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INTRODUCTION

Since the dawn of human civilization man haé
been endeavouring to harvest a pest-free crop. The birth,
use and ultimate commercialization of pesticides on an ever
increasing scale, more so of chemical insecticides, got built-
up as powerful aids in achieving this ever cherished goal -
rather a dream of human society. When one insecticide, after
a little initial success, failed, yet another . a gtronger
ang more potent one, was discovered to make the crop free
from pests. Whether we could achieve 'a pest free crop' so
far or not, is a big question that still awaits a convincing
answer, yet one thing is certain that the agriculturists
foday keep a heavy reliance on the use of chemical inseeticides
(Lewo 1982). This has imperceptably infused more and more
poisons in the bio sphere causing unforeseen physical, mental
and genetical dangers not only to living but also to coming
generations of human beings. Consequently to avoid and check
the building up of these dangers into future cataatr&%hes new
methods of pest control are being developed. Lately\t e use
of IGRs, which include besides JH and their mimics,

chitin inhibitors' also, have shown a promise as safer, better

and economical agents of controlling the insect pests.



The discovery of *chitin inhibitors! had its roots
in the study of those agents which inhibited growth and meta~
morphosis of insects. Some of the hypocholesterolemic agents
and azasterolds had beén knoewn to inhibit the growth ang
metamorphosis of insects (Svoboda and Robin, 1967; Thompson
and Robins, 1972) by interfering with biosynthesis of steroids
(Svboda et al., 1975). Recently, phenylureas have been known
to inhibit the deposition of insect chitin and prevent the
growth by imposing difficulties in moulting (Post and Vincent,
1973) . Available literature shows that most widely studied
member of phenyl-urea-group is 1-4(-chlorophenyl)-3-(2, 6-3iflu-
orcbenzoyl)urea , commonly known as Dimilin, It interferes
with chitin deposition and as such has a powerful action on

eggs also, making it Aifficult% for the young larvae to hatch

out.

It has yet another edge over the conventional
insecticides ; it has low toxicity to mammals (Andymous,
1974) and fishes, no toxicity 4o birds and does not accumulate
in food chain to an appreciable extent. It has no apparent
teratogenic or mutagenic effects too (Bijloo, 1975). It is
fairly persistant but somewhat slow in action (Bijloo, 1975

and Busschbach - 4975).

In order to assess the effectiveness of Dimilin and
i1ts ultimate economic utility as a potent means to control

the pests, without adding any further poison to our biosphere,
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the present study had been taken up on two gerious pests
with divergent morphalogical and behavioural attributes -
viz., S. litura and E. virgincula. The former is without
hairs whereas, the latter bears a thick layer of hairs on

i%s body. The former causes serious damage to many econo-
mically important crops including cotton, iobacco, groundmt,
castor, tomato, cabbage and other cole crops while the latter
causes extensive damage to the leaves of cotton, pigeon pea,
cowpea, castor and fruit trees, The selection of these
noxious pests as test insects also provide an opportunity to
compare the effects of diflubenzuron on the insecis having
differences in their outer.protective coverings - an aspect
which has a direct bearingz on the control of hairy caterpillars

which are normally difficult to be controlled with traditional

insecticides,

Since'diflubenzuron 1s the outcome of very recent
investigations, a little is known about the details of its
actual modus operandi on different insects and as such available

literature is also very sketchy. 45/

In view of the above facts the present investigation

had been planned with the following objectives :-

1. To assess the toxicological effectiveness on two
morphologically and ethologically divergent pests of economic

importance by evaluating dermal and oral toxicities.



2. To investigate symptomatic and behavioural
changes alongwith morphological deformities through the
production of abnormal stages and to assess the extent of

damage in the test insects.

3. To determine the immediate and cumilative
mortalities alongwith inhibition of regular expected meta-
morphic changes at different developmental stages viz., eges,
larvae, pupae and adults,

4. To estimate the effectiveness ana persistence
of DFB on the test insects through fiela evaluvation.

5+ To assess the modus operandi of DFB in{bringing
about Inhibition of chitin deposition through histopathological

and biochemical investigations (to be carried out on S. litura
only).

6. To evaluate the possibility of DFB as an
alternative to conventional insecticides for the control
of test insects/or the use of DFB as a major effective link

in the management of the test insects.
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REVIEW OF LITERATURE

The literature pertaining to diflubenzuron (DFB)*
and other representatives of phenylurea group has been reviewed
Stressing only those aspects which have a direct bearing with
the present investigation.

Toxicity of DEB

This caption deals with various aspects of the
toxicity of DFB viz., contact toxicity, stomach poisoning,
systemic action, repellency and mode of action. However, no
separate headings have been given to elther of these aspects
due %o scanty information available on them., Evidently, the
text has been presented in a chronologiecal sequence of the

dates of the publication of the references.

The earliest traceable information on DFB dates back

to the elight decade of this century. It was Vaan Daalen et al.,
in 1972, who for the first time observed symptoms of poisoning

by this compound as a moulting inhibitor in Schistocerca gregaria,
Dysdercus supersticiosus and Leptinotarsa decemlineata. Subsequent
to this finding a large group of phenylureas was synthetised and
tested for insecticidal activity by Wellinga et al. (1973). 1In
the same year (1973) Mulder and Gijswijt evaluated PH 60-38 and

* Code names : PH 60-40, TH €040, DU 112307, ENT - 29054, OMS 1804,
PDD €040 1. Registered trade mark: DIMILIN



PH €0~-40 and reported that larvae of Leptinotarsa decemlineata,
Pieris brassicae, Baratfa brassicae and Musca domestica when
fed on treated food were susceptible to PH 60~40; however,
young ones of Aphis fabae were not affected. They further
maintained that topically treated and sprayed larvae of P.
brassicae with agquous suspension of FPH 60-40 completed develop-
ment withoZut showing adverse effects.' Their results inferred
that PH 60-40 was only a good stomach poison having no contact
toxicity or systemic effects in plants. They alsc noted that
larvae of Pleris brassicae treated with the chemical PH 60-40
remained seemingly unaffected till the setting up of the process
of apolysis but failed to wriggle out of their exuviae; they
exuded their body fluids, became dblack and died. The insecti-
cidal activity of this chemical, according to these authors,
was mainly due to failure of moulting or inability to pupate,
resulting in death. They attributed the cause of this failure
to defect in the process of cuticle deposition, They also

found lesions in the endocuticular tissue of affected larvae.

Post and Vinsent (1973), although could not give the
exact nature of reactions of diflubenzuron in Pieris brassicae,
yet their observations proved an enhancement to our knowledge;
they found that it affected the chitin synthesis and appeared
to have inhibited the deposition of chitin thereby'causing death
during moulting. They used this compound as a controlling

agent against this noxious pest. Willinga et al. (1973) stated



that TH €040 apparently induced the degradation of newly
synthesized chitin in insects. Post gt al. (1974) had also

expressed a similar opinion.

According to a technical bulletin on Dimilin published
in 1974 by Thompson-Hayward it was mainbained that DFB had low
mammalian toxicity. It was also reported that it did not
accumulate in the food chain to an appreciable extent,

Ishaaya and Casida (1974) made = remarkable headway
by indicating that TH 6040 affected the hormonal balance in

Musca domestica; the chemical interferred with its endocrine

system cauging retention of larval characters in pupating insects.
Based on the findings of Ishaaya and Gasida (1974) diflubenzuron
was accepted by the subsequent workers as a member of IGR{Insect
Growth Regulator) group. Interestingly enough, Neal (1974)
considered DFB not as a growth regulator but a growth disrupter
with stomach toxicity only. However, scamning of the available
literature revealed that DFB was regarded as I® having functional
properties much akin to JH activities in insects. Some of the
workers picking up the clues, established by their contemporary
scientists, used DFB in the control of a mumber of insects. The
latter process continues unabated till today as exhibited by the
subsequent publications (Tamaki and Turner, 1974, on zebra
caterpillar; Neal, 1974 on alfalfa beetle; Rizk and Ragwan,

1975, on cotton pests; Granett and Dunbar, on gypsy mouth,
Torthetria dispar ; Ratmakaran et al. , 1976, on forest

tent caterpillar ; Natesan and Balasubramanian, 1979,



on JSpodoptera litura; Alfred et al., 1982, on boll weevil,

Anthonomas grandis and Rishi and Shah, 1984, on Indian gypsy
moth, _

Andemard et al. (1975) ha# described in his research

paper about mode of action of diflubenzuron that it effects when

it is ingested by the larvae,

Busschbach (1975) also reported Dimilin being a stomach
polison with no contact and systemic action, could not be used
against sucking insects or mites, His demonst:atiops projected
a redeeming aspect of this chemical that it had no effect on
predators whatsoever, However, he maintained that it had slow

action but high persistence in field; it could not prevent damage

from all the insects put together.

Bijloo in the same year (1975) described the physical,
chemical and biological properties of DFB and reported that the
particle size of this chemical influenced its effeciveness,
decompogition and acute and chronic toxieity. He observed that
once this compound was ingested by the larvae of Iepldoptera,
Coleoptera and Diptera, they were unable to complete their next
moultproperly and died of cuticle rupture or starvation, His
studies had indicated that the main changes in the cuticle of
the insects were caused in the endecuticle which sometimes
failed to develop at all. He also had maintained that this
chemical had a low mammalian toxicity with no apparent terato-
genic or mﬁtagenic effects in them, However, he 4did found low

toxicity to fishes, but no toxicity in blrds.
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Hoore and Taft (1975) investigated that Anthonomus
grandis adults when put in contact with a dry film of TH 6040
or dipped in acetone solution of this compound, produced eggs

with reduced hatching or no hatching,

In the same year (1975) Taft in association with
Hopkins reported that TH 6040 acted as sterilant against
Anthonomus grandis female when applied as sprayable invert

Sugar bait in the field,

In the year 1976 Wright and Harris noted the oviecidal
activity of TH 6040 when they exposed the eggs of stable fly
to a paper impregnated with this chemieal,

Abo-Elghar et al. (1976) revealed that most prominent
ovicidal effect of DFB was achieved when the €gg masses were

deposited on DFB residues on treated plant leaves.

Ascher and Nemny (1976b) demonstrated that 8., littoralis
was 10 times as susceptible to topical or contact treatments as

dietary treatments of DFB giving an evidence of itg high cuticular
absorption. Contrary to this, a lack of toxicity by DFB topical

treatments was reported on coleopteran grubs by Beavers et al.
(1976) .

» Ratnakaran et al. (1976), on the basis of their
investigations in laboratory on the effects of Dimilin on

Malacosoma disstria larvae, had presented an additional find-

ing that this chemical lack any repellent effect as the larvae
readily féd on the treated pallets of artificial diet.



While studying the effects of TH £040 on the metamor.
phosis of Dacus oleag Fytizas (1976) observed the contact toxicity

of TH 6040 when the final instar larvae were dipped in a concent-
ration of 500-2500 ppm of the chemical. He observed a high

pupal mortality in addition to the abnormalities in pupal formation.
He algo recorded inhibition of the transformation of larval

cutlcle to the puparium. Melauglin (1976) had identified the
Stomach toxicity of TH €040 alongwith sterilizing effect when

it was fed to the females of Anthonomus grandis. Sundermurthy
(1976) had expressed his opinion that diflubenzuron acted like

a Ji analogue as it induced such morphogénetic deformities which
resembles those eaused by the exogenous application of juvenile

hprmone analogues.

Salama gt al. (1976) observed that Dimilin had a
specific mode of action which interferred with the rate of
chitin deposition in the endocuticle; it became less rigid and
could not withstand the internal pressure during ecdysis, or
give sufficient support to the museles involved in ecdysis, thus
resulting in an inability to cast the exuviae; finally death
ensued. They also observed that lethal doses o£ the chemical
caused death of the larvae during ecdysis whereas lower doses
retarded development and induced some deformities causing symptoms

similar to JH analogues.,

Technical information on Dimilin (7th edition) published
by Philips-Duphar in 1977 had also attributed inhibition of chitin
as a mode of action of this chemical, Moreover, it acted at

higher LDBO values and produced delayed mortality. However,



it was non-toxic to beneficial insects and was compatible with

other insecticides.

Sundarmoorthy (1977) found that feeding the last instar
caterpillars of S. litura with leaves treated with various doses
of DFB resulted inhibition of moulting upto 96 per cent and also
caused various degrees of morphological deformities in the larvae
and pupae. They reported that DFB also reduced the food ingesated,
weight gained and the adult emergence., The adults emerged from

the treated larvae at low dogses were malformed and non-functional,

Ker in 1977 observed that when a juvenile insect of

Locusta migratoria was fed diflubenzuron it failed to ecdyse.

He found that the ecdysis failed to come up in the cuticle of
the pharate stage. Yu and Terriere (1977) expressed their opinion
© that diflubenzuron inhibited ecdysone metabolism in dipteran

species.

Elings and Dieprink (1977) reported that diflubenzuron
was found to act on the larval stages of certain insect species
by interfering with moulting when fed with food and as such they
suggested it acted mainly as a contact poison without systemic
action in plants, and was therefore unlikely fo control sucking
pests. However, it did not affect the parasites and predators

except by disappearance of their food.

~Clarke et al. (1977) while studying the effect of
Dimilin on the production of peritrophic membrane in the locust,

suggested a different mode of action of this chemical, They



observed that Dimilin partially blocked chitin synthesis
during the production of the peritrophic membrance in the
insect, Reduction in chitin led to a reduction in protein
in the game proportioﬁ; They further suggested that protein
incorporation was affected by the stability of the proteln in

the matrix so that unbound protein tended to inhibit the addition
of further protein.

4bo El-Ghar et al. (1978), while screening 21 non-
Systemic gramilar pesticides to assess direct contact action,
exposed Spodoptera liittoralis for 4 days to treated soil with

DFB and recorded the contact toxicity index of the chemical;
they found the index as 0.63 in comparison to Dursban which wasg
taken as 100.00. The lethal rate (LR25) calculated by them as
3.0 kg ai/feddan (4200 sq.m.).

El-Sayed (1978) also screened threc chitin inhibitors
inbluding Dimilin and found that Dimilin was more effective
than the other two chemicals, i.e. PH 66-13 and PH 66-14, against
S. littoralls larvae. He further observed that the activity of
Dimilin appeared after feeding for 2 or 3 days on treated leaves
depieting its slow action.

Radwan gf al. (1978) investigated contact toxicity of
9 IGR's including DF8 when administered the chemical topically
on the 4th instar larvae of Spodoptera littoralis. They observed

PH 6040 was more toxic by topical application when short temm
activity (LD50 at 96 hours post treatment) was concerned. The

topical application of DFB to newly formed pupae inhibited
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Severely the mumber of deposited eggs and per cent of hatcha-
bility of the eggs laid by adults emerged from the treated ﬁupae.

The oral toxicity of this chemical was also observed by them,

MeCoy (1978) applied Dimilin on the cltrus rust mite
eggs topically but did not éucpeéd to get any ovicidal effect,
However, after 6-7 days of treatment he observed 2nd atage
nymphal mortality. He found that dead mites were entrapped in
thelr exuviae thereby indicating inhibition of the moulting
process, He also did not find an& effect on fecundity or hatcha-
bility of eggs in Dimilin treated individﬁals.

Grosscurt (1978) observed that the permeability of
elytra in adults of Lepiinotarsa decemlineata was blocked by

administvering diflubenzuron. The blocking of vermeability showed
ldentical kineties as the inhibition of chitin formation by this

compound.

Deul et al. (1978) observed that diflubenzuren reduced
the rate of production of chitin in insects during cuticle
deposition by competitive inhibition of final enzyme, chitin

synthetase.

Gijswijt et al. (1979) suggested that Polyoxin D, which
wag known as a competitive inhibitor of chitin synthetase in
fungi, acted in a similar way in insects as Dimilin. They
demonstrated that Polyoxin D, DU 19.111 and diflubenzuron,
inhibited chitin synthesis. However, the former showed such

activity omly when it was injected in the body of the insect.



Sundarmurthy and Santhanakrishnan (1979), while study-
ing the morphogenetic effects of DFB on Nephantis serinopa,
observed that this chemical interferred with the growth and
development of the pest.

