.56
(1207.13) (6310.69)
10 6.75 cd - 0.84 8.18 d - 7098
(833.81) (3568,85)
23 5.&5 a "19.61 7075 b -12079
(233.46) (2326,22) .
50 5009 a ‘24.96 7.1" a -19070
(162.39) (1257.65)
Untreated -
BEW 6,75 cd - 8.67 £ -
check (854,91) (7129.53)
" Plain 6.78 cd - 8.89 ¢ -
(882.71) (7251.76)

Figures in parentheses are the retransformed values. Velues
followed by common letters within 2 columm ere not significent-
ly different at 5% level (DMRT)

Analysis was cerried out after square root tronsformation



of the insecticide in terms of the radloactivity counts
varied significantly between treatments. DPecamethrin at
LD10 and carbaryl at LD5 showed a slight increase in feeding
fates by 2.9 and 4.6 per cent respectively but it wes
not significently different from the untreated\bhecka
(Fig.2). A significant reduction in the feeding rates
was noticed et the highest gubelethal level tested in
which case the decrease was by 20,11 and 24.96 per cent
regpectively for decamethrin and carbaryl as comparsd to
the wntreated check. At L550 level of decamethrin the
feeding rate was distinctly lower than at LBas dose end
such a dose dependent reducticn in extent of feeding

was not menifegted in the case of carbaryl,

¢) A. b, biguttule

Indirect assessment of feeding retes of A, h.
bizuttula as influenced by treatment with sub-lethal
concentrations of insecticides recorded a& -2P counts
showed that decamethrin stimulated feeding in the nym-
phs at 1ts lowest sub-lethal level of LD5. Here, the
per cent increase in feeding was by 2.22 over the wn=-
treated check (Fig 3). Carbaryl at LD, dose showed
a slight per cent reduction in feeding rate and et
this’dose the feeding rate was statisticslly on par
with the untreated checks. All the other treatments



Pereent- < over control

g 2
[=
g = o
: i R =
& =
e ¥ 2
L [ w
5= 8 s
=
[
o
0
25
o
w
=z &
g o
..... E D
......... S 3B
=
m ]
o
k=l
w

Percenl sicover contral

PR Rr £ °
R T ﬁm ) ..M 8w o.n o ]
=
£ SE S 8
o g o5
= vEE
E » T T g
~ ™=
ol G v s 58 fa
. g " Y 8
[=] j=1 o =3 [=] < [=] [=] o [=3 [=] [=] -
£ £ & 2% 5§ ®& 8 8 g7 ® & = CZZ2ze77772777 28
51925t 05/ WED
7 T T d 77777777777
=
OBV DHODIOPIP000004 00000000 H
T nouououontnﬂontuﬂou&ouﬂ«uﬂ“neuouonon“.»“n G
Percen degreose over conirol [n]
2288828383 ¢ 2
; WpZirrzzzrzAR
o & T & c
g ¥ w g -
] k1 © o - m
2 2% o3 s L :
b 4] T T g e
H & S o a m& '
¢ o o O [F777e 5 3
O R - e r
[ 7777 7 7 T 777777
- ]
g g 2] = = = 2 s °
(=] (=) o
: § B £ 8 8 B g 8

s)1%25U) §g fwda

Conlrol
Sub_lethal dose

EO ST I

50

|

|
N
N
N
N
0

Decamelhrin

-

Sub-lelhal dose

Fig. 3



4. 2. 3.

resulted in reduction of feeding which showed &n in=-
creasing trend at incremental doses of insecticides,
The nymphs exposed to LD50 concentrations of both in-
secticides showed minimum feeding activity with e re-
duction of 18.57 and 19.10 per cent respectively for

decamethrin and cerberyl,

Influence of topical aepplications 0f subslethal con~
centrations on the sex ratio, reproductive potential,

lonrature stages end sdult longevity

a) Lio 2§ Eg}ctﬂt&

Sex=ratio

The influence of the two test insecticides at
their sub-lethal concentrations on the sex ratio (fe-
meles male) of the F, population (Table 7) did not show
marked fluctuations=, At the LD50 doge of carbaryl,
there wes 36,79 per cent reduction in the proportion of
fenales while the corresponding seduction for deceme-
thrin was 20.21 per cent. 7he increase in the proport-
ion of femeles (70.94 per cent) at LDy level of decame-
thrin as compared tp the proportion at LD50 of carbaryl
was quite significent.

Reproductive potentisal

The influence of topical application of sub-lethal



concentrations of the two test insecticides on the
reproductive potentlal of H., 28 punctata are present-
ed in Table 6,

The topical application of sub=lethal concen-
trations of decamethrin snd cérbaryl on the last in-
star grubs of H. 28 punctats showed similar effects in
the adult emergents in respect of the number of eggs
deposited, It led to reproductive stimuiation of re-
sulting adults, the dose for moximum stimulation bee
ing different for the two insecticides. Adults emerge
ing out from the grubs surviving the treatments with
decamethrin at its first three sub-lethal concentrot-
ions (LDS' LD, and LD25) registered a significant
increase in the reproductive mate which wes higher than
shy of the corresponding sub-lethsl concentrations of
carbaryl. 7hose adulis from trcatments with decame=-
thrin at LDZS produced the highest number of eggs
(947.75 eggs/female) the increase in fecundity being
56.76 per cent over the untreated check (Fig 4 a). But,
for carbaryl, among tﬁe sbove three sub-lethel levels,
the oviposition by the edults from LD5 remained with-
out any significent change as compared the untreated
checkss. For both test insecticides, at LDSD there wes
a reduction in the average number of ezgs laid. The

lowest fecundity recorded was 90.55 eggs/female for the
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adults emerging out from grubs subjected to treatments
wvith carbaryl at LDSO(Fig 4 b). This was o decrease
by 30.25 per cent over the untreated check,

Duration of immature stages

Incubation period

The incubation period of the eggs deposited by
females emerging out from those grubs exposed to sub=
lethsl dogses differed significantly. A notable decra-
ase in the incubation period waas detected in the eggs
deposited by adults surviving the lowest sub-lathal
level and with an increcse in the concentration, the
results were quite contrary (Table 6). Treatments

with LD5 dose of decamethrin resulted in producing

eggs with the shortest average incubation period. Here,

the grubs emerged out within a period 5.16 per cent
earller than thoge from unitreated check. The incubate~
ion period on on everage was extended to as long as
116,88 h as compared to 88,16 h over the untreated
check (Fig 7) at LD50 of decsmethrin, the per cent
increase being 32,57. Similer reduction in incubate
lon period were also rendered out by treatments with
L'D5 and LD10 concentrations of carbaryl. The incubate
ion period wesz still lower here at LD5 vhich was only

79



Takle 6, Effeck cf subelethal concentraticns of insccticides on the reproductive
rate, igcubation pericd and per cent egg hatch of He 28 punctata

- Ay S Gl M N S e W Sl TP O W A wm T DA G AR NP S A S G e SR O Y R SR W W AR a R Ee A s W A W

I ] [

Insectie Lethal o.of cgos/ Tronsforme igg %ﬁf“ Per cctte Tranafommed
cida dose £emale ed values ; age * values
Decame= 5 663459 25,76 @ 83.60 b 71,30 45,48 b
thrin (31.17) (=5,17) (w17,02)
ic 761,93 27,60 € 096,72 ¢ 7017 51.41 ab
{40,455) (9.71) (=Gel®)
25 847,78 30,70 £ G858 © 02.09 67005 &
(56,78) . (12,79} {22436} '
50 223,08 14,84 b 116,88 4 78,80 52.00 gb
(=23,95) _ (32.57) (=5421)
Carbaryl 5 389,468 18,75 ¢ 7520 @ T142 . 50,71 a
(0.56) (~14,70) («7243)
10 436 .60 20,80 i 85,04 b BG G52 59,91 bed
35 473432 21,75 d 88456 b B7.53. 61,08 c@
(16,90} {0e45) {11,45)
50 00,55 052 a 100,80 ¢ 72650 ¢G .80 a
Upereated BL 304,47 19,61 ¢ 6464 b 60,10 53,23 abe
o #lain 385,69 19,64 ¢ 88,16 b 81,72 54,81 abe

W W Gr an WY AF We B T W OBE YR A W TR WS EBRE AP 8% wh B4 BB R W wm TR B SR R y A P als YR M S G D W

Figurcs 4n parenthescs dencte the por cent inorense or decrease over untreaked
checks Analysls was corried cut after squarce root trensformation.

¥ are singe tronsformation vas dona,

The volues £ollowed by coumon lotiers within o colucn: erxrc nok significantly Qife
Earent ot 5% levald (DMRT)
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Takle 7. E.E’Ee.cta of subelcthal coneccntrations of An0Ge

lctic:ides' en tho larval duraticn and sou-ratio

of He 20 pumstata

Loxrval ganweatio
Insecticide Iggggl durpation (Panzlos male)
(h)
Decomethrin 5 502,67 £ 3.67 b
(50,95) {70494)
10 468,67 a 2,53 ab
(40;74) (‘5’20131’
P 410,67 ¢ 1.58 ab
50 330433 a 1,71 ab
(«=0,.80) (»50,21)
Caxbaryl 5 470,33 e 2.46 b
(41,.24) (24,72)
10 440,00 & 2.0% ob
{(32,13) {30,.,08)
25 384,33 b 2,02 eb
(15,41) (=5,05)
50 334,00 a 1.36 a
(+0430) (=36,70}
gatroated (OB 333.33 a 2426 ob
9 (Platn) 333,00 a 2.15 ab

W A e Sy T Am P Mk SR D S B AR P AP MR WP AR SR W Ay W M WD e ah w8
Pdeures in parentheses denote the per cent increass/
decroase ovor untroated chieck

values followed by a common lotter within a column are
not significantly diffezont at 5% lovel (DURT)
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75.2 he The increase at LD50 was 100.8 h which wes
by 14.34 per cent over the untreoted check.

Egg hatch

In respect of the egg hatch, treatment with
the two test insecticides showed significent impacts,
There was a significent increase in egg hatch at LD'a5
for both the toxicants and also at LD10 dose of carba-
ryl (Teble 6). Except for this all treatments showed
a reduction in the viability of eggs over the untreat-
ed check which was within a range of 5.11 and 17.02
per cent (Fig 8), |

Larval duration

The range in the larvel duration for the dif-

' ferent treatments wes between 330,333 to 502.6567 h (Fig 9).
The maximum larval period was by those cxposed to deca=-
methrin at LD5‘

The influence of sub-lethal concentrations of
the test insecticides on the larval duretion was meni-
fested in the form of a significant increose in the
larval duration of the cffsprings from different treate
nents except in those emergents from exposures to LD50

of both chemicals (Table 7).
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b) A, gomasvpii
Reproductive potential

Attempts tp artificlially induce oviposition in
the apterous adult females of A, gosgypii by exposing
them to stress situations ilnvolving food scarcity un-
der ¢sged conditions were not found to be successful.
A gseries of triasls conducted under confinement of A,
gossypii heve showed that under stress conditions ime
posed by food shorteges as well as under favourable
conditions, parthenogenetic vivipary was the dominont
mode of reproduction in fA. gosgvpll. Therefore, the
progeny production was recorded 2s s measure, of the

reproductive potential of the aphid.

Topical application of some of the aub—letﬁal
concentrations of decamethrin and carbaryl on the last
1nstér nymphs of A. gossypid led to reproductive stimu=
lation in the adult emergents. At LD5 and LD of both
test chemicals, there was a significant increase in
aphid reproduction. In control, ten aphids gave rise
to 400.84 nymphs, as compared to the corresponding num-
ber of 999.38:  from those surviving LD5 decamethrin
treatments, the per cent increase being 57.9. At LLHO

of decamethrin the increase was by 20.41 per cent over

83



the untreated check (Fig 5 a). In the case of carbaryl
the improvement in fecundity was not as strikingly meni-
fested as in the case of decamethrin., With carberyl the
number of nymphs was highest at LD5 « the per cent in-
crease over untrested check being 40.65 and at L, the
increase was by 20.92-(Fig 5 b). However, aphids surviv=-
ing the treatments with LD25 and LD50 concentrations of
both chemicals resulted in the production of nymphs the
total numbers of which were on psr with the untreated
checks (Table 8).

