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INTRODUCTION



INTRODUOTION

 The Epilachna.beetle;‘gpilgggggrxig;azgggﬁgpygggggg

is & serious pest of solanabeoué and cucurbitaceous
' vegetable orops. fhough both the adulte and the grubs of o
the beetle dsmage the leaves of th336 er0pé the grubs ara»-‘
far nore deairuatiﬁé‘thgn the sdults, they being pereistant
pests on the plants. It is often the}grubs vhich are
encountered on the plante and these remein on the lower
surfoce of the leaves scraping the green mat%er.' The -
inseeticide applications are'uaually aimed more agalnst %he
gruba‘than,againat the adults. . |

H' That the different instare of en ineect show
different suseéptibilitieé to inseeticidal action ism well
known ( see the Review of Literature). But information on
the relative suaaéptibility of the different ingtars of
crope peste to contact toxicsnts ie meagre. The only atudieg
done in this field in India are thome of Mukerjee (1953) om
anericona and Pradhan and Bindra (1953, 1957) on Schistocerca
gregeria. Hence in the present investigations studies have
ﬁeen mede %o understand the susceptibiliity of %he different

ingters of the grub of E. wizintioctopuncteta 1o the toxie
action of come ingecticides, Apart from the sclentific



]

interest of these»studies invol#ing the stage susceptibility
ag a factor of insectieidal action, the resultes of the
studles were considered to be of value in the practiecal

field of the control of the pest.

The gréha of E. vigintioctopunctata habit the under
surface of the leaves and thie nay teduce the effectiveness
of insecticide applications eas the insecticides'fallvmoré
on the upper surface than on the lqwer surface. The grud
feeds in such a way that the upper epldermis of the leaf is
left intact end hence the insecticide has to penetrate the
leaf tissues for reaching the inesect. It is known how far
the different insecticides can thus penetrate the leaves.

A few trials have been undertaken to s tudy this also.

The literature relating to the relative \
susceptibility of different instars of insects to ineecti=-

cidal action hag been reviewed,



REVIEW OF
LITERATURE



'REVIEW’OE LITERATURE

A perusal of literature reveals thet the ai*ferent
develapmental etages of insects vary conaiﬂerably in their
sueceptlbility to-ineeotieides.» This hae besen found to he
the case ﬁith aiilinsectici&es 1rxéapaetive,of theiy modes of

ections, viz. stomseh poisonezdontact poisons and fumigantse

3aubert (1927) observeﬂ that the adults and
ldrvae of Gallerie ggllonglga were killed by veing chloro- ,
piczin, but thet the egge could be killed oaly by nusing a
‘mixture of chloropicrin and carbontetrachloride, in the
ratio 9f !:9 where carbontetrachloride might be a@ting as

a fat solvent.

Papper and Hhstings (1944) found that anplication

| of pyrethrum dusts and sprays were very éffective againet

the first and second 1netar larvae of {ggﬁg;ggg,gggggggglgg Ty
but less so againat‘ﬁhe fifth. Analysis of the exoskeletone
of larvae in the third, fourth and fifth instars showed a
decrease in fat contents of the exoskeleton from 11,7 to
3.9vand 0.2 pexr cent in the sueqesaiﬁe iﬁetars, accompanied

: by‘an inarease in the peréentége of protein and to & lesg

R

_extent of chitin and aghe
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Baton and ﬁavies (1951) studying the acericidel
activity of 90 svnthetic organic compounds found that
eonsid@rable difference were found~between the winter eggs,
th@ eummer~eggs and the adult females cf the fruit-tree

'red—spider mite, gatetrg@zchus nilosgg (C. and F;) in
their sueceptibility ﬁo the acaric1des. But ‘both the

compounda azoxy benzene and n-dedocyl thiocyanate were

appreciably toxic to all the stages.

Dennis (1@52)‘carried out experiments o ptudy the
camparative'effect of mixtures of the fumigents carbone
tetraciloride and carbondisulphide (80:20) and carbone
tetrachloride, carbondisulphide snd sulfurdioxide (78:2012)
againet Cslendra oryzae (L) end Zribolium confusum Muv, in
empty end wheat filled containers. The addition of 80,
thus increaséd the toxicity of the mixture to both species.

| Parkin (1953) found‘that in general the lazvae of
Lagloderma serricorne (F) and Trogoderme grsnarium Iverts
were more resistant than their adulte to 50% DT duet in
tale.. ‘

luker jee (1953) observed that DPT at 0.075 per
ceut w/ﬁ‘failed'tn prevent the development of the embryos

of Q;ataggxia oleracea, death occurring only when the



fully developea embryo began to giaw ite way out of the
shell. Pyrethrine on the other hend prevented embryonic
development if applie& at aufficiently high concentratians-
With both inaecticides, registance of eggs decreased with
age, but ﬁhat of the larvae of D, oleraoea and

Zenebrio molitor and nymphs of ggxiglgggzglgmggiggng
increased, the resistance being markedly higher in the
later iﬁatars. Neither DDT nor pyrethrine prevented
development of the pupae eveﬁ at the highest concentfations
used (0.5 and 2.5 per cent. w/v respectively). Both,
however, prevented normal emergence of T. molitor and._
pyrethrine that of‘Q. oleracea, In each cage, pupae af .
middle age were more resistant than younger or older ones.
Adults of T. molitor aged 4 wecke were more resistant to
both insecticides than those sged 1 or 8 weeks, but adulte
of 2. americena were more resistant when 1-4 weeks then

vhen 12-24 weeks old,

Pradhan end Bin&ra (1953) studied the relationchip
between changes in éusceptibility end various factors |
relating to the successive instars of the'desert.lecﬁst.
The inereaséd resistance observed in the successive instars
of the pest was congidered to be due to the increase in

the thickneas of the cutiecle,. or its compactness or both.



These changes affected the entry of insecticides in the

different instars.