Subramaniyem gt al, (1980) studied the adverse effects
of DFB on Achaea janata and observed different stages of larval-
pupal intermediates and incomplete tanning of the cuticle, They
suggested that such stages also denoted the hormonal imbalance

caused by DFB, besides its normal mode of action i.e, chitin
inhibition,

According to Ascher and Nemny (1980) ovicidal action

of diflubenzuron was reported to be due to the increase in
respiratory metabeolism of the developing eggs. They observed

mortality of 1 day old eggs of Spodoptera littoralis when
dipped in aquous DFB formulation,

Hoying and Riedl (1980) observed %that technical DFB

wag more toxic to the eggs of codling moth Lagpeyresia pomonella,
They also maintained that increasing toxicity of technical DB
was due to the presence of water and acetone which was believed

to enhance the penetration of DFB across the chorion,
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Reed and Bags (1980) determined dosage-mortality
curves for different instars of soybean looper fed on DFB
treated diet and reported that ist and 3rd instars ﬁere more
susceptible than 5th instargs. Consequently 5th instar was
more susceptible in comparison to 6th instar. They also
concluded that consumption of higher dosages of DFB, when
consumed only once, were less effective than the dosages fed

ad libitum at lower concentrations,

Saad et al. (1981) studied joint action of DFB with
other insecticides against S, littoralig strains. They observed

that DFB, when used alone was least toxic but a potentiation
effect occured when it was mixed with deltamethrin (1:1 ratio).
It also showed antagonistic effect when cypermethrin + DFB was
used against resistant strains, 7Fotentiation 4o addition
effect was observed in the case of chlorpyriphos + DFB against
Alexandria strain. On the contrary,the combination of fenvel-

rate/phosfolan and DFB gave an antagonistic effect,

Anderson and Elliott (1982) found that codling moth
eggs were very sensitive to diflubenzuron when treated topically
after oviposition. They also observed a linear relationship
between hatching percentage and the age at which the eggs were
freated with diflubenzuron, They further reported that egg-
hatch was also inversely related to the length of time the

chorion was in contact with the diflubenzuron solution,
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Thangavelu (1982) reported that aiflubenzuron
partially inhibited oviposition and completely inhibited
Tertility in ash weevil females obtained from the larvae
reared on the treated food. However, he did not observe

any intereference with courtship and mating of such weevils.

Elliott and Iyer (1982) studied the toxicity of DFB
to nymphs of the migratory grasshopper. This pest was found
to be very sensitvive to this compound when reared contimously

on treated wheat seedling.

Villavaso (1982) reported sterilization of the

adults of Anthonomus grandis after they were fed on a diet

containing DFB at 100ppm, for 5 days.

According to a technical bulletin on Dimilin (8th
edition; 1983) published by Philips-Duphar B.V.,diflubenzuron
probably interferred with the formation of chitin in the cuticle
by way of blocking the chitin synthatase., The action of this
chemical was found to be larvicidal and oviecidal in mature.

In larvae Dimilin (diflubenszuron) acted mainly as a stomach
poison. However, contact toxicity on larvae of some species,

particularly Spodoptera littoralis was-also observed.

Granett et al. (1983) showed that there was considerable
variability in the topical treatment toxiclty in comparison to
the toxicity after dietary treatments. They treated beet amy-
worm, Spodoptera exigua with three benzoylphenyl ureas apd found
Penfluron as most toxic by cuticular treatment followed by BAY
SIR 8514 and diflubenzuron.



Satyanarayan and Kumuda Sukumar (1984) observed 17
contact toxicity of penfluron, a chitin inhidbitor on the
red cotton bug by topical application and observed gradual
degeneration of ococytes thus affecting the fecundity.

Saradamme et al. (1984) recorded contact toxicity
of DFB and triflumeron by topical application on larvae of

spotted beetle Hencsg epilachna vigintiocctopuntata preventing
emergence of normal adults,

Das et al. (1984) also recorded some contact toxicity
of DFB, They found that doses ranging from 0,2 to 0.025
brought about maximum mortality of 30.7 per cent in potato weevil.

In their review Retnakaran et al. (1985) discussed in
detail regarding toxicity of benzoylphenyl urea compounds and

described various laboratory biocassay teehniques commonly used;
among which topical treatments were not preferred for comparison
between species with these compounds and surface treating on
foliage or other food by dipping or spraying and feeding to insect
ad libitum. However, they had an openion that without the dosage
value precise comparisons between species in regard to the toxicity
of these compounds were impossible. They aléo desceribed mumerous
laboratory tests done to assess the toxicity of these compounds

to various species and inferred that few generalizations can be
drawn from the work to date, although there are some intriguing
trends which will hopefully help -justify continued efforts.



Laboratory evaluation and symptomatic studies

Vaan Daaleéi%%ho discovered the insecticidal
activity of DFB in 1972 for the first time, reported the
symptoms of poisoning of this compound 3 the exuviae of
the insect remained attached to it and the body fluid

exuded from it causing death.

Mulder and Gijswit (1973) confirmed Vaan Daalen's
observations in P. brassicae; they found that the skin
of the larvae of this insect could not split during moult-
ing. Likewise at the marginal lethal concentrations, they
found that the anterior parts of pupae remained tucked in
the larval skin although abdominal exuviae was shed.
Similar results were obtained by them while testing the
effects of Dimilin on B, brassicag. They concluded that
in other test insects also aimilar abnormalities were
obtained at larval or pupal stage with different dosages.
Even with lowest dose they found that though pupation was

normal, the adults emerged from them were abnormal.

Wellinga et al. (1973) evaluated TH 6040 in
laboratory ard reported that it apparently induces the
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degradation of newly synthesized chitin in insects. ZPost
and Vincent (1973) also had a similar opinion., They further
mentioned that this chemical prevented growth in P, brassicae.
Ishaaya and Casida (1974) also agreed to Wellinga et al. (1973)
and further observed that TH 6040 caused retention of larval

characters in pupating Mugsca domestica.

Ables et al., (1975) found that in Mugca domestica

Dimilin concentrations of 1.0, 2.5 and 1.25 ppm active

ingradient produced over 90 per cent mortality in intermediate

and late larval stages.

Granett and Dumbar (1975) observed several stages of
moulting abnormalities in gypsy moth larvae fed on TH 6040,

They graded those abnormalities as under . molt complete and
unable to feed, molt partially complete but either head capsule
‘or abdominal skin remains, molt started or indicated by frayed
or ruptured cuticle partially, insect death in pre—ﬁolt stage
etc. They observed 0,013 ppm of TH 6040 in the artificial
diet proved 50 per cent effective concentration for the 3rd

stadial larvae of gypsy moth,

Bijloo (1975) also noted rupture of cuticle,
incomplete moulting and starvation in the larvae of lepido-

ptera, coleoptera and diptera when fed on diflubenzuron

treated food,

Miller et al. (1975) fed TH 6040 in rations to
laying hens at decreasing amount from 50 to 1.6 ppm and



observed that the level that gave complete inhibition of
development of M. domestica L. larvae., fell between 6.2 to

12.5 ppm. They also found the residues of TH 6040 in the
eggs of the treated animals,

While studying the effect of TH 6040 on the meta—

morphosis of Dacus oleae, Fytizas (1976) observed abnormalities

in pupal formation when final instar larvae were dipped on

concentrations of 5002500 ppm. He also recorded high pupal
mortality.

Melaughlin (1976) evaluated stabilizing effect of
TH 6040 in laboratory by feeding it for 24 hours to the females
of Anthonomus grandis. He reported that the concentrations
required to inhibit 50 per cent hatch of the egzs laid at
about 72 and 216 hours affer ingestion were 431 and 2797 ppm
Irespectively. He noted the intervals required for inhibition
to decrease 50 per cent hatching were 32, 62 and 218 hours for
initial doses of 201, 576 and 4034 ppn reapectively., The dose
required to inhibit 50 per cent hatch of the eggs laid at
about 84 h recorded by him was 0,11 /ug/g.

et al.
Tsutomu/(1976) observed prolapse of rectum in the -

larvae of tobacco cut worm Spodoptera litura when an IGR

Z28~-515 was applied in the middle of 6th instar larval stage.
They further observed that these larvae did not survive

because the prolapsed rectum ruptured, leading to haemorrhage,



On lowering the dose they obtained larval-pupal intermediates
and on increasing the dose extra larvae were obtained, They

also reported similar symptoms indicated by other two IGRs
ZR~-512 and ZR~619,

In DFB treated larvae of S. littoralis Ascher and
Nemny (1976bB)noted the symptoms of failure to wriggle out of

exuviae,body fluid exuded, larvae became black and ultimately

died.,

Salama et al. (1976) also reported that treatment of
Dimilin resulted an inability to cast exuviae in Lymantria
dispar, L. Monacha and Ectropis bistortata larvae. They
also observed that lbwer doses retarded development and
induced some deformities causing symptoms similar to those
-developed with the treatment of JH analogues.

Ker (1977) also observed that when a juvenile insect
of Locusta migratoria was fed diflubenzuron‘!t'was unable to

contimie ecdysis or to move and death followed,

Sundarmurthy (1977) found that feeding the last
instar caterpillars of S. litura with leaves treated with
ﬁEﬁ resulted various degrees of morphological deformities.
The per cent inhibition of moulting and severity of deformities
were dose dependent. A dose of 0.10 per cent completely inhi-
bited the larvae to transform into pupae. The ofher doses

did not'prevent completely the moulting but resulted in mosailc



rattern of deformities, Kinds of abrnormalities observed were
pupae with degenerated proboscis, pupae with malformation and

larval gkin retained on the body, pupae with larval head,
larval-pupal intermediates with different stages of larval
skin attachment, larvae transformed into a +tubular skin, larvae
shortened and the non functional adults with crippled wings

and prominent m#xillary palpi. Such non-functional adults were
- obtained in 0.04 per cent concentration, which lived only for
two days with a total absence of any sexual behaviour, He also

observed the symptoms like reduced food ingestion and weight

reduction,

Calkins et al. (1977) in their laboratory tests found
that ingestion of DFB by female plum curculio did not affect
the mating and mumber of eggs laid but it did reduce the
émergence of mature larvae from the frults infested by treated
females, In their laboratory soil tests they obtained 80 per
cent mortality or greater during pupation an&téélosion in all
the boxes with DFB mixed soll @ from 108.7 %o 1,09 ppt in
comparison to 14 per cent mortality in control., The LD50, they
recorded, was 0.14 ppm. They also reported no adult emergence
upto 40 days from the treated soil with DFB @ 358 ppm in which
larvae were released every week indicating prolong ;ife of the

chemical in laboratory testa-,

Flint and Smith (1977) evaluated TH 6040 against
Pectinophora gossypiella and found that 1 pp2a of the chemical
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in larval diet reduced 64 per cent adult emergence from

control level,

Abo El-Ghar et al. (1978) screened Dimilin and two
other IGR's - ACR 2036 and ACR 2044 alongwith eighteen different
insecticides in the form of gramules by their pot experiments
in the laboratorj. When the Lst values were compared, they
found that Dimilin was more effective (LR25 = 3,000 kg/feddan)
than ACR 2044 and less than ACR 2036; this group showed slight
difference with chlorinated hydrocarbons. On the other hand
the difference between both of these groups and the organophosg-

phorous compounds was remarkable.

Radwan et al. (1978) also evaluated PH €040 along with
8 other IGR's and reported that PH 6040 was the most effective
and the oral application showed better response (LDSO 0,007 - 0,01
/u?larva) over the topical application (IDz, 0.04 - 0.06 /uylarvae).
When they treated pharate pupa with 0.2 /08 IGR(pupa; pupal
period was found increased with a reduction in average weight
of pupa (100, 63 and 70 mg/ PUP& ) ang emergence of malformed
adults (32.6, 24,2 and 22,2 per cent) respectively following the
application of RO=-10~3108, RO-08-9801 and PH 6040. Similarly
they reported these compounds as most effective in respect

to fecundity inhibition and sterility activigy in S. littoralis.

1918
El-Sayeq/éest%d Dimilin, PH 66-13 and PH 66-14 in the
laboratory on eggs and larvae of Spodoptera littoralis, He

-



found Dimilin to be effective against the larvae at low
concentrationg and obtained 96 hr LCSO ranging between
0.0005 and 0,0013 pe-r cent for various larval instars., He
reported that Dimilin was about 5 and 41 times more effective
than PH 66-14 and PH 66-13 respectively. Although he
obtained heterogenous effect of Dimilin on the eggd, he

could conclude its weak ovicidal activity compared to its

effectiveness on the larvase,

Sundarwurthy and Santhégrishnan (1979) found that
the maximum concentration of DFB tested (4.0 g litre"1)
could result only 75 per cent mortality in case of Nephantis
gerinopa.

Subramanyam et al. (1980) observed characteristic
morphological disturbances in A. janata at larval rupal moult;
such insects were intermediary to larvae and pupae and invari-
ably retained larval head and thoracic legs. They obserﬁed
that indication of pupation were restricted only to the
abdominal region in many cases. They observed that pupal
skin was seen ralsing above the larval head and in some larvae
tanning of the cuticle was apparently disturbed, especially
oh the ventral part. They also recorded clearly prolapsed
rectum in 6 per cent of the larvae fed on 1 ppm DFB, Rabindra
and Balasubramanian (1981) observed that feeding of A. janata
larvae on Dimilin treated food inhibited the normal growth
and metamgrphosis of the insect resulting in various morpho-

logical deformities in the pupae. The insect died with
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incomplete cuticle, They further observed a very high mortality
rate of 96 per cent with lowest concentration tested i.,e. 0,05

g litre™ and 100 per cent with all the higher concentrations,

Reed and Bass (1980) studieq larval and post-larval
effects of DFB on the Soybean looper Psendoplusia includens
and reported different types of post-larval abnormalities in
DFB fed loopers viz., haemolymph leakagse at ams, hind-gut
everted at amis, larval development ceased but appearance
normal, brepupal-pupal intermmediate, same with haemolymph
leakage, pupal appearance normal but adult aig not emerge,
pupa deformed, pupa with haemolymph leakage, adult pupa like,
head or abdomen stuck inside pupal case, defommed wings, agult
unable to escape silk cocoon, wing stuck to pupal case anjg
preboseis stuck to Pupal cage ete, They also observed
lengtheneqd develommental time for larval and post larval

beriod in treated insects,

Argauer and Cantelo (1980) conducted'laboratory
tests to determine the stability of some insecticlides in
compost and found that the 3 uriede compounds DFB, BAY SIR
8514 and Lilly 7063 were much more stable than the phosphorus
insecticides, They also assayed residues of the compounds
by established bioassay with Seciarig fly and with a newly
developed chemical method based on high performance 1iquidﬂ
chromatography and recorded highest 3tability of DFB ang
Lilly 7063 even upto 100 days and . about 97 per cent
residvual effect even after 60 days.



Rabindra and Balasubramanian (1981) reported dis.
ruption of the growth and metamorphosis in the larvae of

4choea Jjanata Iinn, by feeding DFB treated food resulting

in death, They detected various morphological deformities in
pupae viz larviformm pupae with anterior portion completely
larval, larval pupal mosaics, forwardly bent pupae with larval
head and two pairs of legs, elongate pupae with short wing
pads on one side only; sclerotised cuticle absent ventrally

in the mid portion, twisted larval pupal intermediates, almost
normal pupae with larval head and legs and the curved pupae.,
They noticed that such deformed insects survived for 2-3 days
but 4id not develop into adults. They also observed patches
of dark brown and well sclerotized pupal integument below the
larval skin in some prepupae. They had an openion that it

was most likely due to inhibition of moulting of the larvae
and irregular deposition of the cuticle, They recorded 96 per
cent mortality even at the lowest concentration tested (0:05 g

litre'1) and 100 per cent mortality with higher concentrations,

Villavaso (1982) reported that the adults of
Anthonomus grandis were sexually sterilized affer they fed
for 5 days on a diet containing DFB at 100 ppn. After the
tréatment, the mating ability of treated males were signifi-
cantly lower than that of untreated males. Laboratory evalua-
tlons showed that both treated males and females were 100 per
cent sterile at 100 ppm.
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Blliott and Iyer (1982) studied the toxicity of DFB
to nymphs of the migratory grasshopper. They reported that
concentration of 10 ppm or above of the compound completely
inhibited moulting when fed contimiously through treated wheat
seedling . The L090 values found after 8, 12 and 20 days were
10, 2.4 and 0.8 ppm respectively,

Pushpa Gund and Shamma (1984) studied the effect of
Dimilin on the potato tuber moth and observed several symptoms

resulting in various degrees of morphological abnormalitiesi,

Saradama et al. (1984) observed morphogenetic effects
of DFB and Triflumeron on spotted beetle Henose .epilachna

vigintigetopuntata when fed on bitter gourd leaves treated

with 0.1 to 0,0001 per cent emulsions of chitin synthesis
inhivitors, '

Das gt al.,(1984 )evaluated DFB against four important
pests and observed that no rhinoceros beetle grub could develop
into adult, when fed on cowdung mixed with even the lowest dose
of 0.05 per cent chemical, They also observed it very effective
against rice leaf roller and recorded cent per cent mortality
at above concentration but found ineffective against brown
plant hopper Nilaparvata lugens in lab trials and in pot culture
experiments, 3atyanaryana and Kumuda Sukumar (1984) reported
that topical application of 0,1 per cent solution of Penflupon
caused gradual degeneration of ococytes - thus affecting the
fecundity.ﬂ



Histological investigations :

Although strictly histological investigations
involving the tissues and their components could not be
dene so far, yet zross changes ensued in the internal

structure had been incorporated under this caption.

