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Undar fieldlconditiona of ineecticida applications, 'bho
inaects oome in eontaot with diffarant doses of ‘i:he ingecticides
‘i‘hese doses xnay 'ba 1ethal or sublethal. Insects pi.qk;ng up lethal
dozos dle, while ﬁhosg; getting mblethnl dosas survive, .The number
of survivals will varl;acooming to the intensity of the insecticidal
preasure, | : |
isca mi’;m of compon observation ia insecticidal
»«bﬁ.‘qa_ss‘éy tests that vfhen a population of ixiae‘ota is aubjec,“!{ed to
difforent ascending émde’a of ingecticide pressures, there will be
mﬁviv&ia at the variaus lavols eventhough their number mey be
progrossively ﬂecma%sing. Progressively decreasing doses of

inscoticides will be present on the plants on tie consccutive days

following ingectlieido application.

Q

Though thers is evidence to. ahm' that sub~lethal doses of
: insecticzdes affact tha blologicnl and 3h,ysiolegical activities of
insaects, the precise actica of the aublethalh doses on these '

" eotivities have not been fully understooa. Objectiva studies on
the effect of au'blethal dosea on imzeo'bs ere very fow and these
include those of Weno (1947), Tenhet (1947), Beard (1952),

Ruenen (1956), Loschizavo (1960), Saini (1966), Osherova (1967)



Srivasteva & Fine (1967)s Tha results reported by theve workers
are however mte contradictory. Further, no effort has been

mede go far to uuderate:zd the influenm of increaaing or decreasing
suba-mozrwl :lnmcticiae prassures on the miuua 1i%e pwocsoses

o.f inssesa. Tue investigations presented hersunder have hence
boen undertaken whith & view to study the effect of sublethsl

goses of five incecticldes of different medas of agticn oh the

amlogment. survival and feeundity af Tribolium eagtancume

Every insecoticide has bosn used o greded =nd deorsasing levals
of eublethsl doges. The studles have shomn that the lawval
duration, mﬂh of the larm and feoundity ef *he adults ave

ai@ificanﬂy affected by the verdations .m tha mbletml doses.
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REVIEW OF LITERATURE -

The earliest stuti-y on the effect of sub-lethal doges of
ingecticides to inseots appears to be that of w;ne (1947)s He
found that the lm of Epilachue when fod on leavas trseted with
aryolito ceased t0 feed before they injested & lethsl dese and
suffered rotarded development. In order to ascertsin whothar this
retardation was duo to inadequate feeding or due to effect of poison,
larvee that had raoently moulted were subjected to staxvation and to
. sub-lethal doses conieining 90 per cent sodium fluoaluninaie on
bean-leaves. Iurzation of the 3rd instar was incressed from 246 days
.fmm continucus feeding on untreated leaves to 3.4 ssmd 443 days by
" starvetion for one and two days vespectively. The larval duration
wes alierod Y0 4.8 and 5.8 dsys respectively when fed on tra;r.ﬁed
leaves for 1 and 2 deys, before heing transforred to untroaied ones.

Thore was no mordality aa}cng lervee fed contimmously on clecan leaves

or stoxved for one daye. Bub the pérventage of the larvas that
survived wvhen sterved for two days or fed for one oy m days oh
troatod leavas foll ©0 T6.8; 473 and 44.1 reopectively. Iuration

- Of the 4th instay wes inerezsed from G.3 to 6.5 and 9.3 daya by

gtervation for one day and three days respectively and to Bai and

10.3 days by feeding on treated lag.ves fer: mm end two daye respectively.
Corresponding veduction in percentages that survived were from 97.1 %o
94e1s TOely 6144 and 24.7. Five 3rd inoter larvae ooncumed 80 per cont
of the area of the leaf in 24 hours', but five that have been starved :
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for one day ate 80 por oent of 2 leaves.. Five othors ate less than
2 per cent of leaf trested with chemical in tho seme period and

about the same emount of an untreated leaf on' the following day.

In addition o killing some lexvao, chemicals thus reduced the

 injurious effoots of the eurvivors and therefore might bo more

offsctive then rortelity records indicated.

Board (1952) troated the edults of the large milkwoed bug
and the larvae of the gz-eé.ttm wax mothv with & single éosé equivalent
to the LD 50 of a toxicsut and tosted the susceptibility of the
survivore, one wesk later to the same toxicant or cther toxicants.
It wes found thab in the cave of toxicante the survivors instead
cf bamg moye reeis‘tant a:ad less variable in susaeptibility *::haa
un—waated inaects. as axpeoted. were equal in sueceptibility ond
varisbility or in seversl cases, oven more suacaytible and more
variable, then the normal ‘pum’la.tioz_h The degres of selective

« pressure of pyrothrum had ne effeot on the susaepﬂhility to nicotineg.
By adninistering two unlt doses ot different times, in compsrison
" “with two unit dobes at the same time, arsenic appeared o be
eliminated by both inseote. - Nicotine appeared to be eliminatga

bé waxnoth larvae, but was additive in the bug, Doth DIT and
Wmt}mzm showed come sensitising activity and in general were more
additive. The pattern of susceptibility of chem:!.eauy selected
insecte being essentially the same as that of uneelect_e@ 1naect9
evan in the aboence of edditive effects, sugges‘bé a dynnmic type
“of variation emong individuels. Dynamic variation eould help to ‘
explain ‘%he conditions wnder which resistance might develop.



| ilcax'e} (1933) found that exposure of red sosle to Jow
concentration of ﬁeu. vafore funigetion, reduced the kill'in some
cases, in enother cese, waumameht $ad no effact, or aven -
inereased the final idll. Campbell (1 926) found t!ﬁ% individual
ailk worne, voceiving a mmber of subelethal doses of neutral
scdiws arsenato solution administered orally, during laxvael developmont,
did not soquire tolerance for arsenic. HEorly sub-lethal doses wore
eliminated as there was no evidence of cumulative action. Hono (1949)
reported thet prafunigation of rice weevil with low d&aes of oarbone
di-gulphide decreased suscepisibi-imy to the chemical. Heuse flies
pro=troated with synergists were mare susceptible to pyretirum then
thoss not pra-tveateds Hoffman (1957) found thet house flies
suyviving six exposures during & thres day=pericd to surfece treated
with DI? were killed _mnoh more ehoily than unexposed flies, when it |
is exposed to a higher dose ‘of e, suggesting that & Mc by=product
agcurmiated in the fligs. HMilkweed bug pretreated with micotine wera
nore eusaepﬁhle to pyrethrum than bugs not pretrcateds Buge pretreated
with pyrethmmnm were less smepéﬂ.ﬁa-to nicotine than bugo 'no%._ treated.

fenhat (1945) cbserved that when large number of cigarette

I .