David and Gardiner (1954) tested the -effect of
échradan, paraoxon, bis (dimethyl-amino) fluorophosphine
oxlde =nd sodium fluoroacetate (the last two being referred
t0 as the oxide and acetate respectively) sgminat egge
and larvae of Pleris brassicae (L.) on cabbage of brussels
eprouts in the green house. Schradan proved to have very
little toxic aétion‘on eggs or larvee, but the other three -
compounds showed both contact toxicity in dips emd systemic
action when taken wp by the roots from solution and from
soil, -Thelarder of decreasing toxicity was psaraoxon,
acetate oxide, schradan.w' Paraoxon proved more toxie to
the third-inetar larvae than to aphids and though i1t did
not prevent the egga from developing, it killed the larvae
in the act of hatching.\

Ebeling ané Eenc; (ﬁQSS) determined the ID 50's
of sizteen acaricidcs uaed‘as‘wettable'powdera,,emulsifiabie
concentrates, or in ﬁbth_formulationé, againat the two= |
gpotted spidermite'on bean 1ea§es.j The susceptibility of
the different ﬁevelépméntai_stagéé of the mite varied with
the aifferént grodps of acaricides. With aremite end the
oxrganic phosphaxesi(parathioﬁ,,malathion; EPN, diazinon



and demeton) the LD 50's for the larvae were nigher than
those for the edulte. In the case of chlorobenzilate,
ni, ﬁ~242 and compound 876, the LD 50's for laxvee and
adults weré éimilar. With neotran, ovotran compound

923, karathane, DN=111 and DH-289, the larvae were found
to be more susceptible than the adults. 'Among the latter:
group, neotran, ovetravn and compound 923 ghowed lawer

1D 50'a againgt the egge than againet the adults. Vith .
all other acaricides, however, the eggs: were by far the most
resistant stege. The ratio of the LD 50'g for egre to

thoge forladulte were particularly high with organie phoee
phates and'aram;te, but %hie was due in part to the

extremely low concentrations required to kill the aculte,

Bioessy studies on dosert locust by Pradhan snd
Bindra (1957) revealed that the nedian lethal concentrations
were about doubled for each successive instar from the firet
to fifth, the oldex gtege belng more resistant than the
younger ones. Detzlled atudice on the morphology and
phyeiology of the cuticle indiceted that effectiveness varied
directly with the surface area per unit body welght and the
percentage of wax in the exuviae end inversely wt;h the
thickness or compactness of the cuticle. The index estimated
by dividing the average weight of exuviﬁm.hy ito average

surface area increased frowm the firat to the fifth inster,



but the probable thickness of the wax layer did not show
any regular gradient, The percentage of total protein snd
@lso that of certaix; cuticul ar content slowly increasged from
the first to the fifth inetar. The chitin end water soluble
content d1d not show any regular gradient. The surface
'\area per unit-body‘weight was the highest (4.72) in-the
firet inetar and decreased slowly to 1.04 in the_fifth

inster.

Langenbuch (1958) have an sccount of the differing
pugceptibility of third and fourth-ingtar 1ar§ae of
Lgﬁﬁjngxazga‘Qgggm;ingaxa to DDT, when larvae were allowed
to feed on leaf sendwiches containing DDT in order to avoid
its contect action, or exposed after etarvation to a DDT
solution on filter paper in petri dishes, the older larvae
proved much less susceptible to the-pdison than the younger

ONeB.

Adkisson (1959).observed the relative sueceptibility
of the different iife steges of the rice weevil
Calendra oryzae to certaln fumigants. Assessment of the
- IC 50's for carbontetrachloride indicated that the eggs,

fourth inetser larvae and pupae were the most and the free

" adulte the least resistant and that the third inster larvee

were less resistant than the newly emerged adults that had

-



not yet left the grains; Tﬁe siopes of the curves
iﬁ&icaﬁed thaet the firgst and second larvel instars were

the most sensitive to changes in concemtrations. The
L0 50's for ethylenedichloride showed thet the third instaz
larvae were the moat'rasiétant, followed by the egge and
the firet and second instar larvee, which among themselves
were equally euacéptible; The adults, pupae, fourth instar
~larvae and the newly emerged adults were the least
resistant, mﬁth no aifferenceS‘between them. The slopes
of %heyeurves suggested that the eggs ané the larvae in the
first, second end third instars, were more sensitive t6
changes in’bcneentration than the later stages. - Ethylene
dichloride was considerably more toxic than carbon tetra=-

chloride to all stages of the Weevil.

Krohne and Lindgren (1959) conducted trisls with
labezatary reared eggs, larvae pupae and adulte of ;
Celendye orvzae. Samples of wheat containing the different
stages of the insect were fumigated at different rates
for two hours at 80°F, the resulting LD 95's showed that
the pupse ﬁere less and the larvaee more susceptible than
the adults to scrylonitrile, carbonbisulphide, chloropiecrin,
ethylene; dibromide, hydrogen cyanide and meﬁhyl bromidef
The eggs appeared 50 be relatively mére—sﬁsceptible t0

serylonitrile, ethylene dibromide and hydrogen cyanide,
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then to earbonbisulphide end relatively more reeistant
ta‘méthyl‘brémidé;‘ Ethylene‘dichloride was much less
effeative than the other fumigants. From these reéults

. they found that ‘at ID 95, acrylonitrile and ethylene dibrc~
‘mide were the most toxic to all stages of C. oryzee,
£0llowed by hydrogen cyanidé, ﬁethyl‘hzomiﬁe and chloro=.
plerin carbonbisulphide and ethylene dichloride wore the

ieast toxie.

| ' Pedersen (1961) studled the susceptibility of
different stages of rice.weevil in wheat of various
moisture contgnt to a mixture of cérbon tetrachloride oand
z methallyl chloride (4:1) when exposed for 48 hours et 80° F.
| The dosage necessary for a given kill of any stages
" inereased as the moisture contént of the wheat was'increased.
Comparison of‘the‘$ﬁ 50'§ calculated from the mortality ~
after 10 days showed that the—third inster larvae wes less
and the pupa and pdult more susceptible than the egg and
the firet instar lerva at 12,5 per cent maisture content,
whereas suaceptibility inoreased progressively from the
“$hird instar to the first inster, pupa egg and’ adult at
14 per cent. The LU 90's were estimated graphically and

thay showed that the first ingtar, pupa and egg were- more
euaceptible than the third inster and less 80 than the
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adult at 12.5 per cent molsture content and that
pusceptibility increased progreseively from the third
ingter to the pupe, first instar, egg and adult at 14
per cents '

Benschoter (1961) showed thet when naked eggs,
larvee and pupaAQfAéggggggng,;ggggg,(LW.)EWQre fumigated
with ethylene ehlorobramidea(jébromoez chloroethane) at
735 to 78°F at different concentrations, the eggs were
less susceptible to increased doeage than the other stages,
80 that the order of ausceptibility varied at different
ma£tality levels. At ID 99, the larvae were the moaf
sugeeptible followed by the adult,legg end pupa.

