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XNTBDDUCTXCH

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 minimum dietary requirement of 
280 g/da//person* The per-capita consumption of vegeta
bles in Kerala is among the lowest in the country (8*395 kg/ 
year) against the minimum requirement of 54*75 kg/year»
In the state of Kerala* the shortfall in the production 
of vegetables is a staggering 1.159 million tonnes/year 
(Kerala Agrl, University, 1988). Augmenting the product
ion of vegetable crops in the State is, therefore, a 
matter which should be given top priority. To bridge 
the shortfall in production, popularisation of vegetable 
crops with high production potential in relatively short
er periods should receive emphasis. Vthlle planning for 
producing more vegetables for domestic consumption in 
Kerala and elsewhere, the brined crop deserves to be 
popularised through Intensive production drives, in view 
of its high production potential of upto 80t/ra in a 
period of 150-160 days under the warm humid tropical 
conditions.
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In order to realise the production potential of 
superior varieties of brinjel which are recommended for 
commercial cultivation, a rational strategy of pest ma
nagement Is Indispensable, Among the pest complex asso
ciated with the brlnjel crop, the fruit and the shoot 
borer Leucinodea orbonalls Guen. (Lepidoptera: pyralldae) 
is the most destructive one. The extent of damage caused 
by Ji* orbonalls in India has been estimated to range from 
19.49 per cent (Thondadarya and Hlremath, 1983) to 59.10 
per cent (Krishnamurthi Rao » 1983). The import
ant minor pests recorded on the crop in the peninsular 
India are the leaf hopper Aarasca bleuttula biguttula 
Ishida, the epllachna beetle Henoaepilachna 28 punctata 
(Fabr.) and the aphids Aphis rossvpII Glover. The fruit 
and shoot borer being an internal feeder, need-based 
control operations cannot be successfully exercised. 
Therefore, scheduled applications of synthetic insecti
cides at intervali/ of 15 days during the cropping period 
starting from one month after planting is currently recom
mended against the fruit and shoot borer (Kerala Agricul
tural University, 1986). Among the synthetic insecti
cides which are recoamended for scheduled applications,
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decamethrln at 0*005 par cent end earbaryl at 0*15 per 
cent have become very popular* Wherever scheduled 
applications of insecticides have become a routine pra
ctice, the tendency to apply sub-lethal concentrations is 
becoming more widespread in the country.

Resurgence of arthropod pests following pestici
de application is a well documented phenomenon (Huf faker 
and Spitzer, 1950} Bartlett, 1988} Reynolds, 1971} 
Eveleens fit gl*, 1973 and McClure, 1977)* £he stimula-i
tory effects of the sub-lethal concentrations of insecti
cides on insect reproduction is also well documented in 
literature (Diitrich £& a^., 1974; 151 Lakvrah and Sol era, 
197&f end Honek and Kovek, 1977). ^he massive outbreak 
of the cotton white fly Beaisle, tabaci Gen. and the wide
spread failure of the cotton crop in Andhra Pradesh due 
to extensive us© of synthetic pyrethraids to control the 
boll worms of cotton and fruit borer in brln^al should be 
considered as a pointer to the magnitude of the havoc 
that can be caused due to resurgence of secondary pasts* 
In the brinjal crop also, it is quite likely that on 
account of the scheduled application of decasethria and
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carbaryl» the problem of resurgence of the secondary 
pests such as 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 brin^al crop is very scanty* Such valu
able information would be required to formulate rat
ional pest management strategies to curb the resurgence 
of the primary and the secondary pests* The mechanism 
of resurgence needs to be fully understood with a view 
to counteract any tendencies in crop pests to resurge*

The present studies were taken up in this context 
to evaluate the effect of sub-lethal doses of decamethrin 
and carbaryl on the resurgence potential of three import
ant minor peats of brinjal namely* the plant hopper (A, 
MgjjtJaAfl)* epilachna beetle (H. £8 punctata) and the 
aphid (A. ROqaypljt)•



Review of Literature
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2, REVIEW OF UTERATUHE

The post-treatment resurgence of crop pests or 
secondary pests following the application of insecti
cides has been recorded for several crops including 
cotton, rice, citrus, brusaels sprouts, com, soybean, 
bhindi, mustard and straw berry. Reports on the eff
ect of sub-lethal doses of insecticides on target in
sects have emerged mainly from studies on chemical 
control of pests. Reynolds (1971) made a fairly ex
haustive general review of the problems of insect po
pulation upsets and resurgence of insect pests caused 
by pesticidal chemicals. Specific reviews on resur
gence induced by sub-lethal doses of pesticides are 
very scanty. She up-to-date literature on the effect 
of sub-lethal doses of Insecticides on insect and mite 
pests of crops is reviewed in this chapter.

The sub-lethal doses of toxicants are those 
which do not cause any mortality (Sutherland ,gt , 
1967). However, since effects will generally, but 
not always be proportional to dosage, it is necessary 
to further define the sub-lethal level and its units 
of expression in order that the measurement of an 
observed effect be meaningful. Since insecticides
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vary considerably In the levels of their toxicity 
the aub-lethal dosages are to be expressed with re* 
ference to the lethal levels*

The LC^q per unit time can be considered as 
aub-lethal since the mortality expected is only 50 
per cent of the test insect population for the tine 
interval in question (Sutherland et al.* 1967)*
Knutson (1955) reported that in the case of Drosophila 
mtlanogagter exposed to lethal concentrations of . 
dleldrin for a sufficiently longer period of time 
brought about mortality levels 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 more 
maggots» 5*7 per cent more pupae and 5*6 per cent more 
of adults than in control flies. % e  increase in pro
geny production following treatment with dleldrin* was 
attributed to a direct reflection of extension of the 
life span of the survivors and the resultant realisa
tion of better progeny production traits. The Incre
ased amount of yolk associated with greater number of 
eggs developing in the survivors aight carve as inno
cuous storage cites for DDT (Sutherland it aj,., 1967). 
Thus eventhough aublethai effects can be expressed in
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survivors from exposure to levels toxic to e proportion 
of the population, it will be essential that studies on 
the effect of sub-lethal dosages ere essentially based 
on levels which are sub-lethal to the entire populat
ions rather than a segment of the population,

Horiarity (1968) stated that the more persist
ent an insecticide is in an organ!era, the greater the 
likelihood of sub-lethal effects. Sub-lethal effects 
may be manifested, if insecticidal molecules sufficient 
to cause death do not reach the site of action,

Singh and Lai (1966) indicated that the pos
sible reasons for all insects not uniformly getting le
thal doses of insecticides Include uneven application 
of insecticides, insects not coming in contact with 
the insecticide for sufficiently longer period end the 
insects getting themselves exposed to the residual eff
ect of weak or partially deteriorated films of insecti
cides.

Sub-lethal doses of insecticides could Influ
ence the populations by affecting the survival pattern 
and reproductive potential of the individuals and by 
altering the genetic make-up of future generations 
(tioriarity, 1959) •
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2.1. Biological effects of sub-lethal doses of insecticides 
on insects and mites

2.1.1. Orientation

Perception of any feeding substance by house
flies causes the extension of the proboscis. Smith and 
Hoys (1955) studied the acceptance threshold to sucrose 
solution for the tarsal chemoreceptors for DBT-auscept- 
ible and BBT-resistant strains of Ifrisca dowestica and 
also for a strain of Phormia regina susceptible to the 
toxicant. They have further reported that the lethal 
doses of DDT lowered the acceptance threshold of 
domestics nine-fold in each susceptible strain, but the 
resistant strain remained unaffected. The rejection 
threshrcOd for salt and alcohol in these insects were un
affected. It was further observed that the acceptance 
thresh-old to sucrose applied to the labeller chemore- 
ceptor was reduced by a topical dose of DDT about 350 
times lower than the LB^q and this minimum dose was 
only a quarter of that required to produce visible sym
ptoms of poisoning. However, parathion showed no such 
'apparent effect on chemoreception in P. regina and M. 
domestica (Solaiman and Cutkoinp, 1963 )•
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Titova (1968) conducted laboratory and field 
studies In the Soviet Union to determine the effects 
of Insecticides on the surviving populations as well 
as on their progeny* '%• surviving Insect populations 
after the treatments shoved a reduced level of metabo- 
Hsu and were eore resistant to many adverse environ
mental factors Including ineeotlcldel treatments. The 
Increase in the number of such hardy individuals In 
natural insect populations mas considered to be one of 
the reasons for ths need to intensify insscticldal tre
atments to attain adequate levels of control* Titovs 
did not mention ths nature of insecticides which wars 
used for tasting*

Grady and Finley (1969) tested ths disruptive 
effects of iD^Q concentrations of dicrotophos on adults 
of ths Indian meal moth Plodla interounotells and found 
no reduction in sals response to feaale sex pherfcmcre as 
s reault of such treatments* Schricker and Stephen 
(1970) reported the prevention of communication of in
formation on food sources to ths other members of ths 
honey bas colony on oral administration of parathion*
The moths of COTffm. canhalonlca and Cadre cautella 
which had survived after exposure to malathion in storage
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godowns, were found to show \frirling movements and 
frantic oviposition in nearby sites (Yadav, 1977). A 
close observation of oviposition under such a situat
ion revealed frequent ejection of eggs and even the 
formation of a chain of immature eggs* After oviposi
tion t the moths did not undertake much movements and 
then died.

Volney and Mo Bougell (1979) reported that 
permeihrin noted as a motor stiraulent to virgin fema
les of the Eaetem spruce bud worm moths Choristoneura 
fumiferana. When males were exposed to sub-lethel dos
es of parmethrin* prostrate end unco-ordinated behaviour 
was dominant in the first 96 hours of treatment.

The odour emanating from the insecticide resi
due had ho influence on the orientation of hoppers 
(Chelliah and Heinrichs, 1930).

The sub-lethal activity of amidines on Heliothia 
eral«era. Pierls bgn«slc_ae and Spodoptera littoralis in
festing cabbage was assessed by feeding these insects 
on cabbage leaves previously dipped in a suspension of 
amltraz at 0.5 g/1. It was found that the larvae spent 
more time moving around on leaves rather than showing e 
direct feeding response (Giles and Kothwell, 1903).
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2.1.2. Feeding

Georghion (1965) evaluated the effect of sub- 
lethal doses of laolan - a carbamate insecticide at 
0.3 jag/tly on the house fly M# damestlcaB It was
found that the treated flies consumed as much as 
51.8 per cent less labelled milk than the untre
ated files even up to eight days after treatment.

The rate of feeding of the ground beetles 
Harpalus rufloea * a predator of Fieris ranae larvae, 
was influenced by DDT applied to soil (Dempster, 1968). 
One-third reduction in feeding -was recorded in inse
cts occurring in soils containing 10 or 20 ppm DDT.
P. bragcicee larvae fed on meridic diet containing 
0.75 ppm of DDT showed an overall reduction in food 
consumption but the digestibility of food and efficien
cy of conversion of .Ingested material into tissue bio
mass were higher than in control (^urunen, 1575). Wheni
resurgence-inducing insecticides such as decamethrin, 
methyl parathion and diasinon were sprayed on rice 
plants, the feeding rate of the brown plant hopper 
Nflapervata, lugens was increased by 61, 45 and 33 per 
cent, respectively, as compared to control (Chelliah 
and Heinrichs, 1980). Sub-lethal doses of DDT and
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fenitrothion on cotton senilooper Achoea .janata low
ered the rate of food intake, but this treatment in
creased the weight gain and the digestibility of the 
food significantly over control (Ramdev and Rao, 1900). 
Tan (1981) investigated the antifeedant effect on the 
first and fifth instar larvae of P. brasalcae at sub- 
lethal levels of cypeniethrin and permethrin (1 mg ai/l) 
using leaf discs of brussels* sprout treated with pyre- 
throids by dipping in the insecticide. Permethrin was 
slightly more effective than cypenaethrin as an anti
feedant against fifth instar larvae of P. brasslcae. 
However, the sub-lethal levels of cypenaethrin which 
induced an antifeedant response of over 50 per cent 
against the fifth instar larvae were lethal to the first 
instar larvae. Gajendran £t aj,., (1986) tested the 
effect of sub-lethal doses of four insecticides namely 
deltamethrln, methyl parathion, monocrotophos and carba
ryl on the last ins tor nymphs of A. eossvnii. Nymphs 
developing from the survivors were found to feed more 
than the control population. Nymphs treated with delta- 
raethrin (U^q) fed 21.29 per cent more than the nymphs 
from untreated check. Though methyl parathion at LD^q 
recorded an increased feeding rate at ^ 35* carbaryl 
and monocrotophos at oil sub-lethal dosages reduced 
feeding rate to a greater exteni.



Sex ratio and Reproduction

Singh and Lai (1966) observed no significant 
difference in the sex ratio of the first and second 
generation bvadercus koenlgli obtained from adults 
surviving various doses of &DT and endrin. The fe
male-male ratio in the F,j generatL on was shifted in 
favour of the females in the broads of Tetranvchus 
urticae reared on carbaryl and IC-T residues (Dittrich 

1974), Studies to investigate the role of 
certain biological factors as possible cause for 
brown plant hopper resurgence indicated that, although 
there were more females than males in hoppers cultured 
on insecticide sprayed plants, the differences among 
treatments were not significant (Chelliah and Heinrichs, 
1980),

Among the different effects of the sub-lethal 
doses of insecticides reported on insects, the im
pact on the reproductive potential Is most pronounced. 
Such effects are reported to be either stimulatory 
or suppressive,

Huffeker and Spitzer (1950) reported stimula
tory effect on the reproductive potential of the
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European red mite Penonvchus ulml following the appli
cation of EDI. Outbreaks of the soft scale Coccus hes- 
perldum (Bartlett and Ewart* 1951) and the frosted 
scale Lecanlum prulnosuro (Bartlett and Ortega, 1952) 
were recorded following application of DDT and lead 
arsenate. Application of parathion on European red 
mites occurring as a peat of apples led to rapid in
crease in the populations of these mites (Hueck £& *
1952).

Roan end Hopkins (1961) suggested that sub- 
lethal doses of insecticides might positively stimu
late neural activity to bring about a favourable neuro- 
hormonal influence on insect reproduction* Apparent 
increase in the population of the treated strawberry 
aphid Caetosiphon fragalfoll. than in the control was 
detected to be caused by the application of phorate 
and dlsulfoton (Shanes* 1961). In experiments with ths 
colarado potato beetle Deptlnotarae dccemllneata it 
was found that sub-lethal doses of DDT or methyl para
thion had a stimulatory effect on egg production 
(Kuipers* 1962). However* Adkinaon and Wellso (1962) 
shoved that sub-lethal doses of DDT brought about a
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decrease in the fecundity of the pink boll worm Pectl- 
noohora aoasvplella. Exposure of grubs and adults of 
Calandra orvzae to sub-lethal doses of pyrethrins (3 ppm) 
reduced the reproductive potential of adults (Chadwich, 
1962) .

Aedes aegyptl did not lay eggs until after a 
blood meal and although feeding and egg laying were un
affected by sub-lethal doses of dieldrin causing very 
little mortality, higher doses of dieldrin decreased egg 
laying* This has been attributed to lack of feeding 
(Duncan, 1963).

In studies on the effect of sub-lethal doses of 
carbaryl, methyl parathion and endrin applied topically 
to the larvae of littorails. Essac gt a£. (1963)
recorded an increase in the number of eggs produced by 
treated larvae as compared to the untreated individuals. 
According to Bordeaux (1963) increase in the arthropod 
populations following application of synthetic organic 
insecticides could not be solely attributed to the re
laxation of the biotic stress from natural enemies, 
but mainly due to stimulatory 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 lover doses produoed an unusual res
ponse in the viviparous individuals of Glossina nalpalls 
which developed a lower percentage of fertile flies than 
in the control populations for all dosages tested. How
ever, at higher doses of DDT the percentage of survi
vors which produced larvae showed on increasing trend. 
But most of the offspring thus developing did not sur
vive to attain adulthood (Baldry, 1964)• Topical appli
cation of half the DD^q dose, which had virtually no 
toxicity caused substantial decrease of egg production 
in M, domestlca with four of the five carbamate inse
cticides tested and such reduction in fecundity could 
not be attributed to any decrease in feeding activity 
(Georghion, 1965).

Maximum reduction in the average number of eggs 
per female occurred in groups of the cotton bugs treat
ed with higher doses. Singh and Lai (1966) applied 
graded doses of DDT and endrin on D. koenlgil and found 
that the less toxic doses (sub-lethal) sometimes in
creased the fecundity but always reduced the percentage 
of ovipositing females. Similar results were obtained 
for domestlca treated with y  BHC (Rsraade, 1967).
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Lucky (1968) developed the "honaoligoels0 con
cept according to which sub-harmful quantities of any 
stressing agent will be stimulatory to the organism by 
providing it increased sensitivity to respond to chan
ges in the environment and increased efficiency to 
develop new or better systems to fit a sub-optimum en
vironment, Morlarity (1969) has reviewed in detail the 
effect of sub-lethal doses of synthetic insecticides 
on insects. Campion (1970) made a review of the in
fluence of fifteen compounds applied to adult moths of 
red boll worm•Diaaronaia castenea. Sub-lethal doses of 
carbaryl led to a marked increase in the rate of ovi
position.

Increased reproduction of Hvzus Bersicae at sub- 
lethal doses of phosphamidon under caged conditions was 
observed by Parry and Ford (1971) and they suggested 
that it might be due to neuro-endocrine imbalance. The 
parental populations of female Tetranvchu^ urtlcae kept 
on substrates containing residues of 200 ppm spray of 
carbaryl and 100 ppm of LDT showed significantly higher 
fecundity as compared to untreated individuals (Dittrlch
at al,, 1974), Adult females of the F. populations

\
also had a significantly higher egg production whan kept 
on substrates containing residues of carbaryl end EDT,
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Counterpoise hormoligoais involving the stimulation 
by small quantities of a stresaer is implicated to be 
responsible for such effects rather than due to im
proved nutritional status resulting from altered phy
siology of the food plant# In S. llttoralls at sub- 
lethal dose of phosfolan and leptophos an increased 
number of eggs laid per female as well as adult longe
vity was observed (Lakwah and Salam, 1974)# Adults 
of the black carpet beetle Attagenus megatoma that 
survived sub-lethal doses of rcalathion and dichlorQvos 
produced 63 and 74 per cent fewer larvae respectively 
than did untreated adults (Zettler and Lecato, 1974).

Shepard .§£ al# (1977) reported resurgence of 
insect pests of soybean as a response to insecticides 
and field isolation# 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# They 
have further reported that newly established soybean 
fields in isolated situations were more prone to out
breaks of these pests than the fields which were cul
tivated every year# Upsurge of the storage pests £• 
ceohalonicQ and C. cautella was observed in godowns
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ihen storage walls were sprayed with sub-lethal doses 
di malathion and ED VP (Yadov, 1977).

Chelliah and Heinrichs (1978) studied the eff
ect of direct spray of sub-lethal concentration of 
certain resurgence-inducing insecticides on brown plant 
topper* An increase in the fecundity of hoppers, spray- 
sd with sub-lethal concentrations of methyl parathion, 
tfL 43467 and FMC 35001 was recorded in this experiment, 
fthile evaluating insecticides against the pea aphid, 
tovrthosiphon nisum Mueke et al. (197Q) observed an 
increase in the population of pea aphid on the resis
tant varieties namely Dawson end Team when sprayed with 
leptoph03 both in laboratory and under field conditions.

When Kwan and Gatehouse (1978) applied perme- 
thrin at LU] ̂  and LD^q dosages, the tsetse fly Glossing 
rsorsltens morsitans male survivors showed increased 
activity and a level of mating success equal to the un
treated males, but in females fecundity was reduced. 
Heinrichs jgt ol. (1978) suggested that resurgence in
ducing insecticides like decamethrin and methyl para
thion could be utilised to induce heavy population build 
up of the brown plant hopper N. luaens so as to ensure 
field screening for resistance.
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The reproductive rate of BPH was higher when 
they were confined on plants sprayed with the insecti- 
cides-methyl parathion and decamethrin at their late 
nymphal (fourth and fifth instar) and adult stages 
than from first instar to adult and second instar to 
adult stages (Chelliah, 1979)* ^he effects of topical
ly applied sub-lethal doses of carbofuran and carbaryl 
on the western c o m  rootwonn Diabrotlca vlrglfora have 
been studied by Ball and Su (1979)* The mean number of 
eggs per female per day for insects treated with 0.0025 
/ of carbofuran was significantly higher than for fe
males treated with 0.000025 As/insect or for the un
treated individuals. In the case of carbaryl, the num
ber of eggs deposited per female per day was signifi
cantly higher at the doses 0.0005 Ag and 0.05 Ag/insect.

Patil and Khanvilkar (1979) reported a reduct
ion in the oviposition in the polyphagous pest S. litura 
when treated with LC^q and LC^q doses of parathion. 
Topical application of LD^, U^jq, and LD^q of 
methyl parathion end decamethrin on fifth Instar nymphs 
of the BPH, N. lugens caused increased reproduction in 
the resulting adults, although the dose for maximum 
stimulation differed between the two insecticides
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(Chelliah et al„, 1980), At decamethrin stimu
lated reproduction in hoppers significantly# At this 
dose, there was an Increase in the number of nymphs by 
over 75*0 per cent, followed by LD^ (^5*0 per cent),
U>25 (30,0 per cent) and U>10 (21*0 per cent). In the 
group treated with methyl parathion, the number of nym
phs was highest at HD.*,-, while perthane at all the sub- 
lethal doses did not cause significant difference in 
nymphal numbers. Heinrichs e>t al. (1982) investigated 
the effect of insecticide applications in low land rice, 
as influenced by method and. timing of insecticide appli
cation. Stimulation of reproduction as indicated by 
the high BPH egg population in the insecticide-treated 
plots was the most Important factor causing resurgence. 
KempraJ (1982) also recorded that when methyl parathion 
and eyperraethrln were sprayed In rice fields, these 
caused resurgence of BPH. Ihe sub-lethal effects of

N ' ,

demeton -S- methyl on the development and fecundity of 
M. perslcae were determined in laboratory studies in the 
United Kingdom. Fecundity during the first four days 
of reproductive life was higher for the progeny of tre
ated aphids than for those of untreated aphids (Coombes,
1983). Wien tobacco bud worm (Konduca sextn) larvae 
were subjected to oral doses of fenitrothlon ranging 
from 0.001 to 1.0 mg/kg body weight, the reproductive
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potential of the resulting adults was slightly higher 
than control (Steward end Philogine, 1983)*

The effect of sub-lethal concentrations (I£^ 
and I£(jq) of perraethrin, fenvalerate, rnethoraidophos end 
carbaryl on female fecundity of diamond back moth Plutella 
xvlostella was investigated (Kumar and Chapnan, 1964)* 
Except perraethrin, the other insecticides inhibited 
female fecundity* Treated females preferred to ovi
posit on untreated leaf discs rather than on those whi
ch were treated with the pyrethroids at concentrations 
equal to their LC^q. Dittrich gt el* (1985) found 
that there was a stimulation in fertility in the white 
fly Bemisla tabacl developing on cotton plants due to 
DDT residues*

Baleji et el* (1986) tested the effect of 
spraying rice plants with synthetic pyrethroids on the 
population build up of the BFH, over two generations*
They found that lower doses of decamethrin caused a 
stimulatory effect on the progeny production in W* 
lumens in the second generation. Decamethrin was found 
to retain the stimulatory effect even on the third 
generation progeny* Among the median Isms of resurgence,
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reproductive stimulation in females receiving sub- 
lethal doses of insecticides and selective eliminat
ion of natural enemies were considered to be of major 
relevance. The resurgence inducing insecticides deve
lop a favourable environment in the rice ecosystem for 
the BPH to orient, feed and reproduce, leading to build 
up of large populations which are injurious to the crop 
(Chelliah, 1986).