BN N

beef;ies wera exposed to oudlethal doses of pyrothrim epray, the
curviving beetles Geposited only sbout half as meny eggs as beetles
not exposad to such sproy. Fallure to deoposit eggs may be due toO

partial paralysis of genetallf.



Tattorsfield and Kerridge ("i%ﬁ)fmmﬁ that when €O,
w&s aﬁminiatemé in sublethal concentration to adults of
Irosopiila melenogaster, susceptible to the toxlc effect of this
gaa. it incroesed their rosistance, This effect did mot appasy

t0 be permanents Suecessive applications did not inorease the

resistence. Topical application ;of DOY in snblefh&l dozeg mosulted
in a refuction in the number of eges laid or in tho rate of
ovipogition, |

~ Beaxd (1956) treated nilk weed bug end wax moth lervae
with sublethel doses of nicotine, arsenic, ID? and pmétm. In
no cace, did the treated individual become move reaistant, though
" in come cases, they hecame more suaeéytiblel, poesibly &m @ vesult
of carry-over of the compound, or lack of complote racovery. Similer
' results were raported for DIT in housefly by Hoffman a'a 81« {1950).
Burns (1931) grew Drosophils larve in o mediun with o sublethal level
of DUP or BHC and tested the adults for rosictances Comparleons were
made with both EET«:esia*&smﬁ ang euacepmhle atmins, w; in neither
880, waa *&hem any simmcant difference between "bh%a resred in
treataﬂ medium a:zd cﬁnmlc There ia stiil s maaibility that
) eon‘&:imm& auble‘t;hal tneaﬁaema over m&ny genorations migkt have en -
effects But Luers (1956) grew Drogophile for move than 50 gencrations
in 8 pedium 'éanmmag eublethal csncentrations of DI and obtained |
no deteatable enhaacemeh% of z-eaiamce; Thus nenselostive doses

do not appear 1o increave resisbance.



, Knuteon (‘3933) chowed that sublethal exposure of

@Ehi}.a to dieldrin mcz'e&aeﬂ the femmﬂi‘&y and 1life-span of
‘bhe flies- The greater number of the total progeny of %}ze
~@leldrin-oxposed flies reaulted apya&enﬁly. because these flies
- lived longer than cnnml ﬁieaa end thorefore had & longer time
in which %o rapm&uce-

Kuenan {1958) in h;ia t#eafmaaﬁ,. expoée& Calandrn to

very low ﬁosea of DIT, mixed with shsa‘b in vhich i% wap roayed

(0s1y 0,125, o.zs #g/100 grags of whaab :ﬂuur). ‘?sevil.s exposed

15_0-0,1 and 0.125 mg produced about gﬂ por cent more off=opring than

the Waea mvzm At 0,25 mg DIF, reproduction wne even higher

pez' living female in the first five wecks. But mmnty was high
- and the total numbar of offeprings was mich lower then in the other

culturess It wag m%eata& thet less saacapti’ble an erthropod

gpecies was %o, DIPy the matar wag the poesibiuty of its " '

atimlatsi@na 0 mpmﬁuefsim.

| Bx-own {1998) exymseé aﬁult house flics to sublethal ﬂosas

Y - &iazinon, dleldrin or PIT daily end these flies beaamo mmssively

more suaoep%ible o them an-axpcsum of either mmal or vesistant
aﬁmin to the :insecﬁioide uncraaseﬁ their meepﬁbilﬁy i'.o D07,
@m 1a. o aequiraﬂ taler&nca afforded by compmmy mb}.e«:;hgz |

" dcses. m-csoahila z:emﬂ for 5‘0 generations in a euble‘k!zal |
eoncenﬁra’bian of W. éié not show any daereaaa in its auaaep%ibﬂity
to DO, ' |



Lakooy (1958) found -that w!m the 4th inctar icpvae of
Colorado potate haa*&le ware ﬂuatad with DI there was no effect
on the mhsequen% duration of éavela;nmnt of the survivors, but
the mortality rote of the resulting adults were incrensed, whother
thay were fod or not and females leid more eges then did untrested

baatlens

Hodway (1959) &emommﬁeﬂ DI éetcsxifi cation in zmsmal ‘
fliea by showing that daily sublethal doses given to the flles
weve only half ew;mla%ive. Logshisve (1960) exposed Triboiium
adults to low doges of 15 1.5 or 2 niliigrames ethelensdibronide
per 1itre for § hours et B0°F and then transferred them to & culture'
mofium. The fessles proved move susceptible than meles and the
supvivore leid fow oggs during the folloving 10 days, whother nated
with tzosted males or untestod males. The percentage of ezgs
hatohed was reduced whon both the pevents were trestod with 1.52 ug/
Litre, Tut viable egee gave zise to larvee that developed nopmally.
When oggs wero- fomd gated sinilarly those treated when 4 dayo old,
failed ‘w h&ﬁah, whereas cne day old eggn ware umi‘i‘eetaﬁ by 045 ng
tut reduced in visbility by 1 ng a‘bhyle_naﬁi’@ommg_/lim»
Yeovelopsent aftor iza‘hching was wormel. Fumigation of pupso wiﬁfz
0.5 to 2.mg/iitre chowed thnt the susceptibility incressed with ege
and wop greater for femmles than for males. Yany showed abnomal
derkenings of the cuticle and sbdnowmal develepment at emergence. Theze
was no evidence of & strain of Tribolium resistant to the fumigent.



Oshexova (1964) studied the effect oi‘ treatments with
 demeton in 2 concentrations of 0,015 &nd 0,001 per cent on tho
survival, development end focundity of Tetzenychus telarlus on
bean plante in successive ganerations. Counis of the mites were
made three deyo after spraying the bean piant with the insecticides
and palrs of fouale and male deutonymphs were thon tzanaferred to
untreated plentes and obsez-vad daily from the time tho female began
%o ovipoeit until tho appsarence of fimﬁ adult of the now
generationa. When 0.015 psr cent &ematan was applied, in the 1st,
2rdy 4th, Tth and 9th ganémtions, treated fomale progeny lived
for an average of 7,1 days as aéa.inst 9¢6 deys when the parenta
vere unireated, and loid an average of 27.5 8gse ag agninst 46.9
in control. With 0.!)2)1 per cent demeton, the 1st, Sth end Tth