Abou El Cher (1964) conducted studles to test the
effect of eertain'inaeotieidés againet cotton leaf worm
2rodenis litura F. with a view to ascess its ovieidal
sction, response of the different instars to the tested
insecticides, kno&kdown effects‘on‘the different instars
and timing of application in the field., He found that
all the tested lnsecticides had a weak ovicidal sction.

The effeet of ineeeticides on different inetars indicated
that older instars were generslly more resistant to the

inpecticides than the newly hatched larvae., Of the tested




insecticides, Dipterez was outstanding for ite strong
knockdown action against young and old instars. The'
timing of application of the insecticldes wag found ta be
most effective at the initial ‘stage of development of

the larvae.



MATERIALS AND
METHODS




MATERTALS AND METHODS

Ehterials _
Insacticides: Details of the 1nsecticiﬁea used in the ‘

- studies are glven below. |

- DDZ: A techni?al grade conteining about‘77% of-the'aetive
ingredient, supplied- by'ﬁ7b‘Bharat Pulvers ing Milla-
(Private) Iinited, Bombay and 20“ E.C, supplied by ¥/s

Myaore Inseetlcidea, Madras.

Mﬁlathiont A technical grade and a 50% E.O. eupplied by
/e Gyanamid India Limited, Bombay.

Parathion: A 100% technical grade aupplied by d/e Bayer
(India) Iimited, Bombay.

Sevins ‘A oommercial water wettable powder cantaining 50%
of the active 1ngredient manufactured by Union Garbide,
India Limited.

BHC: A technical graae supplied by W/e Tate Fison (Limited)
Bombay.

Diazinon: A commerciasl emulsifiable concentrate called
Basudin oontaining 20% of the active 1ngredient manufactured
’_ by Tata Fison Limite@, Bombay

Phoephamidons A commercial water miseible concentrate
containing 100% of the active ingredient called dimecran,
manufactured by CIBA Pesticidee, India Limited Bambay.
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Thiometan: A eemmercial emulsifiahle concentrate contaiw
niag 100% of the active ingradient ealled eketin, supplied
by Sandoz (India) Linited, Bombay.

Formathien. A eemmercznl amul 1f1able concentrate contalning
25¢ of the active ingredient called anthio supplied by
Sendez {India) Linited, Bombay,

Digterexa A commercial water wettaﬁle‘powﬁer containing
80% of the active ingreéient, manufactured by Bayer (Indlsz)
- Limited, Bambay.

ggggigz A technical grade supplied by Tata Fison (Timited)
Bombay.

Boulgifier: Triton x 100»and»Triton x 172 supplied by
Indofil Chemicals Bimitad, HBombay were used 2s emulsifiers

in the preparation of emulsions from Technical materials.

Benzeng: Denzene supplied by ¥/s Quality Product, Bombay-2,’
Awéaéﬁused‘as a solvent in the ﬁreparation of emulsions from
technicial materials. |
G éfss \3) useds
(a) A.pipetfe of 1 c.e. capaclity.

(b) Measuring oylinders 6f 10 c.¢. and 100 c.c; capacities,
(e) Glaee stoppered bottles.
(@) Petri dishes (0.5 cm. diameter)
(e) Chimneys of lerngth 15 cme and diameter 5 cm, Open
at both ends,
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{£) Rectangular jers — 26 % 16 x 9 cms..

() = Circular troughe - 26 x 10.5 eme, *

Test insectes First, second and third instar larvae et

-B. vigintioctagunctata required for the experiment were
reared in the 1aboratory on fresh leaves of bitter gourd.
‘Two daye old larvae were used in all the experiments.
NMethods. y | .
Rearing of B. vizintioctopwicteta: Adults of the Epilachna

beetles were reared in rectangular jars and eirculer troughs .

and fed on freah leaves of hitter gourd.

%hen the adults laid egze they were collected and
traneferred 1nto chimneys placed on petri dishes and cloged
with muelin cloth. Grubs emerging each day wéﬁe‘kept_in
seﬁaraté chimneys with thé dafe of‘emergence noted. Each day
the ceges were examined to ascertain the instar of the grubs.

and the dates of moults were ﬁoted.

Preperation of Iniliﬁiiiﬂi formul !!.HEQ
For atudies on contact toxicity to grubsc E. ﬂ&&t&mﬂm&ﬂm

All the ingecticides were used ag sp&ays in these studies, The
gpray fluids were used as‘emulsione formulated in the
‘laboratory from technical gradee except in the case of mevin

which was ueed as suspension prepared from wettable powder,
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Pive graded concentrations of each insecticide were usped
for the experiment, In the case of technical meterials,
solution in benzene was prepared in each case, from which
:1ower concentrations of emulsions were obtained by mixing
wifh water conteining 0.625 per cent of the emulgifier,
trition x 100 or'tritoh x 172. The proportions of the
solutions, emulsifier and water in the final formulation
were so adjusted that the percentage of benzene and
emulsifier in all the dilutions were kept constent at 5 per
cent and C.625 per cent regpectively. In the case of sevin
the wettable powder was suspended in water to give the .
highest concentration and this suspension was further.
diluted with water to give the required lower cenogntrations.
Details of the proportions of the different constituents
used for the preparation of the different concentrations

of each insecticide are given below:

1. DT SQech.)

0,4 gu. DDT (Tech.) + 10 c.c. Benzene 4% solution ()