An upsurge of the yellow mite PoXyj&aROtnrgonfcaua 
latus on chillies following foliar application of mono- 
crotophos, methyl demeton, thiometon, phosphamidon, 
formothion and neem coke extract was reported by David 
(1936). The stimulation in the reproductive rates due 
to the sub-lethal doses of these pesticides was impli
cated in the flare up of their populations. Sub-lethal 
effects of the four insecticides, deltamethrin, methyl 
parathion, monocrotophos and carbaryl were studied on 
the last instar nymphs of cotton aphid A. eossvpli 
(Ga.lendran et al.. 1986). Deltamethrin registered 
the lowest LD^q value among these toxicants and at this 
level the insecticide increased the reproductive rate 
of the aphid.



2.1.4. Duration of Immature stages and adult longevity

The extension of the adult life-span of females 
has been attributed as a possible reason for the incre
ased rate of reproduction in D. melanogaster (Knutson, 
1955).

The life-span of the treated female housefly 
became longer on exposure to the sub-lethal doses of 
dieldrin. The progenies from such individuals showed 
increased weights (Afifi and Knutson# 1956).

Adkinson and Wellso (1962) recorded a contrast
ing trend of shortening the longevity of the adult pink 
boll worm which survived treatment with low dosages 
of DDT. The average duration of the larval development 
period of the boll worm Hellothis g;ea surviving egg 
treatment with the insecticides endrin and a 1*1 mixture 
of azinphos methyl and azinphos ethyl was approxima
tely two days longer than for the untreated control gro
ups. However, the duration of the development period 
of the larvae of tobacco bud worm, Heliothia vlrescens 
was unaffected by the insecticidal treatment of eggs.
The total developmental period of larvae of this insect 
treated with a mixture of azinphos methyl and azinphos 
ethyl (1*1) was approximately two days longer for boll



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

The oviposition period, fecundity and post- 
oviposition period of the female D. koenjg.il surviving 
the lower doses of DDT (0.006 to 0.03 par cent) and 
endrin (0.0015 to 0.00A per cent) were not significant
ly different from the control in both the adult and 
in the first generation individuals (Singh and Lai,
1966). There was no significant 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 insecticides.

Madhavan â ,. (1970) investigated the effect
of sub-lethal doses of DDT, endrin, carbaryl, endosul- 
pha^and parathion on growth, developmental period and 
fecundity of Trlbolium castaneum by rearing the insect 
in wheatflour medium containing sub-lethal concentrat
ions of these insecticides. Treatment with sub-lethal 
doses prolonged the larval period in approximately di
rect proportion to the concentration of the insecti
cide while the rate of growth of the larva was supreased.



The longevity of the female western corn root 
worm B. vlralfera topically treated with the sub-lethal 
doses of carbofuran at 0.0025 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). '

Chelliah (1979) reported decrease in nyraphal 
duration of BPH when lower doses of dlazlnon (at 0.1 kg 
ai/ha) was applied to rice plants. There was no signi
ficant difference in the 3ex-ratio of the adult emcr- 
gents among the treatments. The duration of nymphal 
stadia of hoppers developing on'plants sprayed with 
methyl parathion or decamethrin did not differ signi
ficantly from that of control. However* the total nyra
phal duration was significantly different among the 
treatments. The hoppers developing on deltaraethr In 
treated leaf surfaces completed their nyraphal stage
1.1 days earlier than on control plants (Chelliah and 
Heinrichs* 1980).

A shortening of the larval duration in S. 
lltura woo reported by Pa til and Khanvilitar (1979), 
following application of parathion ®t its sub-lethal
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concentration. Lengthening of the larval period of 
P. bra.qsica v/as observed when the fifth instar larvae 
were continuously fed leaves treated with the sub-lethal 
doses of cyperraethrin and permethrin. The larval and 
pupal weights were also reduced due to this treatsent. 
(Tan, 1981). A significant difference in the longe
vity and weight of female Ischiodon scutellaris was ob
served when exposed to sub^lethal doses of malathion 
(Teh et £l., 1983).

Ross and Brown (1982) reported the inhibition 
of larval growth of Spodoptera fruglperda due to sub- 
lethal dietary concentrations of insecticides. Fenvale- 
rate, permethrin, endosulfan, SD 35651 and cyromazine 
inhibited growth, by more then 39 per cent while chloro- 
pyrifos, methyl parathion and piperonyl butoxide were 
less inhibitory to larval growth. Toxaphene, carbaryl, 
thiodecarb, methomyl, chlordimeforra and imidazole pro
duced only a transitory growth reduction, while methio- 
carb and the JH analogue methoprene increased growth.

Steward and Philogine (1933) studied the sub- 
lethal effect of fenitrothion on the development of a 
parental generation of sexta. Treated larvae took 
more time to reach the pupal stage and had greater larval
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body weights than control.

Sub-lethal effects of permethrin, fenvalerate, 
methataidophos and carbaryl on the diamond back moth,
P, xvloatella was investigated* She insecticides test
ed had a deleterious effect on the number of larvae 
which pupated, the pupal duration, the number of pupae 
which survived to adults and cocoon formation in pupaer 
(Prolonged duration of the larval period and deformi
ties in pupae were also detected (Kumar end Chapman,
1984)* Significant differences in the nymphal durat
ion and alate production were not recorded on A. gossvpl 
when they were treated with sub-lethal doses of four 
different insecticides deltamethrin, methyl parathion, 
monocrotophos and carbaryl (Gajendran al*, 1986).

2*1*5. Survival

Though the longevity of the adult pink boll 
worm subjected to the low dosages of DDT was shortened 
(Adkinson and Wellso, 1962) the extent survival of the 
insect was found to be adversely affected by such treat
ments* Bariola and Lindquist (1970) investigated the 
effects of exposing the cotton boll weevil, Anthonomis 
grandis to sub-lethal doses of systemic insecticides.
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disulfoton, dicrotophos, monocrotophos and aldicarb.
An Increase in mortality was observed when the dura
tion of exposure was increased and also when the dose 
was decreased. Sub-lethal doses of carbaryl (LD^q ) 
significantly increased pre-oviposition and oviposi
tion periods as well as male and female longevity in 
S, lltura (Abo- Elghor gt nl., 1972)

Rudd at al... (1985) reported that sub-lethal 
doses of three selected insecticides had no influence 
on the survival of Thvridoptervx ephemeraeformls an 
important bagworm pest of Jtmlperus virginiana trees 
in Texas. B*. tabaci assumed serious proportions on 
cotton and brinjal and several reasons have been attri
buted for its outbreak. David (1986) ascribed
this phenomenon to indiscriminate use of synthetic py
re thro ids to suppress the boll worm pests of cotton 
and the fruit borer of brin^al. Patel ol, , (1936) 
also reported the resurgence of sucking pests on cot
ton following the use of DDT and carbaryl. Increase 
in population of aphid and leaf hopper pests of cotton 
was recorded in plots which received synthetic pyre- 
throids. This was more pronounced in those plots vhich 
received lower doses of pennethrln and deltamethrin 
(Ravindranath and Pi11a1, 1986).
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2*2. Effects on field application

2.2.1. Effects on Plant growth and indirect effects on pest 
populations

At low levels, some of the organic pesticides 
provide a supplementary source of nitrogen, phospho
rus and other nutritive elements end thus they tend to 
promote growth and development of the plants* Incre
ase in fecundity of insects developing on such plants 
might be partly 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 DDT on aphids and thrips 
was studied by >1istric and Mitchell (1966)* Under such 
treatments fruiting was delayed but there was increase 
in yield of seed cotton with decrease in concentration*

Reghupathy and Jayarad (1975) studied the pat
tern of infestation of the leaf hopper Ararasca devastans 
on bhindi plants which received soil application of 
disulfoton granules at 0*5 and 1*0 kg ai/ha at the time 
of sowing* 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 insects was attri
buted to the improved nutritional status of the plants, 
characterised by the reduction in calcium. Reduction

i
in the content of calcium brings about reduction 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 'ammoniac!^* nitrogen, a condition whi
ch is very favourable for the nutrition of the associa
ted insects,

Sithanan.Bnm gt al, (1973) reported resurgence 
of A, gossvpll on cotton plents that had received soil 
application of phorate and disulfoton granules. Lower 
carbohydrates, narrow C/N ratio and greater quantities 
of free amino acids were implicated as factors respon
sible for such resurgence,

Reghupathy and Jayaraj (1974) observed that the 
application of phorate through soil resulted in the re
surgence of A. jsftasvp-li ®nd A. devastans when the effect
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of the chemical vanished, They have attributed the 
pest flare up due to the alteration of the physiology 
of the plant by enhanced supply of phosphorus from 
insecticide. This vas associated with increase in am- 
moniacal nitrogen» phosphorus end decrease in carbo
hydrates end calcium content which seemed to be favours 
ble to the pests,

Lee (1976) reviewed the phytotoxic effects of 
carbofuran which may render the rice plants more favo
urable for the associated insects. Stabilization of 
the IAA content in rice plants due to inhibition of 
IAA oxidase* increase in the contents of chlorophyll 
A and B and higher nitrogenase activity In treated 
plants are indicated as the important factors that con* 
fers the phytotoxic effects on treated rice plants,
/

Relationship between improved growth of rice 
plants following insecticide application and the chan
ges in the nutritional status of tire plant have not 
been fully established, tthile studying the causes of 
resurgence of the blue leaf hopper Zygina macullfrons 
on the rice plant protected with systemic insecticides, 
Hani and JayaraJ (1976) reported that low content of 
calcium in treated plants contributed to resurgence.
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On studying the effect of dipping chilli seed
lings in three concentrations of different organophos- 
phate insecticides namely phorate, carbofuran, quinal- 
phos and methyl demeton on the growth of the plant, 
Sinha and Hoy (1977) reported an increase in plant 
height and the fruit characters (length, number and 
weight) 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 KRBC 161, diazinon and methyl 
parathion at a stage v;hen the toxic stimulus of the 
toxicants vanished and after the toxicity of the inse
cticide was lost (Chelliah and Heinrichs, 1978). The 
increase in fecundity was ascribed to the biochemical 
changes in host plant which might have indirectly aff
ected the hoppers feeding on it.

Application of granular formulation of carbo
furan in paddy fields significantly increased the hei
ght of rice plant (Heinrichs 1978). Increased
plant growth might contribute to resurgence as green 
healthier plants attracted more macropterous hoppers 
of N. lugens to alight on luxuriently growing plants. 
Increased rate of feeding, enhanced reproduction and
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extended longevity would also have contributed to the 
resurgence of the hoppers. Field tests carried out in 
India on the effectiveness of spray combination of Dipel 
(a preparation of Bacillus thuringlenais) and various 
chemical insecticides at thoir sub-lethal concentrations 
resulted in increased fruit yield in brin^al (Seksr and 
Baskaran, 1970),

A field ©valuation on the efficacy of five dif
ferent insecticides, monocrotophos, phosphemidon, dime- 
thoate* carbaryl and aldicarb against aphids and Jassids 
on okra v/as carried out by Patel (1930). Five
randomly selected plants were measured after nine weeks 
of germination so as to determine its effectiveness on 
growth of plants. An average Increase in the plant hei
ght in aldicarb treated plots was reported.

Bice plants sprayed with methyl parathion end 
decamethrin produced more number of tillers and leaves • 
Eiis increased growth caused the plants to be more attra
ctive by the hoppers. Methyl parathion when sprayed on 
rice plants stimulated plant growth by increasing tiller 
number and leaf number (Heinrichs gt a^,, 1982). Ahamed 
(1936) studied the relationship between the population 
of the cicadellid Ararasca biguttula biguttula in brinjal.
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The number of individuals of the insects occurring on 
the crop was negatively correlated with plant height, 
number of leave®, number of flowers and fruit yield*

2*2.2. Effect on natural enemies associated with crop pests

Selective elimination of natural enemies due to 
lethal and sub-lethal doses of Insecticides has been im
plicated as an important factor that regulates resur
gence of phytophagous insects* Perhaps one of the strik
ing cases was the classical example of biological con
trol i.e., the cottony cushion scale Icepva purchasi 
and its predator, the vedalia beetle Rodolia cardinalis 
was upset by the use of DDT for other citrus pests in 
Central Africa (Debach, 1947). % e  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 several 
of the minor pests becoming major ones (Huffakker end 
Spitzer, 1950).

Destruction of natural enemy following inten
sive application of broad spectrum insecticide was sug
gested as an important factor for BPH resurgence in 
rice (Kirtanl, 1972, 1975).



Correlation studies showed that natural enemy 
destruction provided a reasonable cause-effect expla
nation for all pesticide-induced outbreaks of mites 
and aphids* Newsom (1973) conducted experiments on the 
direct lethal effects of pesticides on parasites and 
predators* He suggested that various predatory spec
ies may be poisoned by feeding on prey Intoxicated by 
feeding on plants treated with systemic insecticides. 
Sub-lethal effects of LB^q and dosages of carbo-
furan, methyl parathion and methoxychior on the alfalfa 
weevil parasites* Microctonus aethionoides was studied 
by Dumbi-e and Hower (1976). The parasites surviving 
exposure to LD^q doses of the Insecticides during the 
adult or pupal stages showed a 25-50 per cent reduct
ion in the life-span and a reduction in the reproduct
ive potential by AO-60 per cent. Dyck and Orlido (1977) 
reported that, regular spraying with methyl parathion 
reduced the populations of the xairid predator Cvrtorhlnua 
livldlpennls resulting in substantial increase in BPH 
populations. Heinrichs (1977) cautioned that the use 
of insecticides for controlling the insects might not 
always be effective and this could produce considerable 
side effects. High toxicity of insecticides like methyl 
parathion to natural enemies of the BPH was Implicated
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by Stapley £t al. (1977) as one of the Important fact
ors for resurgence of hoppers. This conclusion was 
based mainly on the mortality of C, lividipennis an 
important predator of hoppers.

Resurgence of the scale Fiorina externa on 
Hemlock following Insecticide application was reported 
to be due to extinction of the parasites from the half 
sprayed portions (McClure* 1977)* Chu et al.^ (1978) 
compared the relative toxicity of nine insecticides 
against rice pests and their natural enemies. Of 
these the compounds fenltrothion, methyl parathion and 
phenthoate were most toxic even at their low concentra
tions. Resurgence of BPH has been attributed to the 
destruction of natural enemies. The build up of the 
aphid and the mite pests of cotton, following the use 
of pyrethroids, was mainly due to mortality of preda
tors (Sellammal et ajL,, 1979). ^yrett and Penman (1980) 
studied the toxicity of insecticides to lucem aphids 
and their predators. On the basis of LD^q values the 
Insecticides were as toxic to both aphids and preda
tors. A comparative study of the effect of some pesti
cides on three predaceous mite species Tvphlodromus ovrl. 
kmblygeius pjotentillee and A. bibens revealed that in 
abandoned orchards these predatory mites were able to
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keep the spider mites in check. Outbreaks ol tetronychids 
occurred when the orchards were under pesticide treat* 
ment in a situation where the predatory mites were virtua
lly absent (0vcrmeer and Vanzon, 1931)*

The parasites Ananteles congrggatua emerging from 
the larvae of M. sexta iriiich were treated with low dosos 
of methoprene C1 had pupated but were transformed into
non-viablo pupal-adult mosaics (Beckage and Riddiford,
1982)* Jacobs s^* (198*0 could not detect any sub-lethal
effects on tho number of egg deposited per host egg or 
on the sex-ratio of the resulting offspring of TrichQEratrna 
pretioaum exposed up to the L C ^  of endosulfon or an LC^q 
of permethrin. Wan and Wan (198*0 reported a high mortality 
of the natural enemies of cotton mites following the delta- 
raethrin application.

Field plot tests carried out in India to deter
mine the selective toxicity of come synthetic pyrethroids 
end conventional insecticides to the brinjal aphid pre
dator, Henochilus sexmaculatus showed that the convention
al insecticides were less toxic to aphids than the synthe
tic pyrethroids but gave high mortality of the coccinellid 
(Toward, and Moorthy, 1985).
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In field and microplot experiments conducted 
by Natarajan e£ a l , (1986) it was found that there 
was a very high increase in the population of aphid,
A-* gfV*mrp1* following the treatments with synthetic 
pyrethroids in situations where the natural-parasitism 
and predator population were less* Field and green 
house studies conducted to identify resurgence induc
ing insecticides and their toxicity to the mirid bug 
C. livid_ip_ennis_ and wolf spider Lvcosa naeudQanmulata

■ i

the important natural enemies of BPH, 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 population (Raman end Bthamasamy, 1986). 
Rosenheim and Hoy (1988) investigated the impact of 
sub-lethal effects of insecticides on the parasltoid 
Aphvtls melinua. Survivors from individuals exposed 
to carbaryl did not exhibit any significant sub-lethal 
affects, whereas exposure to the organophosphorus toxi
cants reduced their longevity by 73-85 per cent and al
so temporarily reduced progeny production. Chlorpy.rifos 
also.Gaused shifts in the sex ratios of the offspring 
in favour of dominance of the males*



Materials and M ethods
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3. MATERIALS AND METHODS

Laboratory and field studies were carried out 
to evaluate the effect of sub-lethal doses of decame
thrin and carbaryl on the orientation, feeding, repro
ductive potential and survival of the following test 
insectss

a) Henosepilachna 28 punctata (Fabr.)
(Coleoptera; Coccinellidae)

b) Aphis goasvoli Glover 
(Henipteras Aphididae)

c) Amrasca biguttula blguttula Ishida 
(Hemiptera: Cicadellidae)

Maintenance of stock cultures of the test insects 

Rearing of H. 28 punctata

Grubs collected from field were used to establi
sh nucleus culture of this insect. The grubs were re
ared on fresh brinjal leaves kept in glass petridishes 
of 15 cm diameter, Moistened filter paper discs were 
kept on the bottom of the dishes for keeping the leav
es turgid, Fresh leaves were introduced every day to 
the container after removing leaf debris and excreta.



Immediately on emergence the adults were sexed and 
pairs were then confined in separate dishes for breed
ing and oviposltlon. Cotton swab soaked with diluted 
honey was kept in the petridishes for the adults to 
feed on. Eggs deposited on successive days were re
moved and kept for rearing to ensure availability of 
stages of the test insect of precisely known age. For 
hatching, the leaf bits containing the eggs were kept 
over a moist pad of cotton inside petridishes. The 
freshly hatched grubs were transferred to tender leav
es as already explained before. On attaining the third 
instar 15 to 20 grubs were transferred to rectangular 
museum ^ars of size 13 x 13 s 20 cro and kept covered 
with muslin cloth held in position by rubber bands. 
Bouquets of brinjal leaves with their petiole ends dip
ped in water in glass vials were introduced into the 
museum 5Qrs for feeding. The required number of test 
insects were drawn from the battery of rearing ,1ars.

All the glasswares used for rearing the test 
insects were washed thoroughly, rinsed with 80 per cent 
formaldehyde and then kept in hot air oven at 160°C for 
one and a half hours before use.
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Rearing of Mosamll

For establishing a stock culture of A, gossvpii. 
a single apterous adult was initially collected from an 
untreated healthy brinjal plant grown under caged condi
tion and this was then transferred on to another heal
thy potted 30 day-old brln^al plant of the type SM-6 
using a camel hair brush, the bristles of which were 
slightly moistened. From among the progeny of this 
insect, five healthy apterous adults were then transfer
red individually to the potted plants in cages for fur
ther multiplication. The progenies developing from 
these insects were maintained in separate cages. Addi
tional healthy brinjal plants were introduced into the 
cages when the host plants developed symptoms of wilt
ing on account of feeding by A, gossvpii.

Rearing 'of A . biguttula

The breeding stocks of adult hoppers from un
treated brings! plants in the field were collected and 
released on young potted plants kept inside field cages. 
Freshly hatched nymphs on emergence were transferred to 
fresh seedlings of brinjal and kept inside field cages 
of the seme size. Generations of the test insect were 
thus reared for experimental purposes.
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Insecticides

The two insecticides decamethrin and carbaryl 
belonging to pyrethroids and carbamates respectively 
were selected for the study* Details about the test 
insecticides are as follows*

Table 1* Details of insecticides used in the experiments

Test insecticide

Decamethrin Carbaryl
(Deitamethrin)

Property

Trade name
Formulation
used

Chemical name

Structuralformula

&>Y\

&r'

Decis
98,5% technical material

(s) - -cyono-m- 
phenoxvbenzyl (IR, 
3R)->(2, 2 dibro- 
movinyl) -2,2-dice thyl 
cyclopropanecarboxy- 
la te

Sevin 
85% WP

1-Naphthyl N- 
raethyl carbamate

.  f?
o -c

H-

CH5

Empiricalformula C22 H19 Br^Oj C12H11f» 2



Molecular
weight

505.26 1.232 at 20°C

Melting point 98 to 101 °C 1428C
Appearance Odourless - Crystal

line powder Crystalline
solid

Colour Practically white White
Solubility Soluble in acetone, 

ethanol dioxen and 
most organic solvents. 
Practically insoluble 
in water ( <  0.002)

Soluble in po
lar organic sol' 
vents - low so
lubility in 
water (40 ppm)

Stability Very good - No degra
dation after 6 months 
at 40°C

Stable in sto
rage

Acute derma t; 
LDRn values
(rSBb)

500 mg/kg

Acute oral LDcq 
values (Rats)

135 rag/kg 400 mg/kg

Tolerance
limit 0.05 me/^8

Practical ap
plication doses 
in agriculture 
(in g/ha of ac
tive ingredient)

5-17.5 g 750-1500 g

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

Union Carbide India Ltd., 
Middle ton stre* 
et, Calcutta 
700 071
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Laboratory studies
Fixing of sub-lethal doses for the test insects

Different concentrations of the test insectici
des were prepared in 5 per cent benzene emulsion water 
(5 ml benzene + 0.5 ml of teepol + 9^.5 ml distilled 
water)* Suspensions of the insecticides at graded 
concentrations were applied at 5 ml of spray fluid 
per treatment topically to the fourth instar grubs 
of H. £0 ouncta ta kept in petri-dlshes of 15 cm dia
meter using a Potter's tower, keeping the pressure at 
10 kg/ccâ . Two series of controls were run in this 
experiment, one for sprays of distilled water and the 
other for benzene-emulsion-weter.

For determining the LD levels of 5, 10, 25 and 
50 values of the insecticides, separate experiments 
were carried out. In order to fix up the graded con
centrations for the different experiments, trials 
were initially conducted using several graded concen
trations well below the recommended concentrations for 
field application which is expected to ceuse 95*'10G# 
mortality. Based on the mortality rates for such 
concentrations, the limits within which the required
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LC levels would fall were determined. The approximate LG 
levels were also assessed in such probing trials.

Altogether five concentrations were tested in sepa
rate series around the approximate median concentration, 
two on the higher side and two on the lower side, the me
dian concentration being the other. For each concentrat
ion, three replicates were run and. there were ten insects 
per replicate.