- ganerations, fomale progenies iived for im avexage af 96 dayn as
aloo the progeny of the parents which were untreatod; the eggs laid
wora 485 in treated and 48.1 in untreated. The reusinder of the
nites woxe tra}aufema to untreated plents and aliowed to davelop |
until the next spraying With 04015 per cent the female of 1st, -

- 2nd, 4th, Tth, 9th and ‘ch generations lived for an average of

Te3 days as conpared with 9 days for no treatwenta; they laid

25 eggs ench 89 compored with 371 in 'contml. With 0.001 pex cont
1st, 3xd, 5th and Tth generaticna lived for 9.3 days os compored

with 9«4 days for untreated goneraticns snd laid 40.6 and 29.8 eggs
reapecti'vely, When the pa:ent genexations were sprayed with

04005 per cent the immature stage lasted 11.3 and 11.6 days in the
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first and second £ilial generations vespectively =s oﬁmpéreﬁ with
108 and 1047 days mspec%iveiy for no tréa!asant.a with 0.001 per .een.‘b.
the larval steges lested 10.6 end 8.5 deys as compaved with 11 and
99 days respectivelys It is concluded that the after-effects of
tpeatnents were unfavourable to the mites when the concentrations

were high but favourable when they were low.

Saini (1966) in the laboratory investigetion %o siudy the
effect of DDT and dicofol on reprodustion of A::e& mitey the wed mites
were trosted oither by contact for 15 winutes with filier paper
goaked in sclubion of the material in .aceéone or 0 bean leaves
sprayed with emulsion of DIP in xylone. Affey the teeaiuent, the
nites vere tyvenefeorred to the unireuied planis vor the excised leaves
floating in o nutrient golution in peiridishes. ﬁlthm;gh there was
& decline of 21.7 per cent in the number of offepring pwoduced in
one tost, when itmature mifes were treated with C.1 per gent DY
- which cauced considerable mortality, there wes imoreased nunbex
- of offepring in other teasts, but the rate of reproduction was not
gipnificantly highor than those of unireated mites and the xesul%é
wewo similer with both DT and éicofol at all eoncentrations tented
(0405 %0 0u1 por cont). Indivect effect of DIT was studied by
.%rea‘ainé- the px'imm*y \iéave‘a of beoan plants and using the wnireated
trifoliste leaves for determining the mi*«:e—mpwﬁmﬁiw ang
nitrogen contents With one exception, when 12 per eent nore

- offspring were produced by mites on plants tweated with 0.05 per cent
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DR, than that produced by mites on untreated plants there was

ne si@iﬁeanﬁ difference vetween the nmumber of preganieﬁ but

the females of F: generation matured more rapidly cn loaves from -
treated plants. The optimum nitrogen content for population .
incrense was 3.8 por cants Ef—fedt gf nitrogen and sugsrs on
populetion ware stulied by floating unireated trifoliaic leaves
on solution of 0.004 mg caleium nitrate, 0¢5 per cent gluanse or .‘

. suerose or all these togethors Piéaanca of nitrogen and sucrooe
resulted in increase in reproduction of 13.3 per cent amd 15.6 per cent
rospoctively and with ell the three components, the incretsse was
20 per cent. Glucose alone, reduced reproduction by 662 per cent,

Beaxd (1965) r.eporteﬁ‘ that flies exposed to sublethal
doses of DIF gave rise t¢ offepring which inoreesed resistence
to D« This inmaéae in resisiance was due to the selection of
rosistant genotypes rather than induction., Treatments interfered
with noymal reproduction and this aér_vea _ta seleot in favour of

repistant genetypes.

_ Sriveotove and Fine (1967) dosed 20 virgin males end

. females of house flies with & sublethal dose of DT 0s25 ve/fly
and sexes kept in soperate aégt;s for 24-hour obsarvation periedaa.
Then they were mated together in 20 single families. Sublethsl

- doses d4id not affect mating abilities of flies. Slight reduction
in zeproduction capacities and percontoge hatch in DIT line mey
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veflect pathological ovogenicis. Sublethal doses eun load o the
davelopment of low level of resistance. Such froetwents did nob
ﬁaintain resietance beyond seven generatiéns. Selection with DIT
causing partial mortality d‘emonstmtas‘ that it ic more effeotive
in rapid deﬁeloﬁment of high levels of resistance than éu’é)le%mal

dosen of DT,



MATERIALS
AND
METHODS



© MATHERTALS AND METHDDS
Metorials

Test inssct: Tribolium castaneum H. (Teﬁehrionidae) was used
as the test insect.

Reaying mediums Wheat flour eleved through & sieve of 80 mesh
was used as the rearing medium of the teat insect.
Inseoticides: The following inscoticides were uged.

mI 2, pwbige{p-chlorophenyl)=1,1,1=trichloroethane, A
tachnicel materisl containing 77 per cent pp isomor
gupplied by ¥/s. Phorst Pulversing ¥ills Frivate Limited,
Hoxamer iia;aee, Bonbays .

Bndring  152,3sds =10, 10=hoxach1oro=6,7, epoxy=1s 4948,5+6,7T
8,88, 00tahyizo-l, 4=endo, ando, 5,8 dimsthancnsphthelence
A technical material supplied i;y ¥/s. Central Loborstoxy,
'Iam Pieon Linited, Bombayes

Seving 1, naghthyl-ﬁ-‘»mo‘shyl cavbamate. A 100 per cent technical
R serial pamifaciursd by M/s. Union Carbide, India Limiteds

Thicdan: 1 .2.3,4.7,7—hmch19mbieycle (2:2:1)-11@@-5.6-'
biaoxy methy_lane sulphata. A 100 per cent techmical grade
euppliod by M/s. BeI.De Parry Limited, Ranipet.

Poxathions 0,0, dieﬁhyl&?-nitmpbonyl thicnophosphate & 100 per cent
technical grade supplied by yf/a. Bayer Agrochome Litde,
Bombaye ‘
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am matorialy: These included petriedishos, 10 Gems azamsm,
pippaties of 1 mlg 10l aaamming jexry glusos m&e.