1 ¢.c. S+ 19 c.c. E.V. 0.2 emuleion (%2,)
¥ ¢.¢. S + % c.c. benzene + 19 c.c.E.W. 0,14 " - ()
% CeCe S5 + Z c.c. bengene + 19 c.c.E.W. 0.05 v (§3)
% e.c. 8 + 13 c.c.benzene'+ 38 c.c.E.W. 0.025% " (94)

% ce0c. 8 + 3% c.c.benzene + 76 c.c.E.¥ 0,0125% * (2g)
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Controle

1 c.c. benzene + 19 e.c. E.V. 5% benzene (2.
» enulsion.
(E.W. = Emulsifying water ctontaining

0.625% Triton x 100)

2. Melathion (Tech.)

0.2 gm. Malathion (Tech.)+10 c.c. benzene 2% solm:  (5)

1 ¢.ce 8 + 19 c.o. BJW, 0.1% emuleion (7,)
o %/é;e.e. S + % c.c. benzene + 19 a.c.E.¥. 0.05% emulsion (2,)
: t cice S + 2 coce benzene + 19 c.c.E.W, 0.025% " (T;)
1 c.c. S+ 1% c.c.benzene + 38 c.c.E. W, 0.0125% (T,)
% c.c. S + 3% g,c.benzene + 76 c.c:E.¥, 0,00625% " (Ts)

Control: \ ) |
1 c.c. benzene + 19 ¢.¢.E.W, 5% benzene (Ts)

‘ . emuleion

\ <30 mm (TGChq)

0.1 go. Perathion (Tech.) + 10 c.c. .
benzene - ' 1% .soln, (s)

2 csce 8 + 3 c.0. benzene + 95 c.c,

E.W, . . 0,02% emulsion (7,)

1 ceC. S + %4 c.c. benzene + 95 c.c.

- E.Y. | 0.01% v (25)

1 e;c. S + 4% c.c. benzene +

95 c.c.B.W. 0.005% (75)
% ¢.c. 8 + 4% c.c. bengene + | |

95 c.c.E.¥. o  0.0025% S (3y)



t c.co S + 9% c.c. benzene +

190 c.c.E.V. | | o 0.00125% (Té)
% CeC. 5 + 19% c.c. benzene +
380 c.c.E.W. - | 0.000625% * (Zg)
T €., S + 38% c.c. benzene +
760 c.c.BW. H  0.0003125% W ()
Controls 5 |
1 c.c. benzene + 19 c.c. E.¥. 5% benzene

| enulsion (?0)

4. Sevin (w.p.)50% °

1 gm. ‘sevin (50% w.p) + 999 c.c.

water ‘ | 0.05% sugpension (84)
10 c.c. 84 + 10 c.c. water | 0.025% » (52)
10 c.c. S, + 10 c.c. water - 0,0125% (2,)
10 c.c. T, + 10 c.c. water 0.00625% v (m,)
10 cio. T, + 10 c.c. water 0.003125% " (25)
10 c.c. 93 + 10 e.c., water 0.0015625% " (T4)
10 e.é. T, + 10 c.c. water 0.00078125% (T5)
10 c.é. 2y + 10 c.c. water ' 0.000390625¢% (Té)'

5. BHC (Tech.)
0.4 gm. BHC (Tech.) + 10 c.c.

benzene ' 49 solution (s)
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Te coCs B + 19,&,9.E.ﬂ;»

%’c.c.,S + %*é.e.'benzoné»+ 19 c.c.
Eo¥e R B

o 0.6. Sl+ % c.c. bengene + 19 ¢.c.
% c.c. S+ 1% c.c. bengzene +
38 cuC.B.W

% c.c. 8+ 3% c.c. bengene +
76 c.c.E.V,

Control:

1 esc. bengene + 19 ¢,c.E. Y.

For atudies'onVatumach)toxioitxé
1. ¥alathion: ‘

0.2% émulsion

C.1% "
0.05% :
5.925%' :
0.0125% "

5% henzene

emulsion

19

(z,)
(25)
(2

R

(25)

(%)

1 ¢t HﬁlaﬁhionﬂBO%rE;G. + 499 c.c, water 0.1% emulsion

2¢ DDD3 o
‘"" \c.e. Dm 25% E.G. * 124 C.Co W&ter

3. Diazinon:

1 c.c. Basudin S0F E.C. + 499 c.c. water

4, Fhosphamidon:

0.2% emuleion,

0s5 ©.c. Phogphamidon 100% E.C. + 1249.5 c.c.

- weter

SeBevins

1 gm. sevin (50% w.p.) + 499 c.c. water

C.1% emuleion,

0.04% emilsion.

0.05%¢ suspens lon

(s9)



10 e.c. 8y + 10 c.c. water 0.025% suspension (82)

 19 g.é, S, + 10 c.c; water 0.0125%
6 Parathions (Tech.)
0.1 gn. Parathion (Tech,) + 10-

€+.0. benzene , ‘ 1% goln. (8)
7. BHC gmech.z;

04 gm. BHC (Tech.) + 10 c.c. 4% soln - ()

benzene
1 cece S + 19 c.ec. B.W. . . 0.2% emuluion

8eIhiometion:
1‘d.c. Thiometon 100%.%.3..¥ \
l999 CeCs ﬁate:. : 0.1% emulsion
Y onmothioné

1 c.c. formothion 25¢ E,6. +

999 'c.c. ﬁgter-.;“ - 0.025% emuleion
10.Dipterex: | .'_H | ‘~“‘ng»»:

0.5 gn. Eipterex‘(ab% wep) + ~*\ ~
399.5.0.6} water 0.1% éhepeneionu

11. Endr ns :
0«3 gm. Endrin (Tech.) + 10 c.c.
benzene . 3% soln. (s)

T CeCe S5 4% 4 Cu.Ce Yenzene + 95 c.C B W 0.03%'emﬂlsion.