While testing the new chemicals PH 6038 and PH €040,
which interfere with the cuticle deposition, Mulder and
Gijswijt (1973) examined the histological changes of the
cuticle of the treated larvae of P, brassieae. They found
gevere obliterations in the connections between the epidermis
and the cuticle, They also noted that when the treatment
was gtarted long enough before ecdysis (24 hours) the nevily
formed cuticle consisted only of epicuticular and exocuticular
tissues, which were not properly attached to the epildermis.
The newly formed cuticle was very delicate and not stable;
consequently it could not resist the muscularhtraction énd
the increased turger during moulting., They reported scattered
globules of caagulated material in the space between the
exocuticle and the new cuticle, They further observed that
when the treatment was given shortly after ecdysis, the larvae
ceased to strengthen their endocuticle whereas when the
treatment was given gome time after the ecdysis the cuticle
became thick. However, they noted that the epicuticle ana
exocuticle of the treated larvae were normal, thereby concluding

that histological changes took place only in the endocuticle,
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In the same year (1973) Post and Vincent reported
the blockade of deposition of chitin in the endocuticle of
Pieris brassicag fed on PH G40 treated food. Similar blockade

was found in the treated housefly larvae by Ishaaya and Casida
(1974),

Hunter and Vincent (1974) also stated that P. brasgicae
larval cuticle apparently did not grow after DB treatment.,
However, according to them D#B did not affect the protein in
insect cuticle. As regards the tanning, they conciuded from
Their experiments that tanning was not influenced by DFB.

According to Bijloo (1975), the histological studies
indicated that the main changes caused by DIB were in the

endocuticle which failed to develop in some cases in the treated

larvae,

Salama et al. (1976), when fed the artificial diet
containing lethal doses of DFB to the larvae of Lymantria
dispar, L. monacha and Ectropis bistoriata, did not detect
any histological change in their internal tissues especially
the midgut, muscles, fat bodies and malpighian tubules, but
the integument was found affected. They observed that the
eniocuticle was not properly attached to the eqidermis and
showed globules of apparently co-agulated material, mainly
protein, From the histological observations Ker (1977) came
to the conclusion that tanning was not influenced in locust

gpecies by DFB treatment .
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Grosscurt (1978) also reported that in DFB treated
L. decemlineata the struetures of the elytra were drastically
changed. He observed the distortions in each of the several
types of mesocuticle in the elytra of treated adult beetles,
However, he observed that in DFB treated insects, inspite of
arrestation of chitin synthesis, the thickness of the meso-
cuticle still increased; and concluded that the protein synthesis
was not affected by DFB. He noted that the permeability of the
elytra of treated beetles did not coincide with the inerease in
thickness of the treated mesocuticle, He concluded that effects
on penetrability were due to interference of DFB with chitin-
protein bonding in the elytra. However, he was of the openion

that direect effect of DFB on tanning could not completely be

ruled out.

Ker (1978) reported that suppression of cuticle
formation was not uniform throughout the ingeet and only
from some regions of the insect, it was possible to obtain

affected cuticle,

Gijswijt et al. (1979) on histological examination
of P. brassicae larvae apparently looking normal but once
injected with DFB or Polyoxin D or DU 19.111 chemicals,
noticed severe cuticular lesions., They observed that all
the chemicals caunsed oblliteration of the comnections between
epidermal cells and the cuticular layers. They observed
scattered gldbules of apparently co-agulated material stained



red by the Biebrich Scarlet component of Ilallory's stain

in the space in between. They observed that the measurement
of the cuticular growth at intervals after ecdysis and
before apollysis in treated and untreated larvae showed
inhibition of growth as a result of DfB or Polyoxin D treate
ment. This indicated that the effect could be obtalned at
any time during larval growth and that Polyoxin D, the
antibiotic also showed similar inhibitory effect.

Reed and Bass (1980) when dissected some of the
soybean looper prepupae which developed "hindgut everted at
anus" after treatment of DFB, reported that the posterior
region of the gut lining had broken near the beginning of
the hindgut. They postulated that haemolymph pressure probably
pushed the broken membrane towards the anus and formed an
evertion at the amus., They had the opinion that this breakage
of the membrane was due to the weakening of the gut cuticle
at the Jjunction of mid and hing gut, probably by decreasing
the amoTunt of chitin incorporated into the endocuticle of the

hind gut due to ingestion of DFB treated food.

Rabindra and Balasubramanian (1981) examined the
histological sections of the deformed A, Japate pupae developed
from DFB fed larvae and having incomplete deposition of cuticle,
especially on their ventral side. Their study revealed that

such sections depicted irregular deposition of the cuticle and

t
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clearly showed the absence of exocuticle in such areas. They
further stated that under the influence of D¥B, stable layer
of cuticle was not deposited. However, the suppression of
cuticle formation was not uniform throughout the ingect and
only from some regions of the insect it was possible to obtain
affected cuticle, They concluded that this type of irregular
disruption of cuticle deposition could be one of the possgible
reasons for the formation of mosaic forms in DFB treated

A, janata.

The histological observations described in a
technical bulletin (8th edition - 1983) published by Duphar
B.V. revealed that in DFB treated larvae the cuticle was
disturbed. It was illustrated that the endocuticle was
distorted after treatment. Gund and Sharma (1984) tested
Dimilin against potato tuber moth larvae ani could show that

chitin deposition in treated larvae was quantitatively reduced.

Satyanarayan and Kumuda Sukumar (1984) studied histo-
pathological effects of a chitin inhibitor A 15-63223, penfluron,
in female red cotton bug Dysdercus cingulatus, They also

observed that higher concentrations caused gradual degeneration

of oocytes,

Choklingam et al. (1984) assessed the impact of a
thiourea compound SR 103514 on the survival, focd consumption

and utilization in Amsacta albistriga, Danaus chrysippus and

Ergolis merione larvae,” They obtained LD50 values of 25 Pal:?
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15 /18 and 21 /ug per larva respectively. The food consumption
was higher in former species whereas, it was lesser in E,
merione larvae. However, they found that the rate of conver-
sion of food into bhody tissue was reduced in all the larvae

fed on thiourea treated leaves in the following order; 49,665,
47.9%% and 16.52 respectively in the three species. Thay
suggested that polyphagous lepidopterous insects can efficiently
withstand the stress of chitin synthesis inhibition by chanell-
ing more of food energy to overcome the toxic effect of this
chemical than wsing it for the comversion into ﬁhe.body tissue

when compared to oligophagous and monophagous pests.

Kramer et al. (1985), while reviewing researches
pertaining to chitin metabolism in insects, have listed
‘some of the published reports of the effects of pesticides
including members of benzoylphenylursa and other IGRs on
chitin/cuticle metabolism, They mentioned that histological
studies note a variety of structural changes after the
administration of benzoylphenylureas and an absence of

normal deposition of endocuticle.
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Biochemical investigations :

Wyatt (1961) on the basis of his investigations on the
protein make up of the larvae of Bombyx mori, made a generalized
observation that the mumber of protein bands differed from
species to species and within the species from one stage to
another. Haclman (1564) while reviewing the progreés of
researches on the chemistry of insect cuticle, also mentioned
that not only the electrophoretic behaviour and amino acid
composition of different fractions of cuticular proteins
differ but the proteins of different insect species also differ.
Pant and Agarwal (1965) reported guantitative radical changes
in the haemolymph of Philosamia ricini pupa during metamorphosis,
These findings led to a new trend of researches providing
further techniques or improving the existing techniques in the
separation of haemolymph and body proteins of test insects,

Por the better separation of proteins from the
haemolymph and the cuticle of an insect Ching lMuh and Pitton
(1968) and Srivastava (1970) found that acrylamide gel electro-

phoretic technidues gave better results.

Srivastava (1970) studied electrophoretic behaviour

of the water soluble cuticular proteins of Galleria mellonella,

A comparison of the bands obtained at different developmental

stages indicated that in the adult cuticle only those protein



bands appeared which were already present in the cuticle of

larva or of young pupa.

Greene and Dahlman (1973) also observed quantitative
changes in haemolymph proteins from each physiological phase

of last three instars of tobacco hornworm Menduca sexta. Twelve

anodial migrating protein bands were found by them. They
observed that total protein increased from third to late fifth
instar larva but decreased slightly in the pharate pupal stage.
They further reported that some individual bands showed cyclic

pattern with each instar similar to the overall cyclic pattern
of total protein.

Post and Vincent (1973) suggested that DFB caused a
blockade of deposition of chitin in the endocuticle in P,
brassicae. A similar blockade was observed in housefly by

Ishaaya and Casida in 1974.

Post et al, (1974) described how DFB affects the
chitin and reported that Du 19.111 (a diflubénzuron related
compound) prevented chitin synthesis in P. brassicae. However,
they found no indication of an effect of DU 19.111 on cuticular
protein synthesis while studying the incorporation of radio-
labeled tyrosine and proline., They also recorded amino acid
incorporation in endocuticular tissue of I. brassicae after DFB

treatment.
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Hunter and Vincent (1974) found no effect of DFB on
the protein or on the amino acid composition in locustas. As
regards tanning of the cuticle also they concluded that it was

not influenced by DFB.

Willis (1974) stated that possible interaction of DFB
molecules either with neurcendocrine system or biosynthesis of
steroids cannot be ruled out as the larval-pupal mosaic are

assoclated with uneven distribution of hormone in the system,

Baumler and Salama (1976) observed that haemolymph
protein pattern looked normal although proteins became quanti-
tatively less after the treatment of Dimilin. In cuticular
extracts, they recorded that diflubenzuron induced some changes
in the pattern of distribution of some hydrolysed proteins,
whereas, lipids are effected a little. They did not observe
any affect on the activity of enzymes. The amino acids, amino

gugars and peptides also did not show any effect with the

treatment of Dimilin,

Salama e al. (1976) recorded about 33 per cent
reduction of chitin deposition in the endocuticle in L. dispar
larvae fed on artificial diet containing lethal dosages of DFB,
They observed that lipid content of the treated larvae increased
suggesting a reduced rate of synthesis of glucose in the haemoly-
mph to form chitin but the protein content remained unaffected.
They concluded that DFB acts by interfering with the rate of
deposition of chitin in the endocuticle so that endocuticle



becomes less rigid. Clarke and Temple (1977) reported that
partial blocking of chitin synthesis during the production
of peritrophic membrane in locust led to a reduction in protein

in the same proportions.

Sﬁndarmurthy (1977) on the basis of his observations
postulated the possibility of interaction of DFB molecules with
neuro-endocrine gystems or biosynthesis of steroids, He observed
a reduction in the intake of food by treated caterpillars of
A. janata, which increased with the increase in dose, while

the per cent weight gained by the larvae were found to be inver-
sely related to the dose.

Ker (1977) found no effect of DFB cn tanning in locust
species. They also observed that the thickness of the cuticle
contimied to increase even after the treatment which indicated
that protein synthesis is not affected by DFB. He did not founa

any effect on protein content or amino acid composition of the
f
cuticle of DFB treated locust species,

Miltin et al. (4977) also, in their experiments did not

observe any inhibition of protein synthesis in DFB treated boll

weevils. However, they reported a decrease in lipoprotein

synthesis in males.

L}
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According to Grosscurt (1978) in DB treated elytra

of L. decemlineata chitin synthesis was arrcsted. He obtained

81 per gent decrease in chitin synthesis in the elytra occurred
within one day. He did not observe cent per cent inhibition of
chitin formation within one day for which they had an opinion
that tnhibition was not instantaneous. He repofted that DFB
treatment caused inerease in the dry weight of deproteinized

elytra., He concluded that in larvae of L. decemlineata there

was no evidence of any other direct effect of DFB on the cuticle,

Gijswijt et al. (1978) demonstrated the effect of DFB
and Polyoxin D on cuticle deposition. In an experiument on
incorporation of radiocactivity from D [6—14GJ glucose into
various tissue fractions of DFB/Polyoxin D injected larvae of
P. brasgicae, they revealed that only the chitin fraction of the
cuticle was seriously reduced by these chemicals while the other
fractions did not show any such reduction, The inhibition of
chitin synthesis was further supported by them by observing the
lack of inerease in the dry weight of the deproteinized cuticle
after the treatment. In their next experiment of incorporation
of radiocactivity by incubation method in tissue fractions of the
treated F. brassicae larvae, they noted that all these chemicals
resulted in 80 %o 100 per cent chitin inhibition while the

metabolism of glucose was unaltered in other larval components,
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Duel et al. (1978) examined the chitinase activity in
P. braggicae after treatment of DFB and found no effects with
either DU 19111 or DFB reported that TH 6040 reduced the rate
of production of chitin during chitin deposition by competitive
1ﬁhibition of the final enzyme, the chitin synthetase. They

observed decreased chitin in the cuticle of treated locust adults.

Saxena and Kumar (1981) quantitatively estimateq
glucose, glycogen, fructose, glucosamine and H-acetylglucosamine

in the integument of diflubenzuron and penfluron fed Chrotogonus

trachypterus nymphs. They found an increase in the glucose and
glycogen levels and a decrease in fructose level, while other

components were found unaffected. They suggested that at least
partial blockage in the chitin synthesis was there. In the same

year, they also analysed chitin, protein and lipid contents of

the integument of C, trachypterdus nymphs treated with the same

compounds. They recorded great reduction in chitin content,

an increase in lipid content and no marked effect on the cuticular

provein content.

Philips et al. (1982) also analysed the total protein,
chitin and soluble protein contents in‘the adult locust and

found that after an initial period of incfeasg, cuticular protein
and chitin contents levelled off with the onset of sexual matura-
tion. OSpecific cuticular protein electrophoretic bands decreased
in staining intensity with development and were presumed %o

become hound within the cuticle.
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The bulletin on Dimilin (8th edition; 1983) published
oy Duphar 3.V. had described that DFB interferred with the forma-
tion of within in the cuticle, Protein synthesis was unaffected
but its deposition in the cuticle can be disturbed., Further
studies had shown that the inhibition of chitin gsynthesis could
be almost instantaneous. It depended on the dose and the method
of application. The rapid inhibition can be caused at any moment
as long as chitin formation took place. The bulletin further
described the effect of a single dose; it was reversible. They
felt the necessity of a contimious intake of DR +o produce a
weak cuticle at the time of the next moult. It also described
that probably DFB blocked chitin synthetase mainly and there were
geveral other effects of DFB on insect enzymes. However, such
effects were observed after treatment, hence had been suggested

as being of a secondary nature.

Satyanarayana and Kumda Sukumar (1984) in a short
publication (abstract) mentioned the biochemical variations
in controlled and sterilized eggs after the application of a
chitin synthesis inhibitor (AI 3-63223).

Retnakaran gt al. (1985) made an extensive review on
different biochemical effects of the benzoylphenyl urea analogs
on different insect species. They mentioned that all +he studies
seemed to implicate the enzyme chitin synthetase as the actual
biochemical moiety which interaect with the toxicant, However,

they stated that some other biochemical anamolies were also



produced by these compounds in insects such as differential
effects on chitinase, ﬁ ecdysone, trehalase, amylase invertase,
phenoloxydase ete., however, studied relating to protein

synthesis in DFB treated insects were also described.