After topical application of the insecticides, the 
pstri-dishes along with the insects were dried for 15 nsin. 
under a ceiling fan and the grub3 were transferred to clean 
Petri-dlshes In which brin.jal leaves of the optimum age 
were introduced for the grubs to feed. The mortality data 
were recorded after a period of 2# hours and these were 
corrected using the Abbott*s formula. The LC values were 
computed following the’'standard procedure (Finney, 1952). 
Since the quantity of-the toxicant used in each treatment 
was fixed (5 ml of fluid/treatment) the L0^Q values were 
the same in the present studies.

The general methodology adopted for determining 
the sub-lethal concentrations of decamethrin and carbaryl 
in the case of H. jg3 punctata was also followed in the 
case of A. goasvpil and A .  b. biguttula.



In the case of these two Insects, the fourth 
lnstar nymphs were used for these experiments. % e  
nymphs of A. b. bieuttula were temporarily immobilised 
by keeping the stages of the insects in a refrigerator 
at 5°C for a period of 10 tain.

Testing the effects of sub-lethal doses

Effect of treatment with sub-lethal concentrations on 
orientation

a) H. _g8 punctata

To assess the orientational response of H. 28 
punctata towards the plants treated with the sub-lethal 
concentrations of the LC 5» 109 25 and 50 the experi
ments were conducted in field cages (size 180 x 90 x 
90 cm) using potted plants (Plate-1). One month old 
potted plants were arranged in the cages in an oblong 
manner (Plate 1). 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 water spray and ano
ther with benzene-emulsion-water. Pifty numbers of 
one-day-old adults were transferred to a petridish and 
starved for 3 h. The petridish containing the insects



Plate 1

Plate 2

Field cages used for assessing the 
orientational reasons® of H* 28 punctata

Glass trough used to assess the orientat
ional response of A* ttossvpil
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was kept open in the centre of the potted plants at a 
height close to the canopy* Ihe inseats alighting in 
each of the potted plant were counted and collected us™ 
ing an aspirator at the end of 2k h* They were start
ed for a period of 3 h and kept in petridishes in the 
centre of the cages for re-determining their orientat
ional response* Ihe plants in the cage were rearrang
ed before reintroduction of these insects* The respon
se of the insects towards both treated and control 
plants was thus recorded at intervals of 2k h for 7 days.

b) A. ffossvpli

To evaluate the orientational response of A* 
gogsvnli. fresh healthy leaves were collected and 2 ml 
of the sub-lethal doses of the insecticides were spra
yed on the lower leaf surfaces* Benzene emulsion water 
and distilled water treated leaves served as controls* 
Treated leaves were air dried and then placed in a cir
cular manner over a labelled glass trough (diameter 
30 cm) (Plate, 2).

One hundred last instar nymphs of the test in
sect were kept in the centre of the trough and they 
were forced to disperse by allowing the leaf to wittier. 
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, bieuttula

The experiments to determine the orientational 
response of these insects were carried out in small 
field cages which were illuminated from above by a 
fluorescent tube light (light intensity approximately 
175 lux). Seedlings aged 25 days were sprayed with 
the sub-lethal doses of the insecticides and the root 
systems were immersed in water kept in conical flask 
of capacity 250 ml.(Plate 3). These conical flasks 
containing the treated seedlings were then arranged 
in a circular manner inside the cage (60 x 60 x 90 cm) 
Fifty adults aged 10 days were released in the centre 
of the cage (Plate 3).

At the end of 1 hj the number of insects act
ually present on the treated plant and control plants 
were recorded. At the end of 60 min. the plants were 
rearranged and similar observations taken once again.



Plate 4
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3*1*2* Effect of sub-lethal concentrations of insecticides on 
the extent of feeding

a) H0 jgg punctata

Fresh uniform sized leaves of medium development 
(15-20 days) were taken and the lower surfaces were tre
ated with the sub-lethal doses of the insecticides under 
the Potter’s tower* The lower surface of the leaf was 
treated because the insects tend to aggregate more on 
this side* The treated leaves were dried and newly moult
ed fourth instar, grubs were transferred to the leaves 
and kept -in petri-dishes. Ten grubs were allowed to 
feed on the treated leaves for 8 h. The control sets 
were treated with BSW and distilled water* . The area fed 
by the tenu grubs was measured using a graph paper.

b ) A .

To estimate the rate of feeding of A,* aossvpil 
on exposure to sub-lethal doses., radio active phosphorus 
( % >  was used* Ten micro curies of were transfer
red to a conical flask (250 ml) and the volume of the 
solution in the fleck was broiight to 200 ml by adding 
distilled water. After thorough mixing 10- ml of this



solution was pipetted out separately into different 
conical flasks (i.e. each flask contained 0.5 ^6u)

t

to each of which 240 ml distilled water was added. 
Thirty-day-old brin^al plants were placed in conical. 
flasks (one plant/flask) in such a way that the root 
portion of the plants were fully immersed in the 
radioactive solution (Plate 4). The plants were all
owed to absorb for a period of 36 h. They were 
then removed from the flasks and after washing the 
roots in distilled water the plants 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 5a). The flasks and plants were 
kept inside a cylindrical cage and allowed to feed 
for two days (Plat;e 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 taken out from the oven and 1.0 ml Llpo luma 
solution was added to dissolve this material follow
ed by di-acid digestion (HNo^-HClO^). After digest
ion, the volume of the digest was brought to 200 ml 
with distilled water and . . radioactivity was deter
mined by Cerenkov counting technique in a microprocesser



Plate 5 (a) IJysnphs of 4* aaasypii on leaves of <P 
labelled brlnjal pleats

32

goPlate 5 (b) Drinjal plant ( ^p labelled) having 
A. goaavpii kept inside cylindrical 

3©s to assess feeding rate of the 
sect



Plate 3(b)
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controlled liquid scintillation system (Rack beta of 
IiiB Wallac). The feeding rate was assessed indirectly 
’from, .' counts for the respective treatments.

c) A, b. bigut tula

The procedure employed for &• gossvpil was 
also followed for A. b. biguttula

3.1.3* The influence of topical applications ox huu-auuhuj. 
concentrations oh the sex-ratio, reproductive poten
tial, duration of immature stages and adult longevity

a) H, £8 punctata 

Sex-ratio

The number of adult males and females develop
ing from 50 grubs surviving from sub-lethal treatments 
were reared till becoming adults and their -'sex- 
ratio (female:male) was then worked out.

R e p r o d u c t i v e  p o t e n t i a l

The sub-lethal doses of the insecticides were 
topically applied on the freshly moulted last instar 
grubs under potters tower at 10 kg/cm2 pressure. Grubs 
treated with BEW and distilled water served as controls.



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* Treated 
grubs were dried under the ceiling fan for 15 rain, 
and were then carefully transferred 6n to fresh brin- 
jol leaves. A pair of male and female Insects was 
separated and this was confined in labelled petri- 
dishes. Fresh brinjal leaves and cotton swabs with 
honey were provided as food for the adults (Plate-6). 
The number of eggs deposited per female in success
ive days was recorded and the fecundity rates were 
thus worked out.

The number of days from egg laying to egg 
hatch was expressed as the incubation period.

For determining the egg hatch percentage leaf 
bits with egg masses having 100 numbers of eggs from 
each treatment were cut out with a fine pointed scis
sors carefully without causing any damage 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. The mean number of days taken 
by the grubs to reach the pupal stage was expressed 
as the larval duration,

b) A. gpssvpil 

Reproductive potential

To study the effect of topical application of 
decaraethrin and carbaryl at their sub-lethal concen
trations on the reproductive potential of A, gossvpli. 
the test insecticides were applied topically on the 
last instar nymphs at 5 ml/replicate/treatment under a 
Potter's tower. Insects treated under the Potter's 
tower with BEW and distilled water served as controls. 
The initial number of insects in each replicate was 
so fixed at relatively higher levels in such a way as 
to get at least 10 survivors in each lot. After twen
ty four hours of treatment 10 survivors from each of 
the treated groups were drawn out and these were then 
transferred to 30-day-old potted brinjal plants. These 
plants were confined in cages with wooden frames



(60 x 60 x 90 cm) and covered with polynet having .25 
meshes/cm2(Plate 7). As the adulta started reproduc
ing, the progeny production was counted at intervals 
of every 2k h to assess the reproductive potential. 
The young ones after counting, were removed from the 
plants leaving the adults to reproduce on the plants 
and thereby to realise the full reproductory poten
tial.

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

The number of days taken by the adults from
i

emergence till death was expressed as adult longevity

4* bl gut tula

S e x  r a t i o

For determining sex ratio, nymphs obtained 
from the adults which had emerged from fourth instar
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nymphs previously exposed to sub-lethal doses of the 
insecticides were used. When the nymphs attained 
adulthood,10 individuals were sexed and the sex-ratio 
(fepsle: male) was then worked out.

Reproductive potential

Healthy apical shoots of the brinjel plants of 
uniform growth and development were kept in an upright 
position inside specimen tubes of size 10 cms using 
cotton plugs. Small quantities of water were kept 
inside the specimen tubes to keep the shoots turgid 
and without fading. These were transferred to eight 
glass Jars (13 x 13 x 20 cma) (Plate Q). Ten females 
of A. b. bjguttula aged 8 days which had been exposed 
to different sub-lethal concentrations during their 
last nymphal instar were drawn out and then transfer
red into the shoots kept under confinement in glass 
Jars covered with muslin held in position hy rubber 
bands. The Jars were kept at room temperature under 
fluorescent tube light continuously for 24 h. After 
this period, the insects were removed and the plant 
parts were treated with lacto-phenol reagent, to 
render the plant tissue transparent and thus to locate 
the eggs which were deposited into the plant parts



Plate 6 Ovipositicn cage for H, J!8 nunctafca

Plate 7 Cage used to assess the reproductive' po
tential of A. qoasvpii

Plate 8 Oviposition cage for A. b* biouttula



Plats 8 | Plate 7 Plate 6
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clearly visible. The number of eggs deposited in the 
shoots belonging to different treatments were thus re
corded to assess the influence of the sub-lethal doses 
of insecticides in the test insects.

The procedure for calculating the nymphal dura
tion was the same as that was described earlier for A 
gossvpli. The procedure for studying adult longevity 
of b. bjguttula was same as thet described for A.
ffgaszpJA*

3,1.A. Effect of sub-lethal concentrations of decamethrin and 
carbaryl on the reproductive potential on and F2 
generations.

The aim of these experiments was to assess the 
effect of treatment of the parental, and the F^ emer- 
gents with decamethrin and carbaryl at their sub-lethal 
concentrations. The effects of such treatments were 
studied mainly in terms of progeny production.

a) H. £8 punctata

Lots of fourth instar grubs (final instar) drawn 
from the stock culture were treated topically with sub- 
lethal concentrations of the two test Insecticides (sec
tion 3.1.i 3. a,) and they were reared on brinjal leaves
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until pupation in petridlshes. 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 fecundityf egg 
hatching percentage, larval duration and adult longevity 
of the treated parental generation as well as the F^ and 
Fg 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 . £pjBaa&jL

The fourth in star nymphs of A. gossvpll emerging 
from a parental population exposed to the sub-lethal con
centrations of the two test insecticides 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 described in section 
3*1.3.b* The data on progeny production in the F^ and 
Fg generations were recorded in this experiment to assess 
the impact of successive treatments with the two teat 
insecticides at their sub-lethal concentrations.

c) A. blguttula

Procedure followed under section 3*1*3*c. was 
adopted here too* Fourth instar nymphs emerging out from



53

a parental population exposed to sub-lethal concentra
tions were again exposed to the seme sub-lethal con
centrations,. She data on progeny production in the 
and Fg generations were recorded in this experiment to 
assess the impact of successive treatments,

3.1.5. Effect of sub-lethal concentrations of decamethrin and 
carbaryl on the survival of the adults of insects

In this experiment, the adult survival percent
ages of the test Insects were studied to assess the 
impact of treatment with sub-lethal concentrations of 
the insecticides on the pattern of survival of the in
sects.

a) &• J2§ p m c t a M

Fifty numbers of last instar grubs of this in
sect were topically treated with the sub-lethal concen
trations of the two test insecticides and on adult em
ergence, three replications each containing five pairs 
of adults were run. The adults were confined in pefcrl- 
dishes end fed with brin^al leaves of uniform age and 
texture. The replicates were kept under continuous 
observation and date on the number of survivors were 
recorded on every alternate day for upto 20 days after 
emergence, and expressed as per cent survival.
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From among the fourth instar nymphs of A.gossvpil 
treated topically with the two insecticides at their 
sub-lethal concentrations, three replicates each con
sisting of 50 individuals were drawn out and these were 
confined on caged brlnjal plants aged 30-35 day. The 
replicates were kept under continuous observation. The 
nymphs emerging out in the cages were removed at inter
vals of 8 h using the wet bristles of cemel heir brush 
to retain only the adults. The date on the survival of 
adults were recorded at intervals of Zh h for e total 
period of upto 5 days*

c) A. biguttulQ

The same technique as detailed under A. gossvolj. 
was adopted for A. b. bigut tula.

3.2. Field studies

The field experiment was conducted during the 
autumn season in the Instructional Farm of the College 
of Horticulture, Vellonikkara during 1985, adopting a 
randomised block design with three replications. Uniform

*0
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sized 25-30 days-old brinjal seedlings of the type SM-6  

were planted at a spacing of 60 cm* The gross plot si2® 
was 3,5 x 2*4 n« A H  the cultural operations except 
plant protection measures suggested in the Package of 
Practices of Kerala Agricultural University (19B4) were 
followed.

The treatments were as follows1 

Decamethrin 1C 5

*2 " “ 10
T3 " ^ 2 5
T , ti LC 50
T,- Carbaryl LC^

t6 ” “ 10
t ?  » w 2 5

T  15 LC3 ^ 5 0
Standard field dose (Q.005&) for deca- 
methrin

T10 Standard field dose for carbaryl (0.20%) 
Control \<ri.th BEW 
Control with distilled water

The first spraying was applied one month.' after transplan
tation. The second and third rounds of sprayings were 
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 and the post-treat- 
ment data were taken one week after insecticidal appli
cation* Six plants at the centre of each plot formed 
the observational unit*

3*2*1* Assessment of pest distribution

a) H. jmct&te

For recording the occurrence of eggs and inci
dence of grubs and adults, 10 leaves of medium growth 
stage were selected at random from each of the six ob
servation plants*

b) A. gossvpil
One tender leaf from the top, middle and bottom 

portions of each of the six observation plants was sele
cted at random and the number of aphids occurring on all 
the three leaves was directly counted to represent the 
population load. Counts of adults and nymphai stages 
were recorded from each leaf after gently turning the 
leaf to expose the ventral aspects of the lamina hori
zontally,

c) A. £>. bjguttula

The general procedure followed for recording 
population of A. b. blguttula was the same as in the



case of A , gowavnll. Since the adults and the nymphs , 
particularly the former were very agile with leaping 
movements, particular care was taken in taking the ob
servations after turning the leaves in an extremely 
gentle manner without dislodging the individuals, The 
adults which tended to fly off from the sampling unit 
were also counted and recorded,

.2, Plant growth attributes

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

a) Height of the plant

Height measurement was taken at the end of 10 
days after treatment using a metre scale,

b) Canopy/spread of plant

The full canopy/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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c) Number of branches

The number of fresh branches appeared 10 days 
after the application of insecticides was recorded,

d) Yield

Number and total weight of fruit harvested at 
weekly intervals were recorded.

3.2.3. Presence of natural enemies

The pattern of occurrence of natural enemies 
after application of sub-lethal doses of insecticides 
was recorded•

3.2.4. Residue analysis

The residues of the insecticides in fruit har
vested from plants treated with the sub-lethal doses of 
the insecticides were assayed chemically.

Detection of carbaryl residues

The simple colorimetric method suggested by Ben
son and Finneachiaro (1965) was adopted to detect carba
ryl residues.
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Reagents and chemicals used for the assay were the fol
lowing!

a) Acetone
b) Kethylene chloride
c) Activated charcoal
d) Anhydrous sodium sulphate
o) Coagulating solution! 1 g of ammonium chloride 

dissolved in AGO ml of distilled water and add
ed 2 ml of orthophosphoric acid

f) Alcoholic potassium hydroxide (56 g of potassium 
hydroxide in 1 litre distilled ethanol)

g) Chromogenic reagent: saturated a cold mixture 
of 25 ml of ethanol and 2 ml of glacial acetic 
acid with para nitrobenzene diasonium fluoborate 
(about 25 ®g) by mixing thoroughly for 2 or 3 rain, 
Filtered through Whatman No.1 filter paper and 
kept cool*

Preparation of sample solution

Twenty five grams of the fruit sample was weighed 
and transferred into a conical flask (250 ml). Acetone 
was added Just to soak the material which was kept for 
24 hours. To this, methylene chloride was added and the 
contents were shaken in a shaker for half an hour. To



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 
was made upto 100 ml. This extract was allowed to 
evaporate in a beaker© The contents were washed with 
acetone C10 ml) which was transferred to 25 ml volume
tric flask. Fifteen ml of the coagulating solution 
was added to this and the volume was made upto 25 ml 
with 10$ aqueous acetone© Five ml of this was then 
transferred from the flask to 33 19 tubes© It was 
then placed in ice bath below 4°C, It was then set 
for 5 min. after adding 2 ml of alcoholic potassium 
hydroxide by gentle swirling. Then 1 ml of acetic 
acid was added end was again shook for a while imme
diately. One ml of cold chromogenic reagent was add
ed to develop colour. The absorbance was determined 
at 477 nm (wavelength observed to give the maximum 
absorbance) against a blank prepared from the fruit 
harvested from control plots.

Statistical analysisS

The data collected in various experiments were 
statistically analysed by following methods outlined 
in Pense and Sukhatme (1957), The LB;-, LD^q , and 

values of the insecticides were worked out by the
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method described by - Finney (1952), Values were trans
ferred into corresponding angles (Arc sine transformat
ion) or to square root values on e need based manner and 
analysis was done* The control obtained due to insectici
dal treatments was assessed over the post treatment counts.

Duncans multiple range test (DHRT) was applied for 
comparing the treatment means. Letter designation was 
applied for comparing the treatments.

Ihe various laboratory experiments were carried 
out at ambient temperature and humidity conditions indi
cated in Appendix 1.



Results



4. RESULTS

4.1* Sub-lethal concentrations of insecticides to test 
insects

The LD,.* ID<|Qt ^ 2 3  LI>50 valuos of deca-
methrin and carbaryl to the three test insects* epi- 
lachna beetle H. jgs punctata, brinjal aphid A. gossvpii 
end the brin^al hopper A. bi gut tula are presented in 
Table 2. At LD^ level decemethrin showed 1*00000* 
1*76470 and 1*31250 per cent more toxic stimulus as 
compared to carbaryl for the insects H. £8 punctata.
A. gossvpii and A.jj. bi gut tula respectively. At the 

l^25 and ^ 5 0  ^eve^s also the incremental toxic 
potency of decomethrin was pronounced.

4.2. Biological effects of sub-lethal concentrations of in
secticides on the test insects

4.2.1. Effect of treatment with sub-lethal concentrations on 
orientation

The influence of sub-lethal concentrations of 
insecticides on the orientation of the three test in
sects ore presented in Table 3.
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Table 2* Sub-lethal doso3 (H>g# LDj q* l£>25 and l£>s0) 
of decemethrin and carbaryl to test insects

Dose - rag/10 insects
Insect Insecticide

5 10 23 SO
f

li* 28 Decaisethrin 17 x IQ**3 67X10*9 taio**7 97x10**°
nu netata Carbaryl iTxier5 105:2.0"3 98saO*S 02xl0**4

(2000} (269) (107) (85)

& •qossvnii Decamethrin 17:̂ 10“̂ 13xl0“7 18x10**° GGxlO"6

Carbaryl 3x10**4 27S&0*4 43xl0**4 68xl0**4
(1765) (2300) (239) (112)

A. b* Decamethrin 
oiquttula

165:20"° 27x20**° 2 9>:10*“7 IGxlO**6

carbory2 22X10*3 49xlQ“5 45xi0*"4 G4X10**4
(2313) (2015) (2360) (400)

Figures in parentheses denote number of tines increase 
in a given dose of carbaryl over de-cam cthrin.



Sable 3* Sub-lethal effects of insecticides on the orien
tational response of insects

Durbar of insects
I t e o c t t -    * -----------------cldc {id) — * J2, yvuncfcota A. cossvpll A.b* blgufctula

became— S 12.90 d 13.67 e 7*00 ethrin
10 9*63 C 6.67 cd 4.10 bed
25 6.85 b 4.33 obc 4*17 bed
50 4*06 a 2.00 ab 1.97 ab

Carbaryl 5 13.57 a 13.33 e 4*93 d
10 O.GG be 0.00 d 3*27 abed
25 4*81 Q 3*67 abc 2*10 abc
50 4*09 a 1.00 a 1*63 a

Chech (DEW) 17*62 6 22.00 £ 9.30 g£
Chech (Plain) 16.67 q 22.67 £ 10*73 £

The values followed by cccmon letters vifchln a column ore 
not significantly different at B% level (DMKT)



a) H. 2£ R W S & t e

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 significantly higher than with that of any 
of the insecticidal treatments# Among the different 
treatments there was a significant difference between 
the number orientating towards substrates which receiv
ed lower and higher sub-lethal concentrations. The 
lowest concentrations of the two insecticides did not 
show significant differences. In the case of decame- 
thrin, the number of H. £Q punctata alighting on planti 
treated with the LC^g concentration was distinctly low
er than all the lower doses of L D ^ a n d  LD^. In 
the case of carbaryl also the trend of orientation was 
almost similar* the number alighting on the treatment . 
with LD^q being significantly lower than in the case 
of LD,jq and LD*. treatments*

b) A. gog.syp-ii

The orientational response of A. gossvpii was 
basically similar to H.. £8 punctata.



The number of aphids moving towards treated 
leaves at the end of seven jh showed that, the odour 
from the residues of both insecticides sprayed at 
their sublethal concentrations on the leaves did not 
elicit specific positive orientation response of 
aphids. The number of aphids alighting on treated 
leaves was significantly lower than in control. The 
minimum number of aphids settled on leaves treated 
with carbaryl at L&cjq dose and this was lower than 
in the cose of all other sub-lethal doses except de
cs me thrin at LD^q ,

\

c )  A . b .  b i f l u t t u l a

In respect of the number of hoppers alighting 
on treated leaves the variations were significant.
The number of hoppers settling on decamethrin treated 
leaves at UD^ level was on par with the control with 
BEW, At LD^q concentration of both insecticides, 
there was least attraction. The number of hoppers 
collected from leaves treated with the LD^q and LD2^ 
doses for each of the test chemicals showed no signi
ficant difference.



4.2.2. Effect of treatment with sub-lethal concentrations of 
insecticides on the extent of feeding

The differential rates of feeding of H, 28 
punctata on exposure to different sub-lethal concentra
tions of the two test insecticides are presented in 
Table 4 and that of A. gossvpll end biauttulg in
Table 5.

a) H. £8 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 Insecticides 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 and 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 levels end
these were on par for both insecticides. At LD^ and 
LD^q levels the feeding rates were on par.

fc) goaagRij

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



Table 4* Differential feeding rate c£ n, ^3 mnetata 
grubs on substrates treated with sub-lethal 
doses of insecticides

Insecti
cide

Lethal
dose Area fed 

£3q*nn)
Per cent in
crease or de
crease over 
check

Deconie-thrin
S
10

344.09 Cd 
411*94 d

(-) 40,27 
(-) 23.67

25 232*77 tib C~) 59.70
00 164*44 a (-) 71.53

carbaryl 5 336*95 cd (-) 41.65
10 422*50 d <-> 26,84
25 233,61 be (-> 50.02
50 214*03 ab <-) 62.90

Untreated
check (QES-j) 530,20 Q *»

H (Plain) 577.50 e -

The values fallowed by a cceaoo letter are not signi
ficantly different at G?S level (DI!KT) .
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Table 5. Differential feeding rate of A. gossvoli and A*
blauttula treated with sub-lethal doses of insecti
cides.