Hﬁthﬁda

Rearing of ’i’ribelim cagtaneun larvag for tho experiments:

Adulte of Iribolium were put in wbiat.ﬂm sleved
through 80 mesh siove. This flour was sieved at intervals of
2 %0 3 days to collect the oggs laid by the bestless . Tha eggs
could be collectad on the sieve ae thayvccﬁ!ﬂ not pess ﬁ!wmgh
80 mesgh sievé. This was conbimed 111 no more egss ¢ould be
obiain .v The eggs thus eélléctet_! wore pub in olean petri-dishes
at 100 ezgn per dich mnd aileweﬂ to hateh, under laboretory
éwndiﬁiom. | The first inpiny la&v;ae thus obiained wem nead in
the emimnta end they were used wi%hiﬁ 24 hours of h&%ﬁiﬁg.l

Proparation of wheat flour media matainigg different eﬂnc@ntratimas

of imeaﬁeiﬂem

N I AP E

"7 The @it ferent wheat flour medis eontaining the sublethal
dones of the imeoﬁiniﬁes were propared by impregnating the wheaﬁ K
ﬂm with the insecticides f:,em their evlutions in acotone. “‘ﬁ;{‘f"
grsmn of the ﬂm wers uaed f(:r each replieai;ion and this was
nixed with 9 ml af aeetone solution containing the vequired quantity
of the insecticida. The flour wes taken in a potri=dish, the
insecticide solution poured on it and briaekly mixed up with a



glaas zod. xing was c&nﬁzmeé £111 the medium mﬁurne& to the
powdery conaistaney fmm the paste-like form, The dishas oontaining
the imprognated flour wore thon incubuited at Y00°F for 12 hours
to gnoble complate evaporation of the acsidne.

The details of the preparstion of tho different inseoticides
aoncenteations are glven belows=
Stock solutions:

Ae 1 gu of DIT technical + 10 ml of mcotone e 0.1 ga TP/t ml solution

B. 1 ul of A + 9 nl of acebono " e 0.01 gu DIE/Y ml solution
Ce 1 31 of B+ 9 m) of acetone = 0,001 gu DDT/1 ml solution
Detinlof C+9om of acetons » 0,0001 gn DIZ/1 ml1 eolution

?rnpaaeaﬁon of dilutions of :!.maeﬁciﬂa‘t 2adias
9m10fa.catom-rwmofvheatﬂm aem

" 01 ml of € + 8.9 Bl of acetane + 10 g
of wheat flour = 10 pom

0,2 m) of G + 8.8 ml of ncetons + 10 gn -
of wheat flour
of wheat flour

0.8 nl of C + 8.2 ml of acetons + 10 gn
' of wheat flour = 80 ppo

.04 m1 of O * 846 ul of acetone + 10 mg
Badrin
Es%eex solwbiona‘

Ae 1z OfF %ﬁeteehnieal 4+ 10 m) of 3'0‘1 gn Enirt /4 m1 solution

B. 1 ml of A + 9 ml of acetone w0.01 gn Endrin/1 ml solution
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€e 1 ml of B + 9 nl of acetone = 0,001 gn Midrin/t ol eolution
m@mﬁm of dilutions of the imseoticidal medias
9 ol of scobone + 10 go of wheat flour ' =0 pm

Os1 mL OF € + 8.9 Bl of acetons + 10 gn of wheat flour ' 10 ppn
0s2 Bl of O + 8.8 wl of agatehe + 10 gm of wheat flour 'w 20 ppm
- ﬁgamaﬁn4~3aémla£mﬁm+wmafwmatﬂ@w = 40 ppm

&aﬁm
- Sbock oolubdonss

.amgmafmmimmmamwmmnwm@faaﬁn/
1&1%&&&1@:@ C

Be 10l of A 4 9 Bl Of seotone w 0.0% gn of sevin/t ml solution
Co Tml of B 9ml of adotone = 04001 @ sevin/t ol golution

Proparation of ailutions of the inseoticidal medias

9 wl of acetone + 90 gn of whoat fleur -0 pre

Cut ml of € + 849 ml of scetona + 10 ga of vheat floor = 10 ppo
02 ml of O Q.ﬂ ml of soetone + 10 g of w&zeat floux = 20 ppm

04 ml. of © + B:6 md ©f acetone + 10 gm of whest flowr = 40 ppm
T "“*‘;"a;a:m*aw-»c‘;g 842 nl of acetcne + 10 gn of wizeat'ﬂm = 80 pp
146 51 of € + 7e4 nil of dcetons + 10 gm of whest flour =160 pm

Tuigdsn
gtock ga;umon‘sg

Ae 1 gn of tochmieal thiodsn + m ml of agetone w Ded g of ﬁaieﬁen/
1 ml of solution

Be ¥ 0l of A + 9 nl of acetone _ ‘ w 0,01 em of thiocdan/
. ‘ - . 1 nl of golubion
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Co 4 51 of B+ 9ml of scetone. w 0.001gn of thiodan/1 =1 of solution.
Preparation of dilutions of the insscticidal medias

' 9mlofacatme+103mcfwhuaﬁflm . ' « O pm
0.1 ni of 0 + 8.9 ml of aeef«ona + 10 gm of‘ wheat flour -~ w10 ppm
O.Zmlof&+8.8a10facetom+10pofwheaﬁﬂm uéo'ppm
Os4 ml of € + Bi6 ml of acetone + 10 gn of whest flour n40mn'

- 0u8-ml of G 4 84«'!.&’ Bl of mtsm.-lf 10 gn of wheat flour = 80 ppm
146 mL 0F O + Ted ;i of acobone + 10 &n of wheat$ flour =160 ppm

T he2 Kl of € ¢ 5¢8 1l of &wﬁxm 1 10 € of wheet flowe =320 ppm
Perathion |

Stoek msolutione:

A: 1 go of technicel psrathion + 10 wl of acctone = 03.1 gn of parathion/
~ 4 ml of solution

Be 1 w1 Of A + 10 Bl of acatone ‘= 0401 an of ﬁarathim/‘! ml of solution

Ce 1 ml of B 410 ol of acotone = 0,001 gu of pavathionf1 ml of -
' /- , solution

‘ ;:

De 1 ml a:r £ + 10 i of scetono = a.com & of pamthiea/‘l ml of
) golusion :

A3

Preparation of diluticns of tha inseoticidal uodias

9 ml of neetone + 10 ga of whwad flour . - =0 pm

0435 21 of D+ 8,75 n1 of acatona + 10 gu of vhsaﬁ flour = 0.25 ppo
0.) 1 oof D + 8.5 ol of auetone + 10 gn of vhent ﬂm = 0.5 ppm
T ul of D4 ss @ of »aaa‘f:om + '!O & of Whﬁaa flour =1 pom |
2&1@1‘94»?&1ofacetmw*mgzefwha%t”@w : = 2 ppo

aing the larves 40 sublothal doses of the inngetioidens

Pixed mumber of firet instar layves was pub into different
modia contrining sublethal domes of the insecticides contained in
potri-dishes end olosed with their lids. |




Aéaesmen‘b of iaaultss
The following effects of the sublethal doses of the

insecticidas on the inosct ware observed,
a) Lapvel mortality
b) Lavval growth
o) Lagval éﬁra‘ibien }
a) ﬁnpal mortality
Q) l’upal duration
£) ?émny of afult femslo
&) Sexeratio
h) viability of eggs laid.