Kramer gt al. (1985) while reviewing about the
research work on chitin metabolism in insects enlisted some
of the published reports of the effects of pesticides includ-
ing IGRs on chitin/cuticle metabolism, They stated that
exact mode of action of DFB and other antichitin compounds
is unknown although it has been shown in the regearches
that both chitin synthesis and degradation are affected in
insects., They further coneluded that because inhibition of
chitin synthesis occurs first, this phenomenon rather than
chitin degradation appears to be predominant mechanism lead-
ing to death., They have alac described effects on enzymes,
carbohydrate and other metabolities.



Field persistence of diflubenzuron and its efficacy
against pests @

The development of IGR's during the last few years
had increased the opbtions available for the control of important
pests, Diflubenzuron which is a moulting inhibitor (Vaan Daalen
et al., 1972) and regarded as a member of I.3.R., faming, had
been found to be an effective agent in managing a large mumber
of pests. The observation of Vaan Daalen (1972) projecting
the insecticidal activity of phenylurea. compounds led several

workers %o exploit this knowledge.

Picking up the thread Post and Vincent {1973) tried
control of cabbage butterfly Pieris brassicae L. through

diflubenzuron (DFB). In the same year (1973) Mulder and
Swinnen also attained success in the control of Brevicorne
brassicae with DFB at a lower rate of 0.0039 1b AI/10 gal
water, Tamaki and Turner (1974) controlled zebra caterpillar,

Ceramica picta of sugarbeet with two phenylurca compounds.

Turnipseed et al. (1974) found in field tests that

DFB was effective against the velvetbean caterpillar, Anticarsia

gemmatalis and the soybean looper Pseudoplusia ineludens. WNeal
(1974) also controlled alfalfa weevil with a single application
of TH 6040 in small plots. Rizk and Radwan (1974) reported

that in bollworm infestation, mainly of Pectinophora gossypiella,

a moderate reduction in per cent infested bells was induced by

DFB at a dose of 0.48 kg/feddan as soil treatment. They further



proved in 1975 that PH 6040 soil treatment contained the cotton
pink bollworm, P. zossypiella and concluded +hat this compound
had potentiality for the control of %this insect. They also

obgeived promising effect of this compound against S. littoralis

when it was sprayed in field and treated leaves were fed to the
larvae in the laboratory and obtained 100 per cent kill of the

cotton leafworm in 5 days after the treatmens;.

Field and lab studies, conducted by Ables et al.
(1975), revealed that concentrations of 10, 2.5 and 1.25 ppm
a.l., of Dimilin produced over 90 per cent mortality of Musca

domestica in intermediate stage to late stage larvae.

« Granett and Dunmbar (1975) in his laboratory and field
trials found that on apple trees infested with gypsy moth a
treatment of TH 6040 at the rates from 0,125 %o 0.0039 1b a.i./

10 gal, with a mist blower, protected the foliage effectively.

They also observed that the parasitoid, Apanteles melanoscelus,

was dealt with within the gypsy moth by TH &40 treatment.

Taft and Hopkins (1975) applied in field sprayable
invert sugar bait containing TH 6040 (as a coarse apray with
maximum droplet size in 3 to 4 mm dia, range) to sterilize
feﬁale Anthonomus grandis. They observed that adult emergence
was reduced to 98 per cent in all the infested squares. They
maintained the effect by applying the material 14 times in

5 weeks.



Busehbach (1975) reported that Dimilin was fairly
persistant but somewhat slow in action. He obtained
satisfactory results against lepidopteran and coleopteran
insects. El Tantawi et al., (1976) also reported that the
activity of DFB in the field was slow and some defoliation

occurred subsegduent to treatment.

vRatnalkcaran gt al. (1976) could achieve eradication

of the tent caterpillars, Halacosoma disstria and prevented

the defoliation of the trees with an application of 1%

suspension of diflubenzuron.

v Abo-Elghar et al. (1977) conducted small scale field
trial and assessed the efficacy of soil treatment of Dimilin
and other insecticides against cotton leafworm Spodopters
Littoralis, pink bollworm Pectinophora gossypiella and spiny
bollworm Earias insulana, Based on overall rerformance, they
reported Dimilin as highly potential soil insecticide when
used @ 2% and 1% in granular form. They achieved 80.4 and
72.0 per cent reduction in boll weevil infestation with two
successive treatments each of 2% and 1% respectively. Their
experiments revealed that first application of 2% Dimilin G
at 10 kg/feddan increased the potentiality of the following
application of Volaton 5% G at 20 kg rate or Dursban 5% G at
15 kg rate against the cotton leafworm and the bollworms.
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Contrary to these findings Flint et al. (1978)

indicates that the pests like P. gossypiella which burrows

in the bolls were not susceptible to DFB treatment as larvae

and as such the material was not effective in the field.

Calkins et al. (1977) reported that DFB was ineffective
for control of {the plum curculio when it was applied in soil.
They also sprayed DFB on the plum trees and inferred that it
did not give the total protection,

Elings and Dieperink (1977) had suggested that DFB
showed potential for the control of Diptera and Lepidoptera;
egpecially lepidopterous larvae infesting forest and shade trees.
However, they found that this chemical being non-systemic in

action;could not control the sucking insects.

" Ables gt al., (1977) reported that DFB when sprayed
in field had minimal effects against beneficial arthropods,

Keever et al. (1977) also arrived at the same inference through

their studies.

v Saad et al. (1977) stated that Dimilin acted as
antinoulting compound with relatively low initial but long
residual activity against cotton leafworms; El-Gayer et al.
{1978) confirmed the latter findings.

v icCoy (1978) applied Dimilin in field @ 0.04 and 0.15 g
a.i./litre in water with and without medium oil (0.25%) and
obtained effective control of cifrus rust mite upto 15 weeks.

He observed residual effect of this compound upto 21 weeks.
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Abo Elghar et al. (1978) screened 21 non-systemic

granular pesticides inciuding Dimilin against S. littoralis

through direct contact action and soil treasment in potted

clay soils. Based on LR25 values they found that chlorinated
hydrocarbons and IGR's had a little difference in their action.
They observed that among the three IGR's tested, Dimilin exhibited
only 25 and 30 per cent mortality in S. litioralis after 4 days

of exposure at the rates of 4.0 and 8.0 kg a.i./feddan, respecti-
vely.

vNatesan and Balasubramanian (1979) tested the efficacy
of diflubenzuron and chlorpyriphos individually as well as in

combination against tobacco caterpillar, Spodoptera litura. They

found that chlorpyriphes 0.02 per cent caused reduction in larval
population to the extent of 78.26 per cent in 72 hours whereas
DFB at the same concentration, resulted 39.19 per cent reduction
in the stated period which increased to 78.81 per cent after

144 hours. This delayed impact of DFB was attributed to the slow
action of the material., Donaubauer (1979) also observed such
slow action of DFB; he recorded highest larval mortality of
bymantria dispar around 6th to 7th days. Y¥Xhalil and Watson
(1979) too on the basis of their resulis concluded that Dimilin
acted as antimoulting agent with relatively slow activity but

long residual effects against the cotton leafworm. The sciarid



fly Lycoriella mali, a major pest of commercial mushrooms was
suecessfully controlled upto as long as & days by incorporat-
ing DFB and DAY 3IR 8514 into the compost used to grow the

mushrooms (Argaur and Contelo, 1980).

Westigard (1979) studied the effect of DFB on non
target pests and beneficial species. He found that increased

rates of DFB improved the control of codling moth but it disrupted

the balance of natural enemies of the pest.

vSantharam and Balasubramanian (1980) also, while study-
ing the relative eifficacy of chitin inhibitors, chemical insecticides
and PV against S. litura, recorded less than 30 per cent mortality
in DFB and NPV treatments after 48 hours but after a week 63% to
90% mortality could be obtained. The activities of DFB and its
combination with endosulfan and chlordmeform as ovicides under
field condition were evaluated by Abo-Elghar et al. {1980). They
observed that DFB alone and with endosulfan exhibited an inhibitory
effect in suppressing the mumber of deposited egg-masses. They
recorded 68.70 per cent non-hatched egg-masses in DFB treatment.
On the contrary El Badawy et al. (1980) concluded that DFB waz a
poor-ovicide but may increase the potency of laethomyl if added at

optimum ratio.

Hoying and Riedl (1980) also reported that since

codling moth lLagperyesia pomonella burrows in fruit escapes

surface treatment of DFB in field spray at normal- concentrations.,



YRetnakaran (1981) in his experiments noted that DFB 1n the
field has been notably ineffective against Eastern spruce
budworm. He stated that the low level of efficacy in fielqd
treatments seems to be dque to low innate susceptibility of
this species. JHadrid and Stewart (1981) using DFB for the
control of Lymantria dispar at the rate of 0.03 kg ai/ha,

obtained 50 per eent larval mortality after one week and cent

per cent after 10 days.

Vatson et al. (1981) combined a mmber of insecticides
with Dimilin for the control of S. littoralis. Their results
indicated that out of 79 combinations tested only nine binary
nixtures could be used o guppress the amounts of conventional

insecticides released in the environment.

v S2ad eb al. (1981) also studied joint action of DFB

against S. littoralis strains. They observed that . '3 when
used alone, was least toxic but a potentiation effect occurred
on mixing it with deltamethrin (1:1 ratio). They observed
potentiation-effeots in the case of DFB ang Chlorpyriphos
against Alexandria strain. On the contrary,the combination

of DFB and Phosfolan gave an antagonistic effecty.

Alfred et al. (1982) studied the efTicacy of DFB

on boll weevil Anthonomus grandis grandis. They observed a

Significant reduetion in the mmber of adult weevils when

DFB was applied @ 70 g ai/ha.



”ﬁccording to technical bulletin on Dimilin (8th edition :
1983), it was established that this chemical can be recommended
for the pests of agricultural and vegetable erops, Cruit orchards,
forest plants and other inseets like flies, mosquitoes ete. As
maintained in the bulletin a generalized effective dose of 0.04

to 0.02 per cent of DFB can be recommended for the control of
crop and orchard pests and 10 g a.i. per cubic meter to be mixed

in compost for the soil insects.

“YRana (1983) applied single recommended dosage of nine
different insecticides including aiflubenzuron as foliar appli-
cation against bhindi pests to find out their efficacy. He
reported that diflubenzuron was not much effective against aphids,
Jassids and stem borer. He suggested that diflubenzuron was,
however, suitable for use in late stage of the vegetable crop

due to its shorter residual toxicity as observed by him.

Das et al. (1984) evaluated DFS against some important
Crop pests and reported that this chemical waghot promising for

the control of sweet potato weevil.

“Rishi and Shah (1984) studied efficacy of DFB against
Indign Gypsy-moth and recorded 90 per cent collapse of the pest
poﬁulation in field when the apple trees were given a foliar
application of 0.7 1b a.i. DFB/100 gallon of water. Watarajan
et al. (1984) studied the efficacy of DIB and BAY SIR 8514

against cotton pests and observed least effects on aphids angd
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Jassids and no effect on ash weevil adults. They obtained
more prenounced effect of SIR 8514 at 300 g ai/ha than DFB

=3

400 g ai/ha against spotted boll worm and pink boll worm,

YIn the same year (1984) they also studied the efficacy
of BAY SIR 8514 on groundmut pests. The chemical was tested
at varied doses and in combination with other insecticides against

S. litura and Aproarema modicella and compared with DB and other

ingecticides. They found that initial knoclt down effect of SIR
8514 was less than that other chemicals used. However, at 7 days
after application it was found to be equally effective. They
obtained 46.4 to 58.1 per cent control of S. litura amd 50 to

28.5 per cent of A. modicella by SIR 8514. However, the control

of latter species was enhanced upto 75 per cent when this chemicgl -

was combined at the rate of 100 g/ha. with other insecticiges.

v Rabindra and Balasubramanian (1984) conducted two fiela
cage experiments to assess the efficacy of DFB and other insecti-
cides against the final instar larvae of A. albigtriga. The IC

50
values of DrB attained by them for different instars of A.albistriga

at 48 and 60 hours post treatment, revealed an increase with the
stage of the larvae,indicating that the older larvae were less
suScéptible than the younger ones. They recorded a marked decline
in LCBO values at 60 hours which indicated that the effect of DFB

ig better expressed at & hours.
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VRajasekaran and Kumaraswami (1984) investigated a
possibility of using DIB and triflumeron (Bay SIR 8514) ag
seed protectants and observed an effective check of S. oryzae
at 200 ppm concentration of DFB. They recorded only 22
vweevils in this treatment as against 1442 in the untreated
check after three months of inoculation. They found the other

concentrations viz., 100 ppm and 50 ppm as ineffective.

VRetnakaran et al. (1985) discussed in their review
on insect growth regulators about the field use~strategies of
benzoylphenyl ureas for the control of foliage feeding insects,
plant burrowing insects, flies of medical importance and pests
of veterinary importance. They described how the biotie and
abiotic factors influence field efficacy. On reviewing a
number of studies they suggested that late application would

be more efficacious for control of Eastern spruce budworm,

Choristoneura occidentalis., They further described the three
basic characteristics of these chemicals, viz., toxic effect
on ingestion; activity occuring at distinet times in inseet
development; and slowness of the proceés of death after a

toxic dose is acquired by an insect.
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MATERIALS AND METHODS

To investigate the effects of diflubenzuron,
a chitin irhibitor, a number of laboratory and field

experiments were conducted on the test insects -

Spodoptera litura -Fab. and Buproctis virgineula Wik,

Rearing of test insects

(a) Spodoptera litura :

The gravid adults were collected on light traps
from agricultural research farms of Rajasthan College of
Agriculture, Udaipur in the month of October~-November in
1982, They were released in glass jars, 20x15 ecm, having
the inner surface fitted with blotting paper and their tops
covered with muslin cloth. The cotton swab soaked in 10%
gucrose solution was provided as food fer adults., The egg
masses laid on the blotting paper were cbtained by cutting
the paper containing the egg masses., These egg masses were
kept in petriplates in an incubator at a temperature of 26 +
2°C and RH 80% for hatching. The newly hatched larvae were
transferred in sterilized petriplates having sacculant castor
leaves as food. The second larval instars were also maintained
like wise, but, the third larval and onward instars were reared
individually to avoid cannibalism and contaminaﬁion from all
sourcesn'?he fifth larval instar, aging 1 to 24 hours, were

used throughout these studies.
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(b) Euproctis virgincula Wlk, ;

The larvae of E. virgincula were collected from
sugarcane field at Sahelion~ki-Bari farm, Udaipur in the
month of April 1982. These larvae were reared in cages,
(60x%0x45 cms); castor leaves were given ad libitum as food.
The pupae obtained were kept on moist sand in glass jars in
an incubator at a temperature 30 + 2°C and RH 90%., The adults
So emerged were transferred in separate glass jars (20x15 cms
dia), having moist% sand layer of 5 cm at the bottom. The
fresh green leaves of castor were affixed in the moist sand
for egg laying. The sucrose soaked cotton swabs wer : provided
as food for the adults. Three pairs of adults were released
in a jar. The eggs laid on the leaves were recovered by cutting
the leaves around the egg masses. These eggs vere kept for

hatehing in an incubator at a temperature 30 + 2°C and RH 90%.

The newly hatched larvae were reared in the similar
manner as described for 5., lifura. The fifth larval instars

aging 1 o 24 hrs, were used in various experiments.

On the onset of winter, from late October onward,

most of the pupae in the culture of E. virgincula could not

devélﬁp into adults and they diapaused in pupal stage. The
pupal diapause could be successfully terminated using the method
of Srivastava (per . com., 1982). This facilitated the availa-
bility of deaired stage of larvae for experimentations. The
details of'the procedure followed for termination of Jiapause

was as under



The diapausing pupae were kept at 4°C in refrigerator
for 3«4 weeks. Thereafter these chilled therapied pupae were
transferred at a temperature of 35°C for 2 weeks, &bout 50 ver
cent of the diapausing pupae emerged as adults. These adults
were quite active, mated and laid fertile eggs; however, the

fecundity was drastically reduced.

Test chemical :

Diflubenzuron (DFB), chemically known as 1e(4=
chlorophenyl)-3-{2, 6~diflurcbenzoyl)urea, a product of Duphar
B.V. Amsterdam, Holland, was supplied by Mysore Insecticides
Co. Pvt. Ltd., Lotus Court, 165, Thambu Chetty St. Madras-600 001.
The formulation product, in the trade name of Dimilin 25% WP

was procured and used in the present investigations.