A. ^OBSVPii A. . biguttula
Insecti
cide

Lethal
doss

cpns/50
insects

percent
increase/
decrease

over
check

cpm/50
insects

percent
increase/
decrease

over
check

Decame-thrin 5 6.46 c
(640.33)

- 4.07 , 9.09.g 
(8830.79)

+ 2.22

10 6.96 d 
(1051.53)

+ 2.5Q 8.41 e 
(4509.76) - 5.34

25 5.89 b 
(361.77)

-13.16 , 7.94 c (2807.36) -10.68

50 5.42 a (225.65)
-20.11 7.24 a 

(1391.31)
-18.57

Carbaryl 5 7.09 d 
(1207.13)

♦ 4.61 8.75 f 
(6310.69)

- 1.56

10 6.73 cd 
(833.81)

- 0.84 8.1Q d 
(3568.85)

- 7.98

23 5.45 a (233.46)
-19.61 , 7.75 b 

(2326.22) -12.79

50 5.09 a 
(162.39)

-24.96 . 7.14 a 
(1257.65)

-19.70

Untreated
check BEW 6.75 cd 

(854.91)
- 8.07 f 

(7129.53)
-

• Plain 6.78 cd 
(802.71)

- 8.89 f (7251.76) -

Figures in parentheses are the retransformed values. Values 
followed by common letters within a colunn are not significantly different at level (DMilT)
Analysis was carried out after square root transformation
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of the insecticide In terms of the radioactivity counts 
varied significantly between treatments * Decomethrin at 
LD^q and carbaryl at LDj- showed a slight increase in feeding 
rates by 2*5 and 4,6 per cent respectively but it was 
not significantly different from the untreated checks 
(Fig.2). A significant reduction in the feeding rates 
was noticed at the highest sub-lethal level tested in 
which case the decrease was by 20*11 and 24.96 per cent 
respectively for decaraethrin and carbaryl as compared to 
the untreated check* At LD^q level of decaraethrin the 
feeding rate was distinctly lower than at dose end 
such a dose dependent reduction in extent of feeding 
was not manifested in the case of carbaryl*

c) A. bj, bl gut tula

Indirect assessment of feeding rates of A, b* 
biguttula as Influenced by treatment with sub-lethal 
concentrations of insecticides recorded as ^ P  counts 
showed that decaraethrin stimulated feeding in the nym
phs at its lowest sub-lethal level of LD^* Here, the 
per cent increase in feeding was by 2*22 over the un
treated check (Fig 3). Carbaryl at dose showed 
a slight per cent reduction in feeding rate and at 
this dose the feeding rate was statistically on par 
with the untreated checks* All the other treatments
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resulted in reduction o£ feeding which showed an in
creasing trend at incremental doses of insecticides*
The nymphs exposed to LD^0 concentrations of both in
secticides showed minimum feeding activity with 0 re
duction of 18.57 and 19.10 per cent respectively for 
decamethrin and cerbaryl.

4.2.3. Influence of topical applications of sub-lethal con
centrations on the sex ratio, reproductive potential, 
immature stages and odult longevity

a) H* £0 punctata

Sex-ratio

The influence of the two test insecticides at 
their sub-lethal concentrations on the sex ratio (fe
male: male) of the population (Table 7) did not show 
marked fluctuations. At the LD^q dose of carbaryl, 
there was 36,79 per cent reduction in the proportion of 
females while the corresponding Reduction for decame
thrin was 20.21 per cent. The increase in the proport
ion of females (70.94 per cent) at level of decame
thrin as compared to the proportion at LD^Q of carbaryl 
was quite significant.

Reproductive potential

The influence of topical application of sub-lethal
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concentrations of the two test insecticides on the 
reproductive potential of H. £8 punctata are present
ed in 'fable 6.

The topical application of sub-lethal concen
trations of decamethrin and carbaryl on the last in
star grubs of H. £8 punctata showed similar effects in 
the adult emergents in respect of the number of eggs 
deposited. It led to reproductive stimulation of re
sulting adults, the dose for maximum stimulation be
ing different for the two insecticides. Adults emerg
ing out from the grubs surviving the treatments with 
decamethrin at its first three sub-lethal concentrat
ions (LDj-, LUjq and ^ 25  ̂registered a significant 
increase in the reproductive rate which was higher than 
*hy of the corresponding sub-lethal concentrations of 
carbaryl. Those adults from treatments with decame
thrin at LDgt- produced the highest number of eggs 
(9^7.75 eggs/female) the increase in fecundity being 
56.76 per cent over the untreated check (Fig 4a). But, 
for carbaryl, among the above three sub-lethel levels, 
the oviposition by the adults from LD^ remained with
out any significant change as compared the untreated 
checks* For both test insecticides, at LD^q there was 
a reduction in the average number of eggs laid. The 
lowest fecundity recorded was 90.55 eggs/female for the
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adults emerging out from grubs subjected to treatments 
with carbaryl at iDgQ(Fig 4b), This was a 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- 
lethal doses differed significantly* A notable decre
ase in the incubation period was detected in the eggs 
deposited by adults surviving the lowest sub-lethal 
level and with an increase in the concentration, the 
results were quite contrary (Table 6)* Treatments 
with LDg 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 
earlier than those from untreated check. The incubat
ion period on on average was extended to as long as 
116.88 h as compared to 88,16 h over the untreated 
check (Fig 7) at LD^q of decamethrin, the per cent 
increase being 32.57* Similar reduction in incubat
ion period were also rendered out by treatments with 
LDc- and LD^q concentrations of carbaryl* The incubat
ion period was still lower here at LD^ which was only



Table 6. Effect of sub-lethal concentrations of insecticides on the reproductive 
rate# incubation period and per cent egg hatch of B* £0 punctata

Insect!- Lethal
— — -

Ko.of eggs/ Tranaforra-
Incubat*
Ion par- . . .  SPS tla^cl2 .

Per cent— Transformedcldo dose female cd values zoa age * values
Decane-
thrin 5 603*58

(31*17)
25.76 © 83.60 b 

(-5.1?)
71.30
(-17.02)

45.48 b
10 761.93

(40*55)
27*60 €J 96.72 c (9*71)

79.17
(-6*19)

51.41 ab

25 947*78
(56.76)

30*79 £ 98.58 c 
(11.79)

92.09
(22.36)

67.06 d

50 223.09 
(-23.95)

14.94 b 116.88 d 
(32.57)

78.80
(-5*11)

52.00 sib

Carbaryl 5 389*58
(0*56)

19.75 c 75.20 a 
(—14*70) 77.42

(-7.43)
50.74 a

10 436.60
(6*40)

20*90 c3 85*04 b 
(-3.53) 86*52(9.31)

59*91 bed

25 473.32(10.90} 21.70 a 88.56 b 
(0.45) 87*53. (11 .'45)

61*08 Cd

50
untreated 8&l 
checb

90.55
(-30*23)
304.47

9.52

19*61

a

c

100.80 c 
(14.34)
86.64 b

72.90
(-16.42)
00.10

46.80 a 

53*23 abc
a Plain 385.69 19.64 c 88.16 b 81.72 54*31 abc

Figures in parentheses denote the per cent increase or decrease over untreated
check. Analysis was carried cut after square root transformation*
* Arc slno transformation i;ao done *
The values followed by common letters within a column o r e  not significantly dif
ferent ot 5% level (DbiiT)

oo
CD



Sable 7, Effects of sub-lethal concentrations of inse
cticides on the larval duration and sox-ratio 
of h . £0 punctata

Insecticide lethaldose
Larvalduration
(h)

3e:i-ratio 
(Female* ma]

Decamethrin 5 502*67 £ (30.05) 3.67 b (70*94)
10 468.67 a (40.74)

2,58 ab (*20,31)
23 410*67 C 

(23*32)
i',88 ab 
(<•14*62)

SO 330*33 a(-0.80) 1,71 db 
(-20*21)

Carbaryl 5 470*33 © (41,24)
2*46 ab (14,72)

10 4 4 0 .0 0 a
(32.13) 2,81 ab (30,88)

2S 384,33 fe (13.41) 2.02 eb (-6.05)
SO 334,00 a (*0,30) 1*36 a (-36.79)

untreatedcheck <EBf) 333*33 a 2.26 ab
(Plain) 333.00 a 2.15 ab

Figures In parentheses denote the per cent Increase/ 
decrease over untreated check
Values followed by a comaon lofeter within a column are 
not significantly different at 5& level (DMR3?)



75*2 h. The increase at ID^q was 100*8 h which was 
by 14.3** per cent over, the untreated check*

Egg hatch

In respect of the egg hatch p treatment with 
the two test insecticides showed significant impacts*
There was a significant increase in egg hatch at 
for both the toxicants and also at LD^q  dose of carba
ryl (Table 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 larval duration for the dif
ferent treatments was between 330*353 to 502.667 h (Fig 9), 
The maximum larval period was by those exposed to deca- 
methrin at LD^.

The influence of sub-lethal concentrations of 
the test insecticides on the larval duration was mani
fested in the form of a significant increase in the 
larval duration of the offsprings from different treat
ments except in those emergents from exposures to LD^q 
of both chemicals (Table 7).
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b) A, goesypll

Reproductive potential

Attempts to artificially induce oviposition in 
the apterous adult females of A. gossvpli by exposing 
them to stress situations involving food scarcity un
der caged conditions were not found to be successful.
A series of trials conducted under confinement of A, 
gossvpli have showed that under stress conditions im
posed by food shortages as well as under favourable 
conditions, parthenogenetic vivipary was the dominant 
mode of reproduction in gossvoil. Therefore, the 
progeny production was recorded as a measure,of the 
reproductive potential of the aphid.

Topical application of some of the sub-lethal 
concentrations of decamethrin and carbaryl on the last 
instar nymphs of A. goasvpll led to reproductive stimu
lation in the adult emergents. At LD^ and LD10 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 999.38r.. from those surviving LD^ decamethrin 
treatments, the per cent increase being 57.9. At LD^q 
of decamethrin the increase was by 20.41 per cent over
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the untreated check (Fig 5 a). In the case of carbary! 
the improvement in fecundity was not as strikingly mani
fested as in the case of decamethrin. With carbaryl the 
number of nymphs was highest at - the per cent in
crease over untreated check being 40.65 and at the 
increase was by 20.92 (Fig 5 b). However* aphids surviv
ing the treatments with and LD^q concentrations of 
both chemicals resulted in the production of nymphs the 
total numbers of which were on par with the untreated 
checks (Table 8).

Nymphal duration

The duration of the nymphs emerging out from the 
adults subjected to topical applications of sub-lethal .. 
doses of the test chemicals in their last instar nymphal 
stages ranged from 163.6 to 201.366 h (Table 6). The 
total nymphal duration showed significant treatment dif
ferences. Aphids completed their nymphal stage earlier 
at all the tested sub-lethal doses of decaraethrin and 
the two lower doses and of carbaryl. At LD^f 
the shortening of the nymphal duration was 16.05 and 
14,90 per cent respectively, for decamethrin and carbaryl 
as compared to checks (Fig -jo). However, a prolongation 
in the duration at the two sub-lethal doses of L D ^  and 
LD^q of carbaryl was noticed, but this was not signifi
cantly different at 5 per cent level from controls.



Table 8, Effect of sub-lethal conccntratioas of insecticides on the reproductive 
sate, nymphal duration end adult longevity of A» aosgynil

Insecki—
ccide

Lethal
dose

Reproductive rate
lio. of nyra— Per cent 
phs/10 apl-d.de increase/

decrease
over
check

Ilymphal duration
Per cent 

Hours increase/ 
decrease 
over che
ck

M ult Ion' 
• gcvity (h

Decame
thrin

S ,3'i.Oi & 
(999*30)

57.90
/

163.60 0 -16.05 374.40 c

10 24*11 c 
(501*19)

20.41 173.27 ab -11.08 341*37 be

25 10.95 b (397.92) —0.36 170.00 ab -12.76 327.43 b

50 19.35 b  
(374.50)

-3.33 181.20 b - 7.01 280.56 a

Carbaryl 5 20.16 a
(792.93)

40.65 165.03 a —14*90 323.30 b

10 24.21 C (586.07) 20.92 177.85 b — 3.73 311.20 ob

25 17.69 b 
(313.18)

-11.61 200.23 c •I- 2*75 322.96 ab

50 10.32 a (106.39)
—40.40 201.37 c •I* 3.34 310.64 eflb

untreated
chcch n m 19.08 b 

(395.17)
194.53 c 319.20 al

« Plain 20.04 b 
(400.84)

194.87 e 329.36 b

Figures in porontheses denote the retronofonaect values. The valueo followed by
common letter3 vifchin a column are not significant at 5?S level tT>r-ing)
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The effect of topical application of sub-lethal 
concentrations of the test Insecticides on the longevity 
of adults of A. gossvnil is presented in Table 8* The 
adult aphids in control showed the maximum life-span of 
329*36 h. Vlith decamethrin at LD^q there was a signi
ficant reduction in the adult longevity as compared to 
the untreated check* In this case the adults lived for 
a mean of 280.56 h as compared to 329*36 h In control 
(Fig 11)*

c) A* b, blauttula 

Sex-ratio

The influence of sub-lethal concentrations of 
decamethrin end carbaryl on the sex ratio (femaleimale) 
of _A • b. bl gut tula showed appreciable changes (Table 9)* 
There was a shift towards males at L D ^  concentrations 
for both insecticides and LD^q of decamethrin* At LD^ 
of decamethrin a strong shift in favour of females was 
recorded* Decamethrin at and carbaryl at LD^ also 
resulted in more number of females* The ratio was on
m r  wi t:h ltn+rvan+od air. nfchesY* ■hîn i'aa-hetri 1 o\r*>1 n

Adult longevity



Table 9. Effect of sub-Icthal concentrations of insecticides cn the reproductive 
rote# nymphal duration# adult longevity and ocr ratio of A* b, biHuttala

fecundity Hyraphol Adult Sex ratio
inoecti- Lethal Lfo.of egga Transform- duration longevity
eide doso laid/10 £e— ed values

males in

Decorae-
thrin 5 218,36

(25,05)
14.73 c 140.80 © 

(12.10)
259.20 c 
(107.69)

2.87 a (115.10)
10 276,52

(41,62)
16.63 a 132.00 de 

(5.1)
16G.40 b 
(33.33)

1,77 be 
(32.56)

25 113,29(-9,35)
10.64 a 110.40 od 

(-12.10)
152.80 b 
(22.44)

0.09 a 
(-33.23)

50 106,01
(-12.31)

10.29 0 61.60 a 
{-SO.965

70.40 a 
(-43.58)

1.17 ab 
(-12.45)

carbaryl 5 171.14
(11.41)

13 .03 b 101.60 be 
(-19.1Z)

246.40 c 
(97.44)

2.03 c (52.51)
10 163.40

(0.09)
12*79 b 114,40 cde 

(-3.92)
237.60 c 
(90.30)

1.33 abc 
{-)

25 143.30
(1.95)

11.97 ob 82.40 ab 
(-34.39)

64.80 a 
(-43.03)

1,00 ab 
(-24.98)

50 140.97
(1.12)

11.07 ab 119.12 cde 
(—5,16)

71.20 a 
(—42.95)

1.33 abe 
C-)

Untreated
check

DEW 120.39 11.33 ab 128.80 cde 123*80 b 1.77 be
n Plain 137*07 11.74 ab 125,60 cde 124.00 b 1.33 abe

Figures in parentheses denote per cant increase or decrease over untreated check.
Values followed by common letters within a column ore not significantly different 
at S% level (DliRT)
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Reproductive potential

Ten day old adult females were exposed to ter
minal 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, gossvpii did not succeed for A, b. biguttula 
due to failure of realising the fecundity potential 
under continuous laboratory rearing from treated nymphs#

The rate of reproduction of the hoppers exposed to 
four sub-lethal concentrations of the two insecticides 
released on plant parts in Zh h.was thus recorded (Table 9). 
There were significant differences among the different 
treatments in respect of fecundity. Decamethrin at two 
lower sub-lethal levels could be ranked as LD^ and 
In the descending order in terms of fecundity levels ra- 
alieed (Fig 6a). The differences between the doses^LDg^ 
and LD^q were not significant. At the and Ld^q
levels, there were reduction in fecundity to the t %e of 
9®35 and 12.31 per cent over coiitrol but the differences 
from control were not significant. In the case of carba
ryl, for and LD,-q levels, the mean number of eggs 
deposited were on par with the untreated check (Fig 6b),
The two lower levels of LJĴ  and LD^q , however, showed 
a slight increase in oviposition to the extent of 8.89
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and 11.41 per cent over control at LD^q and LD^ respect
ively* But in this case the differences with the con
trol was not significant*

Nymphal duration

It was found that topical application of the 
sub-lethal concentrations of decamethrin had a direct

i

influence on the nymphal duration of the resulting off
springs than in the case of carbaryl (Fig 12). The 
duration of the nymphal stage was maximum in the case 
of survivors from the treatments with decamethrin at 
LDcj (140*80 h) and this was minimum at LB^q (61.60 h) 
level* the difference between the four tested sub-lethal 
levels of decamethrin being statistically significant 
(Table 9)* In the case of carbaryl treatment, the nym
phal duration at sub-lethal doses showed relatively 
less amount of variation as compared to control. The 
LD10 and I*D,-q levels were on par with the untreated 
check, while ID,- and LDg^ has showed a significant 
reduction in the nymphal duration over the untreated 
check.

Adult longevity

There was a significant difference in the lon
gevity of the emerging adults which were topically
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treated with the four sub-lethal concentrations 
of the two test insecticides during their last nym- 
phal instar (Table 9). Adults lived for. a shorter 
time at the highest sub-lethal concentrations of both 
chemicals* On an average» tha hoppers lived for only 
70.40 h at LD^q of decamethrin and for 74.8 and 71*2 h 
respectively at I D ^  and LD^q of carbaryl (Fig 13).
But a remarkable prolongation in the adult duration

i

was recorded at treatments of decamethrin at and 
carbaryl at LD^ and LD^q . They lived up for a con
siderably longer periods of about 107*69 per cent more 
than the untreated check when they were topically ex
posed with LDg, concentrations of decamethrin.

4.2*4. Effect of application of sub-lethal concentrations of 
decamethrin and carbaryl on the reproductive rates of 
the and F2 generations*

a) H. £8 punctata

Fecundity

The effect of exposure of sub-lethal doses of 
the two insecticides on the reproductive rate of H. 28 
punctata up to three generations is presented in
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Table 10* The treatments In all generations showed sig
nificant differences. Between the generations also 
there was a significant difference in their reproduct
ive rate. In general, the fecundity of H. £8 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 generat
ion alone, decamethrin end carbaryl at IAjq registered 
a very low reproductive potential. For both insecti
cides, at the three lower sub-lethal concentrations 
tested, there was a perceptible increase in the mean 
number of eggs deposited. Maximum number of eggs wore 
produced by those adults which had emerged out from 
treatments with L D ^  of decamethrin, in which case it 
was 145.74 per cent higher than in the untreated check.

In the F^ progeny, increased egg production 
was noticed at all the four sub-lethal concentrations 
of decamethrin. The treatment at which this trend 
showed more prominence was LD^ of decamethrin. The



Table 10* Effect eg successive application of sub-lctftal doses of decamethrin and! carbaryl on 
the reproductive rate of ft* punctata. ©a the and generations

T o t a l  n u r t i b e r  o f  e g g s  d e p o s i t e d  b y  a  f e m a l e  
Xoscctl* bethel *»«..*** *•. . *» *» ^
c i d e  d o s e  P a r e n t  P 2

P e r c e n t a g e  »«**.- P e r c e n t a g e  i n -  P e r c e n t a g e  in-
i f c j s ib e r  i n c r e a s e /  S ta r f c e r  c r e a s e / d e c r e a s s  i f a r d b e r  c r e a s e / d e c r e a e e

tm + ►  e » . * • »  m* « * -  * »  mm mm m* e v  mm
decrease 
over control

W > M *  «k W #  w. a n -  —  —  —  * »  —

ever control 
— 1 — 1 — >

over ccc
W * « f t  * » -

Decame
thrin 5 25.76 £ 

(663*58)
+  72.05 27.99 e 

(733*44)
+111.00 26.00 £ 

(676.05)
+  87.6?

10 27*60 g 
(761*93)

+  97*55 19*37 b  
(375.27)

+  1*07 20*45 de 
(410*3?)

+ 16*14

25 30*78 h 
(947*78)

4*145*74 22*92 cd (525*46)
+  41.52 18*02 C

(324.58)
— 9*90

SO 14*94 b 
(223.08)

-  42*16 21.12 be 
(446.22)

+  20.18 15.81 b 
(249.83)

-  30.65

Carbaryl 5 19*75 cd 
(389*98)

4* 1*11 24*49 d 
(599.66)

+ 61.51 21.59 c 
(466,30)

+ 29.44

10 20,89 da 
(436*60)

* 13*19 23.71 cd 
(562*02)

+ 51*37 19.98 c<3 
(399*20)

+ 10*81

25 21*78 Q 
(474.32)

— 76*52 16*10 a 
(259*31)

-  30.16 15.31 ab 
(234*43)

-  34.93

SO 9*52 a 
(90*55)

- 8.03 14*95 a 
(223.38)

- 39*84 13.76 a 
(189.39)

- 47.43

Untreated
check

B W 18*83 C 
(354*72)

20*05 b 
(402*16)

+ 8.31 19*06 cd 
1363.17)

" Plain 19*64 cd 
(385.69)

19.2? b 
(371.29)

18.93 cd 
(360.24)

Analysis was carried out after square root transformation*
Figures In the parentheses arq rotronsforraed values* The values within a column followed by a 
common letter arc not sigaificantlv different at 5*/, 1*00*1 fmvrco

COro
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increase was by 110,0 per cent over control. Unlike 
the parents* at LD^g levels too* there was an increase 
in egg production in the generation. Besides* with 
an Increase in the concentration from LD^ to LDg^ there 
was a decrease in the production of eggs. With carbaryl, 
a similar trend was maintained and at L r ^  and LD^q 
the progeny was still lower than the untreated check,. 
However, the increase with the lower tested levels 
of carbaryl were 61.51 and 51.37 per cent respectively, 
at LD^ and LD^q .

The resulting adults of the Fg progeny showed 
reduced fecundity at and LD^Q levels of both test 
insecticides. The capacity to produce more eggs was 
retained in the F,, generation by the survivors from the 
two lower concentrations, this being more prominent at 
LDjj of decamethrin.