~
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Spraging the larvae: The larvae to be sprayeé were p&aced
on blotting paper in a elean petri dish. mhey were %hen
gprayed ugder Potter's tower uging 1. c.c. of the enmuleion
per spraying. After the spray fluid had drieé up thengxuba
were transferred to fresh petri dishes and euppl&eﬁ with
freah food. A control was kept in each ecase which wae sprayed
with water anly in the case of wettable pawder. In the case
of te¢huica1 grades the control was a 5 per cent benzene
emuleicn._ Each treatment including control was replicated
thrice, “. » ‘ |
Exgerimental conditionss: Al) the experiments were conducted
in the laboratory under laboratory conditions of temperatuze

and humidity. The temperature and humidity during the

experimental period were noted.

lethel effect of the insecticides on the grubs was aggessed
by counting the number of dead grubs observed at ithe end of
24 hours and 48 hours efter spraying,

of B, yizintioctopunctaia:

For this, fresh bitter gourd leaves wore eallecteﬁ
with the leaf stalke intact and they were prevented from
withering by kecping them with their leaf stalks dipped in
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water. BEach insccticide emulslon or suspension, as the
case may be, waz sprayed on the upper surface of these
fregh‘bitter gourd leeves, each with 1 ¢.e. of the spray
fivid, the spraying being done undér a Potter's tower. The
leat was placed 6n a blotting paper before bteing éprayeﬁ. |
0 prevent any epray droplete runéing<under the leaf and
contaminating the lower surface of the leaf. Soon afier
epraying, the leaf was kept exposed to air for the spray
£1uid o ary up. The leaf was then kept with 1ts leaf
gtalk dipped in water fbr one heur. The aspreyed leaf was
then apread out in a petri diah with ite lower surface
(uneyrayeﬁ aurfaae).facing up. The leaf wag thua glueﬂ on to
the ﬁétri'dish with gus. irén second instar grubs were then
placed on sach leaf and‘the dlsh closed with its 1id. |
Mertality counts were taken 24 hours after the grubs were
allowed'td'feéd on the 1eaf. |

N | This me%hod ie eouaidered to have elimlvaﬁed the
eontact action af the inuecticidea on %he grubs ag the
insecticides are eonfined 0 the upper :urfaee'of the leaves
only, with which surface the grubs do not come in contacte
‘At the same time the ingecticides which migh% rave pentrated
“the epidermis end reached the tulk %issﬁe'aré token direetly
into the etomach of the grubs when they fed upon this bulk



tissue. Thue the grubs in this experiment show only the

gtomach effeet of the insecticides.
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I PERIMENTAL DETAILS AND RESULTS

Experiment I

gage _mortality reletionship between DDT

end the different larval instars of
Epileebna vizintioctopunciata

Experimental details

Date of experiment: ist inster larva 29——11--1966
2nd instar larva Bee11==1066

Ard Instar larve 15w 1==1066

Doges of DDT used: 0.0125, 0,025, 0,05, 0.1 and 0.2

ner cent,.

Control: ‘ unsprayed.
Tesf insectss ' First, Second and Third inster
| larvae of Epllachna sp. were used.
See under 'Material’ for further
details.
Number of replicationm: 3 |

Humber of insgects in

each replication: 10

Temperature during 86,6°F ~ 78.6°F

experiments P
Humidity during | 80, 1%

experiments:
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Procedure: The larvee were sprayed with the different
concentrations under the Potter;s prer and supplied with
fresh food material., Results were aspessed byvobserﬁing
the mortality among the larvae at 24 and 48 hours after
treatment, Por full details see under 'Methods'.
Besults: Resulte are glven in Table f and reprezented in
Mg, 1 and é.

The figures represent the results on the log
dosage probit mortality seale. It may be seeﬁ that at 24
hourg the third'instar larva appeaﬁa as more susceptible
to DDT than the firet and secohd ingtars. Among.the lakter
twe,-the 1ot inetar is more susceptible than the 2nd. At
48 hours, however, the relative susceptibility is highest

in the 3rd instar followed by 2nd and 1st instars.

Experiment II
 Dogage morislity relationghip between Malathion
and the different larvae) instarg of
S, vigintioctonuncista.

Experimental detailg

Date of experiment 18t instar 14~=12~--1966
| 2nd instar 21 12==1966
3rd instar 21==12--1966

Doses of malathion useds 0.00625, 0.0125, 0.025, 0.05 and

C.1.per cent.



DD

1arva1 instars of E. visintioctogunctata '

Dosge Log Tnstars  Mortality
% doge
et 24 hours at 48 hours
%4 Probit ¢ Probit
. 1 100 ‘e 100 “ee

0.2 1.30 2 5%¢3 " 5.08 80 5.84
% 86,7 6.11 86.7 €,11
. 1 40 4,75 40 475
0.1 1.00 2 23.3 4,27 40 4,75
.3 36,7 4,66 43.3 4.83
1 20 4,16 20 4.6
0.05% 0.70 2 20 .16 26,7 4,38
3 30 4,48 30 4,48
1 6T 3.50 6.7 3.50
0.025 0.40 2 10 372 13.3  3.89
‘ 3 13.3 3.89 13.3  3.89
1 303 3.16 3-3 3.16
0.0125 0,10 2 €.,7 3.50 . 6.7  3.50
3 10 350 13.3 3.89




Fig.1. Tog Dose ~ Probit Mortality relationehilp
betwgén DDT and different larval ingiars
of E. yigintioctopunctata 24 hours after
spraying.

?Fig.z. - Tog pése'; Probit Mortality relationehip~

: ’ between DbT and aifferent larval insiers of

E. vigintioctopunetate 48 nours after
spraying. | | |
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Temperature during experiment: 86.0°F = 76,5°%
Hupidity during experinents 876

Other detalls as in Experiment I

Résulte: Resulits are given in Table 2 and represented in

Pigoe. 3 end 4,

At 24 hours., the third instar larve appeszs to be
more susceptible than the firet and second instars. Among
the latber two, the first instar is considersbly more
susceptible then the second. At 48 houre elso the third
1nstar is»more susceptible th an the rest, The firet and

gacong imatar appear to show egual susceptibility,.
Experigent TIT

Bosage mortezlity relationghio between
. Perathion end the different lavvel

Adwani s £ RS TY

instars of %. vigintlocionunciets

Experinental deltsila

Tate of experiment: Piret Ingtery S Yo Yo TGHT
Second instey B e 1 BET
Phinrd instaf G T 3 TET

Doses of Parathion used: u.000”1&,, 0. @CO&&R, (.@G??S,
0.0025, 0.005, 0.01 and §.08
pay gent.