Nymphal duragtion

The duration of the nymrhs emerging out from the
adults subjected to topical applications of sub=lethal .
doses of_the teat chemicals in their laast inster nymphal
stages ranged from 163.6 to 201.366 h (Table 8), The
total nymphal duration showed significant trestment dif-
ferences, Aphids completed their nymphal stage earlier
at all the tested sub-lethal doses of decamethrin and
the two lower doses LD5 and LIHO of carbaryl., At LDS’
the shortening of the nymphal duration was 16,05 and

14.90 per cent respectively, for decamethrin and carbaryl

as compared to checks (Fig 10). However, a prolongation
in the duration at the two sub=lethel doses of LD25 and
LD50 of carbaryl was noticed, but this was not signifi-

contly different at 5 per cent level from controls.
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Table 8, EZfock of subelethal concentroticns of insccticides on the reproductive
rote, nymphal duzaticn and edult longevity of A. gossypid

Reprcductive rate tipmphal duration AAult lon
wcide doze 110 OFf Ry Per cent Per cent
rhs/10 aphidds 4increase/ Hours incrcase/
deoreasaq decrease
over cvar chce
DecaliCe 159 L3206 e 57;90 163 .GO 4 "16.05 374¢40 <
thrin (999,38) ,
10 2411 ¢ 20441 173427 ab  «11,08 341,37 be
(501,10}
25 19,95 b =036 170,00 ab 12,76 327.43 b
{397,92) |
50 19,35 b «3433 192,20 b =« 7,01 280,56 a
(374,598)
Carbaryl 5 28,16 4 J0,GS 165403 @ =144,00 328,80 b
, (792493}
16 24,21 ¢ 20,92 177.85 b - 3273 311,20 ab
{(506,07)
25 1769 b . 11,61 200423 < + 2475 322,96 ak
(313,18)
50 10,32 @ = =48440 201,37 ¢ + 3434 310,64 @b
| - (106439} .
Untrecobted . :
. . 19,88 b 194,53 ¢ 319,20 at
checl: Dt (395,17} - *
a $lain 20,04 b - 104,87 © 329436 b
Pigures in parcntheses denote the retrensforoed volucs. The values folloued by ad

aormen lettorg vithin o eslurn are neok glicmificont ot 572 level DED)



Adult longevity

The effect of topical application of subelethsl
concentrations of the test insecticides on the longevity
of adults of A, gossypdi is presented in Table 8. The
adult aphids in control showed the maximum life-span of
329,35 h. Yith decamethrin at LD., there was a signi-
ficant reduction in the zdult longevity as compared to
the untreated check. In this case the adults lived for
a mean of 280,556 h as compared to 329.36 h in control
(Fig 11).

¢) A. be bigutiula
Sex-ratio

The influence of sub=-lethal concentrations of
decamethrin end carbaryl on the sex ratio (female:imale)
of A, b. biguttula showed appreciable chenges (Table 9).
There was a shift towards males atv LD25 concentrations
for both ingecticides and.LDBO of decamethrin., At LD5
of decarnethrin a strong shift in favour of females was
recorded, Decamethrin at LD10 an& carbaryl at LD5 also

resulted in more number of femeles. The rgtio was on

nar with mtreateod ahiesle ot +he nther tun foocted lovela.

86



Tobhle S IEffcel of subslcothal concentroticns of insccticides on the roeproductive
rote, nymphal duratlon, ofult loagevity and ser zotlio of A. be biguttula

Pecundity Oyrphal Adult Sex ratio
Ingectie Lothal [H0e0f COgs  TEonsforie c‘!u:igf):im 103233“’“? (f;fjgg'
eide dosg 10id/10 fe- od valuas -
males in
bpoome= B 218,36 14,78 e 140480 6 259,20 ¢ 24874
, {35 ,85) ) (12.10) (107.,69) (115,10)
10 276452 16,63 d 132,00 de 166,40 b 1,77 ke
(41.62}) (5.1) {33.33) (32,56)
25 113,29 13,64 a 116,40 8 152,680 b 0,89 a
{De35) (=12.20) (22.44) (=33423)
50 106,01 10.29 & 61.68 a 70,40 a 3..3.? ab
cCarbaryl .5 171.14 313,08 b 101,00 o 246,40 ¢ 203 ©
(31.41) ' {(»10411) (07444} (S52,51)
10 153,48 12.79 b 134,40 cde 237,60 ¢ 1.33 abe
(2.08) (=3.92) {90,38) )
{1.95) (=34439) («=43,08) (=24,98)
50 140,97 11,87 ab 110,12 cdo 71,20 o 1.33 obe
(1.12) (=5,416) (=42.95) (o)
phtrooted PIV 138,30 11,33 ob 198,00 cde 128,80 b 1,77 be
B Plaia 137,87 11.74 @b 125,50 ode 124,00 b 31+33 ebe

"‘Q-ﬁnﬂg-"n_----“--"ﬁ"-ﬂ--ﬂ-““_—-"‘ﬂﬂl-

Pigures in parcathesges denote per ceont lncrease or decrease over untroabed check.

Yplues followed by coxon letters within a column ore not significontly diffcrent
at 52 lewoel (DIRT)
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Reproductive potential

Ten day 0ld adult females were exposed to tere
minel plant parts treated with the sub-lethal doses of
decamethrin and carbaryl to study the influence of such
exposures on their reproductive potential, The method
followed for A. gzossypil did not succeed Zor A. b. bigubtulg
due to failure of realising the fecundity potential

under continuous laboratory rearing from treated nymphs.

The rate of reproduction of the hbppers exposed to
four sub-lethal concentrations of the two insecticldes
released on plant parts in 24 h was thus recorded (Table 9).
There Qere significant differences among the different
treatments in respect of fecundity. Decamethrin at two
lower sube-lethal levels could be ranked as LD5 end 1R,
in the descending order in terms of fecundity levels rae
alised (Fié 6a). The differences between the doses&i_;LDZ5
and LDSO were not significent. At the LD, end LD50
levels, there were reduction in fecundity to the tiine of
.35 and 12,31 per cent over control but the differences
from control were not significant. In the case of carba=
ryl, for LD25 and LD50 levels, the mean number of eggs
deposited were on par with the untreated check (Fig 6 b),
The two lower levels of Lgs and LD10. however, showed
a slight incresse in oviposition to the extent of 8,89



and 11,41 per cent over control at LD,, and LDy respect-
ively. EBEut in this case the differences with the cone

trol was not significant,

Nymphal duration

It was found that topical application of the
sub-lethal concentrations of decamethrin had e direct
influence on the nymphal duration of the resulting 0ff=
springs than in the case of carbaryl (Fig 12). The
duration of the nymphal stage wes meximum in the case
of survivors from the treetments with decemethrin at
ID; (140,80 h) and this wes minimum at LDgy (61.60 h)
level, the difference between the four tested sub-lethal
levels of decamethrin being atatistically significent
(Table 9). In the case of carbarylltreatment, the nym-
phal duration at sub=-lethal dosea showed relatively
less amount of variatlion as compered to control, The
LD10 and LDSO levels were on par with the wntreated
check, while LDS and LD25 has showed a significant
reduction in the nymphal duration over the wuntreated

checke
Adult longevity

There was @& significent difference in the lon=-
gevity of the emerging adults which were topically
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4,24,

30

treate& with the four sub=lethal concentrations

of the two test ingecticides during their last nyme-
phal ‘inster (Table 9). Adults lived for e shorter
time at the highest sub~lethal concentrations of botﬁ
chemicals. On an average, the hoppers lived for only |
70.40 h at LD50 of decamethrin and for 74.8 and 71.2 h
respectively at 1b,g and L, of carbaryl (Fig 13).
But & remarkable prolongation in the adult duratiqn
was recorded at treatments of decamethrin at LDg and
carbaryl at LD5 and LD1O. They lived up for a con=-
siderably longer perioda of about 107.89 per cent more
than the untreated check when they were topically ex=-
posed with LD5 concentrations of decamethrin.

Effect of applicatlon of sub-lethal eoncentrations of
decamethrin and carbaryl on the reproductive rates of

the F1 and Fé generations.

a) H. 28 pynctata

Fecundity

The effect of exposure of sub-lethal doses of
the two insecticides on the reproductive'rate of H, 28
puncteta up to three generations is pregented in
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Table 10, The treatments in all generations showed sige
nificant differences, Between the géneratinns also
there was & significant difference in their reproduct-
ive rate. In general, the fecundity of H, 28 punctata
when exposed to sub-lethal concentrations in each gene-
ration was not stable and with the third generation
there was more a tendency for a lesser egg production
(Fig 14).

_ Taking into consideration the-parental generate
ion alone, decamethrin and carbaryl at LD50 reglistered
a very low reproductive potential, ‘For both Insecti-
cldes, at the three lower sub-lethal concentrations
tested, there was a perceptlible increase in the meen
number of eggs deposiied. Maxinum number of eggs were
produced by those adults which had emerged out from
treatmepts with LD, of decemethrin, in which cese it
was 145,74 per cent higher than in the untreated check.

In the F1 progeny, increased egg production
was noticed at all the four subelethal concentrations
of decamethrin., The treatment at which this trend

ghowed more prominence was LD5 of decamethrin, The



Table 10, Effect of succkasive epplication of subelothal doses of decamethrin ond carbaryl on
the rzeproductive rate of fi. 28 punctatg on the #y and P, generations

Total nurbor of eggs deposited by a £emle

Insecti- XLethal

cide dose Parcnt Pl P_z
Perosntage Fercentage ine Parcantage ine
Hun6x increase/ Nurer crease/decrecss  thnber  crease/decrease
- G=croasa oger control over coatael
W e e am W A A W Sk S NS W e u@eﬁmtpa_unuu-_---u“- uundaa—u--an—-
et o 5 25,76 £ * 72,08 27,99 @  +111,00 26,00 € 4 87,67
(663 +58) {783.44) (676,05}
10 2760 9 + 07,55 19,37 b + 1,07 20,45 de 4 16,14
(761493) (375,27 , (419.37)
25 30,78 h +1454,74 22,92 08 4 41,52 18,02 ¢ - D00
(947, 72) (525,465) (224,58)
30 14,9¢ b -~ 42,16 21,22 e+ 20,18 15,81 b = 30,68
_ (223,08} (446422) (249,83}
Carbaryl 5 20,75 3+ 1,11 24,45 4 4 61,51 21,580 ¢ 4 29,44
(380,93} (500,86) {455 ,30)
10 20,89 do 4 13,19 23,71 @ 4+ 91,37 19,590 c3 4+ 10,81
{436 ,60) (562402) (350,20} )
25 21,7 ¢ = 76,52 15,10 o - 30,16 15,31 ab = 34,93
{474432) (259431) (234,43}
850 9,52 a - B3 14,55 n - 30,04 13,76 & w 47,43
(90,55) {223,438} {189,35)
imtreated BI 18,83 ¢ 20,05 b + B,31 19,05 ca
chack (354,72) (402,16) 1353,17)
- Plain 104648 od 19.27 b 16,98 ed
{385,5 9) (371 .29) ‘350.2‘}

Analyals was carried cut after square root transformation,
Figures in the parentheses are rotreonsformed values,

The values within a colw £ollowed by &
common letter axe not significantlv different at 5% Teusl (MR
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increase was by 110.0 per cent over control. Unlike
the parents, st LD50 levels too, there was an increase
in egg production in the Fh generation. Desides, with

an increase in the concentration from LD5 to LD25 there

was a decrease In the productlon of egga. With carbaryl,

a similar trend wos maintained and at Lné

the progeny was 3till lower thon the untreated check..

5 and LDBO

Howsver, the increase with the lower tested levels
of carbaryl were 61.51 and 51.37 per cent respectively,
at LD5 and LD10.