Egg hatch

The influence of exposure of sub-lethal con
centrations of the test insecticides on the per cent 
egg survival up to the Fg generation is summarised in 
Table 11. Uniform reduction in egg hatch was maintained 
with the sub-lothsl concentrations of decamethrin and



Table 11* Effect of suecea3ivc application of sub-lot ha 1 doses of decsrqethrin and carbaryl on 
the per cent egg batch of n* 2£L rancfcata on the Pj. and generations

Insecti- Lethal cide dose
Parental

Pas cent ja£g^hatch_ ̂  
P.j generation P_ generation &

Per cent in- - 
,creaoe/decre- 
ase over con
trol

Per cent in— , 
crease/3ecre- 
ase over con
trol

Per cent in
crease/decre
ase over con
trol

Decame-
tbrin

5 46 .70 a- 
(71*29)

- 14.2 46*10 a 
(72.165

- 18.69 40.70 ab 
(75.13)

- 15.03

10 51.91 ob 
(78.70)

- 4.79- 52.04 ab 
(70*04)

- 9.54 52*59 h 
(79.44)

- 8*23

2S 67*85 d 
(92*61)

24*46 67.59 e 
(92.45)

* 17*50 .66.82 C (91.93)
4 16 .S9

50 53*31 abe 
(80*25)

— 2*13 52*25 ab (79.07)
— 9*18 54.30 b 

(01*21)
- 5*26

Carbaryl 5 49*83 a 
(76.41)

- 3.61 52.04 ab. 
(70.85)

- 9*53 51.97 b (78.77)
- 9.32

10 60*10 c 
(86.63)

■1* 10*24 61.09 cde 
(07.54)

4* 6.19 57*04 b 
(83*91)

- 0*47

25 58*05 ahc 
(85*58)

*V 7*94 62*54 do 
(88.73)

-fr- 8*71 67.33 C 
(92.27)

+ 17.47

untreated
check

50

SEW
49*69 © 
(75.11)
53*04 ahc 
(79*90)

— 10*69 46.30 a (72*30)
54,52 be 
(81*43)

- 19.51 41.94 Q 
(66.33)
53.73 b 
(00.63)

— 26.82

Plain 54*52 obc 
(81.43)

57*52 bed 
(S4.36)

57.31 b 
(84.16)

Analysis %ms carried out after square root transformation.
Figures in the .parentheses ore retransformed values# The values followed by a cordon letter 
within n cnTncm nr* significGntlv different at 5?$ level (DI-STcf) J, D
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carbaryl except for the IDg^ level (Fig 15). In the pa
rental populations of H. 28 punctata the egg hatcheblllty

/

shoved significant variability* but the reduction was 
perceptible only in the case of LD^ and LD^q of decame- 
thriri and and LD^q of carbaryl. In the case of LDg^ 
of decamethrin and LD^q  of carbaryl there vas increase in 
the hatching percentage over control. In the genera
tion the trends in egg hatch vas almost similar to the 
parental population. The maximum depression of egg 
hatch vas in carbaryl at LD^q and also in decamethrin 
at LDj-« There vas increase in h&tchabllity by 17.00 
per cent in decamethrin at dose. There vas in
crease in hatchabiiity at the LD^q mid dose of 
carbaryl but the quantum of increase vas only marginal 
being 6.19 and 8.17 per cent.

In the Pg generation* the Increase In egg hatch 
vas recorded only in the case of treatment with 
decamethrin end carbaryl* the increment being signifi
cant as compared to control. At the LD^q dose of 
carbaryl there was a distinct reduction in egg hatch 
while in the case of decamethrin at the same level the 
extent of reduction vas not as spectacular as in the 
case of carbaryl.
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Tha larval durations of H* 29 punctata grubs which 
were offsprings from the parents which had been topically 
treated with sub-lethal concentrations of the test insecti
cides in their last instar larval stages were recorded up
to the F- generations. In all the generations the trend2
was almost similar (Table 12) • At LD^q dose there was 
not any change in the average larval period and this was 
on par with the untreated check. With the loner sub-lethal 
levels# larval duration was extended and this was the high
est at LDg for both insecticides in the Pj and ?2 generat
ions. Decamethrin showed decrease in the total mean lar
val duration for the F^ generation for treatments at LDg# 
2jDjq and I£>23 levels; as compared to the parents# In the 
F2 generation# there was an increase in the larval durat
ion with increase in the doses through I£>10 and L D ^
(Pig 16).

A similar fall in the total mean larval duration 
was noted in the case of carbaryl at LD1Q in the genera
tion, which also chawed an increase in generation, with 
the other three sub-lethal levels# there was a general pro
longation in the larval period with each generation. Grubs

Larval duration



2*ablo £2. E££cefc oS aub^lebhal conecmtrafcieng o£ dccaiae 
thsin qik3 carbaryl os the larval duration c£ 
fclia and Pg populations 06 H, j£8 Eoncfeafea

• »  * » « *  .S t' • » »  «  a *  4 e> mm mm *¥»

barval du rati cn -houro
insect!*cicle
*■» 6 »  « J t M ' S t

Ssthal
dose

mm  « »  w »

Parent
« *  # » ' M »  *rn mm mm

v *  « *

pi
* ■  * * •  to *  mm < *

PlZ
W  4 k

Decerns**
thrin 5 502,67 f i 408,57 cl 469,60 0

10 460,67 a 450.52 OS 400,80 da
23 410,67 <s 400,07 b 400.00 e
SO 330,33 a 320*00 a 331*20 a

Carbaryl s 470,33 o 477,60 d 478,40 0

is 440,00 a 433,20 bC 441,76 d
25 304,33 b 400,80 b 405,60 c
SO 334,00 a 333*00 a 361,92 b

Untreatedcheck 8£M 333,33 a 337*60 a 336*63 a

R Plain 333,06 a 329,60 a 334.40 a
^ 4  «  « ( i A r  *  fN> *■ * * *  * *  * * « »  4 *  * * • mm • * •  • • aim mm m  am  * * mm m -

She values followed by a odsaqa letter within a column 
are not eiu&ASicQnbly different at Ssi level (DI-if<s?)
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continued in the same stage for a maximum time of 502'*6f7.r h 
in parental generation at £DS which was an increase by 
SO *95 per cent over the untreated check* with carbaryl at 
this dose# the duration was 473*40 h which was an increase 
by 43*06 per cent over the untreated check*

Adnlfc lonrrf?oifcv

The influence of sub-lethal concentrations of deca
methrin and carbaryl on adult longevity when topically app
lied on fourth inotar grubs was studied upto P2 generation 
<Toble 13)* Other than carbaryl at ZjDq q# no sfcrDcLng vari
ations were observed between the treatments in the parental 
generation* The adult life of those subjected to exposure 
to carbaryl ID^q was as short as 2S*G£7>' days as compared 
to 35*33 days in normal untreated check. in the gene
ration too Carbajal at KDgo registered a shortening in 
adult longevity* But both the insecticides exhibited a 
prolongation in adult longevity at IDg in the generation* 
It was 27*72 and 29*70 per cent higher than the untreated 
check respectively <Flg 17} # for decamethrin and carbaryl* 
This increase in the adult longevity was also recorded for 
the survivors exposed to E£>s decamethrin in their P2 gene
ration* St .was 22*91 per cent more than the. untreated
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Sable 13.* Effect of sub«lothaX concentrotiona of decsrae- 
tlirin and carbaryl on the adult longevity of 
tbs and Pg pepilaticnn of n* 23 eunefcafca

«* * * * » « * « * * > * • ■ » • * * •  .«•>. «*
Isdult longevity - Doyo 

Xnseeti** Lethal generation
cido doe© « *  * »  * *  * *  4 »  M r

Parent
«*» m* «■* *** < a  «■* « *t?-i

4k» « *  * »  « W  * •

*2
4 *  ft# « •  « »  -Mm « » , # • « «  t*« « *  « »  « •  4 »  m  ** # * * » « *  <■» « w  * *  * * 4P* * * « * » *  «••

Deeace**
tbrin S 34*33 be 43*00 c 39.33 6

10 33*00 abe 37*33 fee 29*33 be
25 31*33 abc 30.33 ab 33*00 e
SO 32*33 abc 30*67 ab 30*33 c

Carbaryl s 32*00 abc 43*67 c 32*67 C
• 10 30*67 aha 32*67 ab 33.00 c

23 32*00 abe 29*67 ab 23*67 ab
50 23*67 a 29*00 a - 23*00 e,

Untreated
check

m j 30*33 eb 29.67 ab 27.00 abc

O Plain 33*33 be 33*67 ab 32.00 e
«» 4M> « *  « *  * * *ft *M» «*. « • • * ,  «■ « w  w  « «  a** «*» *» *» 4 »  * »  4*  a ** «• «» .«»
The values followed by a cceoan letter within a eolurin 
are not significantly different ot 3>5 level (DHft?)
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check* But for this# all otter treatments in Fg wore 
not significant and wore on par with the untreated 
chock*

b) A. crossypli 

Reproductive potential

The reproductive rate oB Ju gossypii# when exposed 
to sub-lethal doses in each generation during the fourth 
instor nymphal stage# differed significantly between tre
atments within a generation and.also between generations 
(Table 14)* The mean number of nymphs/bon adults in the 
parental generations was increased except at on<3 
HJcjq levels where it was lower than the untreated check* 
As it rooched the generation# in all treatments other 
than iDgg of carbaryl the reproductive rate was higher 
than that in the untreated check* Though decamethrin at 
LDS0 registered a low reproductive rate in parental gene
ration it was not so in the i?a and generations* But 
carbaryl# continued to produce fewer offsprings with each 
of the generations at this level* Adults surviving frcra 
treatments with decaraethrin at i*d3 continued to record 
the highest mean number of nymphs in all generations* In 
parental population, the increase over untreated check was



Table 24. Effect of sub-lethal concentrations of decanothrin and carbary! on the reproductive 
rate of tbs F^ and P^ popjlafcicn3 ofi a + nossvoli

Insect!** feethal Parent p*
P,

Per cent in—
t id e  ' ■dos®

m* as as as

Bhishor

Of ms. * »  «£m * »

Par co o t i n -  
G rcaso/deerc— 
osg o v er  
check

O *  c w  a * ! *•* • «*  as. :3$?

Per c e n t  i n -  
cr e a se /d e c r e 
a se  e v e r  
check

litebfeer

« 3  - A  «?► a *

c r o a sc /d e e r e -  
gsg o v er  cn e— 
c li

« *  ■■+*■ ms -sm ta ms sm ‘ms
Decatae—
th r in

5 31 .61  e  
(999.30)

147 .80 3 1 .0 5 ‘-d 
(954.48)

142*77' 3 1 .1 5  <a
(970.45)

' 133 .17

to 24 .11  -da- 
(501.19)

4 4 .1 5 2 4 .3 0  fee 
(590*59)

4 8 .8 8 '24.28 fee 
(539.32)

■ 41*68

as 1 9 .9 5  host 
(397.92)

— 1 .3 0 19 .75  h  
(390V3B)

— 1*74: 20*65 b  
(428*84)

 ̂ 2*55

SO 19 .35  fee 
(374 .58)

** 7*09 20 .24  b 
(409*58)

3 .0 9 '220*45 fe 
(418 .62)

0 .5 9

Carbaryl s 2 6 .5 3  o 
(711.02)

7 5 .33 28 .34  C 
(393*84)

74 .59 25*48 C 
(708 .93)

8 9 .4 2  /  > •

10 2 2 .7 1  cd e  
(515*79)

27 .91 22*65 be  
(513 .07)

29 .14 2 2 .9 2  fee 
(524.82)

s a .a - /® ,
\\ >

25 1 7 .5 9  eb  
(313 .13)

-  22 .32 2 0 .8 7  fe 
(435 .47)

9*61 22 .5 8  fe 
(485*32)

11*851' A
Vs. * • Sfc.

-so’ 10 .32  o 
(105 .49)

-  7 3 .5 0 1 ! .31  a  
(127 .94)

-  6 7 .7 9 20 .37  a 
(207 .62)

-  7 4 .2 4  x *

U ntreated
check

SEP 1 9 .8 8  feed 
(395 .17)

10.86 fe 
(394 .5 8 )

2 0 .3 1  b  
(412 .33)

m P lain 20 .08  feed 
(403.17)

19.93 fe 
(397*28)

2 0 .4 0  b  
(428 .20)

Analysis- was -carried exit after square root fcransfomation* Figures in parentheses- are- theretransforbed^ valoes* Values followed fey a ceraaen lector mithio the column are- raofe signifi
cantly different at §% level (DI2RT)



102

by 147 g03 oer cent it was 242*7^ and 133*17 psr
cent respectively# for P^ and Fg generations (Pig 18)#
At this dose# carbaryl also had a high reproductive po
tential*

c) a . b. blcutfcula 

Reproductive potential

The affect of o;:po3ure of sub-lethal concentrations 
of the insecticides on the reproductive rate of A. b. 
biquttula up to the Pg generation is summarised in Table 15* 
The treatments in parental and Pg generations differed sig
nificantly while in F- the variations were laas pronounced

**#

(Pig*19)*

Decamethrin recorded low level of progeny product
ion at the too higher sub-lethal levels tested. The in
crease in progeny production was maintained at IX^O 63 com
pared to I*Dg in the ca3G of decamethrin* Carbaryl at 
LDgg and levels were on par with the untreated check 
up to the P2 generation* At LD5 and LDjq thou$i a sliest 
increase was recorded in the parental generation, there 
was no variation frcra the untreated check in the gene
ration. But in the P2 generation counts of the offsprings



T a b l e  I S .  E f f e c t  o f  s u b - l e t h a l  c o n c e n t r a t i o n s  o £  d c c a c o t h r i n  e n d  c a r b a r y l  o n  t h e  r e p r o d u c t i v e  

r a t e  o f  t h e  F j  s e a  P g  p o p u l a t i o n s  o f  £ •  b .  b l c m t t u l a
« ,  mm mm tm  -mm « ,  * .  mm -mm m m  mm. —  ■—  — - «  m  J « t mm mm mm  a .  * * ■  a .  ■ » ' * • — * • « » « ■  « r  —

23o . o £  n y a p h s / 1 0  f c o a l e  h o p p e r s

I n a e c t i -  t e t h a l  “  ~  ^  ^ n t T "  ”  * 1  ~ V '  ' * S
c l d e  d o s e  P e r  c e n t  In * *  P e r  o a n t  i n -  P e r  c e n t  i n -

a n f o e r  c r e a s e / S o c r e -  a r * e r  c r c a s e / a o c r e -  n u n f c e r  c r e a s e / d e c r e 
a s e  o v e r  e s e  o v e r  a s e  o v e r

** m» «* «» '■4m «Mr ttfr
c h e c k

*# *•* :«*e *■» -vie* nm <*S*-
c h e c k

■mm mt- mm- mm m m  *»
c h o c k
mm  mm mm mm mm m m -

D e c & n e —
t h r i n 5 1 4 * 7 3  e

( 2 1 0 . 3 5 )
S 8 . 3 S 1 5 . 0 0  a b  

( 2 2 7 * 4 4 )
5 3 . 5 4 1 5 . 3 0  d e  

( 2 3 4 . 2 1 )
6 7 . 8 3

a o 1 5 . 6 3  cf 
( 2 7 6 .5 2 3

1 0 0 . 5 6 1 6 . 7 2  b  
( 2 7 9 . 6 6 )

0 8 . 7 9 1 6 . 5 6  G 
( 2 7 4 . 0 7 )

9 6 . 4 0

2 5 1 0 . 6 4  a  
( 1 1 3 . 2 9 )

- 1 7 . 8 3 1 1 * 1 2  3
( 1 2 3 . 7 2 )

- 1 5 . 4 8 1 1 . 1 3  n  
( 1 2 3 . 8 1 )

- 1 1 . 2 8

SO 1 0 . 2 9  & 
( 1 0 6 . 0 1 )

—2 3 . 1 1 1 0 . 6 7  a  
( 1 1 3 . 9 1 )

- 2 3 . 1 0 1 1 . 3 0  a  
( 1 2 7 . 7 5 )

-  8 . 4 6

C a r b a r y l 5 i s . o e  b  
( 1 7 1 . 1 4 )

2 4 * 1 3 13  . 5 7  C b  
( 1 0 4 . 1 2 )

2 4 . 3 0 1 3  *93. c d  
( 1 9 3 . 4 9 )

9 2 . 1 0

1 0 1 2 * 7 9  b  
( 1 6 3 . 4 8 )

1 8 . 5 8 1 3 . 9 2  a b  
( 1 6 6 . 0 2 )

— 1  * 6 0 1 3 . 3 5  b e d  
( 1 7 8 . 1 4 )

2 7 . 6 5

2 5 1 1 . 9 7  a b  
( 1 4 3 * 3 © )

3 . 9 4 1 2 * 0 7  o b  
( 1 4 5 . 6 4 )

— 1 . 6 8 1 2 . 2 9  a b c  
( 1 5 0 . 9 9 )

8 . 1 9

5 0

u n t r e a t e d  
c h e c k  D 3 -J '

«  P l a i n

1 1 . 8 7  a b  
( 1 4 0 . 9 7 )

1 1 . 3 3  a b  
( 1 2 0 . 3 9 )  
1 1 . 7 4  a b  
( 1 3 7 . 8 7 )

2 . 2 5 1 1 2 . 0 9  a b  
( 1 4 6 . 3 1 )

1 1 . 3 0  a
( 1 2 9 . 4 3 )  
1 2 . 2 7  ® b

*  * .^ 5 4 2  *3^1 -

—  1 . 2 3 1 1 . 6 6  a b  
( 1 3 5 . 8 0 )

1 2 . 8 6  dha 
( 1 6 5 * 3 0 )  
2 1 . 8 1  o b  
( 1 3 9 , 5 5 )

mm m * m m  mm mm mm  mm

-  2 . 6 2

Analysis was carried oat after square root tranafornstlcan. Figures in tha parentheses are the
retransferred values* Values followed by a eorarpa letter uithin the column are not signifi
cantly different at 53 level CBEsr)
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were little higher as compared to and ix>5g levels 
and also frcta the untreated chock lot*

influence of sub-lethal concentration of decanstlirin and 
carbaryl on the survival c£ adults

a) H. 28 punctata

Tha survival o£ the adult emergents of H* 28 
■punctata exposed to sub-lethal concentrations of the feat 
insecticides during their last instar larval stags are 
presented in fable 16* Since the survival of the adults 
up to six days after emergence was not showing any appa
rent variations# statistical analysis of that part cS data 
iToo not carried cut*

An overview of the survival pattern up to twenty 
days from the date of emergenca showed that the adults from 
treatments with carbaryl at £D5g dose led to relatively 
heavier casualifeies. Though decamethrin too# at this 
particular concentration resulted in lesser survival per
centages# the extent of casualities was not as higher as 
carbaryl# particularly 12th# 14th and 16th days after 
treatment* With the lower levels of sub-lethal conceatrot- 
iono# though there were no (increase in the survival



Table 16* EffGCfc oS sub-lethal concentrations of decanethrin and carbaryl on the survival of adults 
■eE ■ H» ttsogfc&fea

«W mar mm mm mm. *m  mm mm -m t m * m + m * mm wm- m * mm m» mm mm «»- «s» « »  * »  M  « «  -*» * »  « *  mm mm -*» w* ■* mfm « v  w  *»-

Mult survival per cent - days after emergence (dab)
Insecti l*ethol W* %»*■»-» *»: ** W 4a *»■ 4» «S» M ■* ** ** M mm mm -*» mm- .mm *W M 4* M w ■ *» «» mm «ar M mm Mr «a w
cide eoncen-

trat-
ion 2 M 4 DAS 6 SAB 8 SAB 10 SAB 22 DAB 14 DAE 26 DAE 10 DAE 20 DAE

Decsme- 5 00.0 90*0 90.0 90 ,  0 e 90.0 C 90,00 d 85.06 d 75.00 e 75.00 a 66.15 Cd
thrin (100*0) (100,0) (200,0) (200.03 (100.0) {200,05 (99.73) (06,59) (95,59) (91,45)

10 <30.0 90,0 90.0 90.0 c 75.00 be 63.93 be 62.72 be 61.71 d 57.00 C 57,00 be
(2.00*0) (100.0) (200*0) (200.0) (96*59) (89,82) (83.05) (08*05) (83.86) (83.86)

23 90*0 90.0 75.23 75.00 be 61*22 ab 57.00 ab 52.73 abe 50.77abo3 45.0 ob 44*03 ab(200.0) (200.0) (96.70),, (96,59) (07*64) (03.86) (79.62) (77.46) (70.72) (69.50)
SO 90.0 90*0 72.S0 $3,79- a 52,73 a 60*77 ab 40*85 ab 43.08 ab 37.22 a 37.22 a(100.0) (100.0) (95.0) (83.66) (79.62) (77.46) (73.29) (68.29) (60.49) (60.49)

Carbaryl s 90*0 90.0 90.0 82.25 c 73.55 be 72.40 c 67.92 c 54.75 bed. 52.74 be 49.83 ab

O o Is (200.0) (100.0) (98.80) (95.90? (95.32) (92.65) (81.66) (79.59) C 76.4-13
10 90*0 00.0 90.0 82*40 e 76.26 be 76,26 e 59..71' obe 57.00 e3 52.70 be 46.92 dfo

(200.0) (200.0) (200,0) (99.22) (97.23) (97,23) (86*34) (83*88) (79*62) (73*04)
25 90.0 75.24 75.02 74,02 be 73,53 be 59*02 ab 52,96 abe 48.85 abe 45.00 ab 42.22 ab

(100.0) (96.7) (96.6) (96.50) (95.90) (85*72) (78.75) (75.29) (70.72) (67.06)
50 90*0 90.0 64.26 62.22 ob 57.00 a 47.92 a 45.00 a 62.12 a 37.20 a 36.24 a

(100*0) (200.0) (90.0) (87.64) (83.86) (74.20) (70.72) (67.06) (60.46) (59.11)
untreated Ui:.»' 90*0 9O.0 90.0 90.00 c 90.00 e 90.00 a 90.0O a 90 .80S 90.00 e 52.78 c

(100,0) (100*0) (100.0) (200.0) (100,0) (200,0) (100.0) (100.0) (100.0) <79.63)
m Plain 90,0 90.0 90.0 90.0 C 90.00 c 90.0O a 90,00 & 83.65 e 61.72 e 5S.B5 be

(100.0) (200.0) (100.0) (200.0) (100.0) (200.0) (100.0) (100.0) (88,05) (02*76)
Analysis was carried cut after arc sine transformation. Figures within the parentheses are the retrans—
formed values* Values followed by oooeoo letters within, a column are not significantly different at 5S£
level (D2-3BT)
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percentages than that in untreated check up to 16th day, 
in the case of decamethrin at E£>5# there was a rise in 
survivorship after the 28th day* Besides* a uniform rate 
of increase yes recorded tdLth decrease in the sub-lethal 
concentration levels* In the case of decamethrin on the 
20th day* the survival percentages t;ore 60* 69* 83 and 
91 per cent at X^g* l#25* and ZAj levels respect
ively* fc?ith carbaryl* the survivorship levels yore 59* 
67* 73* and 76 per cent respectively at the above I© le
vels as compared to 82 per cent in the untreated check.

b) hm cogsvnil

Studies on the influence of sub-lethal concentrat
ions of the too test insecticides on topical application 
to lest io3fcar nymphs of A* goasvpli on the survival of 
their adults have revealed a slot-/ action of the Insecti— 
cides' (Table 17), On the first day* the mortality rates 
of different treatments were not significantly different 
from the untreated check* es&Jepfc for the z»Dgg treatment 
with decamethrin. Effects of treatments with LQ^ and LDjq 
concentrations of decamethrin and carbaryl were both com
parable with the results obtained in the untreated check.