Tempersture during experiment: 87,3°F = TT4G°F.



Dosege mortality relationship between malathion and

"Table 2

different larval instars of E. yigintioctopunctata,
" "“—"W

o2
09

3 20 4,16

Dose Log Instars Mortality _—
dose at 24 hours at 48 hours

% Probit % Probit

1 100 .o 100 oo

0.1 2.00 2 60 5.25 96,7 6.84
3 83,3 5.97 90.0 6,28
1 60 5.25 63,3 5,34
0.05 1.70 2 53.3 5.08 T0 5.52
' 3 80 5.84 B3«3 5,97
0.025 1.40 e 30 4.48 63.3 5,34
3 50 - 5.00 60 525
1 46,7 4.92 46,7 4,92
10,0125 .10 2 6.7 4.03 23,3 4,27
3 36,7 4.66 5363 5,08
1 13.3 %89 20 4,16
1 0.,00625 0.80 2 13.3  3.89 20 4,16
36,7 4,66




Fig. 3

Figﬂ4.

Log Dose = Drobit M kdftalfﬁy’rei@tionehtp

between malathien and different larval

instars of E. vigintzoctogunctaﬁg 24 huura
after spraying.

Log Dose -~ Probit Hortelity relationship

between malethion and different larval

ire tare of E. vigintioctopunctets 48 hours

after spraying.
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Humidity Guring experiments 85 435
Other details as in Experiment I
Hesults: Results are given in Table 3 and represented in

Figa; 5 and 6,

It may be seen that aﬁ 24 hours the insecticide
appears %o be considerably wore toxie to the firet instay
larvee than %o the seesnﬁxan& third inét&re. To the second
and third instars parathion is seen to be equitoxie., A% 48
hcurs algo the first instar shows the highest suace@tibility
to the insectieide followed by second and third instars in

the descending order,

Experiment IY

and the different lervel ingtars
E. vigintioetﬁguncﬁata

Experinental details

Date of experiment: | First Second | Third
: instar instar inster

Jue20n?6T  25mmimmtGT  25aeim='GT,
Doses of sevin useds 0.00039, 0.00078, 0.00156, 0,003,
0.0062% and 0.0125'per cent,
Tempereture during experiment: 87.2°F « 77.7°TF.

Humidity during experiment: 83.7%.



Table 3

Dosage mortslity relationshin between parasthion and
different larval inetere of B. yigintioctopunctats

Dose Log | Instar Hortality

% dose : . :
at 24 hours at 48 hours
%4 DProvit % Probit
o 2 95.3 6,50 100 .o
0.02 2,30 3 93.3  6.50 100 ..
| 2 70 5.52 86,7 6411
0.01 2.00 3 70 5.52 83.3 5,97
| 1 100 .. 100 .
0,005 1.70 2 43,3 4,83 83,3 597
3 43,3 4.83 46,7 4,92
1 100 e 100 .o
0.0025 1,40 2 23,3 4,27 50 5,00
3 23.3 4,27 43.3 4,83
1 9343 6.50 96,7 6,84
0.00125  1.10 2 20 4.16 36.7  4.66
3 20 4.16 30 4,48

0.,000625 0.80
0.0003125 0,50

-d
(S
()

4,48 - B3.3 5@08
26,6  4.38 50 5400

——




Fig.5.

Pig.6,

Log Dose - Probit Mortality re}ationship
hetween parathion and diﬁf?rentilarval
ingtars of E. yigintioctopunctata 24 hours
after sprayingf o |

Log Dose - Probit Mbrtality‘ralationship
between parathion and different larval

instare of E. vigintioctopunctats 48 houvs

after sprayinga
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Other details és in experiment: I
Results:_ Resulte are given in Table 4 and represented in

Figs., 7 and 8,

Both at 24 hours and at 48 hours the third instar -
larva appears to be the most sugsceptible to sevin followed
by the first and the second instars. The latter two instars

appear to show equal susceptibility to the insecticide,
Experiment V

Dogage mortality relationship beiween
 B.H.C, and the different. Jarvsl izgtg&a

of K. vigi;i;ggtgnunetgta

Bxperimentel detaile: PMirast Second Third
S instar instar . ingtewr
Date of experiment 23mm2emt 67 Buelma6? | Beelewt(T,

Doses of B.H.C, useds  0.0125, 0.025, 0.05, 0.1 end 0.2
per cent, |
Temperature during eXperimentz-»‘87.7°F - 75.4°F
Humidity during éxperiments 84,41
ther details as in experiment: I
Regults: | |
Results are gi#en in Table 5 and represented in

Pig. 9 and 10,



Qo

Log

Dose Instars | Vortelity
a dogse .
' at 24 houre et 48 hours
%  Probit ¢  Probit
1 100 .e 100 e
000125 2510 2 qOQ [- N ] 100 [ X ]
3 106 .. 100w
1 100 .. 100 ..
0000625 1 .80 2 100 P ) 100 'Y ]
3 100 o‘o 100 LX) )
, 1 06,7 6.84 100 4
0.003 1.50. 2 96,7 6.84  96.7 6.84
3 93,% 6.50 96.7 6,84
1 9%,% 6.50  96.7 6484
0.00156 1.20 2 6.7 5.73 B3.5 597
3 90 6,28 20 6,28
1 90 6,28 0%.,3 6,50
0.00078 0.90 2 73.% 5.62 B33 5497
3 60 5.25 66.T 5ed3
0.00039 0.60 1 75,3 5.62 86,7 6411