The regulting adults of the F2 progeny showed
reduced fecundity at LD25 and LD50 levels of both test
insecticides. The capscity to produce more eggs was
retained in the F2 generation by the survivors ffom the
two lower concentrztiocns, this belng more prominent at
LD5 of decamethrin,

Egg hatch

The influence of exposure of sub-lethasl con-
centrations of the test insecticides on the per cent
egg survivel up to the Fa generation is summarised in
Table 11. Uniform reduction in egg hetch wes mainteined
with the sub-lethel concentretions of decamethrin and
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Tahle 11'; Effcclt oF succassive application of subelothal dogses of decamethrin and carbaryl onb
the per cent egg hateh of li. 28 munctats en the Py and 7, gencraticns

Par cent_egg hatch

Ingscctie Lethal Parcotal 74 generation P, generation
Per conl 1w Fer cchal ine | Par cent ine
ereage/decro=- - ‘creascefdecro= crease/decre=
ase over Collw age over COllw AUC OVEr CONe
trol 4rolk “ trol
Decame= S 46,98 2. = 1442 46018 a - 18,60 . 48,70 ab ' = 15,03
10 51,01 ob - 4,79 52,04 ab - 058 52459 D - 8,23
- {(78,70) . {78,848) ' (79442)
25 67,85 & 4 244448 C7.59 & % 174,50 6002 ¢ + 16,5%
50 53432 abhe . o« 2,13 52«25 ab - 9,18 54,30 b - 5,26
(R0425) (79,07} ' {81,2%1)
Carbaryl 5 49483 8 - BaG1 52,04 ab. - Ue53 51,97 b - 0,32
(76..41) (78,85} ’ (73477)
(654,63} (87.54) (83.,91)
25 584,85 abe T+ Te04 62454 de 4+ 8,71 67«33 ¢ + 27,47
‘(85,.58)_ {88,73) (92427)
50 48,69 a - 10,69 45630 a2 - 319451 41,94 1 - 25482
{75.12) (72.30) (6G483)
untzeated poy 53,04 ane 54,52 be 53473 b
{724,90) (B1.43) (B0.63)
" Flain 54452 abe 57.52 bed £87.31 b
(61.43) {54.36G) {84.16)

£ter gqnuare root transformation.
Flgurcs in the perontheses are retransformed voluCoae

Analysis was

carrled ont

within & eolnnn nra nok gigoificontlv iffcrent at 5% level (DHI)

The values followed by o common letter

Lo



carbaryl except for the LD,g level (Fig 15). In the pa=
rental populations of H. 28 punctata the egg hatchablliﬁy
ghowed significent variaﬁility, but the reduction was
perceptiple only in the cage of Lus and HD10 of decane~
thrin end LDS and LDSO of carvaryl. In the case of LD25

of decamethrin and LD,, of carbaryl there was increase in '

the.hatching percentage over control, In the Fﬁ generae-
tion the trends in cgg hatch wag almost similar to the
parental population. The maximun depression of egg
hatch waas in carbaryl at LDEO and slso in decomethrin
at LDE' There wos increase in hatchability by 17.00
per cent ;n decamethrin at L025 dose., There was in-
crease in hatchability at the LDHO and LD@j dose of
carbaryl but the quantum of increase was only marginal

being 6.12 and 8.17 per cent,

In the F2 ganeratipn. the.increase in egg hatch
was recorded only in the caae‘oz LD25 treatment with
decamethrin end carbaryl, the increment being signifi-
cant as compared to control. At the LDg, dose of
carbaryl there was a distinct reduction in egg hatch
whilk in the case of decemethrin at the same level the
extent of reduction wes not as spectacular as in the

case of carbaryl.
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Larval duration

The larval duraticns of H, 28 punctata grubs which
were offgprings from the parents which had been toplcally
treated with sub-lethal conecentraticns of the test ingectle
cides in theilr laot instar larvol stages were roecorded up
to the Fa gengraticns, In all the genaratiocns the trend
was almost similar (Table 12). At LDy, dose there was
not any change in the average logvel poriocd and this waes
on par with the untreated check. Uith the louer subelothal
levels, larve) duration was extcnded and this was the highe
gat at ms for both ingecticides in the Fy and F, generate
icng. Dececamethrin showed decrease in the total mean lere
val duxation for the Py genczation for tzeatments at LDg,

0,4 and m2 levelsy as comparcd to the parentas In the

S
E’z gencration, there was an increase in the larval durate
ien with increase in tho doges through D40 and LD25

(rig 16).

A similar ﬁall in the total mean larval duration
was noted in the case of carbaryl at Dq0 in the Fy generas
tion, which 2lso ohovwed an increasae in 1?2 gencratiocn, wWith
the other threc subelethal levels, there was a general pro-

longation in the larxvel periecd with each generation, OCrubs



Pable $12. IPEfcot of oubelathal concentreticong of docamew

thedn ond corberyl on the lazval duretion of

the P, oud P, populatiens of He 28 punctata

farval duration-hourn

- o e s e e - > e e s e e o
?:gg?‘;‘-‘*” 5 502467 £ 482.57 a 459460
10 460467 & 459,52 ¢4 450480 Jdo
25 410,67 ¢ 480,97 b 408,00 ¢
50 330,33 a 320,00 a 322420 &
Carbaryl 5 470,33 @ A77,60 d 478,40 o
10 240,00 & 433,20 B¢ 241,76 &
25 304,33 b 400,80 b A40S.60 ¢©
50 334,00 & 333,60 a 362492 b
gggﬁat@d BEH 333,33 o 337,60 & 3306463 @
“  plaln 333,00 a 39960 a 334440 a

The values £olloved by o eormon lotter vithin o column

are not signdficontly different ot 5% lovel (DunD)
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eontinugd in the same stage for o mazimm time of S02.677 h
in parentel goneraticn at LDy which was an increase by

" 50,95 por cent over tho untreated check. With carbaryl at
this dosg, the duration was 478,40 h which was an increass

by 43.06 per cent over the untreated checlt,

Admr = Yonceviee

The influence of subwlethal concentraticna of deca=
methrin and carbazy) on adult longevity when topically appe
lied on fc:ﬁ:th inastar grubs was studied uapto E‘z ganaration
(Table 13). Othex than carbaryl at Lbggs nO stsi!d.ng vorie
ationsg wvare cbhserved between the treatments in the parental
generation, The adult 1ife of those subjdcted to exposure
to carboryl IDgq Was as short as 28,67 dayz; ag compazred
to 35,33 days in nosmal untzested check, In tha Py geng=
ration %00 caorbaryl at mso roglatered -a shortening in
adult longevity. DBut both the insecticides exhibited 2]
prolongaticon in adult loagevity at Dy in the Fy genoration,
It waa 27,72 and 29,70 per cent higher than the'untreatea
check gespectively (Fig 17), for decomethrin end carbaryl.
This inecrease in the adult Yongevity was also ':eeoraeﬁ for
tha survivers exposed to 1Dy decamethrin in their Fo gena=
zatione It was 22,91 per cent moxe than the. wntreated



Table 13, Effcot of subelothal concentroticns of decanes
thein and coxbaryl on the adult longavity of

the 5’1 and F’-g populations of i, 38 munctaty

WA W e SR WK R N AN mh e AT T de e e ER B v A e e T e o W e

Afult longovity « Dayn

Inocotim

¢ide doza

=l
10

25

50
carvoryl S
| 10

25

50

Untycated  DEY
choek .

® | Plain

| generation

O G em S an ke om e e WE S W M de KR R U S ma B wv W e e e
36,33 be 43,00 ¢ 39,33 @
33,00 abe 37,33 bo 29433 be
31,33 abe 30,33 eb 33,00 ¢
32:33 abe 90,87 b 30,33 ¢
38,00 agbe 43467 ¢ 32467 ¢
30467 sbe 32,67 ab  33.00 ¢
32,00 gbe 29,67 ab 23,67 ab
28,67 a 20,00 a - 23,00 &
30,33 &b 29,67 b 27,00 abe
35,33 be 33467 ab 32,00 &

Iethal

The values folloved by a common lottor within o column

are not significantly. diffcrent at 5% lovel (DMOD)
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check, But £or this, all other treatments in I, wera
not significont and wore on por with the untreated

check,

b) Ae gossypid
Reproductive potential

The reproductive vate of A« gosoypii, when exposed
to gub=lcthal dosas in cach goneration during the fouzth
inotar nymphal stoge, differed gignifiicantly between tree-
atoents within a generoticn and olso between genorations
(Table 14). The meon nusber of nymphs/ten adults in the
‘parental generations was increased cxcept at 1D, and
ID.n levels where it wos lower than the untreated check,
As it rooched the F, generation, in all treatments other
than IDgq off carbaryl the reproductive rate was higher
than that in the untrooted cheelk, Though Jdecamethrin at
IDgg registered a low reproduetive rate in parental oonge
ration it was not 3o in the §y and F, gengraotions, Rut
carbaryl, contimed to produce fcwor offsprings with each
of the generations at this leovel, 2dulis surviving £ronm
trootments with decamethrin at LDy eontinued to record
the highest meen number of nymphs in all gencrationa, In

parental population, the increaso over untreated cheek was



Toble 14, Effcct of gub-igthal concontrations of deenmethrin and cambaryl on the poproductive
rate of the Fq and Py pqmlaticm of A. gosovpli

) . o
- P. 2 .
Insectie Fathal Parent 1 oy ce?ft ine
cilde dose ~ore . Per oot ine : Per centt it . croage/doorem
Ruebox ercagofdcores NECY  cpiase/dccroe DEOOT ase ovVer €0
ase pueL By OVEE ok
DoCane 5 31,61 @ 147,08 31.058°d 142,97 82415 @ 183,17
thrin {959,38) (964.448) {973.45)
10 24,11 dg 88, %6 23630 o 48,65 00498 b - 41,60
(5014197 (590,,59) (509432)
a5 10,05 bod = 1,30 19,76 » = 1,74 20,66 b . 2458
(397.92) {350,33) {426 ,04)
50 19,35 b = 7,09 20,24 b 3409 230446 1 0,59
Carbaryl = 5 26465 © 75436 26434 ¢ 78a59 26,48 ¢ 53,41 —~sy
(711.032) {653,64) (700693) =0
10 22.71 eda 27,81 20,65 e 20,14 22,01 e 26,1 . K
(515,70} (513,07} {524,482 =
25 17.60 gb = 22432 | 20,87 b 0,61 21,56 b 1L,83\0
(313.23} (435447} (465.52) = AL
50 10,32 @ = 73,60 11.31 & = G270 10,37 @ =~ 74,18 240>
(106,40} (127,94) {207.62)
vntyeated BRI 12,88 bed 18,86 20,31 b
chael (395.17) {394,508} (412,33}
" Plainm 20,08 bed T 19,93 b 20440 b
{403,17) (397,20} {416,20)

aualyals was corricd out after sguaro oot transformalich,

‘Dnv---‘paﬂm-mmnummncm‘amm—-mmuwn-wmmﬂbn'ﬂlﬁnqm--nﬂd

Ficureg in porxentheacs are the
retyranzfommed valoone Volues Lollowed by & common lettor within the column arg ook odguilile
cantly difforcnt ot 5% lovel (DERT)
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by 147.88 per cent while, it was 142,77 and 133,17 per
cent respectively, for 7, and 7, generations (Fig 18),
At this dose, carbaryl also hod a high reproductive pow
tential,

¢) A. b. biquttuls

Reproductive potential

Tha effect of ayposure of sub=lethal concentrations
of the insccticides on the reproductive gate of A. b.
bicuitula up to the Py generaticn is sumnselsed in Table 15,
The treotments in parental and Py genemtioﬁs difZered gige
nificantly while in By the variations were less pronounced

(E'ig. 19}.

Decamethrein recorded lowr lavel of progeny product-
ion at the two highczi: subelethal levels tested, The ine
creage in progeny production was maintained at ID4q 88 COmw
pared €0 IDg in tho case of decamethrin, Carbaryl at
LD,q and IDgp lavels wgre on papr with the untreated check
up to the Py gencration, At LD and LDyq though a slight
increase was peceorded in the parental gencraticn, there
wag no variation £rem the untrested chack in the P, gena-

ration, But in the Py genczation counta of the offsprings



Table 15. Effcot of sub-lethal comantzatiaw of decamcthrin and cerbaryl on the reproductive
zate of the Py oud 7, populatiocna of fe R biguten

‘ﬂw--—mﬁ#-uuhnuuqmwnmqwmﬂ”h-ﬂu--uwm“uhﬂwwmﬁmuﬁnﬂw‘

zio. cﬁ ngmptmﬂo fmle boppem

Tngectie ethal Parent Fa
cide dosa. . _ ‘Par cont ines Par conb ine . Per cent inwe
Murber  crease/daCree Rodwar | crease/docre- . Ihrbepy Cresse/ldecres
a8e . over 8sg over . ase cvex
, chedk eheck . check
W R AR R W Gm W S e G M SR W W M MR S i AR R e R e MR W TR A e e e N W R R e S e S S S M W A e e e e A
o pal 5 14,73 ¢ 58,36 15,00 b 53434 15,30 d2 67,83
{218.36) ' - {227.44) o f284.22)
30 16,83 ¢ 20056 16.72 © 88,79 16,56 & 96 o 43
{276.52) (279,68} (274,07} -
25 10.64 o ~17.83 11,12 & 15445 . 11.13 a =121,28
: (113.,29) £123472) {123.81)
50 10,29 & ~23.1% 10.67 o «23.210 1130 8 = 8,46
(106 ,01) | (113,93} {127.75)
Carbaryl 5 33,08 b 24.13 13.57 ab 2630 13,91 4 9210
(171.24) (184422} {153 443) ~
10 12,720 10,58 12,92 ab = 1,608 13,35 @  27.65
{163 .48) (156,823 (178,14}
25 . 11,97 ab 3494 12,07 ab w La658 12,29 abe 8619
{343.,30) {245.53) (150452}
(240,97 (145,31} {135.,80)
Untreated
chack Doy 11,33 ab 31.30 » 312485 abe
{228,39) {222.42) {265,30)
" Flain 11,74 ab 12417 2b 31,01 eb
‘I--n;umwhmnalﬁm(m?'ﬁT) *ﬂ_op_"”{!ﬁﬁgm)___*_______{139&55) 0 ey e e W W