Table 17. Effect o£ sub-lethal concentrations o£ deccsnethrin and carbarvl on the adult survi
val of A. qossvpll

■ - Adults - percent survival
Insecticide

Letlial
dose 1

Days af ter emergence (DAE) 
2 3

» ' -acm mm wm *m mm 9

4 S
Became- ' tlirin

5 DO*00 bdoo.oo: 75.00 b 
(96.59)

64.05 b 
(89.91)

59.40 cd 
(86.14)

53.17 b 
(80.03)

10 86*25 b
CDS *77)

81.15 b 
(93.80)

61.71 b 
(63.05)

54.09 c
(00.99)

52.03 b > 
(70.88)

2S 03.85 b 
(99.42)

60.54 a 
(87.06)

36.44 a 
(59.39)

10.45 a 
(18.14)

4Mfr

50 62*22 a 
(80.47)

48.46 a 
(74.84) - —

carbaryl 5 90.00 b
(loo.oo; 79.13 b 

(93*20)
73.29 b 
(95.77)

70.47 d 
(94.24)

56.82 b 
(83.69)

10 78.83 b 
(98.10)

72.03 b 
(95.12)

72*03 b 
(95.12)

54.81 c 
(81.72)

50.33 b 
(76.64)

23 76.53 b 
(97.24)

68*07 a 
(92.76)

39.06 a 
(63.00)

31.30 b 
(52.07)

20.62 a 
(35.21)

50 83.05 b 
(9S.42)

60.53 a 
(87.05) * * *

Untreated
ehcrfc

new 90.00 b 
(100.00) 90.00 b (100.00)

70.00 b 
(94.01)

59.01 c 
(05.72)

54.79 b 
(81.69)

n Plain 90.00 b 
(100.00)

83.85 b 
(99.42)

61.22 b 
(87.64)

59.01 c 
(85.72)

55.97 b 
(82*87)

Anolyais was carried out after arc alne transformation» rigurcs in parentheses are the re-
transformed values* values followed by a common letter within a column are not significant
ly different ot lovel (d :®t )



But the other two tested levels showed a higher rate cd? 
mortality# the per cent survival being lesser at the 
higher sub-lethal concentrations*

Though £.o25 treatments resulted in a significant
ly lower survival percentages of adults# with LD^g com
plete mortality of the adults was the result from third 
day for both the tested chemicals*

On the fourth day a notable increase in the adult 
survival was recorded at i£>g of both insecticides# and 
this trend woe maintained with carbaryl on the fifth day 
also*

c) 4* b* bioatfcuia

treatments with aub-lethal concentrations of deca- 
methrin and carbaryl on the lost instar nymphs of A* b. 
bicuttul^ had a direct influence on the survival of 
their adults right from the first day of emergence (Table 
28). Decamethrin at all the four tested sub-lethal levels 
and carbaryl at its two higher levels caused a lesser sur
vival as compared to control on the day of emergence itself# 
Prom the second day at Z£>g of both toot chemicals and at 
U >10 of carbaryl# the mortality rotes were lesser as compared



Sable 10, Effect of cub-lethal eofxientratiens of decanethrin and carbaryl on the adult survival
of hm blmttula

adults - per cent survival
Insecti
cide
** w» «e* mm-.

Xsethel
done

» r * i j** i t

; Bays after emergence
2 3 ««> .«* «* «* ■ *» •• ̂  <**• ̂ 4 Smm. «w. *»

DecamQ-
fchrln

5 06*15 Ca 
(99.77)

86 .15 d  ' 
(99.77)

86.15 d ■ 
(99*77)

69.91 b ' 
(93.91)

67.55 d 
(92.42)

10 77*77 e 
<97*72)

70*44 c 
(94.23)

67.63 C 
(92.47)

63.01 b 
(89*15)

SO#81 G 
(77*50)

25 64*47 b 
(90.23)

54*75 b 
(81.66)

48.46 a 
(74*84)

45.3 8 o 
(71.17)

22*31 a 
(32.15)

50 S6.QS b  
(82*95)

30.32 a 
(62*00) •

1 *■» '

Carbaryl 5 90,00 d 
(100.00) 04*52 d (99*54)

84*52 <i 
(99.54)

68*73 b 
(93.18)

65.94 d 
(92*31)

10 90*00 a 
(100*005

87.29 a
(99*80)

85.27 d 
(99.653

73.92 b 
{06*08}

72.07 a 
(95.14)

25 81.43 e 
(90.08)

70,52 c 
(94.27)

55*61 ab 
(82,52)

34*84 a 
(57.23)

22.12 b 
(37.65)

Tmtreated
cbech

SO
SECT

44*60 a 
(70*21)
90*00 d 
(100*00)

30*59 a 
<50.873
01*43 cd (90*08)

mm

66.45 G 
(91*67)

mm

64.06 b 
(89.92)

61.19 d 
<87.623

Plain 58*00 d 
<1OOZ00)

75.38 ed 
(96.76)

mm mm -mm m * mm *m  mm- mm- mm mm

64.47 fee
*  i92*£3i .

62.29 b 
(07.62)■*••«*«■* '■» mm mm -mm

57.21 c 
(84.07)

«■« . « *  mm mm mm  -<n
Analysis was carried out after arc sine transformation* figures to parentheses arc the retrens- 
fomed values* Values followed by a comoon letter ’within a coition are not significantly differ
ent at 5%. level (DKR2)
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to the untreated check* TJith carbaryl at U>10 on the 
fifth day# the per cent survivors were rnartinnm# being 
93*14 an increase over the untreated check by 11*07 per 
cent* Ho individuals survived in those lot treated with 
t£)g0 concentrations of both chemicals since the third 
day of their emergence *

4*3* Field Studies 

4*3*1* Assessment of pest distribution

a) J£» 2&t nunefcafca

The data recorded on the mean counts of different 
stages of the opilachna beetles occurring on the brinjal 
crop after spraying and the population trend after spray
ing sub-lethal and lethal doses of the test insecticides 
are presented in Table 19. In respect of posb-treatmsnt 
counts at seven days after application# the standard field 
dose of the insecticides showed vory low values and the 
too insecticides were almost equitosdc to the eggs* The 
counts showed a trend of gradual increase from 1A-q to 
ISa levels in both insecticides but the ascending trend 
was more discernible m  the case of decamethrin. carbaryl



Sable 19* Influence of sub-lethal Gcseo of decaniathrin and carharyl on the distribution of the
■epHatrhna beetle* H. 28 imnctata

*  *  *  ■ *  *  —  —  a «  M  *  *  *  * »  * »  —  *  —  A  A  A  A  —  * »  « S  —  —  A .  A  A  *M A  A  *  A  A  —  *  —  —  — * — —  —  * ■

Kean distribution of Ji* .JgJ ggnctata^ plants
Insect 1* bethel /s—vuiaeido dose Eggs Ortibs • Adults. i-ost treat* Percent a«r- Post treat a  Per cent cur- Post treat* Per cent-roent -counts vivtng over .meat counts vivlng over Kent counts surviving -

(7 m?) pre-treat* {f} pre-treat* n  m n * over prc*mnfc counts V  * aseat. counts. treatment(7 0A3?) (7 DM?) countsC7 DAO?)
Became- ~ S ~ ~36o7s3 h ~ " 264.60~G~ ™ ~ *130700 h ~ ~ *155*50 5 * * 106.67*£* 141*30 cd
tfcrin iQ 296.67 g 143.43 da 133*00 gh 151,57 ef 9S.00 of 166.23 d

25 230.00 e£ . 143*35 C&Q 80*33 da 122.30 be 60,33 e 221*65 cd
30 138*33 c 114*24- b 70,33 be. 130*84 beds . 13.33 ab 63,14: b

Standard dose 34.67 ob 54*36 a i,67 a 5*98 a 2.00 o 5,30 a
Cerbaryl 5 246*60 £ 246*18 da 202.00 ef 237.94 b e & £  - 84.00 da 243.16 cd

10 243 *33 £ 145.83 da 207*33 £<J 143*24 dcf ‘ 70*00 cd 135.42 cd
85 205*67 d 226*156 bed 07.00 eSe 218*18 b 70.00 cd 145.83 cd
50 70.33 b 202,24 b 58*33 b 142.54 odef 25.67 b 111.04 C

Standard t e a  20.00 -a 44*97 a ■ 2*00 a 4.23 a ' 1.00 a '8*51 a:
Jntrcated DS? 174.33 cd 227*98 be /63.O0 b 126.B2 bed' 95*33 ef 228.66 cd

B Plain 292.67 da 127.44 bed 75.00 bed 222.87 bad 204.67 £ 135.56 cd

Figures followed by cotoon letters within a column arc not signif lc anti y different at 5j£ level 
tmw?)



1 1 2

at m 5 and LD10 showed eguitosicity to eggs while a 
-similar trend was lacking for deeamathriQ*

la terms of the survivorship at seven days after 
cpplication over pre-treatment level also# the treads 
were in consonance with the observations relating to post- 
treatment counts.

In respect c2 post-treatment counts 00 grubs the 
Standard doses of earbaryl and decaraethrin showed equifco- 
xicity In the suppression of populations* At the oub- 
lethal levels# the post-treatment counts were distinctly 
higher. She £Dg and levels of both insecticides were 
on par. The ourvival of grubs as compared to the pre- 
treatment Zevel3 also showed.a trend similar to the post- 
treatment counts*

A comparison of the number of adults on the plants 
after treatment with different doses of the two insecti
cides at their sub-lethal level showed a gradual increase 
in their counts after treatment in the case of the lower 
three sub-lethal doses of decomefchrin and for all the four 
sub-lethal doses of earbaryl*

In respect of survival of adults the sub—lethal 
doses of 5# 10 and 25 of the two insecticides were on par.
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b) A, aoacvpli

I n f l u e n c e  o f  s u b - l e t h a l  d o n e  3 o f  d e c a m e t h r i n  a n d  

c a r b a r y l  o n  t h e  p a t t e r n  o f  d i s t r i b u t i o n  o f  t h e  b r i n j a l  

a p h i d  A * g o s s y p i l  i s  g i v e n  i n  l o b l e  2 0 .  A  n a r b e d  i n c r e 

a s e  i n  t h e  m e a n  n u m b e r  c £  a p h i d s  a f t e r  s p r a y i n g  w i t h  t A j  

o f  b o t h  t h e  t e s t  i n s e c t i c i d e s  a n d  L D ^q  o f  d e e a m a t h r i n  w a a  

q u i t e  e v i d e n t *  I n  r e s p e c t  o f  s u r v i v a l s h i p  o f  t h e  a p h i d s  

a s  c o m p a r e d  t o  p r e - t r e a t m e n t  l e v e l 3 t h e  t r e n d s  w e r e  a l 

m o s t  s i m i l a r  b u t  t h e  e x t e n t  o f  s u r v i v a l  i n  d e c a m e t h r i n  

t r e a t m e n t  a t  LDg was m a r k e d l y  h i g h e r  t h a n  a t  id^q l e v e l  

o f  t h e  s a m e  i n s e c t i c i d e  a n d  t h e  LDg a n d  l e v e l s  o f  

c a r b a r y l *

c) A, b. biqutfculQ

A m e a n  p o s t - t r e a t m e n t  c o u n t s  o n  t h e  t o t a l  n u m b e r  

o f  t h e  l e a f  h o p p e r s  a *  b *  b i g u t t u l a  a f t e r  s p r a y i n g  w i t h  

s u b - l e t h a l  d o s e s  o f  t e s t  i n s e c t i c i d e s  ( S a b l e  2 0 )  s h o w e d  

a  h i g h e r  v a l u e s  f o r  t h e  f i r s t  t o o  s u b - $ j e t h a l  d o 3e s  o f  

d e c a m e f c h r in *  W i t h  c a r b a r y l  t o o #  t h e  t o o  l o w e r  t e s t e d  

d o s e s  <H>cj a n d  l d ^ q )  r e s u l t e d  i n  a n  i n c r e a s e d  c o u n t  a f t e r  

t r e a t m e n t *  T h e  s u r v i v a l  o f  t h e  h o p p e r s  a s  c o m p a r e d  t o  

t h e  p r e - t r e a t m e n t  c o u n t s #  i n  t h e  c a s e  o f  d e c a m e t h r i n
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Table 20* Influence e£ sub-lethal doaeo of decamethrin
and carbaryl m  the diofcribufclcn of A# gpgaypli, 
ana a * b, blquttula

t* £* blqutfcula
Insecti
cide

I*stbal
d o s e

Post treat* 
meat counts 

y{7 DAT) '
survival over pre- 
treatment 
counts 

<7 a \ T )

P o s t  treat* oenfe c o u n t s  
( 7  OA T)

Survival 
ovor pro* 
treatment 
counts 
( 7  DAT)

Decora-
thrift

s 1 0 * 6 2  0  
( 3 4 6 * 6 1 )

1 5 * 0 1  Q 
( 2 2 5 * 4 3 )

2 2 * 4 0  d  
( 4 5 8 * 0 6 )

1 2 . 9 9  c  
( 2 4 3 . 8 0 )

1 0 1 7 * 0 9  g  
( 3 2 0 * 1 0 )

1 2 * 0 3  d  
( 1 4 4 * 5 0 )

2 2 . 6 9  d  
( 4 7 0 , 6 1 )

2 2 * 4 2  c 
( 1 3 0 * 2 5 )

2 5 1 4 . 2 7  d a f  
( 2 0 3 * 7 3 )

1 0 * 2 0  c d  
( 1 0 5 * 6 3 )

1 9 , 1 2  C d  
( 3 6 5 * 7 4 )

2 1 . 5 5  c  
( 1 3 3 , 4 2 )

5 0 1 0 , 4 7  b  
( 1 0 9 * 5 4 )

0 * 9 2  C 
( 7 9 . 4 9 )

2 2 * 7 3  b  
( 2 3 7 * 8 1 )

0 . 0 7  b  
( 6 5 . 1 5 )

s t a n d a r d dose 1 * 8 0  a  
( 3 * 5 4 )

3 * 4 1  a  
( 0 , 8 0 )

2 * 4 0  a  
( 5 * 7 5 )

2 . 3 9  a 
( 5 . 7 2 )

c a r b a r y l 5 1 6 * 9 2  £ g  
( 2 7 8 * 5 2 )

12.03 a (144*67) 22*22 d  
( 4 5 0 * 2 6 )

1 2 . 5 8  c  
( 1 5 8 . 1 3 )

* 0 1 1 . 1 0  b e  
( 1 2 4 * 9 7 )

1 0 * 2 0  e d  
( 1 0 5 * 6 7 )

2 2 * 5 2  d  
( 5 0 7 . 1 5 )

2 2 . 1 8  c  
( 1 4 8 . 2 5 )

2 5 1 6 * 0 1  e f g  
( 2 5 6 * 1 7 )

1 1 * 8 4  <3 
( 1 4 0 * 1 6 )

1 0 , 0 0  C d  
( 3 2 3 , 9 0 )

11.24 c 
( 1 2 6 * 2 5 )

SO 3.96 a 
( 1 5 * 6 5 )

4 . 7 3  b 
( 2 2 * 3 4 )

2 4 * 0 5  be 
( 2 9 7 * 4 8 )

9 . 9 0  b  
( 9 3 * 0 0 )

s t a n d a r d d o s e 2 * 2 1  a  
( 4 * 0 6 )

3*02 n b  
( 9 * 1 0 )

3 * 6 4  a  
( 2 3 * 2 2 )

3 * 9 9  a 
( 2 5 * 8 3 )

Untreated n„. - 
checlt 088 1 3 * 5 7  c d e  

( 1 0 4 * 0 9 )
2 0 * 9 4  c d  
( 2 2 9 * 6 9 )

1 9 * 3 5  C d  
( 3 7 4 , 2 3 )

1 0 * 7 6  e 
( 1 1 5 , 6 8 )

W Plain 1 2 * 0 3  b e d  
( 1 6 4 * 6 0 )

1 0 * 6 9  C d 
( 1 2 4 , 3 0 )

1 0 * 6 1  C d  
( 3 4 6 , 3 6 )

1 0 * 5 0  be 
( 1 1 0 . 2 2 )

Analysis was carried cat after square root transformation. 
Figures in parentheses are retronsformd values* Figures fol
lowed by conmon letters within a column are not significantly 
different at 5% level (XKIRT} ,
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there was a gradual increase in survival of the hoppers 
at lower levels of the sub-lethal doses. Hot/ever all 
the three levels were not significantly different from 
the untreated check* earbaryl too resulted in a gradual 
decrease in survival with an increase in the sub-lethal 
doses* Itedrnnm control was the result when sprayings 
with standard dose was adopted.

4,3,2. Plant growth attributes '

In field studies it was found that decamethrin and 
earbaryl when applied at their sub-lethal doses or as 
their standard field doses with three sprays had no effect 
on the growth and productivity characters of the brinjai 
crop (Table 21# 22) • statistical analysis of the data 
did not diow any significant difference in the general 
growth parameters of the crop such as plant height# plant 
spread and number of branches. In respect of fruit num
ber also significant variation could not be detected among 
the various insecticidal treatments, in the case of fruit 
yield (g) the control plots showed parity with the field 
doses of the two insecticides* She sub-lethal doses also 
did not shew marked variations in the fruit output in ouan- , 
titative terms*



Sable 21* Effect; of aub-lethal doses of decamethrin and 
carbaryl on plant height, spread of the plant 
and rracshsr of branches

changes in plant growth
Inoccti- Lothal 
cide dose Plant

height 
(cm)

become**
thrin

5
10

72,6?
73,27

25 70,07
50 69,53

standard dose 69,10
Carbary! 5 74,13

10 65,07
• 25 72,13

50 71,67
standard’dose 70,53
untreated check 0131 60*60

» Plain 69,67
im

Spread of Ho. of
the plant branchesto)

*4  mm wm m* «m t±*
160,27 7,60
169,20 8,13

■:!45;60 6,73
160,60 7.27
153,53 7,00
157,27 7,27
142,73 6,00
166,33 7.40
157,67 8,13
155,67 6,97

156,27 7,13
151,27 7,33
m E3



Tsble  32, ECfiecfe c£  subtlefchal deoea of dacatrsthrin 
and carbaryl on the yield of brinjal crop

■at a ,  * »  0  w  * *  in  a »

Changes in the yield

become*- 5 fchrin
. 10

' « * « ■ »  4S» * a  « m . « ■ »  * »  « »  * »

24.43
22,00

• *  4f* ** «W  « fc  a »

1936.67 b 
1507,33 a

25 22,37 1964.00 b
SO 10,83 2700,33 b

Standard dogo 20.23 2730,00 b
Csibaryl 5 23*20 2708,00 b

10 17,67 1065,67 a
25 21,07 .2642,53 a
SO 24*80 2499,33 a

Standard done 21,87 2724*33 b
tmtreated bew 
ehacb 22,10 1352,33 b

* . Plain ■ 20.23 2021,33 b
m * *

•**■. •** *p. *s* •** *+ « »  «>*  • # ^  #1 *»•- «» #t
2a the sscmS column* the ntEbars followed by cordon 
let tore arc not significantly different at 5& iovel 
CDH£»)
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4.3.3* Effects on natural enemies associated with crop posts.

In the field experiment# observations were talsen 
on the incidence of the three teat insects. It was only 
in a * aoasvpll# that the associated enemies showed 3parse 
populations. Manochilus sexmacalafcua and Ccecinella 
transvaesalis were relatively important among these natu
ral enemies# but their populations were so sparsely dis
tributed that quantitative data could not be generated to 
draw meaningful conclusions on the impact of Insecticidal 
treatments on thoir survival*

4.3,4* Effects on residue dynaiuics

Initial deposits of carbaryl in/on the brinjal 
fruit after spraying was very low far below the tolerance 
level of 10 ppm fixed by imo/faq for fruit# for all the

/
doses tested,

Since the sub-lethal doses of decarasthrin were too 
low as compared to carbaryl and as the residues of carbaryl 
itself were well below the tolerance limits# soon after 
spraying# residue analysis of deeemethrin on the fruit 
was not carried out.



Discussion
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The biological Greets of sub-lethal doses o£ dc- 
casetbrln and carbaryl at their ixj^q # ^ 2 3  an<̂
XDgg dosea on the epilochna beetle Honoseotlachna 3G 
punctata# the aphid a.pM s gossvPli and the hopper 
Amrasca biouttula Mquttuia in fesrna of orientational 
stimuli# feeding# reproductive potential and survival 
have been assessed in the present studies# The results 
generated io these studies are discussed in this chapter.