Fig.7; Log Dose ~ Probit Mortaiity relationship
“between sevin and different larval instar

of‘g. vigintioctoEuﬁétata 24 hours afier
epraying. |

Fig.8. Log Dose -~ Probit Mortality relationship

between sevin end different lerval insztars

of B. vigintioctopunctata 48 hours after

spraying.
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Table 5

Dosage mmrtnliz, _ ey BHE and
~larval 1nstars of E. vlgiw iceuagunctata

Doge Iog Ingtars ° ”brtality

% dose
‘ at 24 hours at 48 hours
il Probit - ¢ Probit
, 1 533 508 5343 5.34
0.2 130 2 G6.7 684 100.0 es
' 3 50.(} 5#90 ?QQ‘O L)
‘ : 1 43,3 4,93 0.0 525
0.1 1.00 2 75.3 5,62  100.0 .s
3 43,3 448% 100.0 .o
» 1 36,7 4,66 50,0  5.00
0,05 0,70 2 70.0. 5,52  100.0 e
3 33.3 857 96.7 €.84
| 1 3% 4457 46,7 4.92
G.OE':S 0.40 2 66.7 §1‘§'3 1@000 o
: 3 30.0 4448 B&.7 Het1
1 26,7 40%@ réﬁog 4-83
0.0‘;25 0.10 2 : 6303 5!‘34 . 9 3 6050
3 25,7 44358 86,7 Bel1




Fig. 9. Log Dose - Prohit Mortelity relationshipy

between BHC and different larval instars of

L. vigintioctopunctata 24 hours after
spraying.

Fig.10, Log Dose - Probit Mortality relationship

between BHC and different larval instara

oflz. vigintioctopunctata 48 hours after
spraying. | |
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The second instar larva appears to be the most
sueceptible to B.H.C. both at 24 hours and ot 48 hours.
At. 24 hours the flrst iﬁetar larva is more susceptibdle than
the third inetsr lsrve. Wowever, at 48 hours, the third
instar larve seems 40 be considerably more‘auscepﬁihieithan

the first inster larﬁa.

Experiment VI
" Relative stomach toxieitv of fisld doses

of ingecticides to grubg of

E. vigintioctonunctate vwhen spraVQd eﬁ
bitier gourd leaves.
Ingecticides and ' &alathionv(ﬁ.c.) 0%
their doses:. D.D.T, (E.C.) . o2
Diaginon (E.C.)} 0.2%
Phosphamidon (F.C.) - 0,047
Endrin (Tech.) ‘ 0,0%%
Sevin (¥.P.) 0,0125¢
Parathion (Tech.) 0.05%
B.H.C.(Tech, ) 0.2
Thiometon (E.C.) 0,.%
Dipterex (W.P.) Go %

Tormothion (E.C.) 0,005%
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Tegt insect: Second instar grubs were used in
this experiment. They were reared
out in the laboratory on bitter sourd
leaves.

ﬂumher of replications: 3

Kumber of ingects in
each repllcations 10

Date of experiment: JormPwnl067 t0 GumeBee(1067
‘Pemperature during experiments 85,3%°F - T8.9°F

Relative Humidity during experiment: 87.2%

Procedure: The upper surface of bitter gourdﬁleaveg'ﬁas
sprayed.with insecticides under the Potter's itower and the
grubs exgosed to0 the unspraﬁed Lower sﬁiféce:as detailed
under 'HMethods'., Mortality countévwere taken 24 ﬁeurs after

' exmnqing the grubs o the leaf,

Results: Results are given in Table 6 and.repsesente&

in Pig. 11, It may be obaerved that dipterex 0.1 pex cend
givea.106 per cent mortality among the grubs. This is
followed in the deacending order by paraﬁhiog and endrin
(which are equelly effective), DDT, diazinon and phosphanidon,
(which are equitoxic), BHC, 'sevin thiometon, melathion and

formothion. ‘

)
4
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| Table 6 _ |
Mortality of 2nd inatar grubs of E. vigintioectopunetats
exposed to the lower surface of bitter gourd leaves with

upper surface sprayed with different insecticides.

SL.No. Insecticide and Per cent mortaliby
‘ concentration in 24 hours

1 Halathion 0 1% 50,0

2 D.D.T. | C0.2¢ 93,3

3  Diagzinon 0.02% 93,3

4 Pheosphamidon . 0.04% 93,3

5 Sevin 0.0125% 66,6
€ Parathion 0.05% - - 96.6

7 B.H.C. 0.2 76,6

8 Thiometon - B ¢ P A 63,3

9 Pormothion 0.0254% 30,0

10 Dipterex 0.1% 100.0

11

- BEndrin 0.037 96.6

-




Fig. 11, Mprtalitylof 2nd ingtar grubs of
g?“végintipgtdgunctata exposed to the
lower sﬁrface offbitter‘gourd leaves with
uppef su;facg sprayed with diffevent

insecticidésg
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- DISCUSSION

Relative ggagegt;biliﬁx of Q fferent larval 1na§agg g
xigig&igg&gggng&gﬁa to toxicity of different inssoticides.

Results of the experimeﬁt conducted on this are
oummarised in Table 7. The comyarisons of the
susceptibilities have been made based on the positions of the
lﬁwpnlinas.fbr the different insecticides and the different

instars.

Zable 7

Relative suscentibility of the three lsrysl iunstars of
B, yigintisctonunetsts to toxicity of different insecticides

Insecticide Order of susceptibility

At 24 houre At 48 hours
DT ‘ TIT> I > 1X IFI > II> I
Malathion : ITT > I > I IIT DIl = I
Sevin IZI>IT = I ITT >II =1
Perathion I >IT =IIT I > II>III
BHC IT > I>1II II>IIT > I

T+ will be seen thati- (1) the different instars of the

grub show varying susceptibilities to the same ineccticide,
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'(2) the order of susceptibility of tﬁe three instars 1s not
1dentical for different insecticides and (3) the order of
suscepbibility of the three instars to the smme insecticide
vax%gs at different 1ntervals aﬁter application of the
insecticides, Thuse fer examﬁle. to DDP, malathion and eevin
- the third instar staée of the‘grub~is the most susceptible
while to BHC it is the second 1n§tar and to paréiﬁion the
firet inetar which is the most susceptible, It is interesting
o note that it is tha‘fiiat instar grub which is the most
recistant to the action of sevin and DIT. Correlation
between the suseeptibility to toxic sction of the insecticide
ard the progreusive inetars of the inse?t ig observed in the
case of DD? and parathion (at 48~houra)'thie being positive
in the caze of parathion and hegative in the case of DDT,