Preparation of different stock Solutions ;

Following stock solutions of diflubenzuron were made
using Dimilin 25 WP. The details of each stock solution uged

in different experimental technigues are given below

(i) In a volumetric flask following ingradients were
taken and a solution was made by continuous stirring:
Acetone 4R «. 100 ml
Dimilin 25 WP ., 4 g
This solution (of 10,000 ppm) was considered as

- stock solution I



(11) Another solution of same strength was prepared
using ordinary water in place of acetone. It

was considered asg - gtock solution II

The stock solutions were stored in refrigerator. The
desired concentrations of DFB were prepared freshly from different
aliquates of stock solutions prior to use. The solvents used for
dilution were the same as used in different aliquates. Alllthe

solutions were invariably stirred briskly before use.

BExperimental. procedures

1. Lfoxicological studies :-

The bicefficacy of diflubenzuron was investigated on

two test insects, S. litura and E. virgincula larvae using the
following techniques.

(i) Dermal toxicity ~ (a) Dry £ilm method

(v) Dipping method
(ii) Oral toxicity - Feeding method

Dry film method : The treatment dosages selected for both the

test insects were 50, 40, %0, 25, 10 and 5 mg/90 cm? surface
area. To obtain these treatment dosages, six different concent-
rafiéns 5000, 4000, 3000, 2500, 1000 and 500 ppm were prepared
from the stock solution I, Ten ml from each prepared concentra-
tion was drawn and poured in both the halves of a petriplate
(CA 10 cm diameter). The solutions were swirled.in the petri-

plate to get a thorough and uniform coating of the chemical on
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the inmner surface of the dish. The solution coaked petriplates
were dried under the electric fan at room temperature. After
complete drying of the film 5 fifth instar larvae of the test

insect (8. litura / E. yirgincula) were released for 12 hrs. and

24 hrs. in treated petriplates, separately. At least 20 larvae
vere exposed in each treatment which were replicated 3 times.

In control the petridishes were treated with acetone. The morta-
lity counts were recorded after the explry of required exposure
periods. Since, no mortality occurred at 24 hours after the
treatment the larvae, after the exposure to DFB film, were trans-
ferred to sterilized petriplates having saceulant castor leaves
as food. The observations were further recorded at 48 hrs. after
the treatment. These data were used for calculating LD25 and
LDSO values.,

Dipping method

The treatment concentrations of 10,000, 5,000, 2,000,
1,000, 500, 200, 100 and 50 ppm were prepared from stock solution
No.I. Fifteen fifth instar larvae of 3. litura and E.virgincula,
(1 to 24 hours old) were dipped in different concentrations for

5 seconds in each replicate. Each experiment had 3 replicatess.
After the treatment the larvae were kept under the fan on glass
surface for solvent evaporation. The treated larvae were then

maintained individually in petriplates and castor leaves were



provided as food ad libitum. The mortality data was recorded
after an interval of 24 hours. The moribund larvae were counted

as dead. The data was subjected to probit analysis ugsing Finney's

(1971) method to calculate LG5O.

A check was algo run in which larvae were dipped in

the respective solvent.

Feeding method :

The fifth instar larval stage of S, litura and E.
virgincula was chosen for this experiment. These larvae were
starved for 6 hours prior to giving any treatment. The doses
of DFB selected were 5.0, 1.0, 0.5 and 0.1 flg/larva. To derive
the required treatment doses, different concentrations of DFB
were prepared from the stock solution No.II as per details

given below :

A, Stock solution II 5 ml + water 95 ml = 500 ppn
B. Solution A 20 ml + water 80 ml = 100 ppm
C, SolutionB 50 ml + water 50 m1 = 50 pmm
D. Solution C 20 ml + water 80 ml = 10 ppm

The solutions were well stirred prior to use. One hund-
redth ml of the appropriate comcentration was poured on 10 em?
castor leaf bit to administer the desired dose. Individual
larva was provided with one piece of these treated leaf bita,
In all 60 larvae were exposed in each treatment. When the
treated leaf bits were ceonsumed by the larvae, they were

immediately given fresh (DFB free) leaves. A4 few larvae
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failed to consume the treated leaves in 24 hours. They were

not included in the experiment.

After the treatment the larvae were maintained
individually in plastic containers (5 cm x 5 cn) at a temperature
of 26°C £ 2°C and RH 80% and were provided with untreated castor

leaves ad libitum.

Since, no mortality was obtained at 24 hrg after the
treatment, it was felt desirable to use the total larval mortality
before pupation, for the determination of LDZ5 and L350 values,

1T, Sympiomatic anrd behavioural investigations :-

S. litura and E. yirginoula larvae of fifth instap
8tage were fed with different DFB doses viz., 5.0, 1.0, 0.5
and 0,1 /1g/larva as described in previous pages. They were
observed at regular intervals of 24 hrs after the treatment
untll mortality or adult emergence. The obgervations were
recorded on the appearance of abnormal symptoms like, behavioural
changes; the morphological and moulting abnormalities during the
larval development till adult formation. The cunulative mortality
at different developmental stages, pupation and adult emergence
were also recorded. The mortality data alongwith the prominent
developmental abnormalities were used for drawing inferences for
both the test insects. The details of abnormal symptoms considered
for observation had: been presented in Chart-I.



Chart - I

Parameters of abrormal symptoms recorded were as under :-
1. Behavioural changes (in larva) i
(i) Sluggishness
(1ii) Unable to ecrawl
(iii) Unable %o feed
(iv) Wetting
(v) Oozing
2. Morphological deformities 3
(i) Shrinkage of body length
(1i) Discolouration of body and scar formation
(1ii) Rupturing of cuticle
(iv) Rectal prolapse (hind gut everted through anmg)

(v) Moult just started (frayed or dispersed cuticle
in larva)

(vi) Mosaic condition of cuticle (pre-pupa)
(vii) Incomplete moulting
(a) Head capsule remains
(b) Thoracic skin remains
X -~ Partially
¥y - Completely
(¢) Abdominal skin remains
 {viii) Rupture of old cuticle {larva)
(a) Thorax region
(b) Abdominal region

(ix) Pre-pupae with only part of ventral pupal skin
~ {sclerotized or umsclerotized)

3« Formation of abnormal stages :

(1) Iarvaeform pupae (larval-pupal intermediates) with
(a) Pupal body completely trapped in larval skin

th}
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(b) Anterior portion completely larval
- having head and three pairs of thoracic
legs larval and posterior region pupal
(e) Dorsal pupal thorax in hump shape
- remaining characters being larval
(8) Larval head and 2 pairs of thoracic legs
- remaining portion pupal
(e) Larval head only
- remaining body pupal
(f) Deformed in shape
~ forwardly bent ILPI
- twisted LPI
- curved LPI
(1i) Pupal deformities and normal pupation
(x) Abnormal pupae with
(a) Short wing pads on one or both sides
(b) Ventral skin unsclerotized
(¢) Porwardly bvent in shape
(d) Curved in shape
(y) ¥ormal pupation
(iii) Pupal-adult intermediates normael and abnormal adults
‘ (x) Morphological abnormalities
(a) Pupal-adult intermediates
(b) Adults with abnormal/deformed wings
(y) Normal adult emergence

4. Cumulative mortality during :
(i) Larval stage
(ii) Pre-pupal stage
(iii) Intermediate stages
' - Larval-pupal
- Pupal-adult
(iv) Pupal stage
- Abnormal
-~ Normal

5. bongevity and fecundity of adults; viability and hatching
of eggs '



Smear Examination -

A thin £ilm was prepared from the Smear obtaineqd
from the body fluids oozing out at different body regions.
The smear f£ilm was dried in air ang stained with Leishman's
Stain. After a mimte the stain was dailuted with double
amount of distilled water and the smear film was allowed to
stain for 5 to 10 mimtes more. Thereafter, the stain wag
drained off and the film was washed for 10 Seconds or more

with distilled water till it became rose pink in colour,.

III, Field evaluation of DFB and its persistence -

The field experiments were conducted separately to
test the biocefficacy of DFB against 5. litura and E. virgincula,
These were taken at farmer's field situated across the Aayad

river, about 4 km away from Udaipur city.

Layout of the experiments :

eriment 1.

Standing crop of 1 month old cabbage was selected
for S. litura for the purpose. The experiment was laid out in
randomized block design having the plot size of 5m x 5m., The
plaﬁt to plant distance was 20 cm and row 4o row was 40 om.
Five treatment plots and a control (untreated check) plot was

kept. Each treatment as well as control was replicated thrice.,

0L



Experiment 2.

Sixty days old crop of cowpea was chosen for field
evaluation of DFB against B. virgincula. The experiment wasg
carried out in randomized block design having plot size of
4m x 3m. The plant to plant distance was 10 cm and row to
row was 4% cm. PFive treatment'plota and a control (untreated

check) plot was kept. Three replications of the experiments

were taken,

Selection of dogages and method of application -

Five concentrations of DFB i.e. 0.01, 0.02, 0.05, 0.1
and 0.2 per cent were selected for field application in both
the experiments. The required concentrations of DFB were
prepared from the formulated product "Dimilin® 25 WP in ordinary
well water. The quantity of the spray solution used per plot
was 1 litre for both the crops, which was pre-caliberated by
Spraying wvater in a test plot with a Ganesh hand sprayer. The
amount of formulated product required per plot as well as per

hectare had been mentioned in Pable 1.

The spraying on cabbage crop was carried out on 22nd
November 1984 whereas on cowpea crop it was done on 24th
September 1983 during the early hours of morning to avoid
drifting due to wind. A thorough coverage was given to each

¢rop. The WP suspension used was contimiously stirred during



gpraying. In control plot (untreated check) water was

sprayed.

Sampling:

Three middle leaves were plucked From randomly
cabbage
selected 5/plants in each plot. Similarly 25 leaves from
mid of the twigs were plucked from 5 randomly selected cowpea
plants in each plot. The plucking of leaves was done at
an interval of 0, 1, 5 and 10 days after the spray. These
leaves were brought to the laboratory and the regpective -

test insects were fed on them.

Lreatment to the test inseect

Fifth instar larvae of S. litura and E. virgincula
(aged 1-24 hrs) were used to evaluate the bioefficacy of
the chemical on the field treated leaves. Twenty larvae
of the test insects, pre-starved for 6 hours, were released
on the leaves of the respective crops plucked from each
Treated and the untreated plot. The larvae were Kept in -
eylindrical glass jars of size 15 cm x 10 cm diameter.
covered with muslin top and were maintained.in an ineubator
at 26 £ 2°C temperature and RH 80%. The treated food was
provided ad libitum for 24 hours. Thereafter, the test

larvae were given fresh untreated leaves of their respective



Table 1 : Amount of Dimilin 254 WP required for one spray

Concen- Quantity of Dimilin WP Amount of DFB a.i.
tration kg/ha kg/ha

% g/plot Cabbage Cowpea Cabbage Cowpea
0.2 8.000  5.280 6,667  1.320 1.665
0.1 4.000 24640 3.33% 0,660 0.83%2
0,05 2,000 14320 1.556 0.330 0.416
0.02 0.800 0.528 Q.667 0.132 0.166

host crops until pupation or death. In control, untreated

leaves were supplied to the larvae.

Observations :

The observations were recorded regularly at an
interval of 24 hrs after the treatment for larval mortality
and pupation in both the test insects.

Statistical Analysis

(a) Calculation of LD_./1G

5077750 *T

The mortality data so obtained in different
laboratory experiments against the treatment dosages/
‘concentrations were converted into corrected percentage
mortality using Abbott's formula (1925). These data were
subjected to probit anmalysis (Finney, 1971) for calculat-

ing LD25/LQ25 and LD50/1050 (i.e. that dosage/concentration



to give 25 and 50 per cent kill respectively). An.lysis

for test of heterogenity was also done for these experiments.

(b) Analysis of variance :

The data on total larval mortality prior to pupation
in the field evaluation experiments was considered as pupal
inhibition. These data were put to statistical analysis for
determination of critical difference (C.D.) among the

treatments at 5 per cent level,

iV, Histopathological investigations

The treatment dose of 5.0 /&g/larva vas glven by
feeding method to the test insect, the fifth instar larvae
of 3. litura. These larvae were pre~-starved for 6 hours
individually in petriplates. The treatment dose was prepared
by mixing 5 ml of stock solution II with 95 ml of water. The
treatment procedure was similar to that used in bioefficacy

experiment (oral toxicity) by feeding method.

Five treated and 5 untreated larvae were taken out
randomly at 48, 72 and 96 hrs after treatment and were
sacrificed. They were cut alive into four to five pieces
of almost equal size and were directly fixed in alcoholic

bouins fluid.

The histopathological changes in the cuticle were
investigated in DFB treated insects using the Mallory's
triple stain technique as described by M.J. Gijswijt (personal
communication, 30.1.1985).



Mallory's triple stain technique -

(a) Reagents and apparatus :
1. Bouins fixative

Glacial acetic acig .s 1 part
40% formaldehyde . 5 parts

Saturated aleoholic solution of picric acid 15 parts
mixed immediately prior %o use

2. Bthanol (different grades viz. 30%, 7054, 80%, 90%,
96% and absolute)

5.+ Methyle benzoate

4. Xylene

5. Paraffine (B.P. 60°C)
6. H2304/K20r207 mixture

Stock ~ K20r207 5 1 part
| HyS0, 4 1 part
Dilution - stock mixture 1 part

Distilled water 6 parts
Note- dilution made prior to use.
T. Sodium bisulfite (NaHSO4)
8. Mallory's triple atain

Biebrich red 0.5 g
Orange G 0«1l g
Glacial acetic acid 0.2 g
Aqua dest 100.0 ml

9. Phosphotungsten acid
(5% aquous solution)



10.

11.
12,
13
14,
15.
16.

Aniline blue stain

Aniline blue 0.25 g
HCL1 3¢k 0.25 ml
Aqua dest 100.00 ml

DPX mountant

Hot plate

Ice bath

'L' pieces for block preparation
Rotary microtome

Microscope with sliding stage, adequate power
and focus light arrangements

(b) Procedure : The procedure involved two stages

(1) Preparation of the blocks

1.

Immediately killed test larvae were cuit into
pieces not more than 1 cm in thickness and weres
fixed in Bouins fixative

Washed in 70% ethanol, 3x1 hr or more,Lithium chloride
was used to fasten the process

Pagsed through alcohol series

80%, 90% alcohol - 1 hr each

96% alcohol (two washings) -~ % hr each
Methyl benzoate 2 hrs {two washings)

Passed through xylene - two times - # hr each time

Kept in paraffine medium on a hot plate at 60°C for
10 mimites - paraffine changed 3 times.



6. During latter steps the material was moved

by means of a needle for better escape of the
enclosed xylene

7. Embedded in paraffine medium with the use of
'I' pieces

8. The blocks were cooled gquickly in ice bath %o
avoid crystallisation of paraffine

(ii) Section cutting, stainning and mounting of the material

1. Sections were cut in 68 flthickness

2. They were put on slides freshly coated with
thin layer of egg albumin

5. OSpreading of the sections was done on hot
plate using water as media

4. The sections on the slide were dried in an
incubator at 30°C for overnight

5. The paraffine wax was removed with xylene -
% hour treatment

6. Passed through aleohol series (downward)
364 —> 90%-—+ 80%— T0%—> water for 2 mimites at
each stage

7. Oxidised the sections in oxidant (stoszzcrzo

7
mixture) for 90 mimtes
8. Rinsed in water for 2 times - 2 mimiter each +%time

9. Reduced with ©.125%% aquous sodium bisunlfite for
3 mimtes

10. Rinsed in tap water

11. Stained in Mallory's Triple Stain for 10 mimites



12. Differentiated in alcohol 30% for 10 mimites

15. DPassed the sections through mordant
(phosphotungsten acid 5%) for 10 mimites

14. Rinsed in distilled water then counter stained in
analine blue for 5-10 mimites

15. Rinsed in distilled water for 5 seconds

16, Dehydrated in alcoholic series— T0% — 90%— 964 for
15 seconds each

17. Cleared in xylene - 2 times - for 5 mimites or
little longer

18. Hounted in DPX

19. Covered with coverlip

The histological preparations were ready for examination.

The glides were stored after drying at 40°C for 2 days,

Examination of the histological sections :

The histopathological changes in DFB treated cuticle
in comparison to control preparations were critically examined

under light microscopy.