Aalysis was carzied cut affer Squozo root tronsformatiens Tioures o ha parentheses aro the
retranaformwed valves. Valucs Collowed by & common lotter within the column are not aignifie
cantly different at 5% level (DERT)
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were little highicr as compazed to L92-5 and mso levels

and also frcoix the nntreated check lot,

4.5.5, Influence of subelothal concentration of decamecthoin and

carbaryl on the sugvival of adults

a) go &&n,m_ ta

Tho suzvival of the adult emorgents of B. 28
punctata expesced to subwlethal concentrations of the test
ingecticides during thelr last ingtar lerval stage are
presented in Table 16, Since the survival of the adults
up to siﬁ days efter arorgence was not chowing any appow
rent varlationg, atatistical analysis of thab part of data

was not carried out,

An overview of the survivel patliorn up to twenty
days from the date of cmergence showed that the adults from
treatments with carbaryl ot IDgy doss led to relatively
heavier casualitics., Zhough decamethrin tao, at this
particular concentration resulted in lesscr survivel pare
centages, the exteht_ of casualitics was not as higher ag

~ Carboryl, particuloxiy 12th, 14th and 16th days after
tréatmnt. With the lower lovels ef sube-lothal contontrate

iona, though thexe were no inerease in the suryival



Table 16. Effcot of subelcothal concontroticns of decomethein and earbaryl on the ourvivel of adults
of He 28 suncbata

33ult survival por cont - doys afber cmergence {(DAR)

clde e elntelclaly ‘ _
ﬁgi‘- 2 DAE 4DAE G DAE QOAE 10 DAE 12 DAL 14 DaR 16 DAE 18 DAE 20 DAE
Docomee | 6 0040  00s0 0040  90.0 &  O0.0 € 00,00 d 85406 @ 75.00.@ 75,00 & 66415 o
thrin (100,0) (100.0) (100,00 (100407 {100,0) (200.,0) (09.73) {5659} (95.59) (91,45}
10 90,0 90,0 D040 S0,0 € 75400 DS 63493 bC 61471 B 61,71 @ 57,00 ¢ 57,00 bo
(100,0) (100,0} (100,0) (106,0) (96,59) (D9482) (63.05) (98,052 (83.86) (83,05)
25 0.0 90,0 T5e23 75,00 be 61,22 oh 57,00 ab 82,73 abe 50,7700 45,0 ab 44.03 ab
(200,0) (100,0) {95,700, {05,50) (87.64) (083.,05) (7962) (77:48) (70,71} (59,50)
50 00e0 600 71,80 58,79 @ 53,70 @ 50,77 @b 48,85 ab  43.0B ab 37.22 a 37.22 4
(100,07 (100,0) (95.0) (S93486) (79.62) (77.45) (75429) (68,29 (60,49) (604,49)
Carbaryl 5 - 90,0 90,0 000 B1415 C 73,55 be 72.40 @ 67,91 & 54,75 bod 52.74 be 49.83 ab
(200,03 (1000} (100.0) (95,80) (05450) {95432) (92.65) (B1.66) (79.59) (76.41)
10 00,0 900 900 02440 € 75420 B 7520 ¢ 52,70V 0bg 57,00 ¢ S2,78 he 45,92 ab
{200,0) (100.7) (100.0) (99.12) (97.13) (97,13) (86.34) (83.85) (79,62} (73.04)
25 G0,0 75424 15402 74,81 b 73.55 b 59,01 ab 52,96 abi 48,05 aba 45,00 ob 42,12 &b
{10040) (96.7) {S646) (95.50) (85,80) (85.72) {78.73) (7520) {(70.71) (67,08}
50 90,0 90,0 Glell 61,22 ab G57,00 o 47.91 a 45,008 42412 a 37,203 3G.24 a
{100,0) (10040) (90,0) (87.64) (83485) {74.20) (70.71) {67.08) (60,46) (59,11)
2§§g§ﬁﬁeﬂ BE7 G040 90,0 50 40 00,00 ¢ SDH0 ¢ W00 d 90,00 90,008 00,00 @ 52,78 ¢
(100.0) (100,0) (100.0) (100.0) (100,0) (100,0) (100,0) (100,0) (10040) (79.,63)
- Plain 00,0 00,0 90,0 O0,0 © 0000 C S0,008 90,008 H3.,85 @ Gl,7L & 55,86 be

(100,0) (100.,0) (100,0) (100.0) (103,0) (100,0) (100.0) (100.0) (88,05) (82.75)

Analysis wos caorried cut after are sine Lrongformation, Flguzes within the parentheses oxe the retranse
formed valuen. Values £ollowed by cocmon lettcrs within a column ore not significantly difforent at 5%

lovel (OIRD) g
\ o



perocntages than that in untreated check up to 16th day,
in the vese of decamethrin at 1Dz, there was a rise in
survivorship after the i0th dey., Desides, a uniform rate
of incroasa waes rccorded with decresse in the subelethal
concentrabion levels, In tho cage of decamcthrin on ths
20th day, the survival porcentogen wope 60, 69, 83 and
91 per cant ab LDSO' mas. m:am and ms lovels respeCte
ively. wWith corbaryl, the survivozship lovels ware 59,
67, 73, and 76 pex cont respectively at the shova ID los

vala as compared to B2 per ¢eht in the untreatced checl,

b) Ae goasvpdd

Studles on the influgnce of subelcothal concentribe
dongs of the two test ingecticiden on topleal application
to last instar nymphs of A, gossyp 11 on the surv;l‘Vai oF
their adults have rovealed a slow action of the ingecti-
cides ‘(Table 17). On the first day, the mortality rates
of Jifferent treatments were not significantly differzent’

£roin the untreated checek, cxoepk for the Lﬁsd troatnent

with decanethein, Fffects of troatments with LD and IDqq

goneentrations of decamethrin and carbaryl woré both ooie
- paxable with the results cbtained in the untreated chock,
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" Table 17, Effcct of sub-lothal concentrations of decamethrin and carbarvl on the adult survie
) val of A. qossyrii

Adults = percent survival

Insecti.-. Days after enexgonce (DAD)

Decomem 5 - 90,00 75,00 b 64,05 b 50,48 ca 53,17 b
thrin (100,00: (96 459) (39491) (86,14) (30403)
10 86,12 b 01,15 b 61.71 b 54,09 ¢ 52,08 b
(29477) (98.80) (8,05) (60,99) {70,88)
2s 63,85 b 60,5¢ & 36,44 @ 10445 @ -
(59442} {87.06) {59.39) {18.14)
(38.47) (74.84)
Carbaryl 5 96,00 b 79.13 b 73420 b 70,47 4 56482 b
(100,00 (98,20) (95.77) (08424) (83.69)
10 79,83 b 72403 b 72403 b 54,81 ¢ 50433 b
(98410) (95.32) (95.12) (81,72) © (76.64)
25 75433 b 68,07 a 30,06 a 31,36 b 20,62 a
(57.24) (92,76) (63400 (52.07) (35.21)
50 83,05 b 66453 @ - - -
(95.42) (67.05)
rreated  Daw 50,00 b £0,00 b 70,08 b 59,01 ¢ 54479 b
(160,08) (100,00) (92,01) (85.472) {81.59)
o Plain 90,00 b 83.85 b 61,22 b 50,01 @ 554,97 b
(100,00) (99.42) (87,64) (65 4 72) (82.87)

- AR £ NE S SR g aF AR AE Gr & dm W I WY S ap g W PR ks W NE W R AU A S g e aw W AP i R M W W M W s e A M

andlyois wag corriced cut after are sine tronsformation.

transformgd values. Values folloved by o conmmon lottor within a eolumm are not gignificante

ly dlfferent ot 5% lovel (DURT)

Ticures in parcntlicses aro the ECw

/01
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mt the other two bested lovels shoved a higher rate of
mortality, the per éent survival being lesascr at the
' hichar subwslethal concontraticng,

Though 1:.132

ly lowor survival percentages of adults, with Lﬂsa COl=

g trontments restlted in a significante

plete mortolity of the adults was the reosult £rom third
day fox both the tested chenicsla,

On the fourth doy o notable increase in the adult
survival was recorded at LDg af both inascoticidosy end
this trend waz madntained with carborvl on the £4£th Qay

also,

©) Ae Be Dicuitulg

Treatments with aub-;letzhal concentrations of decaw
methrin and darbaryl on the last instar nymphs of As De
biquttula hed o dizect influence on the survival off
tholyr adults rpight from the £irst doy of cmergence (Table
18), Decamethrin gt all tha Sour tested sub-lethal lovels
and carbary) at its tuo hicheor levels cansed o lesser sure
vival as dompared to control on the doy of emergenge itoelf,
¥Prom tha second day at 1D of Dboth teat chemicals and at

ID4q of carbaryl, the mortslity rates werc Jogser a9 compared



Table 18; Iffect of subelothal concentraticns of decamethrin and carbaryl on the adult gurvival
0f A« Do Bicuttula

Adults -~ por cont survival

Insccti- Tothal ' Days sftor chergengs
elde Qone :
| T 2 3__ I - A
Dogang 5 8615 cd 85415 @ 86,15 4 6991 D 67455 @
thein (5077} (STe77) {99.77) . {93,91) (92.42)
n T7e77 © T0edd & 67463 € 63,07 b 50,81 ¢
{0772) (94._33) 92,47} (804.15) (77,50}
25 53447 B BR.,75 b 48445 @ 45,38 @ 12,21 o
{904,23) {31,50) {74.84) {71.17) (21,15)
(82,957 (62,500 -
Cagbaryl 5 900 d 84,52 4 B4L52 &4 68,73 D 65,94 &
{100,00) {904,54) {00,54) (52,15} {91,321}
10 90,00 87429 & 85,27 d 73,92 b 72407 @
(100,00) (95,68} (99,65) (96.,.08) {95,148}
25 8i.43 ¢ 0,52 o 555631 ab 538.84 a 22212 b
{50,.88) {94427} (B24,52) {5723) {37.65)
S0 448,60 o N5 a - - -
o (70+21) (50.87)
Untrpeated DEW _
cheok G000 & 0%.43 d GG 445 ¢ G406 B 61,19 &
(200,00} (9B,59) (01,67 (89,92} {87.62)
" riain 50,00 d 75438 ©d 64447 be 62419 b 57,21 ¢

Analysis was carricd ocut afker are sine tronsfermation. Piguzes io porentheses age the retronse
formed valuas, Volues followced by a coron lettor within o colurn are not significontly diffen=
ant at 5% lavel (DHRT)
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to the untreated check, UWith :E:arbaxyl at Dy, OB the
£if¢h day, thae per cent gurvivors were maximum, being
095,14 an increase over the untreated cheek by 11.07 per
cent. MNo individuals survived in those lot trested with
IDg, congentrations of both chemicals since the thirxd

day of thelr cmergence,

Pield Studiga

Assessoment of pest distribution

a) )21 2@. punctata

The dnta roecorded on the mean counts of Aifferent

stages of the cpilachna beetles occurring on the brinjal

crop after spraying and the populaticn trend after spraye
ing gub~lathal and lethal doges of the test inscoticides
are presented in Table 19, In respect of poatetreatmont
counts ot geven days after epplication, the standerd £ield

Aoge of the insccticides showed vory low values and the

twoe insecticides were slmost equitoxic to the eggs. The

counts shoved a trend of gradual increase £rom IDuq to
1D, levols in both insccticides Lut the ascending trend

was more discerniblé in the case of decamethrin, Caxbaryi



Table 19, Influcnce of subslethal doges of decarethrin and carbary) on the dloteibution of the
epilochng begtles He 28 munctata

‘-Q*wmmﬂmn-ﬂﬁmﬁ‘“ﬁﬂﬁnumﬁnﬂmwu“mmwn*ﬂﬂ"-“w-bﬂqﬂﬂﬂ

Hean distrimmtion of i. §8 punctots/S plents

Ingcctie- Lothal

. 18 dobe
Deonmco 4]
thrin 10
25
S0
Stondaxd dose
Carharyl 5
10
25
50
Standerd dose
Untreated DEW
<checls
o Plain

Eggo.
Yoot troobe

maht counts
{7 D)

360,33 h
256,67 g
230,00 of
138,33 ©
35,67 ab
246,00 £
243,33 £
105,67 &
70433 b
20,00 a

172,33 2
192,67 de

Forcont Stfe

viving ovex

- Grubs
POst treote
.ment counta

WA O e e NS MR MR G WS AR MR e e WD M3 W W3 Ok R MR ST O am B W W e TR W W e SO TR A e S AT e

Adnlts

ber coft oure Post tncate Per cent.