Orientation

Thq response of H. J<3 punctata towards plants 
treated with Sub-lethal doses of the tos&cants and to 
untreated check:'plants was monitored at 24 h interval 
upto seven days (Table 3)* The adults alighted more 
on the untreated check plants than on the treated ones. 
This clearly shows that# the odour emanating from the 
iasecfciei&c-residuos left from sub-lethal concentration 
did hot Influence the orientatif.*n of H. J20 punctata. 
Among the different concentrations tested# counts of 
insects settling on plants receiving the lower sub- 
lethal concentrations wore significantly higher than

5. DZSCU3SZCSI
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at higher concentrations* This trend showed distinct 
progressive increase at decreasing levels of toxic 
stimulus• As the tcedcity of the substrates incre
ases the insects might tend to be repelled on account 
of the chemosensory perception of the volatile compo
nents of the toxic compounds* Alternatively they 
might evade the treated substrates after picliiag up 
the stimuli through contact receptors*

In the case of brinjai plants treated with sub- 
lethal concentrations of decamethsin and carbaryl* all 
these treatments elicited no positive orientational 
response among A* gosaypli. As in the case of epila- 
chna beetle# the plants treated with the lowest levels 
of sub-lethal doses of these toxicants showed more num
ber of settlement. The orientational response of the 
hoppers A* b, blnuttula was also of a very similar 
nature.

in the present studies* sub-lethal concentrations 1 
of decametbrin and carbaryl did not reveal any positive 
orientational responses to H* £9 punctata, a. gossvpil 
and to* folqattula. This clearly indicates that the 
odour emitted from residues from sub-lethal doses of
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i n s e c t i c i d e s  d i d  n o t  c a u s e  a  p o s i t i v e  o r i e n t a t i o n a l  

r e s p o n s e *  s h e  p r e s e n t  f i n d i n g s  a r e  i n  g e n e r a l  a g r e e *  

m e n t  w i t h  t h e  r e s u l t s  S t a i n e d  b y  C h e l l i a h  a n d  H e i n *  

r i e h a  ( 1 0 S 0 )  f o r  t h e  brcwn p l a n t  h o p p e r  h *  l u g e n g *

S h a y  f o u n d  t h a t  o d o u r  r e l e a s e d  f r o m  t h e  r e s i d u e s  o f  t h e  

i n s e c t i c i d e s  m e t h y l  p a r a t h d o n #  d o c a n e t h r i n #  d i e s i n o n  

a n d  p e r t l i a n e  h a d  n o  i n f l u e n c e  o n  t h e  orientation o f  

t h e  t e s t  i n s e c t s *  v o l a s y  a n d  t i c  D o u g e l l  ( 1 9 7 9 )  h o w *  

e v e r  r e p o r t e d  t h a t  p e r r a s t h r i n  a c t e d  a s  a  m o t o r  s t i m u 

l a n t  t o  v i r g i n  f e m a l e s  of c *  f i a r o l f o r a n a * i h e  p r e 

s e n t  s t u d y  r u l e s  o u t  a n y  p o s i t i v e  o r i e n t a t i o n a l  r e s 

p o n s e  t o  p l a n t s  r e c e i v i n g  s u b - l e t h a l  d o s e s  o f  t o x i c a n t s  

as a f a c t o r  r e g u l a t i n g  r e s u r g e n c e  of t h e  i n s e c t s  s t u d 

ied*

Peedlng

l a  f e e d i n g  e x p e r i m e n t s  u s i n g  l e a v e s  t r e a t e d  w i t h  

s U b - l e t h a l  c o n c e n t r a t i o n s  o f  d e c e m e t h r i n  a m  e o r b a r y l *  

t h e r e  w a s  c o n s i d e r a b l e  r e d a c t i o n  i n  f e e d i n g  r a t a  o f  H* 

SQ p u n c t a t a  a s  c o m p a r e d  t o  u n t r e a t e d  l e a f  m a t e r i a l  u n d e i  

l a b o r a t o r y  c o n d i t i o n s  ( S a b l e  4 )  * W h e n  d i f f e r e n t  s u b -  

l e t h a l  c o n c e n t r a t i o n s  o f  d c c a m s t h r i n  a n d  c a r b a r y l  w e r e  

u s e d  a g a i n s t  h ,  j£ 8  p u n c t a t a  f o r  s t u d y i n g  t h e i r  i n f l u e n c e



on the feeding rote# it was dbserved that# both in
secticides at all she four sub-lethal concentrations 
reduced the feeding rate# whereas in the untreated 
check# moderate feeding rate was noted in the labors* 
tory conditions, The range of reduction in food in- 
take was 20-71 per cent for decomethrin and 26*63 per 
cent for corbaryl# These results Indicate that# the 
higher sub-lethal concentrations reduced the feeding 
rate of n, 28 punctata# Though there were no signi
ficant difference between the sub-lethal doses tested# 
feeding rate woo Slightly higher at W ^ 0 than at hD5*

Indirect assessment oB food intake in A.  gossypli 
and A* b* blcuttula by the radioisotope studies indi
cated variation between different treatments, With 
these two insects# reduction in the feeding rate was 
more prominent at the highest sub-lethal level tested* 
For decamothrin* at the dose# against A> gossvpil. 
the reduction in feeding was to 20*11 per cent while 
for b# biouttula# the reduction was 10,57 per cent* 
With carboryl# it wos still higher heisig 24.% and 
10.7 per cent respectively# for the above two test in
sects*
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She Influence of sub-lethal concentrations of 
insecticides on the feeding behaviour and food intoho 
has been reported by several worbera* in the. ease of 
the broen plant hopper JJ» luctens the feeding rate In- 
creased substantially when the rice plants were treat
ed with sub-lethal concentrations of decexnothrin# me
thyl parathion and diaeinon*

In the case of cotton plants treated with sub- 
lethal doses of DCS and sunslthien* the larvae of the 
cotton semllooper A. lanata shaded a reduced feeding 
rate# but there was increase in the weight gain end 
digestibility (Karsdev end nao# 1930) * Thus it is rea
sonable to assume that a sub-lettel level of.insecticide 
in the plant may modify the feeding behaviour of insects.

investigations with two synthetic pyrethroids 
<cypennethria and permethrin) by San (1901) on leaf 
discs of brusselo sprouts showed that as an ant if cedant# 
perrocthrin was more effective than cyparmethrin at sub- 
lethal levels to the fifth in3tar larvae of the cabbage 
worms P* braasicae. Sub-lethal doses of the carbamate 
inocctieide isolan caused reduction in feeding by M« 
dosestica (GaorgbiOn# 1965)*



124

However# toots with sub-lethal doses of deltame- 
thrin# methyl paratliiea# niooocrotophos and carbaryl on 
the nymphs of A* ooasvoii# resulted in an increased 
food intake for deltamethrin at W ^ q by 21 #29 per cent 
(Gajendran al.< 1986). But methyl parathion at 
ID35 and monocrctoptios at all sub-lethal dosages tested 
resulted in reduced feeding rates#

It will thus be seen that the effect of the inse
cticides Including those used in the present studies on 
the food intahe varied in different insects^ positively 
in some and negatively in others# Such variations are 
quite expected cn account of the variations in the 
nature of the feeding stimuli'-, required to sustain active 
feeding by insects# The present results that the sub- 
lethal doses of the test insecticides reduced feed in
take by A, gossypil is apparently in conflict with 
Gajendren's (193d) positive results# The methodology 
followed in the present experiments was indirect# using 
radioactivity counts of insects feeding on labelled 
plants# The variations could bo ascribed to the metho
dologies adopted and perhaps duo to the changes in the



anibient environments at two locations which interacted 
differently in the two environments. It is clearly 
established that in the cane of decametbrin and cofbaryl, 
the sub-lethal doses did not cause any increase in feed 
intake in the test insects# namely* H« ,§0 mnefcafca# a, 
b, biguttula end oossvoii» increase in feeding rate 
ond consequential positive influence on growth end deve
lopment leading to resurgence can thus be ruled out at 
least for the sub-lethal doses under evaluation in this 
ei&periment.

Sex ratio

At the n>5 level of decarnethrln, there was a per
ceptible increase in the proportion of females of H« 28 
punctata# while at SD^q level for decarasthrin end cerba- 
ryl# there was a perceptible fall in the proportion of
females*

*

'Laboratory trials carried cut under confinement to 
Induce slots forms cf A* aossvoil did not succeed. Emer
gence of males could not be obtained* Shis may be be
cause of the unfavourable conditions prevailing for deve
lopment of males (m »g » ham Das Mcnon* Personal communication),
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in the case of a * aosavnii* sex-ratio as a parameter 
could not bo studied to assess the variations of this 
factor and the possible influence on population build 
up a m  resurgence*

Studies on the influence cd sub»lethal concentre- 
tions of decaraethrin and carbaryl on tho sex-ratio of 
A. b» binuttula (Table 9) shewed that 1 0 ^  of decarae- 
thrln end ID^ of carbaryl and decamefhrin induced the 
production of more number of females* For treatments with 
LDgg concentrations for both insecticides and Lbgg of 
dccamethrin the sMf.t was towards males* Treatments 
with IDjq and l d sq of carbaryl showed no significant 
difference from the untreated check.

la the present studies It is found that for deea- 
methrin at the LDg dose showed favourable influence on 
the develoixienfc of females of H» ounctata* while at 
tDg dose of the sane insecticide there was similar in* 
crease in the emergence of more females of A* b* binuttula 
in the population* Such favourable influence was also 
recorded for carbaryl at its bP5 and decaraethrin at 
doses for a * b* bioufcttila*

A similar shift in sex ratio In favour of females 
Was observed in the hr oofs of T* urtlcao reared on

CO
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carbaryl and DDT residues leading to their resurgence
was reported already by Ditfcrich jst al.. (1974),

\

The increase in the proportion of females can be 
due to positive stimulation of neutrail activity (Roan 
and Hopkins# 1951) which might be selectively more fa
vourable to females or due to the revealation of hormo- 
ligosia (iMClryy 1968) in which the stressing agents 
selectively stimulate the females through better fit
ness to sub-optimum environment*

Whatever be’ the mechanism# significant increase in 
the proportion of females due to sub-lethal doses of 
decamethrin aid carbaryl can certainly be very favoura
ble for progressive population build up of A. b. biouttula 
and H, 28 runctata perhaps leading to resurgence* How
ever# Singh and Lai (1966) did not observe any signifi
cant difference in the 3ex-ratio of the first and second 
generations of D* koenicii developing from adults sur
viving exposure to various doses of ddt and endrin* in , 
the case of w* lugensi also foliar application of methyl 
parathion# decamethrin# diaainon and phenthoate "did not 
influence the proportion of females significantly (Chelliah 
and Heinrichs# 1980)*.
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Reproduction
Topical application of sub-lethal concentrations 

oS decaroethrin and carbary! on the lost instor grubs 
of jj* 28 mnctata (Table 9) led to reproductive stimu
lation of the adult emergents# although the dose which 
induced maximum stimulation differed ib the case of 
the two insecticides. Tho highest degree of atimulot
ion was recorded in decamethrin at the dose.
Adult emergents from grubs treated with decanathrin at 
the throe sub-lethal concentration of ID1q and 
ISgc* showed a significant increase in fecundity which 
was higher than in the case of corresponding doses of 
earbaryl. For both insecticides the LD50 dose tended 
to suppress fecundity*

In the and P2 generations also the capacity to 
produce more number of eggs persisted in the case of 

dose of docomethrin (Table 10) * The increase in 
fecundity in the generations was core prominent in 
the case of treatment with t£}g of decamethrin* the in
crease being 110 per cent oyer control. Among the 
parents* the level of both insecticides registered 
a significant reduction in fecundity* but in the gene
ra tions the dose also tended to promote fecundity*
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The results of the studies on reproductive poten
tial of H. 29 punctata shows that consistent improve
ment in fecundity over generations is realised in the 
case of the ld^ dose of decamethrin as compared to other 
doses of this insecticide end doses of carbaryl.

She studies on the effect of sub-lethal concentra
tions of decamethrin and carbaryl on the reproductive 
potential of'A* gosoypii indicated that the lower con
centrations cf LDg and produced more offsprings 
thalgL the higher concentrations end the untreated group.
Here# the untreated checfc and the adults subjected to 
higher 3ub-lethal concentrations did not shot/ any signi
ficant difference between them, though the counts in the 
treated lot wore lesser. As it reached the ?g generat
ion* in all treatments other than I£>5q of carbaryl, the 
reproductive, rate was higher (Table 10) than that in the 
untreated population.

In A* b, biguttula, studies on the effect of sub- 
lethal concentrations oh the reproductive rafcea reveal- 
03 that the lower concentration resulted in more egg 
laying in the parents and also in the p£ and P0 generations.
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with decamethrin# average fecundity rota was mors at 
I£>10 thafi at £DS. But# at £D25 and ^ 50# there was a 
decrease in the cvipo3ition rate. Whereas with carbaryl 
at these two levels# the average fecundity rate was si
milar to that of untreated chad:. When the influence of 
the insecticides at sub-lethal doses up to the i?2 gene
ration was recorded# there was a significant difference 
between treatments in the generations from the untre
ated choc]: to a lesser extent. In this insect too# deca- 
methrin at LD^q continued to show stimulatory effect for 
producing offsprings.

The present studies show that the' stimulation cf 
reproductive potential of the test insects is dependent 
on the insecticide dosage applied. The insecticide re
sidue at sub-lothal levels or its metabolites or the 
chemical changes brought about duo to interaction with 
plants# singly or in combination must have been respon
sible for the increase in the reproductive potential.
A number of worhera have reported positive correlation 
between exposure to sub-lethal insecticide on the one 
hand and increase in reproductive rate on the other
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(Campion 1970; abo-slghor et al.* 1972; Dittrlch et 
SSL** Chelliah and Heinrichs# 1978; Chaliiah
et a!.# 1980; Heinrichs efc el.# 1883; Baiaji ot al,# 
1986; Gajeadran at ol.# 1986) *

Subtlethal doses of odx or methyl parathion on 
feha Colorado potato beetle X,. docemllnaata were report
ed to have atiswlatory o£ feet on the egg production 
(Kuipers# 1963). Hhan carbaryl# methyl parathion and 
endrin wore applied topically to the larvae of 
littorails. essso et al#. (1963) recorded an increase 
in the number c£ eggs produced by treated larvae* It 
was later confirmed by Abo-Elghar et al., (1972) that 
carbaryl and sumithion increased the egg counts at the 
K3gQ dose. Campion (1978) also found an increase in 
the rate of oviposit!on of red boll worn £# castanea 
due to sprays of carbaryl at the sub-lethal doses* 
h significantly higher fecundity as compared to untreat
ed individuals in T« urticae has been attributed to 
sprays of carbaryl st a very low level (Dittrlch et el** 
29745# Adult females of the populations also had a 
significantly higher egg production when hapt on sub
strates having residues of carbaryl#
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Choiliah and Heinrichs (1970) reported Increase 
in fecundity of the brown plant hopper JJ* luaens* 
when sprayed with sub-lethal concentrations of methyl 
parathlon# llL 43467 and pmc 35001. Heinrichs ot nl., 
(1978) suggested the utilisation of methyl parathion 
and decamethrin at sub-lethal doses as a tool to In
duce resurgence in this insect so as to ensure effect
ive screening of rice varieties to infestation by B. 
lucrons. chellieh ot al.,, (1980) further confirmed 
these results and reported that the sub-lethal doses for 
masdmura reproductive stimulation differed between the in
secticides tested, while investigating the influence c£ 
insecticide application in low land rice# Heinrichs ot 
al« , (1592) came cut with the suggestion that the sti
mulation of reproduction could be the cause for resur
gence in the brown plant hopper.

When applied topically on the western c o m  root 
worm D. virglfera# sub*-Xcthal doses of earbaryl produ
ced females which were able to deposit more number of 
eggs per female per day. This effect was more prono
unced at low doses *



when the effect of spraying with synthetic pyre- 
throids on the population build up of &• luggna for 
two generations wg3 investigated# the lower doses of 
decacethrin showed a stimulatory effect which persist-* 
ed even on the third generation progeny (chelHsh, 1986)•
A reproductive stimulation was identified to be the cause 
for such resurgence# in chillies# the flare up of the 
yellow mites latua following the application of sub- 
lethal doses of mohoerotophos# EOthyl fieraefcon# fchioaeton, 
phosphasnidon# fosmothion and neem cake extract was attri
buted to the stimulation in the reproduction following 
insecticide application (David, 1986) * Similarly Gajen- 
dron et oi«;. (1986) recorded an iacrcasod reproductive 
rat® in &• osssvoii following sub-lethal application of 
deIteisethrin# methyl parethlon, monocrojfcOphos an2 carbaryl#

It is interesting to note that contrary results 
wore also reported by soma othor workers in which the 
reproductive rates of different insects such as P* 
gossvolclla, c. orvBae, A. aecvofcA, |1* domestica* g, 
m* moraitana and P* acviosfcella showed reduction follow
ing the application of insecticides at sub-lethal
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levels (Adkinson and t'el Iso 1962# Chadwick# 1962; Duncan# 
1963; Georghion,1965; ftran and Gatehouse# 1970 and Kumar 
and chapman, 1984)*.

Incubation period

At LD5 of decsmethrln and I£>5 and ID^q o £ eorbaryl#
v

there was a remarkable decrease in the incubation period 
of eggs deposited by H, 28 punctata (Table 6)« Here the 
grubs emerged out in a shorter period than in treatments 
involving higher sub-lethal concentrations and the un
treated chech* At the levels of I*D25 an<3 ^ 50* inc£GG3- 
ed rate of incubation period was noted.

Application of LD2S of both compounds and LD^q of 
carbaryl# promoted an increase in the rate cf egg hatch- 
ability in H. 2j3 punctata* All othor treatments showed 
a reduction in the rate of the viability of eggs which 
was leaser to the extent c£ 5*11 and 17*02 per cent as 
compared to the untreated check# Chauthari and Adhinson 
(1D56) could not observe any change in the viability of 
eggs deposited by moths of H* viroscoDB and U m sea larvae 
which were exposed to sub-lethal doses of toxicants. The 
incubation period of D* koeniaii resulting frcra exposure



to the aub—lethal and lethal doses of DDT did not differ 
substantially <3ingh and Lai# 1966). Ganejdran et al*r 
(19SS) reported that the four insecticides decamethrin# 
methyl parathion# monccrotophos and carbaryl belonging 
to diverse groups shewed least influence on the egg 
period and hatchability of D. clnnulatus when exposed at 
their sub-lethol levels.

Larval duration

Sub-lethal concentrations of decamethrin and carbaryl 
at all the tested levels except at LD^0 shotted significant 
increase in the larval period of H* ou net at a (Table 7) • 
At the highest sub-lethal dose tested (LD^g) of bothUn- 
secticldGG the larva attained pupal stage within a rela
tively shorter time as in the untreated check. However# 
maximum larval period was recorded in those insects sub
jected to the iDn dose of dGcarrothrin*

When sub-lethal concentrations of test chemicals 
were applied topically on the aphids# gossypii (Table 8) 
the higher concentrations (L^s ^ 50  ̂ CQrkaryl 
only shewed a prolongation in the nymphal period. The 
lower sub-lothal concentrations of tills chemical as well
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as all sub-lethal doses of decomathrin reduced the nym- 
piial duration which was significantly different i s m  the 
untreated check, This clearly indicate that, decame- 
thrin at all tested sub-lethal levels and the low or sub- 
lethal concentrations of carbaryl tended to shorten the 
nympho! duration of A* eoosvoii. Similar observations 
have been reported by Chelliah (1979), a decrease in 
nyraphal duration of H. lucens was the result when lower 
dosages of diaainon were applied to rice plants, Hie 
hoppers completed their nymphal stage 1 , 1  days earlier 
cm deltomethrin treated rice plants'than on control 
plants (Chelliah and Heinrichs, 1980)*

The topical applications of decosiothrin end carba- 
ryl on A* b* biouttulo# hove' shown that carbaryl at all 
the sub-lethal doses reduced the nyraphal duration. Lcwer 
concentrations of decamethrin (LDg and XS^q) caused rocrti- 
M  prolongation in the nymphal stage and the higher con
centrations (l£>25 and H?gg) showed minimum prolongation 
in the nyaphol period*

Prom these results it is evident that, the direct 
influence on the larval duration of the test insects is 
very much dose dependent, Minimum sub-lethal concentrations
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c£ decamothrin and carbaryl were Sound to cause prolong
ation of larval period in h» 20 punctata* Put in A* 
aoasvnil and a* b* bicutsula it was at tho higher sub- 
lethal levels tested ( m 2S and t£>50) that prolongation 
o£ larval duration was recorded* These findings gene
rally agree with the observations reported by Madhavatt 
ot a^., (19703 cn Tm oaafcaneura. They investigated the 
effect of cub-lethal doaea of ddt, endsln, carbaryl, 
ondosulfon and parathion on growth, developmental period 
and fecundity in Tm ooatanem* Treatment with sub-lethal 
doses prolonged the larval period end was directly pro
portional to the concentration of the insecticide used*

The overage duration of the larval period of the boll 
worn H. oea surviving egg treatment with endrin and a 1*1 

miKtUffG of asinphoa-coethyl and aslnpbca-ethyl woo appro
ximately two days longer than for untreated control 
groups, whereas in the tobacco bud worm H* vtgescens, 
apparently there was no difference in larval period by 
egg treatment (chauthar! and Mkinson, 1966) indicating 
differential reaction of some insecticides in two differ
ent species* Singh and Eal (1966) also could not detect 
significant differences in the nynphal period of D. 
jcoeniaii when subjected to treatments with sub-lethal doses 
of Di>r and endrin*



13S

Topical application of sub-lethal concentrations 
(Lt>3* LD^and LD^q ) of carbaryl on the adult lon
gevity of A. cfossvpli resulted reduction in the adult 
life span (Table 8) • With decant? thrin at higher concen
tration <LD30) there was a significant reduction in the 
adult life span. At lower concentration of decamethrin 
(IDg)* it caused a prolongation of adult life span.

When decersethrih and carbaryl V7ere applied on t 
the last instar nyriphs of a* b* bigufctula*, there was a 
reduction in the adult life span at higher sub-lethal 
concentrations.. (iz>50). Prolongation of the adult life
span was observed when lower sub-lethal doses of carbaryl 
(l£)g and and decarrethrin (LDg) were topically app
lied on Am b« blqutfcula>

Frcra the studies on the adult longevity of A, 
goasypii and A, b* biguttula it is thus found that higher 
sub-lethal concentrations of decaraethrin and carbaryl 
reduced their adult life span. Lower sub-lethal concen- 
trotions of dccamofchrin (w5) and carbaryl (ID^ and LDj q) 
showed prolongation in the alult life span. However in

M a l t  longevity
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t h e  t r e a t m e n t s  w i t h  d a c a m e t h r i n '  ( I D g )  w h i c h  h o d  s t i 

m u l a t e d  r e p r o d u c t i v e  r a t s  o f  ft*  b ,  b l g u t t u l g * t h e  

l o n g e v i t y  o f  t h e  a d u l t  w a s  h i g h e r  t h a n  t h e  c o n t r o l  i n 

d i c a t i n g  t h a t  a d u l t s  l i v e d  l o n g e r  i n  o u c h  t r e a t m e n t s  

t h e r e b y  i n c r e a s i n g  t h e i r  p r o g e n y  p r o d u c t i o n *  T h e  i n 

c r e a s e  i n  t h e  r e p r o d u c t i v e  p o t e n t i a l  o f  ft*  b .  b l m f c t u l a  

a n d  f t .  c t o s s y p l l  o n  t r e a t m e n t  w i t h  d e e a m e t h r i o  a t  l D g  

d o s e  a n d  t h e  p r o l o n g a t i o n  i n  t h e i r  a d u l t  l i f e - s p a n  i n  

s u c h  c a s e s  p o i n t  o u t  t h e  p o t e n t i a l  f o r  p r o l i f i c i t y  i n  

b r e e d i n g  a n d  i n c r e a s e  i n  t b s  p o t e n t i a l  f o r  i n f l i c t i n g  

c r o p  d a m a g e *

M i f i  a n i  K n u t s o n  ( 1 9 3 6 )  r e p o r t e d  t h a t  t h e  l i f e 

s p a n  o f  t h e  t r e a t e d  f e m a l e  h o u s e f l y  w a s  h i g h e r  w h e n  e x 

p o s e d  t o  s u b - l e t h a l  d o s e s  o f  d i e l d r i n  c o u p l e d  w i t h  i n 

c r e a s e d  w e i g h t  o f  t h e  p r o g e n i e s *  I n  c o n t r a s t  t o  t h i s  

f i n d i n g *  t h e  l o n g e v i t y  o f  t h e . a d u l t  p i n k . b o l l  w o rm  t h a t  

s u r v i v e d  l o w  d o s a g e s  o f  d o t  w a s  s h o r t e n e d  (A d S & n s o n  e n d  

W o l lo o *  1 9 6 2 )  •  T h e  l o n g e v i t y  o f  a d u l t  D *  K o e n i g i i  s u r 

v i v i n g  s u b - l e t h a l  d o s e s  o f  d o t  a n d  e n d r i n  w a s  s i g n i f i 

c a n t l y  r e d u c e d  a s  c o m p e r e d  t o  c o n t r o l *  T h e  l o n g e v i t y  o f  

t h e  f e m a l e  w e s t e r n  c o m  r o o t  w o r n  J>* v i r a i f e r a  w a s  s i g 

n i f i c a n t l y  g r e a t e r  w h e n  t o p i c a l l y  t r e a t e d  w i t h  s u b - l e t h a l  

d o s e s  O f  c a r b o f u r a n  ( B a l l  e n d  S u *  1 9 7 0 )  •  i h e  s h o r t e n i n g
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or lengthening of the life-span in thus found to be 
dependent on the type of the insecticide# the dosage 
level and the insect involved and a generalisation Is 
not possible unlese the foregoing factors ore taken in
to account for specific situations.

Survival

TEie sub-lethal concentrations of decamethrin and 
carbaryl on the survival of H, 2£  mnetotg did not Show 
any immediate difiecb effect on the adults upfco six days 
after emergence (Table 16)• Por carbaryl and decamethrin 
at their dosa the casualities were relatively heav
ier* Zn the ease of decamethrin at the LD$ dose level 
there was a rise in survivorship after the 10th day. In 
carbaryl also the trend was similar but not os striking 
as in the case of decamethrin, This might bo due to sti
mulatory effect of decamethrin at lower concentrations on 
H* ^8 punctata populations.