V. Biochemical investigations :

The fifth instar stage larvae of S. litura were
starved for 6 hours individually in petriplates. The treat-
ment doses of 5.0 and 1.0 /ug/larva were given by feeding
method to the test insects. This was achieved by preparing

various concentrations of Dimilin 25 WP in water using stock

LY



solution II as per details mentioned in oral toxicity
experiment (feeding method). A definite amount of DFB
solutions from these concentrations was pipetted on the

surface of castor leaf bits roughly measuring 10 cmz.

These leaf bits were given to the starved test
larvae. In most of the cases the larvae consumed the
treated leaf bits completely. However, in a very few
cases the larvae failed to consume them; such larvae were
not included in the treatment. In all, fifty larvae were
exposed to each treatment dose. They were then given fresh
food ad libitum after being fed on treated leaf bits. A
control was also fun gimultaneously in which DFB free leaf

bits were fed.

Effect of DFB on haemolymph and cucsticular proteins

(A) Haemolymph protein pattern

The treated larvae were sacrificed after 24, 48
and 72 hrs in both the treatments. The effect of DFB on
the haemolymph protein picture was investigated using gel
.electrophoresis technique of Maurer (1968) aa described by
Srivastava (1970).

1. Preparation of samples

The haemolymph of the treated and untreated larvae
were extracted at different time intervals by puncturing the
insect body at the site of the prolegs. The haemolymph was



(i

collected through glass capillaries. The gamples were used

freshly for the electrophoretic separation of proteins. Larvae

once utilized were not reused.

2, Qualitative estimation of proteins

The Shandon polyacrylamide gel disc electrophoresis
equipment (type SAE 2761 Shandon Scientific Co. Ltd. London
N.W. 10) was used for the separation of proteins. The details
of the gel electrophoresis technique used, was as under :-

(1) Ereparation of solutions

Different solutions were prepared by mixing the
components as described below. All the solutions were stored
in amber coloured reagent bottles in the refrigerator :

Solution : 1

1 H Hydrochloric acid 48.0 ml
Pris (Pris hydroxy methyl amino methane) 36.6 g
Temed (Tetra methyl ethylene diamine) 0.46 nl
Distilled water 100.0 m}

Solution : 2

Acrylamige 28.00 g

Bis (WNN'-Methylene bis acrylamide) 0.736 g

Distilled water 100.00 ml
Solution : 3

Per (ammonium peroxide sulphate) 0.14 g

Distilled water 100,00 ml

Solution ¢ 4
1. M orthophosphoric acid 26,6 ml

Tris 5.7 g
Distilled water 100.0 ml



Solution : 5

AZcrylamide 10.0 g

Bis 245 g

Distilled water : 100.0 ml
Solution : 6

Riboflavin 04 mg

Distilled water 100.0 ml
Solution : 7

Sucrose 0.0 g

Distilled water 100.0 ml
Solution : 8

Tris-glycine buffer {stock) 8.3 pH

Tris 6.0 g

Glycine 28.8 g

Distillied water 1000.0 ml

(ii) Electrophoretic procedure -

The running gel was prepared by mixing solution 1,
2, distilled water and solution 3 in the ratioc 1:2:1:4. The
Quantity used for 10 gel tubes was 3, 6, 3 and 12 ml respec-
tively. The pH of the gel was maintained as 8.9 and the pores

were of medium size.

The gel ftubes were fixed in a stand and were filled
with running gel upto two-third of their heigh%. The surface
of the gel was covered with 2.3 drops of distilled water to
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check the shrinkage of the gels. The gel filled tubes were

“ kept under a day light flourescent tube for an hour or so for

polymerization.

The spacer gel was prepared by mixing solutions 4,
5, 6 and 7 in the ratioc 1:2:1:4. The PH of the spacer gel
was 6.9. After removings the water from the gel tubes, 2.3 ml
of spacer gel was poured on the top of running gel in each
tube. Then again, 2.3 drops of distilled water were added on
the surface of spacer gels. Polymerization of spacer gel was
done by exposing each side of the tubes for half an hour %o
a U.V, lanmp.

After removing excess water from the surface of the
gel with the help of glass capillary tube/a syringe, the gel
Yubes, were fixed in the upper tank of the electrophoretic
equipment keeping sufficient length on the lower side So asg
to reach in the lower tank. Both, the upper as well the lower
tanks were filled with 10 per cent buffer soiution to the level
in such a way that the ends of the gel tubes remained dippead
in the buffer.

In each gel tube 0.05 ml of the sample (haemolymph)
wés'poured on the top of the spacer gels from where excess
water was removed earlier., The remaining part of the tubes
were filled with 10 per cent buffer solution prepared from the

solution 8. Thereafter 0,001% agueous bromophenol blue was



added to the buffer in the upper chamber which served as
a marker to indicate appropriate time to terminate the

electrophoresis. It was also used to caleulate the Rm values

of the protein bands,

The electrophoresis was carried out at a constant
current of 4 m A per tube. The current was discontimied
when the marker rings reached the ends of the gel columns,
The gels were removed from the tubea by pushing the distilled
water on their sides with the help of a syringe. Gel columns
were fixed and stained in 1 per cent Amido Black B (B, Merek)
in 7 per cent acetic acid for half an hour. Excess staln was
removed by washing the columns with 7 per cent acetic acid
t1ll the bands were clearly visible. The gel columns were

Stored at room temperature in the same solution .

(1i1) Interpretation of gel columns :

The relative electrophoretic mobility (Rm) values
of the separalted protein bands were calculated by wsing the

following formula

Distance travelled by protein bands from origin

Rm =
Distance travelled by tracking dye from origin

The junction of spacer and the running gels was

considered as point of origin.



(B) CuZticular protein pattern

The treated larvae were sacrificed after 24, 48 and
72 hours. The effect on the cuticular protein picture was
investigated by using the technique described earlier. However,

the preparation and extraction of the samples were different,

(L) Preparation of cuticies

The cuticles of the treated and untreated larvae
were obtained by the method used by Hackman (1953) with modifi-
cations described by Srivastava (1970). The details of the

method were as under :

To obtain  the cuticles the larvae were cut open
longitudinally and the body contents were removed in a washing
medium of 65% (v/v) aqueous ethanol. The cuticles were then
transferred to fresh aqueous ethanol and the remaining tissues,
mugcles and hypodermal cells were removed by scraping with a
blunt scalpel and a match stick., The last stage of removal
being carried out under a binoccular microscope. All possible

care was taken to remove the muscles and the hypodermis. The

cuticles were rinsed for several times with fresh aqueous ethanol

(65%). This helped in denaturing the muscles and their subsequent

remoﬁai; further it also avoided the loss of cuticular proteinrs.

The cuticles were then kept in petrol-ether (B.P. 50-60°C) for

24 to 48 hrs at room temperature to remove lipid material. Finally

haant |
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they were dried in a vacuum dessiccator over phosphorous
penta-oxide and potassium hydroxide. Cuticles of 25 to 30

individuals were prepared at one time.

(11) Extraction of proteins

The dried cuticles were grounded with glass powder
in a mortar. For the electrophdretic investigation the water
soluble fractions of cuticular proteins were extracted through
borax-boric acid buffer solution at pH 9.2 for 2 days at 50°C.
following one of the methods of Hackman {1953). The Borax-

boric acid buffer was prepared as under :

Borax-boric acid buffer (pH 9.2)

Solution A - 0.2 m s0ol. of Boric acid by mixing
12.4 g of the chemical in 1 litre
distilled water

Solution B - 0.5 m sol. of Borax by mixing 19.05 g
of the chemical in 1 litre distilled
water

Stock Buffer - 5 ml of A+ 114 nl of B. The volume
was made upto 200 ml,

The pH 9.2 was adjusted with the help of 1NHC1 or 1NNaOK

v

Final Buffer - Prepared by mixing stock buffer, distilled

water, ethanol and diethyl ether in the
ratio of 5:5:4:1

Distilled water - double or glass distilled water was used

The quantity of buffer used was 30-50 times of the
material.



The solution of extracted protein was filtered,
acidified to pH between 3 to 4 with 1M HC1 and the protein
precipitate was obtained. After maintaining the required
pH the protein solution was further precipitated by one~
third saturation with (NH4)2804. It was shaken well with
the help of test tube shaker until all the (NH4)2SO4 was
dissolved.

The protein was collected by centrifugation at
6500 rpm. The supernatant was discarded and the residue
was resuspended in distilled water. It was dialysed in a
cellophan sac against distilled water for two days at 10-
15°C in refrigerator. Completion of dialysis was tested by

way of precipitation of sulphate ions in a gample of the

water by mixing‘BaClz.

To obtain the water-soluble fraction, dialysed

solution was evaported in Vacuo in a rotavapour, The dried

regidue protein was weighed.

(iii) Blectrophoretic separation and interpretation of gel
columns :

The dried protein was disolved in electrophoretic
buffer making proper graded solutions. The electrophoretic
analysis and the interpretation of the gel columns were done

in the similar way as described earlier.
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EXPERIMENTAL FINDINGS

In order to find out the physiotoxicological
effects of diflubenzuron (DFB), a chitin inhibitor, both
the test insects i.e. Spodoptera litura Fab. and Buproctis
virgincula Wlk, were subjected to intensive iﬁvestigation.
However, histopathological and bio-chemical experiments

were carried out only on S. litura.

A. Spodopkera litura Fab,

I. TOXICOLOGICAL INVESTIGATIONS :

The bioefficacy of DFB was investigated by evaluat-
ing it3 dermal and oral toxicity.

(1) Dermal toxicity : (LD25/LD50)
The dermal toxicity had been worked ocut by two

methods viz. dry £ilm and dipping method.

(a) Dry £ilm method :

, The fifth instar larvae were exposed to different
freatment dosages for 12 and 24 hra to determine the LD25.
The results were given in Table 2. There was no mortality

during both the exposure periods. The cumulative mortality
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was recorded after 48 hours of the treatment. The adata
So obtained were used for calculating LDZS’ which were
23.21 and 10.03 mg/9%0 om® surface area for 12 and 24 hrs
exposure periods respectively. The regression equations
derived for LD25 were also used to determine the 1D 50 for
these exposure periods. The slopes of regression were

0.837 and 0.703 for the corresponding treated periods
(Table 2).

When compared, the LD25 value at 24 hrs exposure
was found 2.31 times less than that of 12 hrs exposure.
A similar sequence was observed in the case of LD50 values
where the ratio was 1.63. The standard dosage mortality
curves of DFB film treatment against S. litura had been

given in PFig, 1.

(b) Dipping method :

The L025 and L050 values obtained were 85.33 and
629.80 ppm respectively. The slope value was 0,777. The
Chi-square value at P = 0.05 was significantly homogenous
(Table 3). The standard dosage mortality curve for dipping

treatment had been depicted in Fig. 2.

| ((ii) Cral toxicity : (LDZB/LDSO) |
No mortality was obtained 24 hrs after the treatment.

The LD25 and LD5O values calculated on the basis of total
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mortality before pupation were 0.41 and 5.8% /ug/larva-respeeuvdy.
The glope value was 0,619. The Chi-square value at P =

0.05 was found significantly homogenous (Table 4). The

standard dosage mortality curve had been given in Fig. 3.

II. SYMPTOMATIC AND BEHAVIOURAL INVESTIGATIONS : -

1. Behavioural changes

(1) Sluggishness

Sluggishness was congsidered az the initiation of
b ehavioural changes exhibited by the larvae after consuming
the treated food. This effect was observed from next day
of the feeding of the treated food i.e. 24 hours after eating
of DFB mixed food. Sluggishness was triggered with unwill-
ingness of the larva to move from the place of their stay.
The larvae did not stir their body even after they were
subjected to pricks, |

The sluggishness was observed in 14.0% per cent
larvae in 5.0 /ug dose of DFB per larva. The percentages
of la.vae showing this symptom in 1.0 anrnd 0.5 /28 doses were
3.38 and 3.51 respectively. The lowest dose chosen was 0.1
/ugjlarva. Here the treated larvae were almost like the

larvae in control and showed no differential symptoms (Table %).
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(ii) Cessation of locomotion

Sluggishness was culminated to its highest order
when the larvae ceased to move from the place where they were
lying for the last 24 hours after consuming the treated food.
The larvae showing such symptoms were 10.5% per cent in 5.0
/ug/larva dose and 10.17 per cent in 1.0/ug dose whereas in
the lower dose of 0.5 Ju8s only 1.75 per cent larvae showed
cessation of locomotion. In the loﬁest dose (0.1 /ugflarva)
and in contrel none of the larvae exhibited this symptom

(Table 5).
(1ii) Cessation of feeding

An inevitable effect following the sluggishness and
cessation of locomotion was the ceaging of feeding., It was
observed that inspite of large amount of food available to the
larvae in the petridishes the feeding stopped from 2440 48
hours after consuming the treated food. These behavioural
changes led to a sort of total ceasing of physiological activities
within the larval body. The percentages of larvae exhibiting
these symptoms in different treatment doses had been pregented
in Table 5. In 5.0 /ug/larva dose 28.07 per cent larvae ceased
feeding., The per cent larvae affected in 1.0 JRL: and 0.5 Jug
doses were 13,58 and 8.77 respectively. In the lowest dose
(0.1 /ug) and in control no larva was observed who ceased feed-

ing.
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(iv) VWetting

The wetting was recorded in 68.42, 45.76, 36.83
and 20.00 per cent larvae in the treatment doses of 5.0,
1.0, 0.5 and 0.1 /18 (Table 5). 1In the cases of excessive
ligquid coming out of the body the larvae had to be dried
with blotting paper twice a day for recording the observations.
In animals treated with higher doses of DFB, the wetting was

invariably heavy.
(v) Oozing

It was difficult to differentiate between wetting
and oozing. However, under this caption liquid coming out from
definite sources such as mouth, ams etc. had been incorporated.
The oozing of the body £1uid was observed in 80.70, 49.15,
- 35,08 and 15.00 per cent larvae in 5.0 a2 1.0/ug; 0.5 Jue
and 0.1 /ug/larva doges respectively (Table 5).

The site of cozing of body fluid was examined with
the help of stereoscopic microscope. When constantly observed
the ocozing of body fluid could be seen from mouth, ams and
through intersegmental membranes which caused complete wetting
of the body. In animals treated with higher doses of DFB, the

oozing was invariably heavy.

Generally clear light green or dark green coloured

or occasionally pale green fluid was oozed out from the mouth.
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Whereas from amus mostly brown or dirty coloured liquid
came out. However, in some cases it was a clear green
liquid. In a few heavily DFB dosed animals the ocozed fluid

was green with fine suspended particles.

The smear examination of the fluids obtained from
mouth and anus mostly showed the presence of undigested food
particles., The haemocytes were invariably seen in all the

smear preparations obtained from different body regions.

2. Morphelogical deformities

(i) Shrinkage in larval body

Hormally the larval body shrinks when it tends to
undergo pupation. Abnormal shrinkage of the body was observed
in L{reated larvae to an extent of 1/5th of the normal one,
further most of these larvae remained straight, and no signs
of pre-pupation was observed (Plate 1; Fig. 1, 2, 3). The
texture of such larvae was also not soft and they lost their
natural colouration, Further, the behaviour of such larvae
was algo different from those of normal larvae; they were not

gensitive to touch.

Data given in Table 6a shows that in 5.0/ug treatment,
35,09 per cent larvae were shrunken, whereas in 1.0 /48 and
0.5 /U8 doses the affected larval percentages were 20.34 and

17.54 respectively. The shrunken larvae were observed least
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in 0.1 /98 (upto 2.5 per cent). There was no such abnormal
shrinkage of the body in control.

(ii) Discolouration and sear formation

It was invariably associated with cozing of liquid
from the body of treated insect. Dark brown gpots were formed
at the site of fluid oozing. In some cases, where treated
larvae did not feed, their body was shrunked and t~ cuticle
colour changed to dark brown or dark black. Whereas, in a
few cases, where the cuticle was not properly sclerotized,
it did not retain its natural texture and colour, It showed

somewhat mosaic pattern.

The discolouration of cuticle was found in 66,67,
54.24, 28.07 and 5.0 per cent larvae in the treatment doses
of 5.0, 1.0, 0.5 and 0.1 /U8 respectively. Such variations
in colour pattern were wanting in the control larvae (Table 6a).

In some of the larvae scars were seen., This symptom
was observed only in the larvae fed with 5.0 and 1.0 Jug doses;
the larvae showing scar formation symptoms were 1.75 and 6.78
per cent in these treatments respectively. The colour of scars
wasg ﬁsually blackish and were found on lateral sides of the
thoracic region in both the treatments (Table 6a).