wviving oveyr

pent cotnts sureiving

prorol  omwn  DSHSS oomp  REIEE
{7 DAD) {7 one) counts
. _ {7 DAT)
16808 © 330,00 b 455,50 £ - 106,67 £ 141,30 cd
148,43 da 123,00 ¢h 151,57 o€ 05,00 ¢f 166413 &
123,35 ¢de 88,33 do 122,30 bo 60,32 ¢ 121,66 cd
114,24 b 70433 be 130.84 hode 13,33 ab 65,14 b
54436 a 3567 2 5,98 a 1,00 @ 5,30 a
145,18 de 102,00 o 237,94 bodeff - B4.00 do 143.16 of
145,83 Qo 107,33 2g 145,24 dcf | 70400 ¢d 135.42 cd
126.95 bed 087,00 efe 118,18 b 70,00 e 145.83 od
102,14 b 58,33 b 161,54 odef 25,67 b 111,04 ¢
44,87 & . 1,00 & A.93 B 1,00 3 BS1 a
137,98 be 63400 b 195,82 bod 05493 €f 125.66 ca
127,44 bed T5400 bed 122,97 bed 104,67 £ 135,56 c&

Plgures £ollcued by coumon lettors within a column are not sicnificantly difforent at S level

{pMnT)

r77T
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at nns ard 5910 showed cguitonxicity o agys while a
pimilar trend was lacking for decamethrin,

In termg of the survivorship at peven days afitex
oplication over proetreatnent lovel also, the trendg
wera in congonance with the ohoarvaticng relatingy to pogte

treatment counta,

in zespeck of postetreatment counts of grubs thae

. atondard dosés of corbaryl and degemethgin dhowed equitoe-
steity in the suppzéssion ¢ porulations, At the sube
lethal levela, the postetreatment counts were distinctly
higher., The 1D and LDyn lovols of both inssctiéides vare
on par, The gu:vival o grubs oa compared to the proe
treatment levals algo showed a trené aimilar to the pogte

treatment counts,

A ecaparison of the nurber of adulis on the plants
after treatment with different dogses of the two inscctie
cides at thelr aub-lethal level showed ¢ grodusn) Anecroase
in their counts after treatment in the case of the louer
three sub-lathal doges of decomethrin and for 2ll the four
subm=lethal doses of ¢arbaryls

In regpect of survival of cdulto tho subelethal
doges of 5, 10 and 25 of the two Angecticides were on paz,
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b) A. gosoypil

Influcnce of subeleothal doses of decamethrin and
carbaryl on the pattern of distribution of the brinjal
aphid A gosoypii L3 given in Toble 20, A marked increw
ase in the meon nutbor cf aphids ofter spraying with LDg
of both the test insccticides and LDy, of decamathrin waa
quite gvident, In respect of ourvivalship of the aphids
as cdnpared to pra=trcatment levela the trends were ale
most similar but the extent of eurvival in decomethrin
treatment at IDg wao markedly higher then at D44 level
of the same ingecticide and the LDy and LD4q lavels of

cazrharvl.

¢) A. be biquttula

A mean post-treatment counts on the total nunker
of the leaf hoppers A. be bicuttule sfter spraying with
subelethal doges of teot insecticldes (Table 20) showed
a higher volues for the first two sube-kethal doses of
decamcthrin, With carbaryl too, the two lower tested
doses (1Dy and LD,,) resulted in an incrcased count after
treatment, Tho survival of the hoprers ag compared to

the pre=trcatmeont counts, in the case of decamcthrin
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Table 20, Influence of subelethal dases of decamathrin
snd carbaryl on the distributicn of A gosoypld
and A Qp biggbtﬂlg

n_u--up-qhn—ub-uau-qu@hau-u--@'ﬂunnud

. B+ gogsvpil A. Be biquttulo
Inscctie Lethal poot treatw Sukvivel ' Fost treatw Survival
cide d0S¢  pant countn over pro- ment COUNES OVOX pProe
A7 0AT)  treatmen® (7 DAT}  treatmant
7 <counts counies
_ {7 pag) A7 ool
Docamae 5 18,62 9 15,01 € 21,40 & 12,99 ¢
thrin . (345,61) (225,43)  (458,06) (143.50)
10 17,99 g 12,023 22,69d¢ 11,41 ¢
(320,10) (244,58)  (470,61) (130,28)
25 14,27 des 10,28 cd 1912 cd 21,55 ¢
' (203473) (105,63)  (365,74)  (133,41)
(109,53) (75.49) (137,81) (65.15)
Standarxd dose 3400 a 2.8 a8 . 2440 & 2,32 a
{2,54) {5,80) (5,73} {5,72)
Carboxyl 5 - 16,92 € 12,034 21,22 4 12,58 ¢
(276,62 (1444670  (450426) (158,13)
) 11,18 be 10428 c@ 22,52 4 12,18 ¢
(124,97) (105,67}  (507,.15) (148,25)
25 16,01 efg 11,04 & 18,00 o3 11,24 ¢
{256417) (140,18)  (323,90) {126,25)
50 3,95 a 4,73 5 13,03 be 9,90 b
(15,65) (22,34) (197,48) (98,00)
Stendard doge 2,21 a 3,02 ab 364 w 3,99 a
(4485) (9420) (13,21) (15588)
ghersated pew 0 13457 cde 10494 cd 10,35 0d 10,76 ©
A : (1584,09) (229.69)  {874.23) {115.68)
" pPlain 12,63 bed 10,69 cd 10,61 cd 10,50 be
{164460) (114,30)  (346,36) (110,22)

Analysis was earzied out after aquare reoot transformation,

Ploures in porentheses ore rotronsformed values.

Fioures £0le

lowsd by comnon letterxs within a golumn sre not atgnificantly

different of 5% lavel (DMRT),



4.3.2g

there wag a gradual incyease in survival of the hoppers
at lowvor levels of the sub-lethal doses, Howvever sll
the thres lovela were not sigulficontly qifferent £rom
the untroated chack, Carbaryl too resulted in a gradual
decrense in survival with an increage in ths sub-lathal
doses,. Mpmimum control was the result when sprayings

with standsrd dose wao adopted.

Plant growth attributes -

In field studies it was found thaot decamethrin and

earbaryt when applied at their subelethal Adoses or as

their standord £ield dosgs with three sprays had no effect
ou the growth and productivity characters of thé brinjal
crop {Table 21, 22). Statistical analysis of the Aata
did not show any cignificant difference in the genezal
grovth paremeters of tho ci:op such a3 plant height, plant
spread and nurber of branches, InN respect of £ruil Nune
ber also gigqnificant varistion could not be detected among
the various insecticidal treatments, In the case of fruit
vield (g} the control plots shoued parity with the £ield
doses of the two ingecticides, The subelethal doses also
did not show wmarked variations in the fruit output in quan- .
titative ternms,



Pable 21, Cffect of subelethal doses of decamethrin and
carbaryl on p).ant beight, spreed of the plaut

and number of branchen

116

Ingsccti= Iothal

cide done

hetn
10
25

50

standerd dose
CQrbazy; 5
10

25

50

Standard doge
ageer o
" Flain

Plant Spread off
height the plant
{cm) (=) B
72467 160,27
73427 169,20
70,87 145,50
69,53 160,60
-6?.10 153,53
7413 157427
63407 142,73
72413 166433
71,67 157,67
70.53 155,87
68460 256427
69467 151427

13 s

Changes in plant Yrowth

lloe aoff
branches

7.60
B.13
6,73
7427
7400
7427
6400
7440
8413
Ge97

7413
733

m



Fable 22, Effech of subelcthal deoes of decommthrin
and carboryl on the vield of bzinjaz crop

Q_Mﬂaﬂﬂﬂ ﬁ#ﬂﬂhmﬁd:ﬂq“-”-n-wnﬂ#-

Inocctie ITothal
cide . dosa

Decanow 5
thzin

.10

25

50

Stondard dosa

Carbaryl 5
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4.3.3. EEfceota on natuxal cnemies asscclated with cxop pasts,

In the £icl1d exporiment, cbservations were taken
on the incidente of the threg test ingects, It was only
in A, goasvpil, that the agsoclated encmies showed sparse
ropulations, Menochilus gexmaculatus and Ceooinella
trongveraslis vere reletively important emong thase ngtuwe
ral enecmies, but thelr populations were so spargely dloe-
tributed that quantitative data ¢ould not be gengrated te
dray meeningful conclusions on the impect of iasecticidal

treatments on tholr suryival.

4e3,44 Effecto on residue dynomics

Initlsl deposits of carbaryl in/on the brinjal
frult aftor spraying was very low £or below the toloronce
level of 10 ppm £ixed by VHO/PAQ for frult, £or all the

dozcs tegtod,

Since the gubelothol doses of decamethrin vere too
- low as coumpared to caxbaryl and as the residuss of cagbaryl
itaelf were well below the toleronce limits, soon ofter
spraying, residue analysis of deceomethrin on the fruit

wag not carxied ocul,



Discussion



113

5. DISCUISION

Tha blological cffects of subewlathal doses of dow
camethrin and corbaryl at thelr I, ID4q¢ W05 and
IDgq dosea on the epilechna heetlo Henoscpilachng 28
nnatota, the aphid Arhds gossypdi and the hopper
Anzogca biguttuls bicutinis in tarms of orientational
otimld, fecding, reproductive potcnbiol and survival
hava been agszessed in the present studics, The results

gencrated in thean studics are discussed in this chaptor.

Cxientation

The response of . 28 munctata towvarda plants
treated with cubelethal doses of the toxicants end to
unireated check-olonta was ponitorod at 24 h intorval
upto geven days {(Table 3), The adults aldghted more
on thae untreatied check plontg than on the treotod ones,
Thig claarly gshawa thab, the olour acmansting Zrom the
insecticidowresiducs Jeft £rom subelethal concentratilion
did not influence the crientotlin of H. 28 puncbats,
Ameng tho difforent concentrations Looted, counts of
ingects gottling on plonks receiving the lover gube

lathal concentrations were aignificontly higher than
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at higher concentraticus, Thio trend showed distincgd
progressive incraase at deereasing levels of toxic
stimlus. A3 the toucity of the substrates incre-
ages the inoccts micht tend to bho ropelled on account
of tho chenmcsensery perception of the volatile conpo-
nents of the toxie compounda, Altaznaﬂvély they
might evade the treated gubstraten aftor piching up
the stimlli through contact regephors,

In the cage of brinjel plants treated with sube .
lethal concentrations of decamethein and carbaryl, all
these ézeatments glicited no positive orientational
respense émng Av Sogsypil, A9 in the case of gpilow
chna bogtle, the plants treated with the lowest lewvels
of subwlethal doses of these toxicants showed more m:m-'
bo¥ of gettlement, Tho oricntational reaponse of the
hoppers s Re bimttu;g was also of a very similer

nature,

In the present studies, sub-lethul concentrations |
of decamcthrin and carbaryl 4id not zeveal any positive
orientaticnal responses to He 28 punctaota, A, goggypid
and Ae e biguttnln, This clearly indicates that the

odoar ermittod £from reslidues £rom subelethal doses of



insscticides did not csusw a positive orientaticnal
zesponse. The present £indings are in genersl agrece
ment with the results cbtalined by Chelliah and Helne

. zichs t:tgsc) foxr tho brown plant hopper N lugeng,
Thoy found that odousz released £rom the residues of the
insecticides methyl porathion, decamsthrin, diasinon
and perthans had no influence on the orientation of
the test insecks, Volnsy and I Dougell (1979) hows
ever roported that permethrin ected as a motor stimie
lent to virgin fomales of G fumiferang.  The praw
seht aﬁxﬂy fules out any positive oricntatiocnal renwe
ponise £0 plants receiving subwlothal doses of toxiéants
ag a factor regulating resurgence of the insects studw
fod,

Poeding -

In fecding puperiments using lenves treated with
subelcthal concentrations of decomethrin and corbaryls
there was conoidereble reduction in feeding rate of He
£8 puncteta as compared to untreated leaf material under
.labofatory conditiona (Table 4), When Aifforent sube
letha) concentraticns of docamcthrin ana’ carbaryl ware
usaed agai_g-m He 28 pnctata for studying their :!.nﬂ{tence
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on the feeding rote, 1t was cboerved that, both ine
sacticides at all the four sub-icthol congentraticns
reduced the feeding rate, vhercas in the untreated
check, noderate feoeding ralbio was notied in the laboros
tory condltionas The range of reducbkion in £ood ine
take was 2671 per cent fox decamathrin and 26«63 per
cent for carbary), These results Andicate that, the
highar aubwlathal concentrations reduced the FfFoeding
rates of H, 28 mnctata., Though there werse no sighle
£icant differcnce ketween the subsiethal doses tested,
Egedirzg zate was dlightly hicher at mm t;xhan ab IDge