Emau_a worg choerved by exanining the insects under the
tre##ﬁmtsg overy 3 days. Yo aecess tho lerval growth, & few
random larvae were measured from anch replicztice &b each $ima
of the obgervations. Feoundity of bestler wae aageaeéd by
sieving out the eggs from the mediuvm 8t regular intervals.



DETAILS OF
 EXPERIMENTS
" AND RESULTS
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| DEPATLS OF EXPEEIMENTS AKD RESULTS

amiml. growth and temnﬁi‘ty'af‘m&im}.‘iw cagianeun

 Details of Experimont:
Teot insects

First instap lapves of Tribolium easteneun

reised as desoribed under 'Mothods' wewe

used for the experiment.

: | Trestmonte:

8) Whest flour mediun contsining 10 ppin DIT

1) Whoeat flour mediun contsiming 20 ppm DT

©) Wheat' flour mediun containing 40 pym DT

d) Whoat flour mediun containing 60 pym DOT

o) thest flour pedium contadning 5o P oontrol)

Hunber e;"reylieaﬁans in each treatoent e 3

- Number of insects in each replication | a-zc

 Rosultas

Proeadures The preparation of the medie

containing the different dilutions of the

insecticides, exposure of lervee to the:

. m&mmtg, and assgamanﬁ of resalis were !

done s detailed under ‘Hethodets

Resulis of ﬁim-experiment_s ape set out in Tables {1 and 2

' in Figures 1 %0 3. It may be seon from Table 1 and Fig,2 that the
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larval duvetion is less on lazvee fed on foeding media centoining
10 and 20 ppm then in the larvae fed on the purs medium, ‘E’ho
lerval duration, however, on the whole, inorenses when the
concsntration of $he insecticide is rafeed to 40 and 80 pm. In
 general 4t will bo observed thet the larval Guration increases |

steadily in proportion to the inecresse in ‘tim doge of the insccbiclde
in the feeding modium. Lerval mortelity 8180 shows & positive
relationship with the inseoticide doses. Pupel duration and pupal

" moptslity do not show any relationship with the inscoticide dosess

| Table 2 and Fig. 1 show that tho growth of the layvae
docroasen with inoresse in doses of DT and 16 minimm in the.
" medium containing 80 ppm. This cupprossion of growih is more
pronounced :i.n the early sisges of the larvaa,

| Pig. 3 roprosents the relative fecundity of beetles
ronred out on different DDF conteining sublothal media. It is
oboorved that the faeuzxémy increnses considarably (from 35,8 to
130 and-132.3 egge yer fmie) ac the sublethul dose of DDT
inoreanen 1’:@1&10% 20 or 40 ppme A sublethal doge of 10 Do
-~~~ doos_not effect the feoundity mat:a_ﬁaim The sex ratic end
viability of the eges 1aid do not appear to be influsnced by the
 sublethal doses of DDP in any definite pattern (Tebie-1)e



Tablo=1

Effeel of mxbleﬁh.al doses of DDT on the devel opmenty fecun@misx,

Sox ratlo and viability of egee of .L.caezaneum '

Insecticide ‘Averaga Laxrval Average  Pupal Avarage Sex via“bili ty of
goncentre= larval  morto- pupal norta- munber ratio  egzzs (per cent)
tion (ppm)  duration Ility duration 1lity of sgys MsF
{daaye) (pexr cent) (days) (per cent) laid per
: female
0 3746 20,0 T+00 401 373 1:2.3 6446

10 53.5 3505 7-25 e 35:5 13 3.0 63 o2

20 5400 6040 7.5@ e 1 3203 122.4 6701

40, 396 8343 7400 10,0 1300 112.0 5247

&0 4700 9590 7.3& rYs Y ‘ 3'-’009 ‘ se ‘The

supviving three
bactles were
all males
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[~}

Crowth rate of larvae of T.casbaneum bred in media

containing different concentrations of IDT

. Concen=  Average length (:{n mz) of lervae at different intervals

tration _{days)

mpm 4 9 M 4 18 2 26 3 40
0 200 340 3426 3446 4.32 4460 5032 506 640
10 2.0 340 3410 3429 4415 4.50 4450 5.4 .
20 2,0 2.5 301 3:26 3.65 4450 4473 548 v
40 1.5 2'5 2.75 3-15 3.25 3060 4-10 515 [ 3]
80 15 2.5 2,75 2.9

3,08 3433 3,75 445  5a2




Graphleal rolationchip between doszge of IDT inm

\

fooding mediun and length of larvse of Txdbolius casliencun

Flge 2 Ristogran showing the rolationship bolween dosoes
of IDT in fecding medium and lerval duration of
Te crpiancun

Flge ¥ Histogram showing the rolationghip babweon G'Qses of
DI? in feeding mediuvm and feoundity of 2.caotanoun,
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Expe rinante2

Effect of sublethsl doses of endrin in foofding medium on the

gurvivel, growth and fecundity of T. gastaneun

Dotaile of experiment:
Treatmentos 8) Wheat flour medium containing 10 pps endrin

b) Wheat flour medium containing 20 ppm endrin
o) Wheat flour medivm containing 40 ppn cndrin

d) vhent flour medium conteining no endwin (control)

Reot of the deteils as in Bxperimcnt-i.

Regultas

Reoults of the experiments are given in Tables-3 and 4
and Figures 4, § and 6, It way be seon from Table 3 and Figure 5
that the lerval duration increases eteadily with the inercase in
the dosage of the chemicals it is lesst in pure medium ané ia
pexinum in the mediunp containing 20 ppme Theowe is a slight f2ll
in the larval period in the medium containing 40 ppm of cndrin.
Lexval mortelity chows & positive' relotionship with insecticide
doscs. Pupal duration aend pupsl marfality do not show any

relationship.