The varistions in the order of-sueeeptihilitj observeg at

$he different intervale after treatment may perhaps “he &ué

to the relative capacity of the different instars in

elininating the absorhed insecticides,

It is seen that the different insters of the grub
ghowe varying-ausceptibilitiee to different inegeticides with
no regularity or sequence. With a Qiew t0 have an ides
about the oversll suscepttbility of the grubs teking all the

instars into consideration the whole deta relating to all
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the iﬂsaaﬁicides were subjected to analysis of variance -
(viée Table 8 for detelle of the analysis). It h&s been
observed that there exists significant dlfference
(significant -at 5% 1evel) between the t@xicities of ﬁhe
‘different insecticides to the grubs. The five 1néecti§idés

can be ranked s under based on &eéeending toxicitiess~

Sevin  Parathion YT [ a— DDE
Thua‘sevin ig the most highly toxic ingecticide bo the
V“gru%s followed in the desc@ﬂﬁine orxder by parathion,

melathion, BAC and DDP.  There does not exist any eignificant

difference between the tdxioity of malathion and thet of
BHC, |

By spraying the ingecticide on one surface (upper)
of the leaf anﬁ,eaﬂfining the grubs on. the opposite surface,
“direet contact of the latter with the active deposite of
%ae ingecticide is eliminatad completely, The grubs feed
| by seraping the leaf surface, invariably leaving fhe
epldermie of the opposite surface intect. This remains-as'
2 thin treneparent membrane at the fed areas. So the

insecticide can be picked up by the grubs only if 1%
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penetrates the epidermis and gets into the me@oﬁhyll on
which the insect feeds. Repults af this trisl show thet
all the eleven ingectieides under trialvﬁause toxieity
aﬁong the gruba ln&icaﬁing tﬁaﬁ-thev'pene@rate the leaf
epidermis. However there exiete caaeiéerable vaxiﬁﬁians
’;in the mortalities af the ineect caused hy the verious
insecticides indicating that different insecticldes pet
tranglocated into the leaf tiaeuée with varying efficiencies
and that they have varying stom&ch tnzicities. Thus
dipterex (0.14) which gives 1007 mortelity aprears to be
translocated with the mérimum efficiency. Dipterex has
also tha additional advantaga of being an affective stcmaéh
polson. Endrin (0.03% L} and @araﬁhion {0.054) alee ave L
highly effective in killing the grubs (each gives 96,6%
mortality). These are clossly folloiwed by Bﬁ?, dieginon and
phoaghamiéon. Sevin which has shsmé the nmaxinum contact
toxxvzty ﬁa the grubs shows very low stomech toxleity, UThis
may be either due to ite low penezration power or low
stomach action. Malathian.éﬁ& formothion heve vexry low

stomach action on the grube.
These studies will indicate that for ¥1lling the

grubs which heve the habit of feeding on the lower surfoce

of the leaves it 1s enough thet the upper surfece is sprayed
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with the insecticide. Dipterex (trichlorphon) closely

followed by DDT and endriﬁ.appéar to be suitable for this,

Table g

Anglysis of V Table
Source 5.8, 4df, Variance F.ratio
Total 43901,37 74
Treatment 32149.57 24 - 1339,565 5,69
Between _ : *
insecticides 24307.69 4 6076.9225 25,8553
Between levels | *
of DDT 4943,69 4 1235,9225 5,.2584
Between levels 3633,70 4 908.425  3.8650
of Malathion , : ‘ .
Between levels 3355.30 4 838.825  3.5689
of parathion . : -
Between levels 2017.06 4 504.265 2,1455
of sevin
Between levele 804.49 4 201.1225 0.8557
of BHC :
Error 11751.80 50 235,036 -
CvDy for comparison between - .
insecticides. %50 (0.05) -g_%gzg

11.251

98
bt et

* Sienificant at 5S¢ level



R
HJ

Ranks Treatments

HMean Difference

1 T4 Sevin 232,60
‘ I ‘ 47.82 11.25
2 'T3 Parathion- - 184,78 L

! _ ‘ E 50.28 11,25
3 ﬂz Malethion 134.50 .

. : 0.38 11.25
4 QB‘BHG - 134.12. . . .

‘ ‘ ‘ 34.92 11,25
5 T1 Do . 99,20 ,

Renkings: T4'§5”§2 EB T,



SUMMARY
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SUMMARY
Dosage mortality relationshipe between the
inseeticldes DDT, BHC, parathion, malathion and sevin and -

the three insters of the grubs of E. yisintioctopuncteta

were ascerteined,

| The orderes of susceptibility of the three instare
to the different insecticides based on their 1d-p-lines are
as followsse

After 24 houre of contact

" DDY III > I > II
BHC , I > 1 > 111
Parathion I > 11 = 1III
¥alathion IIT > I > 1II
Sevin IIT > II = I
After 48 hours of contacf
DDT - IIT > 1T > 1
BHC ‘ IT>II > I
Parathion I> II > I
Molathion IIT > II = I
Sevin IIT > II = I

Phe order of toxieity of the ingecticides to all the 3

instars of grubs taken together is: sevin > ﬁarathion:>
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melathion > BHC > DDI. There exiets significant
difference between the toxicities of the different
insecticides, there is no significant difference between

malathion and BHC,

Stomach toxicity of eleven insecticides each at
ite field dose to the second 1nstar_grub of
e gggigzlggxgpgngggxg was ascertained by spraying the
ingecticide on the upper surface of bittergourd leaves and
letting the grube to feed on the oppoeife surface. The
relative stomach toxicity of the different ineecticides wes
in the 6rder: ~ dipterex > perathion = endrin > DDT = |
diaginon = phosphamidon > BHC > sevin > thiometon >
malathion > formothion. . |
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