T i



{1ii) Cuticular rupture

The cuticle rupture of the larvae was maxzimum (31.58
per cent) in 5.0 JuE DFB dose, whiéh declined to 15.25 and
14403 per cent in treatment doses of 1.0 and 0.5 /ug/larva
respectively. In the lowest treatment dose (0.1 /ug) this
effect was only in 2.5 per cent animals (Table 6a). Cuticular
rupturing was totally absent in control. In the treuted larvae
the rupture of cuticle was found with variable degrees and loeci,
The symptom usually appeared 48 hours after the treatment and
the rupturing process contimed gradually at different sites,
followed by oozing of body fluid until the larvae were dead.
Splitting was invariably observed at the intersegmental membranes.
However, in a few cases it was also observed on dorsal as well

lateral thoracic and the lateral abdominal regions.

(iv) Rectal prolapse

It was obgerved that in some of the DFB fed larvae,
which had body fluid leakage from the amus, a baloon like
structure was seen protruding from the ams. This structure
was membranous and filled with clear green or yellowlsh fluig,
These rectal bulging became darker within 24 hours and finally
bufsted leading to the leakage of fluid from it. Such indivi-
dualsg died within 2 to 3 days after appearance of the rectal
bulgings. Rectal prolapse percentages were‘5126 and 1.69 in
5.0/ug and '1.0/ug treatments respectively. These symptoms could
not be observed at the doses lower than 1.0 /e (Table 6a).

s



(v) Prayed condition of cuticle

Frayed conditions of the cuticle were met with when
the process of monlting was to start. Although, the cuticle
was not ruptured but fragments of cuticle got removed from

the body at scattered regions.

Frayed condition was obaer#ed in all the treatments
doses. It was seen to the tune of 10.52, 3,39, 5.26 and 5.0
per cent cases when the larvae were fed with 5.0, 1.0, 0.5 and
0.1 /ugflarva doses respectively. In control (untreated)
larvae such condition was totally absent (Table 6b).

(vi) Mosaic condition of cuticle

In the mosaic condition of cuticle in pre-pupae
gseveral patchea of cuticle were completely sclerotised. There

were dark-brown spots at different parts of the body.

The appearance of mosaic like conditions on the outer
covering of the body was predominent in the treated animals.
Presence of mosaic condition differed in degrees with the doses
administered to the larvae; it was observed in 42.11, 47.46,
28.07 and 30.00 per cent larvae supplied with 5.0, 1.0, 0.5,
and 0.1 sug DFB doses respectively (Table 6b).

(vii) Incomplete shedding of exuviae

The incomplete shedding of exuviae was observed in
10.52, 6.78 and 3.51 per cent larvae at the head capsule

region;ili}.SO, 5.08 and 3.51 per cent larvae at thoracic

P A
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region and in 14.03, 5.08 and 5.26 per cent cases at abdominal
region in the treatment doses of 5.0, 1.0 and 0.5 /ugflarva
respectively. VWhereas in 0.1 /ug and the control, no larva

wag observed with incomplete shedding of the old cuticle
{T2ble 6b).

In 5.0 jug dosage some of the larvae (1.75 per cent)
nad shedding of the cuticle in a part of the thorax only.
Whereas some others (1.75 per cent cases) shedded cuticle
in whole of the thoracic regioﬁ. In subsequent lower doses
none of the larvae had cuticle shedding in whole of the
thorax. Cases with shedding of the cuticle in part of the
thorax were 5.08 per cent in 1.0 /U8 dosage and 3.51 per cent
in 0.5 /ug dosage.

(viii) Rupturing of old cuticle

The rupture of old cuticle at pre-pupal stages
wag met with in 5.0 /ug dose only; it was found that 5.26
per cent animals ruptured at thoracic region while 3.51 per

cent at the abdominal region (Table 6b).
(1x) Presence of pupal cuticle in parts (Fig 4,3, 6 of Plate 1)

In some of the DFB fed larvae only the ventral
part of the thorax developed pupal cuticle, which was clearly
vigible below the 0ld cuticle. There was sporadic scleroti-

zation of the cuticle. (In some cases it was sclerotized,
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whereas, in others it was not). However, rest of their body
retained larval cuticle and characters. Such cases rere 21.05,
55.59, 12.28 and 10.00 per cent among the DB fed larvae with
5.0, 1.0, 0.5 and 0.1 Ju8 doses respectively. Such symptoms

did not occur among the control larvae (Table 6v).

3. Formation of abnormal stages

The treated larvae, which could survive upto pre-pupal
stage and beyond, also depicted a mumber of morvhological
abnormalities like the formation of larval-pupal intermediates.
(LPI), abrormal pupae and abnormal adults {Tables 7 and 8;
Plates 1 and 2).

(i) Larval-Pupal Intermediates

Data given in Table 7 and 8 showed that the LPI formed
in 5.0 /ug dose were 22,81 per cent of the treated larvae; among
them 8,77 per cent remained completely trapped in the larval
skin (Plate 2; Fig1 ), 3.51 per cent were with anterior portion
of their body completely larval {Plate 1; Fig. 7 ),.8.77 per
cent showed a cuticular pupal hump on the dorsal region of the
thorax (Platel ; Fig. 8 ). Some of the LPI (1.75 per cent) were
twisted in shape. No larva could reach upto the stage of pupa-

tion at this dose.

In 1.0 /u8 dose 57.29 per cent LPI were formed; among
them 6.78 per cent remained completely trapped in larval skin
whereas 11.86 per cent LPI had their posterior portion pupal
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and anterior portion completely larval, LPI showing a

cuticular pupal hump on the back of their thorax were 8.47
per cent while 3.39 per cent were having larval head and 2
pairs of larval thoracic lezs (Plate t; Fig,90); remaining
rortion transformed into pupal. Twisted LPI wers 13463 per

cent while curved LPI were found 5.08 per cent (Table 7 and 8),

In 0.5 /o8 dose the percentages of LPI trapped in
larval skin, the LPI with anterior half region retaining larval
characters, humped IPI, the LPI with larval head and 2 pairs
of thoracic legs, the LPI with only larval head (Plate 23 Fié,

5 ), and those with deformed shape were 3.51, 12.28;, 3,51,
1.75, 5.26 and 8.77 respectively. dmong the deformed LPI,
1.75 per cent were twisted, 3.51 per cent were curved (Plite 2 Fig.4)
3451 per cent were anteriorly bent (Plate 2 ; Fig.2?§).

In 0.4 /B8 dosed animals none of the LPI was.found
trapped in larval skin. The LPI with anterior Dortion of body
completely larval were 27.5 per cent whereas humped LPI and
those with larval head were 7.5 per cent each. There was no
deformed LPI observed at this dose. Such abnormal symptoms

were not found in control individuals also.
'(11) Pupal deformities

No larva could reach upto the stage of pitpation in
the highest tested dose of 5.0 /ugflarva. Some of the treatea
larvae reached pupation in 1.0 JR8 dose. Among these 3,39
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per cent were curved pupae and 8.47 per cent developed into

normal pupae as shown in Table 7.

Deformed ﬁupae observed in 0.5 Jue dose were 3.50
per cent (Table 7). Among these 1.75 per cent had short
wing pads (Plate2; Fig. 6 ) and 1.75 per cent were anteriorly
bent. About 19 per cent pupae were looking normal in shape,

texture and structure.

In 0.1 /U8 dose 5 per cent pupae obtained from the
DFB fed larvae were having short wing pads and 2.5 per cent
had ventral skin unsclerotized ( Table 7 ) , . Normal
pupation at this dose was 32.5 per cent. In none of the
control individuals such abnormal symptoms were ever

observed .

(1ii) Pupal-adult intermediates, abnormal and normal adultss

No adult was emerged in the highest treabtment dose
of 5.0 /ug/larva where all the pupae were abnormal, At 1.0
/ug dose alsc none of the normal pupae could emerge as adult;
fhey remained completely trapped within the pupal shell
(Plate 2; Fig. 7 ). However, in 0.5 Jug dose 8.77 per cent
adults were emerged, out of which only 1.75 per cent were
normal; 7.02 per cent were pupal-adult intermediates or
abnormal adults. Such adults were either remained attached

to the pupal shell, or partly exposed from the pupal shell,



or vhen emerged, had their wings crippled or nonfunetional
and were regarded as abnormal adults (Plate 2; Fig. 8 ).
These abnormal stages were observed 12.50 per cent in Q.1

/ug dose. Ho such abnormality was recorded in control insects

(Table 8).

4. Cumulative mortality at larval, pupal and adult siages

It was observed that mortality of the treated larvae
occured irrespective of the developmental stage, The treatment
doges of DFB were not fata)] to the larvae immediately. Mortality
was usually recorded 2 to 3 days after the treatment. However,
most of the larvae died at the time of moulting with the

development of abnormal symptoms described earlier.

The curulative mortality data for each treatment
‘dose had been summarized in Table 8, The mortality was
different in different developmental stages. During larval
and pre-pupal stages it ranged from 17.5 to 77.19 per cent.
There was only 5 per cent mortality in untreated control,
Percentages of IPI formed were 22.81, 57.29, 37.09 and 42,50
at the treatment doses of 5.0, 1.0, 0.5 and 0.1 /ug/larva
respectively. Most of the LPI died within 2 days; in a few
cases they could survive upto a period of 4 %o 6 days but
remained in moribund stage and were considered as dead. Rest

of the surviving larvae were further subjected to examination.
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There was no pupation in 5.0 /ug dose, whereas, in 1.0 /U8
dose 8.47 per cent normal and 3.39 per cent abnormal pupation
occured. 1In subsequent lower deses of 0,5 /8 and 0.1 JUEs
the normal pupation was 19,30 and 32.50 per cent. vhereas,

the abnormal pupae formed were 3.51 and 7.5 per cent respecti-
vely. Among the abnormal ones no pupa survived for adult
emergence., Out of neormal looking pupae also, 8.47, 10.53

and 12.50 per cent pupae died. Among adults those which did
not come out of pupal shell were found dead.

5. Longevity and fecundity of adults : viability and
hatchability of eggs

Longevity of adult moths emerged in 0.5 and 0.1
/U8 ranged from 6 to 8 days. None of the normal looking
adults which emerged from these treatment doses could mate
and lay fertile eggs. In control the adults lived for 8-10
days. Their fecundity ranged from 230 to 380 eggs per female,

1II. FIELD EVALUATION OF DFB AND ITS PERSISTENCE :

The field treated cabbage leaves sprayed with
different concentrations of DFB i.e. 0.2, 0.1, 0.05, 0.02
and 0.01 per cent ; and plucked at different time intervals
viz. 0, 1, 5 and 10 days after the spray, were fed to 3.

litura larvae for 24 hras in lab.



1o

Two aspects viz., larval mortality and ultimate
number of larvae which failed to become pupze were estimated

for further inferences.

1., Larval mortality

Although it was experienced that some per cent of the
larvae would be knocked down with some higher concentrations of
DFB but it was observed that this chemical hardly had any effect
in bringing about the quick knock down of the larval population.
During the entire period of experimentation not a single larva

was found dead or moribund within 24 hours of the administra-
tion of DFB treated food.

2. Pupal inhibition

The pupal inhibition was caleulated by recording the
mortality prior %o pupation in different treatments. The data
were presented in Table 6. The results of this experiment
revealed that all the concentrations of DFB were found signifi-
cantly effective over control at all the time intervals tested
viz. 0, 1, 5 and 10 days. The pupal inhibition of S. litura
larvae fed with the spray deposits of 0.2, 0.1 and 0.05 per cent
DFB was 100 per cent (Table 9).

One day old DFB treated leaves gave an inhibition of
pupation by 97.76, 96.71, 94.32, 87.81 and 76.89 per cent in

respect to treatment concentrations of 0.2, 0.1, 0.05, 0.02
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and 0.01 per cent., Here again, all the treatments were
Statistically superior over control. However, 0.2, 0.1,

0.05 and 0.02 per cent concentrations were statistically

at par. The latter concentrations of 0.05 and 0.02 per cent in
turn were statistically equal to the subsequent lower concen.

tration i.e. 0,01 per cent.

Similar significance was observed in 5 day old treated
leaves, Here again, all the treatments were statistically
superior over control. The treatment concentrations of 0,2,
0.1, 0.05 and 0.02 per cent had no statistical difference
among themselves, however, the former two concentrations (0.2
and O.1 per cent) were significantly better over the lowest
concentration-of 0.01 per cent. The range of pupal inhibition
obtained at this time interval was quite high (63.63 to 93,30

per cent) as is seen in Table 9.

Ten days old leaves also exhibited the residual effect
of DFB to a great extent i.e. upto 77.14 per cent in the highest
concentration of 0.2 per cent. There was more than 55 per cent
mortality even in the dose of 0.02 per cent concentration. The
highest concentration (0.2 per cent) was significantly better
thaﬁ 0.01 and 0.02 per cent concentrations and was simultareously
at par with 0.1 and 0.05 per cent concentrations. All the

treatment concentrations were superior over the control (Table 9),
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IV. HISTOPATHOLOGICAL INVESTIGATICNS

The oral dose of diflubenzuron SJyug/larva wag not
lethal to the fifth instar stage of S. litura immediétely.
The %reated larvae showed no fatal symptoms initially but the
abnormal symptoms, described earlier, were invariably seen at
the time of apolytic stage proceeding the shedding of the
exuviae. Such treated animals failed in shedding the old
cuticle and finally died. The histopathological changes in
the cuticle of treated larvae were examined at 48, 72 and 96

hours after the treatment.

The integument of untreated larvae consisted of non
cellular cuticular layer which was divisible into epicuticular,
exocuticular and endocuticular layers. These cuticular layers
were comnected to the epidermis which consisted of columner
epithelial cella with centrally placed mcleus, These cells
were compactly packed with no or very little gpace ~etween them

(Plate 33 Fig. 1).

In spite of the normal appearance in treated larvae,
48 hours after the treatiment, the cuticle showed severe lesions
and the process of disintigration in endocuticular zone with
the development of a space between the cuticle and the epldermis.
The epithelial layer of the epidermis also got affected and

developed intercellular spaces (Plate 3; Fig. 2).
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The histological preparations of 72 hours old
treated animals gave more advanced cuticular lesions as
can be seen in the photomicrograph (Plate 3; Fig. 3).
Increasing gaps between the epldermal cells and non-cellular
cuticular layer were clearly visible. The space contained
coagulated material which got stained red by the barbiturate
scarlet of Mellory's triple stain. These red zlobules were

completely wanting in untreated animals.

The cuticle of treated animals, sectioned 96 hours
after the treatment, gave more advanced stage of cuticular
lesions. The endocuticle was completely obliterated and the
epi-and exocuticular layer thus lost the attachment with
epithelial cells of the epidermis. A well marked space vas

secen between these two layers (Place 3; Fig. 4).

V. BIOCHEMICAL INVESTIGATIORS ;

The effect of DFB on the haemolymph and the cuticular
proteins of 8. litura larvae was imvestigated through electro-
phoresis. For haemolymph protein studies the blood samples
were drawn from treated animals at 24, 48 and T2 hours, similarly
for cuticular proteins 24, 48 and 72 hours old treated cuticles

‘were processed.



The resulis of haemolymph and cuticular proteins
had been presented in figures 4 to 7 and Tables 10 to 14 for
different treatment doses at different intervals., The

sejuence followed in the presentation of results was :=

1. The total mumber of protein bands irnvolved in the
whole operation, including the control and the
diflubenzuron treated larvae.

2. Dvaluation of mwerical mumber of protein bands in
different treatments in relation to control.

3. Zvaluation of common protein bands in all the
treatments alongwith control.

4. Qualitative changes, as depicted by the absence of
protein bands in the treated larvae but presence in
control. |

5. Qualitative changes as depicted by the appearance
of new bands in all the treated larvae which were
otherwise absent in control.

6. Evaluation of such protein bands which were present
or absent in different treatments but present in
control.

7. Zvaluation of such other bands which were absent in
contrel but appeared in treated larvae with either of
the different dosages.

-4, Haemolymph protein pattern :

The protein bands of the larvae obtained in one
treatment did not telly with the protein bands obtained in

other treatments. Thus differed in their behaviour, for
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example band mumber 28 with Rm value 0.77 was present in
the control as well as in 1.0 Ju8 dose level but it go%
obliterated in S.Ol/ug dose level. Such a diversified
behaviour was observed in a number of protein bands at

different treatment dosages and time intervals as depieted
in Table 10 to 12.