‘Fig. 6 gives a comparison of the aversge fecundity of
the beetles reaved in different sublethel doses of endrine

Pecundity ineressos considershly, when the sublethal dose of endrin



Table=3

and viability of eggs of T.goglancunm

Effect of sublethal doses of endwin on the development, gox ratio

Inoscticide  Average Lopwal =~ Averege  Pupel " Averege  Sex  Viebility
goncentration larval mortelity pupal mortality nunbew ‘watic of egap
{prm) . duration {per cent) duration (per cent) of eggs  HsF {per cent)
(days) S (days) 1aid per :
_ feamale
1) 2069 16.6 T+3 240 42 1310 6068
10 ‘)‘0'2 28.3 731 203 76 1:% .4 71 " |
20 51.8 48.3 Tet B2 127 1e731.0 64.8
4@ 47:13— 91 .6 7-4 Y 254 115 3’»0{3 4800

7¢



|
/

Tableed "

Growth »ete of larvae of T.cootaneun bred in medium

gontaining aifferant gongentrations of endrin

Concon= Average length (m m) of larvas et different ixzter@la {gays)

g‘,‘ff;@;" 7 13 17 22 25 29 ;:54*1\;\ 37 42

0 3e5 440 50 5.8 640 L2 Il.'I . .0 o9

10 2.0 246 309 43 4T 4T (50 50 59
20 2.0 25 346 42 43 45 [ 408 50 Ga5
40 2.0 20 24 3e3 3ed Fe6 0 3D 4B 540

\{}T

Y



Fige 6 Histogram showing the relationship botweon dozes of

endrin in feoding mediun and focudity of Ts gactaneun

Fige § Ristogran showing the relationship belween doses of
endrin in feefing medium and Yerval duyation of

Degagtancun

Fige § Craphical relationship between dosege of andzin in
 foeling medivm ond length of lexvae of
Tribolivm eastoneum,
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is increased to 20 end 40 ppm the fecundity of the beotles im the
labber mediun being of about 3 times move than thet of tho bestles
reared in the pure medium. The sex ratic and the viabilily of

eggs appear 0 be nﬁt affected by ‘he sublethal doses of the
toxicant. Taeble 4 end Fige 4 show that vhe larval growth ﬂegmases
-with increase in dosage of the chemical and that this effect ie
narked in the early growth period; fhe gz;wth iz only hslf in 40 ppm
when compared to that of the larvae in the pure medium on 13th e.nd
17‘&1 dnys.

_Ez;g' griment=3

Bffect of sublothal doses of gevin in the feedine wedium

on the survival, growth and fecundity Tegastanoum.

Details of experiments
Treatnontos

&) Wheat flour containing 10 ppm sevin.
b) Bheat flour cantainizagé@ e sovin
¢) Wheat flour containing 40 ppm sevin
d) Wheat flour containing 80 pym sevin
@) Wheat .{'l@ contelining 160 ppm sevin

£) Wheat flour conteining no sevin (econtrol)

Rest of the deteils as in Experimenbe=ts



Rosults:

Remulis of the oxperiment are given in Taklg=5 ond 6 and
Pigures Ty 6 snd 9« 1% may be seon from Yable § end Flge 8 that
the lazvel duration io lese in larvae fed on feeding medium
conbaining 10 ppm of mi?@g'%m the lervee fed on purs medium. Bub,
on the whole, larval duration increases when the concontration is
vaiged from 20 4o 160 ppm and this inoresse is, in gemeral,
proportionel to the increase in the mnwﬁ%ﬁaﬁi@ﬁ of the inspeticide
within the medium. Lexvel mortelity also shows & positive relationship
with inseoticide doses. Pupal duration does not shoy eny significant

difference and so is the case with pupel mortality.

Pige 9 ropresents the relative feoundity of teebles
veapsd out iu different sublethel medis of sevin. It i observed that
the focundity is maimum wnder $0 ppm of cevin. From 20 ppm upto |
80 ppm it steedildy increases; bub is roduced mmaic‘iemmymﬁe:‘é
160 pome Even then 4% is found o be fap sbove the level of O ppm.

So, on the whole, it is evident that sublethal doses favour Fecundity.

Sox zatio &é‘x@ viability of oggs appeay 0 be ned influenced
by the sublothal doses of sevin.
Table=b and FigsT show that the growth of lavvee is slow

‘whon the concentvation is inoressed and is only half in 160 ppm when

compared %0 thet of lavvae in the pure wedium on 8%th and 20h days.




‘I’able-nﬁ

Effect of sublethal doses of sevin on the development, fecundity, ssw watio

and visbility of egge of T.castoneun

Tnoooticide  Average  Lerval Average  Pupal Average Sex vatio Viabilily of
eoncentration larval mortality pupal portality msboy of YT ogzs {per cent)
{ ppm) . duration (per cemB) duration (per cent) eggs laid _
. {days) {days) : por female
0 3407 1943 649 . 0.8 1402940 5849
16 5%5 - 1843 7.2 2.0 1444 1615140 8344
20 3640 1040 6.9 1.8 122.9 151140 7042
40 4145 350 7¢2 2.5 131.6 5424440 6546
80 4245 3842 743 . 142.2  1.0te3 7043
169 56 09 ?1 06 7 .? e 104:4 1402208 59.&3
ARE
: ,r///é’:f ) ";f’\"’
Vel o B
) ,'I/ Ly .E:-‘l r'\)
gl n



Table=b

Growth rate of larvas of T.gagtancun bred in mediun eontalning

different concentrations of sevin

29

Concen= iverege length (in mm) of lopvee at diffezent
tration intorvels {days)
in ppm
8 12 20 23 29 54 40
G 30 Sed 5.0 565 64 we 'y
10 2.5 3e3 4.8 554 Ge7 &0 ce
20 25 Ze3 448 5e5 §a6 '™ 0e
40 240 2.8 2,0 4e5 Be1 Gel ok
80 % -5 204 504 4;? 59;9 5?6 O
160 1.5 2a1 265 240 10 a7

49




.E!.g. 7

G:'f:aphical ralaticﬁship beiwesn dosage of sevin in
feédiug medium and leongth of lervee of

Gt g o e :
- Tzibolium eagbanoun,

Higbogran showing the relationchip betwesn doses of
asoviu in feeding madium and larwval duration r:if

]

P cooboncumn.

- Hiskogram showing thoe relationship botweon dosss of

sevin in feeding medium and fecundity of g.castanmng
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Fxp grinonl-4
S0feot of eublothe] dosge of thiodan in feeding mediun o

the survival, growth end fecundity of 7, castaneun

Deotails of a@- ripent:
Trestoentos |
a) Wheat flour mediuvm containing 10 pps thioden
) Whest flour medium conteining 20 ppn thisden
" &) Vheat flour mediun emtamng 40 ppn thicden
@) Vheat flour medium conteining 80 prm thiodan
o) Vheat flour medium conteining 160 ppa thiodan
£) Whent flour medium cﬁﬁ%&iﬂiﬁg 320 ppr thieden
&) Theat flour medium containing no thiofan (eontwol).

. fiest of the dotails es in oxzperimontet.