Indircet cagasoment of food intake in A. goggvpli
and A. be biguttulas by the redloisotone studies indie
Cataed variation between difficrzent froatments, With
these two inscets, reducotion in the feeding rabe woa
more prominent ot the higheot subwlethal level testoed,
ror decaméthzan. at the 1Dgy doso, agodnot h. gosovpll,
the reduction in fecding wag to 20,11 por ccat vhile
for A. s bBloutbtula, the reduction was 18,57 por cent,
Lth carbaryl, 1t was 41l higher being 24.96 and
19,7 por cent zeaspectivoly, for the above two oot ine
gecta, |
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Tha influcnce of sub=lethal concentrations of
ingecticides on the feeding behgviour and food lntale
has baen raported by gevaral worliora, In the case of
the brovm plant hopper Mo lugens the feeding rate ine
cxeased gubstantially wheon the ricc plantg vwere treobew
od with subelethal concentratlons of decemcthrin, moe

thyl parathion ond disginon,

in the casa of cotton plants treoted with sube
lethal doses of DD? and sumithien, the lagvae of the
cotton gemilooper j. Janats shoved a reduced fceding
rate, but thare was incresse in the weight gain aad
digestibility (Rendev ond Rao, 1980), Thus it 43 reas
gonable to assume that a subelethal level of .inscoticlde
in the plant may nodify tho feeding behaviour of insects,

Invaotigotions with :&;—m synthetic pyrethroids
{eypemnothrin and permothrin) by Tan (1991) on leaf
discs of brussels sprouts showed that as an antifeedant,
paornethrin was more effective than cypermethrin at sube
lethal levela to the £ifth instar lorvace of the cobbage
worms Pe bragoieso, Subelethal dozes of the carbamate
inscotieide Isolam coused reductlon in feeding by H.
donestica (G’edrghiﬁng 1965) .
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However, testa with sub=lethal doses of deltanew ..
thrin, methyd) parathicn, monocrobophos and carbaryl on
the nymphs of A. gossypii, resulted in an increased
food intoke for deltamethrin at Dy, by 21429 per cent
(Gajendran gt al.. 1906), But methyl parathion at
1Dy and monocrotophos at 21l gub=lethal dosages tested
" resulted in roeduced foeding rotes.

It will thua be seen that the efifect of the insee
cticides including those used in the present studies on
the food intake varied in different insects,positively
in sang and negatively in others, BSuch variaﬁians are
quite expected on aacount of tll';e variations in the '
nature of the feeding stimlis requized to sustain activa
facding by insects, The present rosults éhat the sube
lothal doges of the test ingectieldes reduged £oed ine
take by A, gogsypil is gpporently in conflict with
Gajendron’s (3985) positive results, The methodology
folloved in the present cxppriments was indircet, using
radioactivity counts of inscets feoeding on labellad
plentg, The vardaticns could bo ascribed to the methoe
dologies adopted and perhaps dua to tho changes in the



12¢

arixient environments at two locaticna vhich interacted
differontly in the two cnvironments, It ig clearly
catablished that in the cage of decamethrin and corbazyl,
the sub-lathal doses dld not cauge any incrgage in foed
inteke in the test ingocts, namely, H. 20 punctata, A
b. biquttula and A. gosswpii, Incrcage in feeding rate
and congecuential po:siti.vé influence on grawth and dovoe
lopment leading {o resurgence con thus be ruled out at
lecast for the subelethsl doscs uwnder avaluation in this

experinant.

Sex rakio

A% the IDg lavel of Secamothrin, thore was o pore
coptible incrcagse in the proportion of females of He 28
punctata, whilo at D, lavel £or decamethrin end corba-
ryl, thore was a percaptible £all in the proportion of

feinnlea,

-Iabozgbory trials carricd cut under confincment o
induce alote forms of A. gogsynii did not succeed, Fmers
gence of malee could not be obtaineds, This may ko bge
couse of the unfavourable conditions proveiling for Geves

lopment of malag (M.Ge Ram Das Mehon, Personal communication),



In the case of A. gosavpli, sexeratio ss a paramgter
conldd not be studled €0 asaess the vardaticns of this
fagtor and the pogsible influencc on popalation bulld

up and resuzgendds

Studies on the influence of sub-lethal concentrae
i;ﬁ.ons of decamethsin and carbaryl on the gex-ratio of
A Do biouttulg (Teble 9) shoved that 10,4 of decamew
thrin and 1Dy of carbaryl and decamethrin induced thg
production of more number of f£emales. PFor treatuents with
D concentgations for both insecticides and LDy, of
dacomethrin the oSBE£E was tcwords malecs. Treatmeats
with LA PR and IDgq of carbaryl shoused no signifiecont

cliff.’em;ge £rom the untreated cheol,

In the present studics it is found thot for dgcae
methein at the ID; dose showed Zasvourgble influence on
the developnent of fomales of H. 28 ptinctatas vhile at
LDy dose of the same insceticide thore was sirdlar ine
crease in tho cmergence of more £emsles of A, b. bigqubtvls
in the 7y population.  Such £avourable influence was also
recordad for carbaryl at ita Lb; and decamathrin at LDm'
doses for As he blgutiula,

A similer shift in sex zatde in favour of femoles
was obgerved in the broods of R, nrticae reared en



¢arbaryl and DDT residues 1éading to thelr resurgende

was reported already by Dittrich et al.. (1974).,

b

The increase in the proportion of females can be
due to positive stimlation of peural. activity (Roan
and Hoplding, 1951) which might be selectively wmore £a=
vourable to females or due to the revealation of hormo-
ligosis (Lu'c!:&._ 1968) in which the stressing agents
selectively stimilate the females through better £ite

" ness o sube-optimam gnvironmenc,

Whatever be the mechanism, significafnt Increase in
the proportion of females due to sub=lethal doses oF

decamethrin and carbaryl can certainly be very favoura-
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ble for progressive population build up of A. b. bilquttula

and H, 28 punctata perhaps leading to resurgence, Howe
ever; Singh and 1al (1966) Aid not observe any signifi-
cant difference in the sexeratio of the first and second

generations of D, koenigii developiny firom adults sur-

viving expgsure to various doses of DDT and endrin, In .

the case of N, ludgeng also follar application of methyl
parathion, decamethrin, diazinon and phenthoate "did not

influence the proportion of females significantly (Chellizh

and Helnrichs, 1980).
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Raproductlion

Topical applicotion of subslethal eoncentratlons
of decemethrin and carbaryl on the leat instar grubs
of H, 20 punctotn (Tablce 9) led to reproductive stintie
lation of thoe adult emergents, é!.thcugh tha dose which
1nduced mavimum stimulation differed ih the cose oF
the twe inoccticides. The hicheot degree of stimilote
ion was recorded in decomethrin ot the LD, dosa,
Adult chergonts £xom grubs Erested with decamgthrin at
the three sub=Yethal c-cnceni;:ationbf IDge ID,4 and
I.Das shoved o significant dncrease in feéuncsity which
wag higher than in the casc of correspording doses of
caxbaryl, Por both insecticides tﬁw IDg dose tondad
to suppress fecunditys

In the Pq and ;.?2 genorations alseo the capacity o
produce more nunber of cggs persisted in the cose of
ws deose of Aoeomethein (Table 10), dhe .ihc:easa in
ferundity 4n the Py ganerations was oore promdnant in
the éas‘_e of treatwment with IDg of decomethrin, the in-
crcase being 110 per cent over control, Amcong the
rarcnts, the IDSC,' levei of hoth insecticidesn registersd
a gigunlficant reductlicn in fecundity, hut in the Py gCDCw
raticns the IDg, doge nlzo tended to promote fecundity.



The results of the studies on reproductive potene
tiel of H. 28 punctata shows that consiotent improvao-
nent in fecundity over generaticns is roalised in the
cage of the Lbg doge of decamethrin as compared to other
dogas of this insccticlde end doses ¢f carbaryl.

Tha studles on the effect of subeleothal concentra-
tions of decemethein end cerbaryl on the reproductivg
potential of A. gogovpll indicated that the lover corie
contrations of IDg and ID,, produced more offsprings
than the higher concentzations and the untrested group.
Here, the untreated check and the adults subjccted to
higher subelethal concentrations did not show any signie
ficont Adl€fercnce between them, though the counts in the
treoted lot were lessers As it xeoched the Py gencrate
ilon, in all treatments othor than IDgn of carbaryl, the
raproductive rate was higher (Table 10) than that in the
untreated population,.

In A be bicubtula, studies on the effiect of suba-
lethal eoncentrotions on the reproductive rates reveale
el that tho lower concentration résulted in more egg

laying in the parents and olso in the ¥y end I, generations,
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with decamcthein, average fecundity rotce was more at

LDID thofl at EDS. But, at nﬁzs.auﬂ LDEO’ there was a
dacrease in the oviposition rate. Vhoreas with carbaryl
at these two levels, the average fecundity rate was gie
milar to that of untreated check, Uhen the influence of
the inseccoticidas at subelethal doses up to the F, gene=
raticn was recorded, there wes o significant difference
betwean treatnents in the Fl generations £rom the untroe
ated choeok to a lceosser extont, In this inscet too, deca-
methein at LDy continued to ghow stimulatory cffect for

producing offisprings,

The pregoent studies show that the stimmlation ¢f
reproductive potential of the test inscets is deperdlent
on the imsecticlde dosage epplied., The insceticide row
sidue gt sub-lothal lovels or its metab@iites or tho
chemical changas brought about dua to inteoraction with
plants, aingly or in combinétiorimust have been rogpone
sible for the increase in the reproauctivé potential,

A number of workers have roported positive correlation
between suposure o gsubelcthal ingsccticide on the one

hand and increase in reproductive rate on the other
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{Campion 1070y Abg-Righar gt 2l., 1972¢ Dittrich gt
alse 1974y Chellish and Holnrichs, 1979y Chelliah
@t 8l.s 1980p Helorichs gk al.. 1982 Balojl gt al.s
19863 Gajendran at nl.., 1968),

Snbalothal doses of DO or mothyl parethicn on
the colarado potato beotle L. w Were report-
od to have stimulatcry cfifect on the egg production
(uipars, 1052). When carbaryl, methyl parothion and
endrin were applied topically to the larvae of 3.
littorails, Iaseo gt pl.. (1963) recorded an increase
in the nusker of cggs produced by troated larvac. It
was later confirmed by AboeElghar gt al.. (1972) that
-czaﬁbaxyl aund sumithion increesed the egg counts at the
1D, doses Compion (1970} also found an dncreose in
the ratie of ovipozition of xed holl wornm D. gagtanea
due to sprayas of carharyl at the subelethal doseo,
A gionificently higher feoundity ag compared to untpoate
éd individuals in T. urticae has been attributed to
sprays of caxbarﬂ. & a very low lavel (Dittrich gt 2les
1B74) s 2dult fomales of the Fq populations elso had a
algnificantly highor ¢gg production when kopt on Sule
atrates having residues of Carbakyl.



Chellish and Helinrichs (1978) reported increase
in fecundity of the brown plant hopper . lugens,
when sprayed with cub-lethal cencentrations of methyl
parathion, WL 43457 and PiC 35001, MHelarichs g als,
(1978) cuggested the utlligotion of methyl paxathion
and decamethrin at sube~lethal doses az a tool Lo ine
duce resurgence in this insect so as to ensure cffecte
ive screening of ﬁicc varicties to infestation by XN,
lugeng, Chellieh gt als. (1980) further confirmed
thege results and roported that the sub-lethal desas for
maximum xeprcductive stimeletion Aiffered between the ine
gectleides tested. While invegtigating the influcnce of
insecticide application in lovw land rice, Heinrichs gt
ale, (1982) came cut with the suggestion that tho otie-
mulation of roproducticn could be the cause for resure

gence in the hrotm plant hoppor.

ihen applied topieally on the western coin xoot
worm D, ylrgifigrs, sub-lcthal doges of carbaryl prcx.'iu—
ced fcmnles which were able to depesit mors nurber of
6ggs per &male pexr day, This effect was more Pronde

unced at low doses,
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wWhen the effeot of spraping with synthetic pyree
theoids on the populasion bulld up of H. lugens for
tio ganerations wes investigated, the lower doses of
dacamethrin shoved a stimlatory cffect which persiste
od aven on the thizd generation progeny (Chellish, 1986).
A roprofuctive stimmlation waa identified to be the cause
for such resurgenco, In chillies, the £lare up of the
yellew mites P. lotuz following the appiication of gube
Yethal dodes of monocrotophos; methy) demeton, thicmeton,
phosphamidon, formothion and neam ceke extract wag abtrie
buted to the stimuletion in the xepkoduction following
inseaﬁieid’fe application (Dovid,1586), Sluilazly Gajene
dran & pl.. (1986) xecorded an increased reproductive
rote in A, masypds folloving subelothal applicotion of
deltamethedn, mathyl pogathilon, monoerotiphos and corbaryl,

It is intoresting to note that dontrory resaulin
wore also mported by scme othex workers in which the
roproductive rates of diffcrent insects such as 2.