Zn studies on the influence of mortality on A, 
gosovpii under treatment with the two insecticides* it 
was found that at decamethrin# there was a higher
survival rate on the first day (Table 17). The effects 
of tiie treatments with l£>g and Zi>̂ 0 concentrations of
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d e c a a e f c h r i n  a n d  c c r b o r y l  m m  c o m p a r a b l e  w i t h  t h e  p a t 

t e r n  o f  s u r v i v a l  i n  t h e  u n t r e a t e d  c h e c k *  S h e  k D g s  c m d  

U>5 0  s h o w e d  d i s t i n c t l y  h i g h e r  l e v e l  o f  m o r t a l i t y *

V ihen t h e  l a s t  i n s t a r  n y m p h s  o f  A * b .  f e i o u t t u l a  w e r e  

t r e a t e d  w i t h  s u b - l e t h a l  c o n c e n t r a t i o n s  o f  d e c a n s e t h r i n  

a n d  c a r b a r y l  ( S a b l e  1 6 ) ,  d i r e c t  i n f l u e n c e  o n  t h e  s u r v i 

v a l  r a t e  w a s  n o t e d  o n  t b s  f i r s t  d a y  e £  e m e r g e n c e  i t s e l f *  

A l l  t h e  s u b - l e t h o l  c o n c e n t r a t i o n s  o f  d e c a r r e t h r i n  a n d  t w o  

h i g h e r  c o n c e n t r a t i o n s  o f  c a r b a r y l  s h e w e d  h i g h  m o r t a l l y  

l e v e l s  a s  c o m p a r e d  t o  l e w o r  l e v e l s  a n d  t h e  u n t r e a t e d  

c h e c k *  c o m p l e t e  m o r t a l i t y  w a s  n o t e d  o n  t h e  t h i r d  d a y  o f  

e m e r g e n c e  a t  o f  b o t h  c h e m i c a l s *  I n  a * b *  b l o u t t u l a  

a l s o *  tb ©  l o w e r  c o n c e n t r a t i o n s  s t i m u l a t e d  t o  p r o l o n g  

t h e  l i f e  p e r i o d  t h a n  i n  t h e  u n t r e a t e d  c h e c k *

F r a n  t h e  s t u d i e s  m  t h e  i n f l u e n c e  o f  s u b - l e t h a l  

c o n c e n t r a t i o n s  o f  d e e s m e t h r l n  a n d  c a r b a r y l  o n  t h e  a b o v e  

t e s t  i n s e c t s *  t h e  e m e r g i n g  t r e n d  i s  a n  i n c r e a s e  i n  s u r 

v i v o r s h i p  a t  l o w e r  d o s e s  e S  t h e  s u b - l e t h a l  s e a l © *  p a r t i s  

c u l a r l y  s o  f o r  d e c a m e t h r i n  i r r e s p e c t i v e  o f  t h e  t e s t  i n 

s e c t s #  S i m i l a r  v a r i a t i o n s  i n  t h e  a d u l t  l i f e  s p a n  w e r e  

O b s e r v e d  i n  t h e  c o t t o n  b o l l  w e e v i l  a *  o r a n d i a  a n d  t h e
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cotton white Sly !3*. tabaci* Bariola and Ltndguist 
(1070) reported increased mortality when A* crrondls was 
exposed to sub-lethal doses c£ the systemic insecti
cides as diselfoftan# dierotophos# rrmocrotophos and 
aldicarb* Corbasyl at Increased the adult longe
vity in £5# litura (Abo-Elghar et gl_»# 1072)* ‘The spect
acular increase of J3. tabaci populations on cotton and 
brinjal was ascribed to the indiscriminate use of syn
thetic pyrethrolds (David et al*# 1906# Eavindraneth 
and Pillai# 19S6)*

Field studies 

Pest distribution

In the field experiment the effects of inlying 
decamethrin and car beryl dt their LCg^ LC^q# LC25 and 
LCS0 were assessed in terms of post-application popu
lation trends of |f* 20 punctata* A. gosavnil and A* b* 
blguttula* The counts of viable eggs of J|* J| punctata 
a week after treatment wea distinctly more on those 
plants treated with lower sub-lethal doses of decamethrin 
and car beryl* tsasiratna viable eggs were recorded on 
those plants treated with the LCS of decamethrin* h 
similar trend was Observed for tbs population of enruba*
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Us respect of the aSulta# though a uniform increase in 
adult counts was recorded for the lower three sub-lethal 
doses of dc-dame thrin and for all four doses of carbaryl# 
the trends shewed no significant difference from the un
treated check,

with a* aossvoii* decamethrin at !£$ showed a tre
mendous increase in populations over pre-treatment levels. 
Though the sate chemical at &C25 was comparable to the 
untreated cheek* the population was distinctly lower at 
the lCg0!evel, with carbsryl too at &Cg* there was a 
remarkable increase in the population build up after treat
ment,

a * b , pa,quutaua recorded a gradual increase in the 
survival of hoppers with decrease in the sub-lethal doses 
of both insecticides,

ri.tie observations from the field experiment corrobo
rates the general trend emerging from the laboratory stud
ies in which sub—lethal doses particularly at the low 
tested levels promoted fecundity and survival,

An increase in the population of insects after appli
cation of sub-lethal doses of insecticides has also been
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reported In a number of instances. Ha ghupathy ana Jaya- 
raj (1073) observed on increasing trend in the populat
i o n  of tbs loaf hopper A. devostons on bhindi plants, 
which received lew to:die stimulus of the systemic inse
cticide disulfoton. They have also (1974) reported a 
flare up of A. goasypli and A, devaatans following the 
loss of toxic stimulus of phorate which had been applied 
through soil, Sithanandam ©t a^. (1973) have also re
ported that population of A* oossvpii showed increasing 
trend on cotton plants that had previously received soil 
application of phorate and dlsulfotcn granules. The fe
cundity of the brcwo plant hopper n* luceno increased on 
rice plants which had been previously treated with iM)C 
ISi, diasinon and methyl parathion soon after the toxic 
stimulus had vanished* thereby causing population build u 
up (Chelliah and Heinrichs, 1970).

Plant growth attributes

Field studies (Table 21, 22) have shewn that the 
two tested Insecticides doeamethrin and carbaryl had 
no impact on the grcwfch rate and yield attributes of the 
brinjal crop. Though there vras no significant variation
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with regard to the nmrjber of fruits under insecticidal 
treatments there was increase in fruit weight in plots 
treated with decaraethrin at and carbaryl at all 
shfo-lethal levels except IAj* such quantitative vari
ations in fruit yield wore not significant.

Studies of Metric and Mitchell (19GS) showed 
delaying in fruiting and on increase in the yield of 
seed cotton with lew concentrations of phorato# fcoxa-p 
phene and DDffi. Sub-lethal concentrations of different 
insecticides such os phorate# carbofuran# quinalpfoos 
and ciethyl dome ton increaaed the plant height# riun&>er and 
weight of fruit of chilli (Sinha and Roy# 1977}, Patel 
(1980) reported increase in the plant growth of ofcra 
when treated with different insecticides including car- 
baryl* similar results ware obtained by Heinrichs ot 
al* (1382) on rice plants sprayed with sub-lethal doses 
of methyl paratMon and decamethrin. In the present 
studies the sob-lethal concentrations of docemethrin 
and carbaryl did not reveal any stimulatory influence 
either on plant grewth or fruit yield. In the present
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studies el together three rounds of sprayings were given 
and the lest round was given et 72 days after transplant** 
ing and it is quite likely that the throe rounds of spray
ings could not bring about any favourable influence on 
plant growth or on fruit yield,

Natural enemy distribution

Regarding the occurrence of natural enemies# there 
was no difference between the untreated end the treated 
group of plants#

Residue dynamics

Deposits of enrbsryl on the fruit after the spray 
was far below the tolerance level# In the case of the 
insecticide decqmethrin which 13 far less persistent than 
carbaryl# the residues con ha enpeqted to be well below 
the tolerance limit and hence the residues of decamothrin 
Were not assayed#



Summary
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sui-mR*

Laboratory studies vara conducted to evaluate 
the effect of sub-lethal doaes of the two insecti
cides decamethrin and carharyl at their LDg# i-DjO* 
ia>2S and I£>so levels on the orientation# feeding# re* 
productive potential and Survival of the three import
ant peats of brinjol crop# nanely# the epilachna beet
le Henosepllachna 23 sqnctata. the aphids Aphis qoaavpli 
and the leaf hopper amrasca biouttula binufctulo, in 
a field experiment the population fluctuations of 
these three insects after applying the two insecticides 
at their sub-lethal levels wore monitored and recorded# 
The plant growth characters and fruit yield were also 
recorded from the experimental crop*

The salient features of the study are as eoxxowsi

In all the three test insects* all the tested sub* 
lethal concentrations of decamethrin and cafbaryl did 
not reveal any positive orientational response#

All the four sub-lethal doses of both the insecti
cides caused a decrease in feeding rate in H* ^  punctata
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as compared to untreated chech plants* In the case 
of A. gossvpii and A. b. blguttula# Where the food 
infcalce was assessed indirectly by the radio isotopes 
studies# there was a prominent reduction in the food 
intake at the ZAjq levels of the test insecticides.

Influence of sub-lethal doses of the two test 
insecticidao on the seir-ratio resulted in a signif !*• 
cant increase in the proportion of females of H. 20 
punctata at the tDg level of decamothrin. With LDS0 
level for decamethrin and carbaryl# there was a sharp 
foil in the proportion of females* In the case of 
gossvoii. sex-ratio as a parameter could not be stud
ied since under laboratory conditions of rearing male 
populations failed to develop in the cultures. With 
A. b. bioittula at ID10 of decamethrin there was a 
strong shift in favour of females * At LDg of carbaryl 
and decanithrin also the production of females shewed 
increase. As a factor that can cause resurgence# the 
increase in the proportion of females is found to be 
relatively more important in the case of H. go punctata 
and A. b. foicuttula.

The present studies revealed that topical applica
tion of the sub-lethal concentrations of decamethrin
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and carbaryl on the last inatar grubs of H* 29 punctata 
led to enhancement of the reproductive? potential# of 
the adult emergents* Highest degree of stimulation was 
recorded in the case of decamethrin at the dose# 
ae compared to decamethrin# the sub-lethal donee of 
carbaryl shotted a lower degree of reproductive otinajlat 
ion potential* But# for both insecticides, the BB^q 
does suppressed the reproductive potential*

in the end ?g generations of H* 2Q ounotatb 
the increase in fecundity was manifested as in the pa
rental population* In the generation the dose 
tended to promote fecundity* she survivors from the 
BD5 treatments showed more prolificity in egg product
ion in the and Pg generations as compared to the 
parental population*

In the case of A* aossvoii at the letter levels 
(LDj. and L 9 o f  both insecticides# there x?as an in
crease in the reproductive rate in the parent# and 
P2 generations. The untreated Chech and the adults sub
jected to higher level of sub-lethal concentrations did 
not show any significant difference. As it reached the 
Pg generation# in all treatments other than of
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carbaryl# nymphal production was higher than that in 
the? parental population*

In A. b* biouttula* the Icwer concentrations cfi 
both insecticides resulted in more egg production in 
the parents as well as in the Pj and ?2 generations*

She present studios shot? that the stimulation of 
reproductive potential of the two test insects i3 dose- 
dependent.

At tempts to study the influence of the sub-lethal 
doses of the insecticides on the duration of the imma
ture stages of the test insects have revealed that# 
in H* punctata, lower doses of both decanethrin and 
car beryl shortened the incubation period# whereas with 
the higher dose (ID^q) there was on increase. At the 
dose b£>25 for both toxicants and at for carbaryl, 
maximum egg hafcchability was recorded* Maximum larval 
period was in the emergen to from decotnethxin treated at 
U>5.

Aphids completed their nymphal stage earlier at 
all the tested sub-lethal doses of decamethrin Q3 well 
as at the two lower doses (ud5 and LD10> of carboxyl. 
Topical application of decamethrln and earbaryl on
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A* b, Mcufcfcula have sham that carbaryl at oil the sub- 
lethal doses reduced the nymphol duration* Kaxlimim 
nyrophal duration uas observed with decaoefctarin at IA* 
and it was mininun at the LD^q level* The direct in
fluence on the larval duration of the test insects is 
found to be very much dose dependent.

Prora the studies on the adult longevity of A* 
gosovpil and a . b* biguttulo it was found that higher 
sub-lethal concentrations of decomethrin and carbaryl 
reduced their adult life-span and the lower sub-lethal 
concentration of decaroethrin (ED«) end carbaryl (IAw O
arid U>10) shewed a prolongation*

The studies on the influence of sub-lethal con
centrations of deeamethrin and carbaryl on the survival 
of test insects have revealed that# at the lower con
centrations of both Insecticides there were more sur
vivors 03 in the case of untreated check# particularly 
30 for decaroethrin# irrespective of the test insect*
The higher concentrations resulted in bringing d a m  the 
rate of survivors at an earlier date*

The results of the field experiment showed the 
occurrence of H. £8 punctata to be more on plants treated



with lower sub-lethal doses of both insecticides. 
Between the too insecticides, plants treated with 
sub-lethal doses of deeamethrin showed relativc&v 
more number of insects,

ID the case of A* cross voll, treatments with 
decamethrin and carbaryl at the IDg dose and at K>^0 
Of decanjethrin there was a rrarxirmmi increase in post- 
treatment populations counts, in a .  b .  Mnutfcula 
there was o gradual increase in She survival of hop
pers at the lower levels of the sub-lethal doses of 
both the insecticides.

?h<3 present study has also shown that the two 
insecticides - decamsthrin and carbaryl at their sub- 
lethal doses have no effect on growth rate and yield 
characteristics of brinjal crop.

With regard to the incidence of natural enemies# 
there was no difference between the untreated and the 
various treated group of plants.

Deposits of carbaryl in the fruit after a sub- 
lethal spray was far below the tolerance level.
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Slnha, P.P. and Eoŷ , C*3, 1977, Effect of dipping Chil
li (caoaicum annum l») * seedlings in three concen
trations of soma orgaoo-nhosphate insecticide on 
the growth and post complex, Indian j. Bat* 39
(3)s 216-322.

Sithanantham# 3,, Jayorej, 8* end Subremanion, T,R* 1973# 
Sonic changes in the biochemical status of cotton 
plants due to systemic insecticidal protection in 
relation to resurgence of the aphid Aphis qossvpli 
Glov* (Honoptera s' ApMdidse-;:> Madras aarlc* a* 60# 512-528. —  —  »

Smith, T* and Roys# C*c* 1955* chemoreception in insects 
and the action of DOT, Biol* Pull, par hlol, Mb*, 
Woods Hole. |gg# 66-76*

Solairaan# 3.A, and Oitlsotip* h,K* 1963* A comparison of 
ehemprccQPtor and whole fly responses to 032 and parothion, £, coon. Ent, gg« 492-494.

Stapley, J,H,# Ofecftson? Y*V*H* and Golden* W.G* 2977*
Observation in the Solomon Islands on the control 
of the brown plant hopper# nilapagyata luoena (stal 
Draft paper presented at the Brown Plant Hopper, 
symposium, XRRX# hoa Banos* Philippines# Anril, 20-22,

Stewart, J,G. and Philogine* B*J.n* .1983* Sub-lethal 
effects of fenitrothion on the development of a 
parental generation of Manduca aexfca. Entcmo— 
l-ogla ex^* aonl. £$8 325-319,. '

* Sutherland# D.j*# Oeam# f*d, and Gupta* a.P* 2967, The 
effects on mosquitoes of sub-lethal exposure to 
insecticides. X. DDT# dieldrin, malathion and the 
basal follicles of Andes eeqvotii (L). Muscuito 
m-tas gl* 316-323, ' -



S y r c t t #  Pf  a ts 3  P e is n a f t#  d » r ,  1 9 3 0 *  s t u d i e s  © f  i n s e c t i c i d e  
toxicity to lucero aphids'and their predators. new 
ZmlonA- aU Amrlc. 575*580#

S a n ,  k *h ,  1 9 3 1 *  A n f c i f e e d i n g  e f f e c t  o f  c y p s i s a e s n r i o  © a d
penaothrin at sub-lethal levels agolnat Marts b m »  
sslcao. pestle act,* £gi 629-S20*

T e h *  K #H #« £5 3 - o * t i ,  e n d  S u d a e r u d d i n #  K * x *  1 9 8 3 *  T h e  e f f 
ect oi  raal&thlon o a  the w e i g h t # ' f e c u n d i t y  e n d  l o o g e -  
Vity Qg toqhfe^gn .qro?,e»«i3a M &  <Ms*eia t 
SvrPhidoe). SfciffisraSfa j|i 25-27*

s e w o r i #  G * c *  a n a  i l o o r t h y #  £>#£!*&* 1 9 8 5 *  a e l o e t i v e  t o x i c i t y  
© £ ' s c e &  s y n t h e t i c  p y j f e t h r o t d s  e n d  c o n v e n t i o n a l  i n 
s e c t i c i d e s  t o  e p h i d  p r e d a t o r  i ^ o c M l v s .  s c M a o c u i a t n q  
a s t *  l o a t o n  £ .  s a s i £ >  22i .  S »  « o * > « 3 .

X h o n d a & D ry a #  T * 3 *  & &  H i r o o a f c h #  &*€)* 1 5 8 3 * , L o s s e s  d e e  t o  
i n s e c t  p o s t s  i n  K a r n a t a k a *  I n d i a n ^ * P i t * Opi* issue* J* S3* ■ - •

* 5 ? i to v a #  E?*v* 1 5 0 0 *  O s o n t i t a t i v e  c h a n t s  w i t h i n  p o p u l a t i o n s  
o f  i n j u r i o u s  i n s e c t s  u n d e r  t h e  i n f l u e n c e  c £  c h e m i c a l  
t r e a t m e n t s *  E a t *  c b o c r .  $ J *  7 1 1 * 7 2 5 *

T u r u n e n #  8 *  1 9 7 5 *  u t i l i s a t i o n  a n d  © s t e r e o *  a c t i v i t y  i n
s«aa§ asaais ®« faring chronic exposure to Undone
c o n t a i n i n g  f o o d *  B i t c e c i o g j *  c s o .  & S £ U  & •  2 5 4 - 2 0 8 *

Voloey# w.J*A* and McOcttgell* 0*A, 1579* Tests of cctor
stimulants for eastern sprue* buduorm moths (Lepide- 
ptera* Torticidae)* Con* Fnt* JJJ* 237*241*

Han* 3*y« and u*a« 8# 2904* Preliminary report on control
ling cotton insects with 0eeis* insect knowledge. 15* 
(55* 25*27* ""

Y o d a v *  x * 9 * . 1 9 7 7 *  E f f e c t  06 s u b - l e t h a l  d o s e s  c 2  s s a l e t h i o n  
o tsd  d w i >  o n  m o th  p e s t s  o f  s t o r e d  g r a i n s *  g a t c n p l o -  
c i s t s  B fe w a l*  2*  2 2 - 2 3 *

S e t t l e r #  J * L #  a n d  L o c a t e #  $ * L *  2 9 7 4 *  3 u b - i e t h a l  d o s e s  o f  
© o l a t h i e a  a n d  d i c h l o r v o s #  E f f e c t s  o n  f e c u n d i t y  o f  
t h e  b l a c k  c a r p e t  b e e t l e * ' '  £ •  c o o n .  £ n t *  $gt  1 9 * 2 2 *

xiii

* Originals not sees



Appendix



APPENDIX I

Ambient temperature and humidity condition, for the laboratory 
studies for the period from April, 1933 to March, 1985 (record- 
ed at VellanikKara).

Month
Temperature

Minimum . Maxinun 
(°C)

Mean rela
tive humi
dity w

April 1983 25.8 36.2 56
May 25.5 35.1 39
June 24.5 31.9 19
July 23.7 29.7 37
August, 23.6 29.1 37
September 23.4 29.5 34
October 23.1 31.2 77
November 22.3 31.8 71
December 23.9 31.2 53

January 1934 23.3 32.4 58
February 24.2 34.3 56
March 24.3 35.2 67
April , 2 M 34.8 73
May 25.8 34.5 71
June 22.7 29.0 67
July 22.7 28.6 87
August 22.9 29.3 87
September 22.2 30.4 84
October 23.2 29.9 60
November 23.1 ( 32.-1 67
December 20.6 31.9 58

January 1985 22.6 32-5 67
February 22.8 34.7 58
March 24.6 36.1 63
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The effect of sub-lethal doses of 'decarao thr in 
sad carbary! at their SDS# LD^0# JjD25 and X£»50 le
vels on orientational attmll* Seeding, reproduct
ive potential and survival of the three important 
pests of brinjal# namely# the epilachna beetle H* 28 
punctata# the aphids A. goscvcll and the leaf Ix>ppcx 
A* h* biouttula have been studied in the laboratory*

In all the three test insects# positive orient
ational stimuli were not detected at all the tested 
sub-lethal levels of the two insecticides*

A decrease feeding rate in H* £8 nuncfcata was 
detected when the Insects were exposed to the sub- 
lethal dose treatments* In A* cosavail and A. b* 
blgufctaila* the reduction in the feeding rat© was more 
pronounced at the IS50 level of both insecticides*

A sharp increase in the proportion of females 
in H, £3 mtictata on treatment with of decome- 
thrin and a reverse effect at the level of both



insecticides was observed* Treatment; t7lth decs&e- 
thria end carbaryl at and with decarasthrin at 
£d10 level led to an increase in the proportion c£ 
females in Ae_b, feieruttala*

Topical; application of sub-lethal concentrat
ions of both insecticides on last instar grubs of 

20 reancfcata led to reproductive stimulation of 
adult emergents except at K>cjq dose where there was 
a suppression of this trait* This tendency to pro
duce more number of eggs was also recorded in the 
end Fg generations as well* in the case of a. 
coao’ffoii at the lower levels (&D5 and of both
insecticides# there was on Increase in the reproduct
ive rats of parents# P^ and generations* in a * b« 
foioutfcuio too there was more egg laying in the parents# 
Pj and P0 generations with lewer sub-lethal doses*

The incubation period of |I* ponctafco was short
ened at the lower sub-lethal doses and showed prolonga
tion at the &?gQ level* Egg hatchability was naxictra 
©t of carbaryl and L9g5 of both toucan to*

larval duration was mmiinnm at Z£>5 dose of dcca- 
nsethrin* In a * gosayail* nymphal period was minimum



at all levels of decaraethrin and also at LDg and 
LD^q o£ carbaryl. Carbaryl at all the sub-lethal 
<3osea shortened the nycrpha! duration In A* b. biouttula, 
Decornetlirln at doao also resulted in ouch short
ening la the nymphal duration. At higher sub-lethal 
concentrations of decaraethrin and carbaryl the adult 
life span in A. oogsvnil and b* biouttula showed 
reduction.

Lower sub-lethal concentrations had resulted in 
more survivorship o£ the test insects.

In the field experiment post-treatment counts off 
22* .22. Punctata and A, oossypii were relatively more 
on plants treated with the lower levels off the lethal 
concentrations, in the case o£ b. foiquttula there 
was a gradual Increase in poat-fcrcatment counts at 
lower levels oS the sub-lethal concentrations.