Resultst

Hesulés are gﬁ.wm in Tobles«7 and 8 and Figuves 10, 11
and 42, Table 7 and Fige 91 ohow that the larval duwration is not
‘eignificantly affeoted by the change in the concentraticn of thicdan
in @;ha mediume The larval murtality shows a steady increase m‘hh
inorease in the doeages There ie no mgni@iem‘k aif‘famnse in the
pupal durstion. Bub the pupal wmordalily is found Lo be more im

moldiunm containing 80 ppn and 160 ppbe '

Figs 92 reprosents the relative facundity of beotles
weopred out in different sublethal nedis of thicGan. It is ohoerved

that the mmef egas 1aid por female incresse steedily in




TableeT

Effect of sublethal doses of thicdan om the development, focundity,
sex ratio and viability of eggs of Tribolium casieneum

Insacticide Avrorage Larval Average Pupal 'Amrage Sex patie  Viability of

soncentration layrwal mortality pupal mertality nunber of {11:5) egss
{ pom) duration (per cent) duration {per cent) eogzs laid / {per cent)
{days) {gaya) per female

0 4245 15.0 TS5 e 4648 12165 51.6

10 . 394 2040 T-T 23 §2.5 £21.0 55-é

20 351 21.6 7.?7 | ;. | - 54.7 1218 570

40 284 38.2 TsT 267 ' N.2 1213 62.2

80 4547 - 516 Ted 20,7 1548 BRI 60e4

160 : 401 63e3%. 7.2 _ 13.6 289.0 922,05 . 69.6

320 4641 93.3 740 e 3730 131.0 634
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Teble=B

. Bromth vato of larvas of Jegagtepeum bred in medium containing

different soncentration of thioden

foncen-  Average length {in mam) of lorvae ot different inispvals {dnys)
tretion - e s

(m) 7 15 19 24 28 3 43

0 3e5 444 446 449 504 L 640
10 52 4ol - 404 448 53 5.6 640
20 30 55 36 405 4.7 5¢3 57
0 29 35 3.5 4ed 85 52 546
80 2.3 2.5 ) 4:0 443 540 503
160 21 243 3.0 3.9 4.2 408 540

320 2.1 2.1 I 295 3.2 ‘ 5-5 . 462 405




Fige 10 Graphical relationship between dosage of thiodan in
feeding mediun end length of larvas of

Teiboliun castoneun

Fige 11 Histogram showing the relationship between doses of
thicdon in feeding medium and lewwval duration of

-Zpiboliun cagtencum.

PFige 12 ~ Histogrem showing the relationchip betwesn doses of

thioden in fecding medium end fecundity of Teeasienoum.
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™~

proportion to the increase in the sublethal contends of thicdam
in the mediume The meximum mumber of eggs ledd by a femnle is
373 in the medium containing 320 ppm thioden as a@imﬁ 4648 eggs

1aid by a femslo resred in pure medium.

Table 6 and Fige 10 ohow that the growth of leyva is

slow when concentration is ineressed.

_ Sex ratic and viability of egys am:éam o be nod
infivenced by the sublethsl doses of thicdan.

24 mmt‘

Effoot of gublethel doses of parathion in foodins medium on
susvivel, growth and fecundity of Tecasbonoum |

Treatmentio:
8) Wheat flour medium coniaining 025 ppm of ma‘bhim
b) 'ﬁ?heaf: £louy medium eontaining 0,50 ppm of porathion
o) Theat fleur medivm conteining 1.00 prm éﬁ‘ gamvétﬁien
d) Wheat flour medium containing 2,00 ppm of parathion
e) Wheat flour medium containing no perathion { control)
Raeot of the ﬂetailsl asg in experinentei. ‘
Rosultss

Rosults are represented in Tebles-9 end 10 and Flguves
13, 14 and 15, |

Fable 9 and Fg. 14 show that the larval duration is steadily

inereasing with imcrease in concentration of the insesticides This
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increass is‘ from %647 days in cmtrﬂllﬁe 5242 deys in medium
conteining 2 ppn parathion. Layval mortality i?: also on the
inoreape althousghdin the case of 6.50 m_emﬁ 1 ppn tho worbtality
shows dperonse. Pupal durabtion does nob ‘sﬁw émy pignificance, but
the pupel mortality ie the moximum in the medium containing 1 ppm

of parathion.

\

Fige 15 ropresents the relative fooundity of beetles
veared out in different sublothal medis of ?am.i:hien. X§ is
cbserved that the fecundity of beebles is 210 per female in medium
containing 0.25 ppm of paréﬁhion as against 42 per femslc in pure
medivme There is evident deeresse in the fecundity as the perathion
contents in 4ho medium is increased from D25 to 2 ppne  In ell these

casea, however the fecundity remeins puch higher than the control.
Sex patio and viabilisy of egss appeer to be uot
influenced by the sublethal doses of parathion.

Pable 10 and Fige 13 show that the growth of larves is

‘slow when-the concentration is inereaseod.



‘.'éabla-g

- Effact of sublethal doses of persthion on the development, fecundity, sox ratio

i

and viabiiity of eggs of Triboliwn castanews

Insecticide

Tarpval

Average Average  Pupal  Average Sex ratio Viability
concentra- - larval mortality  pupal mortality nmber of  (M:F) of eggs
tion (ppm) -  dueation (per cent) . duration (per cont) sgue laid (per cent)

, - {days) {days) per female
0 3647 1146 Tot - 1.8 42 12146 73.5
0425 3644 2843 7.2 1146 210 1:1.0 62.7
0450 3040 2646 Te2 . 149 1:1.3. 6946
1:00 3940 1645 3 1440 153 19,2 73.8
2,00 5242 75+C Te2 646 104 1:1.0 5247

GE



Table=-10

Growsh rate of layvag of T.casionoum bred in medium

containing difforent congenitration of parathion

Concentras- ,Qvez:ége longth (in pm) of larvae ai diffapent

tion in intervals (days)
pEa _ - .
8 14 20 32 38
0.00 206 3.6 4-6 5;? é‘oQ
0e5 2,7 . 3 SRR W, 546 40
050 2.7 . %3 4sd 5a2- Ba6
1500 2.6 © B2 508 47 5e3

2,00 2.2 2e5. 340 442 540

36



Fi.g. 1 5

' Fig. 14

Gmphieal relationship between dosage of mmthion
in fecling medium ond longth of larvas of

Tribolium cagtencum,

Hisbogram showing the rolationship between éoans of
parathion in feeding medium and lapval fx’uraticm of

2o castanoum,

Higtogram showing the relationship between doses of
pamﬁhien in feeding medium ang fecundity of

T castaoncum.
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DISCOSSION S

Results of the investigations presented above will show
that the developmental pericd of the lerves of Tribolium cestencum
in prélonged as & rosult of the stress on tham imposed by the
sublethal doses of inseoticides. The inerease in the laywval
duration is ceen o be direaﬁly proporticnal to the iﬁ@é&se in
the concentration of the toxicaut within the sublethal ronge.’ The
inscedicides which show théae effects cleorly are BIE, endrin,
covin and parathion. In tho case of thiodan, however, no well
defined effect on the lerval duration is manifested. Weme (1947)
and Bhetia and Pradtan (1968) also have made similay obsexrvations.
The lattors' obpervation is on Tribolium i%self wherein they have
observed that DDT at a sudblethal dose (on & pepiatant etrain)
_1nmsas the layval period ennéi&erably.