qogsynialia, C. Ozyzode As sgayptl, M domgstica, Gy

me moraitaps and P, aylogtells showed reduction follote
ing the application of inscetlceides at sub-lethal



levels (Adlkdnson and tlellso 1962, Chadwick, 1962y Duncan,
1963y Georghicn,1¢65; Iwan end Gatchouse, 1978 and Kumar
and Chapman, 1984), '

Incubation periocd

At LD of decomcthrin and IDg and 1D,q Of carbaryl,
there we;s a remarfkable decrease in the incubation poerxdod
of eggs deposited by H. 28 punctsta (Table 6). Here the
grubs emerged ocut in a ghorter poericd than in trootmenta
involving higher sub-lethal concentrations and the une
troated chacks, At the lovels of LD,s ond IDgpe increase

ed rate of incubaticn periocd was noted,

Avplication of IDgg ¢ both compounds anmd ID4q of
carbaryl, promoted an increagse in the rate of egg hatche
ability in H. 28 punctata,  Al) othor treatwments showed
a geduction in the rate of the viability of eggs wvhich
was leaser to the guiteont of 5,11 gnd 17,02 ror cent an
compared to the untrested chock, Chauthard and Adkingon
(1866) could not obscerve any change in the viability of
cggas deposited by moths of H. yirescens and N, zea lorvae
which were exposed to subslethal doses of toxicants, The

incubaticn period of D. koeniqii resulting frca exposure
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to the subelethal and lethal doses of DDT did not differ
substantially (Singh and nal, 1566), Canajdran gt sl.,
(1986) xoported thot the four ingecticides decsmethrin,
mathyl parathion, monocrotophos and carbaryl belonging
to divorss groups showed leest influence on the egy
period and hatchobility of D. cinqlatyg when expoged at
their subelothal lavels,

Larval daration

. Subelathal condentratiéns of decamethrin and carbaryl
at al{l the teated levels excopt at LDgn showred slignificont
inercase in tho larvalv reriod of H. 28 punctata (Table 7).
at the highest subwlethal dose tested (ID.,) of both)lne
seeticides 'the larva attalned pupsel stoge within o rolae
tivoly shorter time as in the untreeted chack, Hewover,
moxrimim larval period was recorded in thode lnsects sube-
jected to the Iy dode of dacorethrin.

tthen sub=lethal concentrations of taest chemicals
were applicd topically on the aphids, A. gossypll (Table 8)
the higher concentrations (LDES- and 1Dg,) of carbaryl
only shared a proleongation in the nmphél period, The

daiar aubelothal concentrations of this chemicol ag wall



aa all gub=lethal doses of decamothrin reduced Cho nyile
phal Guration which was significently different £yom the
untreated check, This clearly indicate that, deCarge
thrin at all tested subslcothal levola and the lover sube
lathal concentraticns of corbaryl tended to shorten the
nymrhal duratlion of A, gossypll, Simllar observotions
haye -been reported by Chellish (1979)s A decrcase in
nyuphal duaxoticn of N, lugens was the result when lower
dogages oFf aiozinon were applied to rice plants, Tha
hoproxrs conpleted tholr nymphel atage 1,1 days corlier
on deltomethrin trested rice plaonta’than on control
vlants (Chelliah and Heinrichs, 1980),

The togdeal applicaticns of decomothrin ond onrbaw
£yl on A« be bicguttula, hove ohown that carbaryl ot ell
the subelothol dosea reduced the nymphal duxaticn, Lovar
concentrationy of decamethrin (LDg and 1Dy} coused maitie
rmn prolongation in the nymphal atage and the hicher coﬁ-
centraticng (iD,s and IDg,) showed minimwn prolengaticn
in tho nyorhal period,

From thesa results it i3 evident that, the diroct
influence on the lazval duration of the test insects ia
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very mch doge dependent, MNinimm gsubwelethal concentrations
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of decamethrin ond carbaryl vere found to cause prolonge
ation r::f larvs) peziod in 13, 28 punckata, But in A,
gosag’gi‘ﬂ. and he. be Riguttuls it was at the higher sube
lethal ‘ovels tested (LD, and msg) that prolongation
of larval duration wap rcoorded., Thece £4indings genge
rally agree with the obscrvations reported by Madhavan
gt a1, (1970) on Z. gostencum., Thoy investigated the
effect of sube-lethol doges of DD, endxin, ca;bazyl.
endooulfan and parathion on grouth, developmental pariod
and focundity in L. gogtancums Treatment with subelcthal
doges prolonged the lorvael period and was directly prow
postional to the concontration of the insccticide used,

Tha average duration of thae lamval parliod of the boll
wortm H, gea surviving egg treatment with cndrin and o 1sl
mixture of azinphogsencthyl ond asinphosecthyl 19a0 apprc=
zimately two deyo longer then for untreated contzol
groups, whareas in the teiéaeco bud worm H. virescens,
apparently thore was no differance in ;asve;l meriod by
@gg treatment (Chouthori and 2dhincon, 1%&} indicating
difforential reactien of some insocticides 4n tuo diffore
ani: specles, Singh and Lal (196G) also could not datect
significent differences in the nymphel period of D,

ondgii whon oubjected to treatments with sub-lathal doogs
¢f DDY and endrein,



Adult longevity

Topical applicaticn of sub~lethal concentrations
(LDgs ID4qs LD, gang L0g,) of carbarzyl on tl‘w adult lone
gevity of A. gogsypli rosulted reduction in the adult
1ife opan {(Table 8)¢ With dccampthrin at higheor concglhie

tration (mso) there was a sionificant reduction in the

adult 1lifo opan,. At lower concentration of decamethyidn

Cwsh it coused a prolongation of adult Llife opan,

When decomethrdn ond carboryl were applied on t
the last ingtar nymrhsg of A. b bigquttula, there was a
reduction in the adult lifg span at hidher sublcthal
coucentrations., (IDSO); P.;:olongaticn of the 2dult lifee
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apan was ch3erved when lower subelethal doases of carbaryl

(LDg end U—’:m’ and decamcothrin (LD,_-_;) were topicolly appe

1ied on A« De biguttulas

From the studles on the adult longevity of A,

godaypidl ond A. b, biquttula it iz thus £ound that higher

gub=lethal concentrations of decamcthrin and corbaxyl

redueced their adult life aponi. Lavier oubelathal conoenw

trotions of decomcthrin (IDS) and carbaryl (UJS and LDyn)

shoved prolcnjgation in the alult 1ife span. However in



the treatments with decamethrin' (IDg) which hed stle
mulated weproductive rate of A, De bigutinla, the
-longevit:y of tha adult was higher than the control inse
dlecating that adulta lived longer in such t¥eatments
thei‘eby Incroasing their progeny productions The ine
crcase in the reproductive potential of Ae b. biguttula
and A, ML on trestment with decamethzin at IDg
dose and the prolengation in their adult lificespan in
such ¢ ages point out the rotential for prolificity in
breeding and incrcase in thg potontial for inflicting

crop danage.

Afifl ond Kantgon (1936) reported that the lifice
spon of the treated femnlo housefly was higher when exe-
posed 0 sub-lothal dogscs of dieldrin coupled vwith ine
créasea welght of the progonics, In contrast to this
£inding, the longevity of the.adult pink boll worm that
suzvived lov ddsages of DDT was shorkened (Adkinson and
wellao, 1962), The longevity of adult De koendcil sure
viving subelathal doses of DDT and endrin was siqnifie
cantly ¥educed as coaparced to control, Tha loagevity of
the femela western corm roob worm R. pirgiferg was sig-
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nif-icane-lir: greater when toplcaily treated with sub-lothal

doses 6€ earbofuran (Ball ond Su, 1979). The shortaning



or lengthaning of the lifeegpan 1o thua found to be
dependent on the type of the insecticlde, the dosage
icvel and the insect involved and a gencralisation is
not poasible unless the foregolng factors are taken ine

to account for apecific situations,

Survival

e gubwlcethal concontraticng of decamethrin and
carboryl on the survival of He 28 punctata did not show
any immedlatoe Alfcct effect on the adults upto six daye
after cumorgence (Table 16), Por carbaryl and deacamethrin
at thelr IDg, doso the casuallties were relotively hoave
lere In the wase of decamcthrin at the L, dose lovel
there was a rise in survivorship after the 10th day. In
carbaryl also the trend waa sinilar but not as striking
‘ag in the cass of decurethrin. This micht be due to stie
mulstory effect ©f decemzthrin at lower concentrations on

He 29 punceate populations,

In studies on the influence of mortality on A,
aogpypit wnder trestmont with the two insecticides, 1t
wag found that at IDgy of decamethrin, there wes a -higher.'
survival rate on the £irst day (Tabla 17). The effocts

of the treatments twith ws and mw concontrationg of
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decamathrin and corboryl were comparsble with the pate
tern of mxvival in the untreated check, The LDy and
LDgq showed distinctly higher lovel of mortality,

w{:en; the last instor aymphs of A be biguttuls were
treated with subelothal concontrations of decamethrin
and corbaryl (Table 18), dircct Anfluence on the survie
val rabo was noted on thd £irst day of cmorgence itself,
all the aubelothal concentrations of decamcthrin and tuo |
higheyx cm?:en{:ratiom of carbazxyl shoved high mortality
levels &g oompared €0 lowor levels and the untrected
chack, Gc@p&ete m:tallty wag noted on the thizxd day of
scergence at IDg, of both chemidals. In 2. be hiquitula
aldo, the imax congentrationg ptimulated to prolong
- the life period thon 4n the untreated check.

From the ntudies ofi the influchce of mub-latha)l
congentzations of Qecamethrin and carberyl on the ebove
teot inascta, the cmerging trend is an increase in sure |
vivorship at lower doscs of the gubwlethal ascale; pattie
- cularly so for dscamothein imrespective of the £oot dne
secls, Similor vorlctions in the adult 1ife span were
cbsarved ié the cotten boll weevil As grondis and the
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cotiton white £fly D. tobagis Dariola and Lindquist
(1070) reported increased morbality when A. gzondis wos
exposed to sub-lethal doges of the systamic inscotle
cides as disulfoten, di&:otophcs@ menacrotophog cnd
aldicarbs Corbaryl as LD increased the adalt longge
vity in 3. litura (sboeElghar et ol.., 1972)s The opecte
acular increage of 8. tobged populations on cotton and
brinjal trags escribed to the indiscriminate use of syne
thotic pyrethrolds (David gi pl., 1986, Ravindranath
and rillai, 1986),

Pic1d studies

Pest distrilution

In the f£ield experiment the effects of epplying
decemethrin and carboryl ot thelr ICge 1Cqge LCyg and
ICzq were asseosed in torms of posteapplicaticn popu=
laticn trends of H, 28 punctatas A. gogovoll and A. Be
bicquttula, The counts of vishle eggs of He 28 pungkata
a waek after treatrent was dAlstinetly rore on those
plants treated ywith lower subelethal doscs of decamethrin
and carlaryl, Maxirun wdioble eggs wers zecorded on
thoae plants treoted with Ghe LCy; of decamgkhrin, A
simllar trend wos chserved for the ronulation of aruba.



In respect of the adults, though a uniform incranse In
adult connts was recorded £ox the lower three subelethal
dosas of defamathrin and for all four doscs of carbazyl,
the tronds shotsed no siconificent differcnce £xom the une
| treated checl,

with A, goggypid, decomethrin at LC; shoved o tre=
mendous increase in populations over preetreatment levels,
Theugh the sane chomdcal st Lc:25 wag conparable to the
untreated check, the populetion was distinetly lower at
the ICyplevel, With carberyl too at ICg there was a
remarkable increase in the population imllci uy after traate

ment,

A D DAGUETUlS Tecomiad @ gradual increase io the
survival of hoppezrs with decreass in tho subelothal dosen
of both insccticices,

IHe observations from the £4eld experiment corschos
rates the gencral trend emerging £rom the loboratory stude
des in which mbelothal dogses porticulorly at the low
taested levels promoted focundity and survival,

An increase in the populetion of insecta aftor applis
cation of sub«lethal déacs of inscobicides has else becn
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reported An a nurber of inatances. Rogmpathy and Jayde
raj (1973) cbserved an increasing trend in the populat-
iona of the loof hopper A. devastona on bhindl planta,
which received low torde gtimlus of the systemic insee
cticide disulfoton, Thoy have also (1974) reported a
£lore up of A. goassyrdi and A. dovogtong following the
1085 of toxic stimlus of phorate which had been applicd
through soll, Sithanandem et al. {(1973) have also re-
ported that population of A. goosypll shoved increasing
trand en cotton plants that hed previcusly reccived soil
snplication of phorate and disulfoton granules. The Lo
cundif:y of the brown plant hoppez l. jugens iancreased on
rice plants which had been previoualy treated vith IIRDC
161, diazinon end methyl parathion goon after the toda
stimulus had vanished, thercby vausing population bulld o
up (Cheliiah and Helnrichs, 1973).

Plant growth attrituates

Pield studles (Toble 21, 22) have shown that the
two tested inoecticides decamethrin and carbaryl had
no impact on the grorth raty ond vield attributes of the

brinjal cxcp. Though there wes no significant variation



with rogard to tho mumber of frults undez insecticidal
trontments there wag increoge 4a frult welght in plots
treated with decamethrin at LDyq and corkbaryl at all
subslathal lovels except IDg. Such guantitative vagie
ations in frult vield wore not sigaificant,

Studies off Mistric and Mitehell (1966) shored
delaying in fruiting and on increase in the yleld of
seed cotion with lor concentrations of phorate, toXae:
rphene and DDT, Subelethal concentrations of different
insééticiées such og phorate, curbofuran, quinalphos

and methyl domeoton incrcasad the plant heicht, tunber and

weicht of frult of chilli (sinho ond Roy, 1977), Tatel
{1980} raeported increagse in the ploni growsh of okra
when trested with Glifforent insecticides including core
baryl. Sinllar reoults were cbtained by Heinrichs gt
aks (1982) on zics plants gprayed vith subelethal doges
of motlhyl parathion and ﬂecameﬁhrin. In the prosont
gtudieg the subelothal concantrations of dedomathrin
and carbaryl Aid not reveol ooy stimualatory influcnca
aeither on plant grauth of frult yield. In the present
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studics altogether three xounds of sprayings were given
and the lont round was glven ot 72 days after tronsplante
ing and it 4o quite 1ilkely that the throe reunds of apraye
Ings eould not bzing sbont ony fovourable influence on

plant growth ox on frult yield,

Watural enemy distyibuticn

Regording the occaurzgnce of naotural cnemion, thare
wag no differonce betuecon the untreated and the treated

group of plonts,
Rosidue dynandes

Depooits of eorbozyl on the fruit ofter the spray
was for below the tolerence level, In the cngse of thg
ingecticide Gecargthrin which is for legs persistont than
carberyl, the residues con ba cxpected o be well balow
the tolezance limdt and heneg the residues of decamothein

were not nsnayed.



Summary
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SUIDARY

z,ahofatory stndiss were conducted to evaluate
the effect of sub-lethal doges of the two insectie
cides decsuathrin and carbaryl at thelr IDgs IDgge
IDgs and IDgq levels on the prientation, feeding, ree
productive potentlal and survival of the three importe
ent pests of brinjol crop, nswly, the epilachna beat=
le Honosepllnchna 28 punctata, the aphids Aphis gossyidy
and the leef hopper Amrages bigquitula biggttula, In
a £ield experiment the population fluctuations of
these three insects after applying the two insecticides
at thelr subelecthal levols were mondtored wnd recorded
The plant gréwth characters and £xrult yleld ware also
recorded from the experimentol cfop.

The salient features of the study are as zoiriowss

In all the thres test insects, all the tested sube
lathel concentrations of decamethrin and cazbaryl aid
nct reveal any positive orientationsl responsa,

All the four sub-lethal doses of both the insectie
cides coused a decresse in ficeding rate in H, 28 punctatg
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as compaxced to antreated check plentas In the caze
of A. gogoypli and A. b. biguttols, wWhere the food
intake was agsaessed indircctly by the radio isotopen
studies, therc wag a prominent reductlicn in the food
intake at the IDgn levels of the test innecticides.

Influcnce of subelethal doses of the two test
insecticidaes cn the goweratio rcoulted in a signifie
cont increase in the proportion of females of He 28
munctata st the 1z level of decomethrin. With EDgg
level £or Qecancthrin and carboryl, there was a- shazp
£all in the 'pzopoz:ticn of femaloo, IXIn the case of Al
gossypii, scoxeragtlo as a parameter could not bo stude
ied since unddr laborptory conditions of rearing mala
populationsg £oiled to develop in the cultures. With
Ae I_:i. biguttula at ID,, of decamethrzin thore was a
strong shift in favour of £amales. At LDg of carbarvl
and decamethrin also the production of fcemnles showed
increase, Az a factor that can esusc resurgence, tho
inercase in the proporticn of £emales 45 found to be
rclatively more important in the cagse of H, 28 punctata

and A. be biguttulo,

The presant stixdies revealed that topical applicae
ticn ©f the snb=lathnl concentroticng of decamethrln



and carbaryl on the last inctor grubs of H. 28 punctatn
led to enhancement of the reproduetive poteontial, of
the adult emergents, Highest dogree of stimlation wea
rocorded in the case of decamathrin at the ID, g dosa,
Ag compared to Sgécamethrin, the subelethal doseas of
garbaryl showed a lower degree of reproducitive atimlat
ien potentlal. Dut, for both insecticides, tha IDg,
dege suppressed the roproductive potential,

In the Ty and yy genexaticns of He 28 punctats
the inpgease in foouidity was mnifestaalaa in the pae
rantal population, In the 1 generatilon the mso dose
tenaeé’; te premote fZecundity, Tho sunvivons £rxom the
LDy treatments showed more prolificity in egg producte
iqn in the FJ. and E'z generaticng as comparsd o the
parental population,

In the case of A, goossyoil ot tho lowecr lewels
(ms and LDy,) of both insecticides, there wag on ine
c¥eage in the reproductlve rate in the paront, 33’1 aryl
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¥, gencrations, The untraated theck and the adulta sube

jocted to highex level of subelethal concontrations did
not show any signifiaant diffcrenccs As 1t reached the
P, generation, in all treotments okther than IDgp OF
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carbaryl, nymphal production was higher than that in
the parentol pomlé.ticn,

In fe Do bigutiula, the lower concentrations of
both inscceticides resulted in more oy productien in
the pazents ag well a3 in the Fq and 2, generaticna,

The prosent otudies show that the stimslation of
reproductive potential of the two tost insects 48 dogsee
Aapendent,

Aktempts to study the influcnce of the subelethal
doses of the insecticides'on the duration of the Aimmae
ture stages of the teat inacots have zovealed that,
in H. 28 runctatn, lower doses of both decamethrin and
carbaryl shortened the incubetion poriod, whereas with
the higher dosae (rDgg) thore was an increase. At the
dogse ID,g £or both toxdeants and at IDyq for corbaryl,
maximum egg hatchabllity was pecorded. laximum larval
poricd was in the cmergonts érm decgmsthrin treated at
IDg%

aphids camploted thelr nymphal atage earlier at
all the tested sube=lethal dooes of decamethrin as well
ag at the two lower doses (IDg and IN,,) of carboryle
Topical applicotion of decamethrin and carbaryl ca
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A+ be biaguctula have shown that carbaryl at oll the sube
lethal do;sxes reduced the nyniphel duration, Maximm |
nymphal Quzation was observed with decarethrin at IDg
and it was minimam ot the IDyy levels The direct ine
£luence on the larval duraticn of the test insects ia

found to be very nich dose dopendent,

Prom the studics on the adult longevity of A.
gossypii and A. be Rigquttuln it was found that higher
subw=lcothal concentraticns of decomethyin and carbaryl
reduced thelr afult lifo-span and the lower sub=lethal
concentration of decamethrin (IDg) ond carboryl (IDg

and mw) shored a prolougation.

The studics on the influcnce of gubelethal conw
centzations of decamgthrin and carbacyl on the survival
of tegt ingcects have revealed that, at the lover cone
centrations of both ingccticides there weore more sure
vivéxs as in the case of untreated checl, partisularly
so0 for éecamethrin. irrespective of the test ingect.
The highar concentrations resulted in bringing dam the

rate of gurvivors at an earlier dgate',

The zosults of the £121d oxporiment showed the
occurrence of H, 28 punctota tc be more on plants dreated
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with lotier subslethal dozes of both inseeticides,
Detwacn the two inscobicides, plaonts treated with
gubelothal dosces of decamnthrin showed relativelv

more narber of insecks,

In the case of A. godsypil, tregtmenta with
decamethrin and corbaryl at the IDg dogse and at IDyq
of decamethrin there was a maxirum increase in poste
treatment populations counts. Ia J. Re biguttula
there was a gradual increase in the survival OF hope
pers a8t the lower lavels of the gubelethal Sosas of
both the ingecticides,

The present study hag also shown that the two
inaectie;aes - docamgthrin and éaxbazyl at thalr sube
Jethal deoses hove no effect on growth rate and vield
characteristies of brinjol crop.

With secgard to the incidence of natural aenemnics,
thore was no difference betuoen the untrested and the
gordious treated group of plants,

Depboolts of ecarboryl in the £xult after a gubs
lothal spray wag far below the tolerance lavels
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APPENDIX I

Azblent temperature and humidity condition for the laboratory
stuiies for the period from April, 1983 to March, 1985 (record=
 ed at Vellenikkara), -

. M el M T e an AR W B an A MR M 0D 4m e S R S I oy B S o W S e

Temperature Mean relae

' tive huni-

Month . : Minimum = Maximun dity (%)

(°c)

April 1983 25.8 3642 56
May 25.5 . 35.1 39
June 2445 31.9 9
July 23.7 29.7 37
August,: 238 29.1 37
Septenber 23.4 299 34
October 23.1 .2 i4
Novenber 22.3 31.8 1
Decerbor 2349 31e2 >3
January 1984 233 324 58
Februapy 24,2 33 56
Merch 24,3 352 67
A})I‘il , 2#.9 34,8 73
Hay 25.8 345 71
June 22.7 29.0 &7
Au.guat. 22.9 29.3 87
Septenber 22.2 30.4 84
October 2342 29.9 50
Novenber 234 ( 32.1 67
December 20.8 31.9 58
January 1985 . 2246 J2.5% 67
Februsry 22.8 3447 58

March 24,6 36¢ 1 63
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ADSTRACT

The gffact of subislethal doses of decamethrin
and caxboryl at thely g, mw, LD and LDgy le=
vels on oricnteticnal gtdmull, f£eeding, reproducts
ive potantial and survival of the three imrortaont
pesta of Brinjal, nawely, the epilachna beetle He 28
panctatas the sphids J. googvpii and the leaf hopper
As Be biouttulg have been studicd in the loboratory.

In all the three test ingects, pooitive oxiente
abimel stimld wvere not detected at all the tested
gubelothal levels of the two insccticldes.

A decxease Seeding xate in H. 28 punctata twas
detected vhen the ingects were oxposed to the aube
lethal dose trcotmonts, 'm A. gosoypil and A. b.
bigubtula, the reduction in the feéding rate was more
pronounced ot tha g, Gevel of both insecticides.

~ A sharp increose in the proportion of f£amales
in He 28 pmctots on treatment with 1D, of decange
thrin and a roverse affect at the mso lavael of both



inseccticides was observed, Treatment trith decomg=
thrin pnd carbaryl at I’.Bs arndd wvith decamethzin st
t,mm lavel led o an increage in the proportion of
fomales in De_be Diguttnla,

Topleal nf@i!,!.éation of oubslethal concentrobe
iong of both ingecbicides ot lask instar grubs of
H. 28 punctata lod to zeproductive stimmlation of
adult emergente cxcepht at Lbg, dose where thore was
a guppresslon of this trsite Thio tendency to pro=
dueg more pumber of eggs was also recorded in the Py
and L”g gengrations ag well, In the Case of A.
gesoypid et the lower levels (IDg and ID,4) of both
ingcoticides, there was an increage in the reproduche
ive rate of parents, Py and Py genexatblons. In A, R
biguttuln too there was more egg laying in the parcnts,
7y ond Pa denerations with lover subeletha) doses,

The incubaticn peviced of j. 28 poncékata was shorte
ened at the lower subslethal doses ond ghowed prolonga=
tion at the 3’.2_350 level, EBgg hatchebility was maxdcim
at IDgy of carbaryl and 0, of both towdeants,

Iarval duration vas mazimm at ms duse of docaw
methzin, I A, gogsyoil, nymphal poricd wos minimia



at sll levels of decamethrin and also at LDg and

LDy of carbaryl, Carbaryl at all the subelathsl

doses shortencd the nymphel) duration in A4 be. bicuttula,
Decamethzin at LDy, doge also resulted in such ghorte
ening in the nymphal duration, 4t higher aubelethal
concentrations of decamethrin and cerbaryl the adult
1ife span in A. gogsypil and A. b. biguttula shoved
reduction,

1ccr subslethal cdoncentrations had resulted in
mbre gurvivorship of the tesnt inasccto,

In the £4eld experitient: poste-trcatment counts of
H. 28 punctata ond A« gossvpli were relat.’;.vely wore
cn plants treoted with the lower levels of the lethal
concentrations, In the case of A. b. biguttnla thexa
was a gradual incrcase in pootetreoatment counts at

louer levels of the sub=lethal concentrationis,