' fhe growth of the laxva of T.captaneus aleo is drastically
affocted by the sublethal doses of the insecticides tried under the
. present investigations. A1l the insecticides inecluding thioden
. under the submortal eonditions cause & reduction in the growth of
the larvae and this reduotion is 9ropoat§anata to the graded
concentration of the toxicsnt pmaeuﬁ in the mediuwn. 7The inhibition
of growth of the larveo appears more spectaculer during the esrly
paxrt of tﬁe laxval exigtenco.

The suppression of the growth of the larvae can happen
in two ways, by the inhibition of the hormonal sysiem (1ike the



38

juvenile ho:’monea) governing the growth proceééea or by the
reduction in the foeding of the lerva, Which of these two
processes ig affected by the insegtioldes can be cem;aluﬂiwly
understood only by further oxpérimmmtﬁan.

" The @ifforent insecticides under study heve different
moden of action. Parathion and sevin act upon the cholingsterase
syateﬁ of hommones while the others act differently. ' All these
insecticliden, howevar, appear to axcri the sane sotion on the

growth and developnent processes of the larva under sublethal doses. ’

l Tho most spectacular and noteworthy effact mnii‘eg’seé
by the sublethal doses of the toxicants is on the edult bootles’
fequnditys The fecundity of the beatle subjected to the gublethal
lovels of the insectiocides shows & great inorcase over thet of the
untraatef beetles. ’ fferent patterne of this incresse in relation
to the different sublethal doses arve evident with the vaxious
insactioidess Thus in the case of DIV, andrin and thicdam the
number of egzs 18id per female besetle incresses a0 the subdlothal
dose in the mediwm increagses. With parathion the greatest increase
in the focundity is ovidenced in the lowast sublethel dose and it
decreages as the toxicant dose is inoressed. In the esce of pevin
no definite relationship botwesn incresse in fecundity snd

éoncantraﬁian changas is evident.
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The sublothal Goses of oll the insecticides undar teats
irrespoctive of their rode of action, thus appear t¢ stimulate the
reproductive processes of the édult beetle. It moy be thaet the
hormonal systens governing the reproduchive processes ond ege

production are stimulated by the toxicents at sublethel concentrations.

The resulis ef' previous situdies reporisd in Litorature
on the effect of sublethal eoncenbration of insecticides on insect
fomumdity eve contradictory. Thus Tebbereficld and Kersmidge (1955)
fognﬂ that topieal appiication of DIT Ho Yrogophila at sublethal
doses resulited in the reduction of it oviposistion mzate. Similar
chasrvations of the reduction in mriposi‘biéra was observed im
hougeflies with DDT by Srivestava and Fine (1967). On the other hend
Kautoon (1938) observed that dicldrin et sulmorssl doses incressed
the fecundity end life span of Drogophils. Lakégy {1953} found
that the Coloxado potato beetle 1aid more ozes when i%s Ath ingbex
lapvee were cmsteé with DDT; bub the trestment had no offect on the

oubsegquent duration of development of the survivons.

| Iig. 16 reyresents a comparison of %he boxieity of the
five inscoticides under btest o0 Tribolium larvae when exmaad‘_ %0
focfing nedis containing different graded concenteations of sublethal
doses of the inseeticides. I% may be seen that parathion iéz fer more
toxic t0 the lexva than the others. Among the wost, DIYP and endrin
aye nearly equitoxic and wmore toxic than sevin end thicdan which

by thenselves have the same toxicity.



Tige 16 Log dose-probit mortzlity relationship botween
| different subletha!r doges of insecticides in the
focding medium and Dribolium larvao.
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.ﬁ: is aloo noteworthy to observe that none of the
inseoticides under study at thelr sublethal levels affect the
fertility of the insecty no sterilising effect ic evidente 'Thus
- the viability of the eggs laid by the beotles reared cub and
confined in sublethal medin of the insecticides is no% affected
in any way. The gex ratic f:f the beetle also ie not affected

by “he sublobhal doses of the toxicantse ~



SUMMARY
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SUIMARY ' A:’,;/

' The effect of sublethal doses of DDT, endrin, savin,
thiodan and parathion on the laxval dur tiﬂn geowth and mval.
mpal duration and gurvival, aﬁulﬁ fecundity and sex ratio and
viability of the eggs, of Qribolium castaneum hes besn ascortoined
by rearing 1% in wheat fiour medis containing 4 to 5 graded
sublethal wncen?.m’ciana of each inseecticide,

The developuontal period of the lamvae of ‘T.gaataneun
is prolonged as & result of the pressure of aubzeth&l doses of the
inaaetioides contained in the mediuwmg this prolongation is
directly proportional to the increzse in the oonceutration of the
tozicam within the sublothal range and it ic more ;monauneed in
) %he caaa of 1Py endrin, sevin and parathion, Shan thiodsn.

The sublethal dosos of the insecticides cause Muﬂien
in the growth of the larvas and this veduction is proporbtionate to
the mdeﬂ concentration of the toxicant present in the meﬁim and
the inhibition of “growth :ls mcre spectacular during early paxt of
lerval oxiatence t!mulin :uzs ater staged.

Fecundity of the beetle subjected to sublethal levels
_of insecticides shows a great incresse over that of univested
boatles. These increases have different patiorns with reference
to @ifferent sublethsl levels.
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Probit mortality reletions between the sublethal
doges of insecticides sna Triboliunr larvee show that .para’ahion .
is fer moro toxieo to the lazvae then the others.

' None of the ingecticiden afffguts the fert‘ilit& of
the insech, ehowing that the sterilizing effect is almost nil.
Sex ratic of the beotle is alse not affected by the sublothel
doses of tho toxicante. ’ - | '
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