(i) Twenty four hours after treatment

Actual mumber of protein bands involved during the
whole operation affer 24 hours of treatment were 16 whose Rm

values fall bebween 0.05 and 0.95 (Table 10).

In control, there were 10 bands, while in 1.0 /B8
and 5.0 Ju8 treatments, there were 12 and 7 bvands respectively.
(Table 10; Fig. 4).

There were some bands present in the control and
simultaneously in different treatment doses., The number of
these bands were 6 having Rm values 0.05, 0.14, 0.21, 0.34,
0.38 and 0.48.

Three protein bands (Rm values 0.60, 0.67 and 0.85)
were present in ﬁhe control but absent in both the treatments
whereas band having Rm value 0.77 was present in control as
ﬁell ag in ko/ug treatment but was disappeared in SD/ug

treatment.



Table 10. Relative mobility values of haemolymph proteins of
S. litura larvae at 24 hours after feeding DFB

Doses per larvae

Band No. Rm values Control 1.0 /a8 540 Ja:
1 0.03 - - -
2 0.05 + * *
3 0.08 - - =
4 0.11 - + -
5 0.14 + * *
6 0.16 - - B
7 0.20 - = -
8 0.21 + + +
9 0.22 - .- -
10 0.23 - - -
11 0.28 - ' = -
12 0.31 - i -
13 0.34 * * ¥
14 0.38 + + *
15 0.40 - - B
16 0.43 - = -
17 0.45 - - -
18 0.48 * * o
19 0.54 - - -

20 0.60 + - -

contd..'.



Contda. Table 10

Band No, Rm values Control 1.0 /88 5.0 JuE
21 0.63 - - -
22 0.65 - - -
23 0,67 + - -
24 0.68 - - -
25 0.70 - - -
26 0.72 - - -
27 0.74 - + -
28 0.77 + + -
29 0.81 - - -
30 0.83 - - -
31 0.85 + - -
32 0.87 - + -
33 0.90 - + -
34 0.92 - - +
35 0.95 - + -

Total number of bands 10 12 1

+ Present

-~ Absent
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Six bands having Rm value 0.11, 0.74, 0.87, 0.90,
C.92 and 0.95 appeared as new bands either in the Tirst treate
ment or in the second treatment, they were howvever, absent in
the control. Out of these protein bands only one band with
Rm value 0.92 was present in treated larvae with 5.0 /ug dosge

and rest of the new bands appezred in the haemolymph of the
larvae fed with 1.0 /ug of DFB.

(ii) Porty eight hours after treatment

The protein bands involved during the whole operation
after 48 hours of the treatment were 20 whose Rm values fall

between 0.5 to 0.95 (Table 11).

In control, there were 15 bands ani in treatments
of 1.0 P and 5,0 /ug dogsages of DFB they were 11 and 9
respectively (Fig, 5). The protein bands with Rm values 0.20,
0.38, 0.70, 0.83 and 0.9 were present in control but found

absent in both the treaitments.

Bands having Rm values 0.16,0.54, 0.77 and 0.95
were present in the control as well as in 1.0 /ug treatment,
whereas they were absent in 5.0 /ug treatment. Similarly, the
protein bands with Rm values 0.63 and 0.92 were prasent in
éonﬁrol and in higher dose (5.0 /ug) but absent in lower

dose (1.0 /ug).
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Table 11. Relative mobility values of haemolymph proteins of
3. litura larvae at 48 hours after feeding DFB

Doses per larvae

Band No. Rm value Control 1.0 /o8 5.0 V8
1 0.03 - - -
2 0.05 + * *
3 0.08 + + *
4 0.1 - - -
5 0.14 - = -
6 0.16 + + -
7 0.20 + = -
8 0.21 - - -
9 0.22 - - *

10 0.23 = . -
11 0.28 - * -
12 0.31 - = -
13 0.34 * * ¥
14 0.38 + - -
15 0.40 - - -
16 0.43 - = -
17 0.45 - - -
.18 0.48 * * *
19 0.54 + ¥ -
20 0.60 - - -

con‘td'...
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Contd, Table 11

Band No. Bm value Control 1.0 /18 5.0 /U8
21 0.63 + - +
22 0.65 - - -
2% 0.67 - - -
24 0.68 - + +
25 0.70 + - -
26 0.72 - - -
27 0.74 - + -
28 Q.77 + + -
29 0.81 - - -
30 0.83 + - -
31 0.85 - - -
32 0.87 - - +
33 0.90 + - -
34 0.92 + - +
35 0.95 + + -

Total mumber of bands 15 11 9
+ Present

- Absent
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Among the new protein bands appeared in 48 hours
after DFB treatment,only one band with Rm value 0.68 was
available in both the treatments and was evidently absent
in control. Some other newly formed bands were found in
either of the treatments but were absent in control; they
were having Rm values 0.28, 0.74 (1.0 /ugﬂ, 0.22 and 0.87
(5.0 /ug).

(11ii) Seventy two hours after treatment

The actual mumber of protein bands involved during
the whole operation after 72 hours of the treatment was 25

whose Rm values fall between 0.03% and 0,95 (Table 11).

In control, there were 13 bands available while in

5.0 /88 and 1.0 /U8 treatment doses 11 and 10 bands appeared
respectively (Fig. 6).

Only one band remained constantly in the control as
well as in the treatment, which was band number 28 having Rm
value 0.77.

Three bands appeared as new were having RXm values
0.03, 0.43 and 0.65 which were present in both the treatments
but absent in control. While 5 new bands appeared in 1.0 /ug
treatment having Rm values 0.51, 0.45, 0.54, 0.81 and 0.92 and
2 bands with Rm value 0.34 and 0.70 appeared as new in 5.0 /8

dosge,
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Table 12. Relative mobility values of haemolymph proteins of
S. litura larvae at 72 hours after feeding DFB

Band Ho. Rm values Control Doses per larva
1.0 /u8 5.0 /28

1 0 .03 - + +
2 0.05 - - -
3 0.08 + - -
4 0.1 - - -
5 0.14 - - -
6 0.16 + - +
7 0.20 - - -
8 0.21 - - -
9 0.22 - - -
10 0.25 + - -
11 0.28 + - +
12 031 - + -
13 0.34 - - *
14 0.38 - - -
15 0.40 + - -
16 0.43 -~ + +
e 0.45 - + -
18 0.48 + + -
19 0.54 - + -
20 0.60 + - -

Contd....
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Contd., Table 12

Band No. Rm values Control 1.0 /18 5.0 A
21 0.63 - - -
22 0.65 - + *
23 0.67 - - -
24 0.68 + - -
25 0.70 - - +
26 0.72 + + -
27 0.74 - - -
28 0.77 + + +
29 0.81 - + -
30 0.83 + - +
31 0.85 - - -
32 0.87 + - -
33 0.90 - - -
34 0.92 - + -
35 0.95 + - +

Total number of bands 13 N 11 10
. .
+ Preasent

- Absent
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A large number of protein bands (six) disappeared

altogether from the haemolymph of the larvae fed with 1.0 /o8

or 5.0 /ug dose of DFB which were present in control, These
bands were with Rm values 0.08, 0.23, .40, 0.€0, 0.68 and
0;87. Two bands with 0.48 and 0.72 Rm values were although
present in control as well as in 1.0 /ug treatment but were
missing in 5.0 /08 dose. The protein bands with Rm values
0.16, 0.28, 0.8% and 0.95 were present in 5.0 /ug treatment

alongwith control but were ahsent in 1.0 /18 treatment.
2. Cuticular protein pattern :
(1) Twenty four hours after treatment

Actual mumber of protein bands invelved during the
whole operation after 24 hours of %treatment were 8 whose Rm

values fall between 0.02 and 0.87 (Table 13).

In the control all the 8 bands having Rm values 0.02,

0.04, 0.10, 0.13, 0.18, 0.77, 0.81 and 0.87 were present
(Fig. T7A) which were reduced to 6 at the dose level of 1.0
/ug/larVa (Fig. 7B). Two bands with Rm values of 0,18 and

0.77, which were present in the control, however, disappeared

in the treatment.

A similar trend of decrease in protein bhands was also
observed at the highest dose level of 5.0 /ugjlarva (Fig. 7C)
wherein the same two bands (Rm values 0.18 and 0.77) remained

abgent.

4 4



Table 13. Relative mobility values of cuticular proteinsof
3. litura larvae at 24 hours after feeding DEB

Dogses per larva
Band No. Rm values Control 1.0 798 2.0 /o8

1 0.02 + + +
2 0.04 + + +
> 0.08 - - -
4 0.10 + + +
5 0.13 + + +
6 0.18 + - -
7 0.65 - - -
8 0.73 - - -
9 0.77 + - -
10 0.81 + + +
11 0.87 + + +
Total mumber of bands 8 : 6 6
+ Present

- Abgent



Q.- -

€60 -

80

L0

8-0

5-0

¥.0

€-0 -

20—

i-0 -

—

«—— SIYZL— >

i1
Ol
6-
Ql

ESBIES

-
-01
- 6

- &

i

«— Siygh —— «— SIYy Hg —

vAdYl/ Bl e = (39
vA¥Yl / 611 | = Hag
TOY1INOD = 9av

940 HLIM 9NIQ334

H

4314V STVAYILNI JWIL LNIYI 4410 LV IVAYVYI VHNLI] S
40 SNI3108d dVINILAD 3IHL 40 SWVHOOHOH4OH1I313 IHL Z 94

= 4

| -
-




124

No new band appeared in any of the treatment doses

(Pig. 7).
(1i) Forty eight hours after treatment

At this period total number of protein bands
obtained were 7 whose Rm values fall between 0.04 and
0 .87 (Table 14).

The mumber of bands observed in control were 7
(Fig 7D) with Rm values 0.04, 0.10, 0.13, 0.18, 0.77, 0.81
and 0.87; which were reduced to 5 in both the treatment doses
viz, 1.0/ug and 5.0/ug/1arvae (F1g. TB & F).

Two protein bands having Rm values 048 and 0.77,
which were present in control, disappeared in both the

treatment doses.

NHo new band appeared in the cuticle of any of the

treatments.,
(iii) Seventy two hours after treatment

The mumber of protein bands involved at 72 hours
after treatment were 8. Whose Rm values fall bebween 0.04

and 0.87 (Table 15).

In control only 5 bands were present (Fig.7G) whose
Rm values were 0.04, 0.10, 0.13, 0.8% and 0.87. The mumber



Table 14, Relative mobility values of cuticular proteinsof
S. litura larvae at 48 hours after feeding DFB

Doses per larva

Band No. Rm values Control D 758 55 g

1 0.02 - - -

2 0.04 + + +

3 0.08 - - -

4 0.10 + + +

5 0.13 + + *

6 0.18 + - -

7 0.65 - - -

8 0.73 - - -

9 0.77 + - -

10 0 .81 + + +
11 0 .87 + + +
Total mumber of bands 7 5 5

+ Present

~ Absent



Table 15. Relative mobility wvalues of cutieular proteins of
S. litura larvae at 72 hours after feeding D¥B

Doses per larva
1.0 /ug 5.0 /ug

Band No. Rm values Control

1 0.02 - - -
> 0.04 + + +
3 0.08 - + +
4 0.10 + + ¥
5 0.13 + + +
6 0.18 - - -
7 0,65 - - +
8 0.73 - + +
9 0.77 - - -
10 0.81 + + +
11 0.87 + + +
Total nmumber of bands 5 7 8
+ Present

-~ Absent



increased to 7 in 1 /ug dose level., Which further increased

upto 8 in the highest dose 5.0 Ju8.

The 5 bands which were present in control were also
available in the cuticle of DFB fed larvae at both the .dose
levels (Pig. 4E & F).

Some bands which were altogether absent in control,
appeared in both the treatments. These were 2 in mumber having
their Rm values were - 0.08 and 0.73. One band having Rm

value . 0.65 was present only in 5.0 /ug dose/larva,

None of the band available in control was found to

be absent in any treatment.



B. EBuproctis virgincula

I. TOXICOLOGICAL INVESTIGATIONS :

The bloefficacy of DFB was evaluated by dermal

and oral toxicity.

(i) Dermal. toxicity (LD25/LD50)

The dermal toxicity had been determined by tvo

methods viz. dry-film and dipping method.

(a) Dry-film method

The fifth instar larvae of the test insect were
exposed to different doses of dry film treatments for
different periods viz, 12 and 24 hours. There was no
nortality to the larvae during the exposure periods. The
LD25 values calculated from the mortality data after 48
nours, were 35.28 and 21.88 mg/90 em? surface area for
12 and 24 hours exposure respectively. The regresaion
equations derived for LD25 were also used to determine the
LDSO values for these periods which were 116.20 and 95.10
mg/unit surface area for 12 and 24 hrs exposure periods
respectively. The slopes'of regression were 1.302 and
1.056 for these periods. The fiducial limits for LD25
and the chi-square values at P = 0.05 had been presented

in Table 16.
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The standard dogsage mortality curves for both
the exposure periods of DFB film treatment against B.
virgincula had been presented in Fig, 8.

The LD25 value at 24 hrs exposure was found to
be 1.61 times less than that of {12 hrs exposure. A similar
sequence was obtained in the case of LD50 values where the

ratio was 1.22 (Table 16).
(v) Dipping method

No mortality was obtained 24 hrs after the treatment.
The L025 and L050 valués obtained after 48 hrs of treatment
. were 430.13 and 2590.48 ppm respectively. The slope value
wag 0.856., It could be seen from the data in Table 18 that
the Chi-square at P = 0.05 was significant. The regression
equation and the fiduecial limits for LG50 had been presented
in Table 17. The standard dose mortality curve of DFB dipping

treatment against E. yirgineula had been depicted:in Pig. 9.
(ii) Oral toxicity.: (LDzs/LDSO)

The LD25 and LD5O values calculated for E.yirgincula

after feeding DFB treated food to 5th instar larvae were
0.95 and 16.82 /ug/larva. The slope value was 0.541 (Table
18) . The standard dose mortality curve had been given in
Pig. 10,

—
o
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It may be pointed out that this chenical, DFB, hadq

not yet been evaluated against E. virgincula, However, one

other species of hairy caterpillar, Amsacta noorei, was Selected

by Srivastava et al. (1984) for conducting bioassay tests
evaluating dermal toxicity of DFB through topical application;
they obtained median mortality at a dose of 0.25 /ug/larva.

The latter results were not comparable with those of the present
results since the methodology adopted for evaluating dermal
toxicity was different. Yet a common inference which could be
derived on the basis of the available observations was that DFB
acted ag a dermal poison against hairy caterpillar alsoe inspite

of their outer hairy coverings,

In dipping treatment the LCZS and LO5O values were
450.13 and 2590 48ppm respectively which indicated again the
contact action of DFB, Here again, there was no quick knock
down effect of DFB as not a single larva died in first 24 hrs

observation after the treatment,

When compared with S. litura, the LDSO as well as LD25

values were higher for B, virgincula which indicated that the

former insect was more susceptible to DIB,

Conclusively it could be said hat present findings
gave an indication of low cuticular absorption of DFB and as
such had a lesser degree of contact toxicity. ©This inference

confirmed with the contention of Retnakaran et al. (1985),
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1T, SYIPTROMATIC AND B-SHAVIOURAL ILVESLIGATIONS

L

1. Behavioural changes
(i) Sluggishness

The behavioural changes in the treated larvae after
feeding with DFB doses initiated with sluggishness., This
effect was observed from 48 hrs after the treatment. The
affected larvae either 4did not move from the place they were
kept in previous observation or they showed a lithargic or
very s8low movement. They did not give a positive response

to prickings with a needle.

This symptom was recorded in 12.73, 5.17 and 3.39
per cent larvae in 5.0, 1.0 and 0.5 Jug doses respectively.
However, sluggishness was not observed in the lowest dose of

0.1 /ugflarva as well as in the control (Table 19).
(i1) Cessation of locomotion

The sluggish effect reached its hight when the
affected larvae did not move at all from the place of their
stay. The larvae showing cessation of locomotion were 9.09
per cent in 5,0 fug/larva dose. The effect was almost similar
in 1.0 Xug dose where 8,62 per cent larvae ceased locomotion,
whereas in 0.5 Jue dose 1.63 per cent larvae showed this
symptom. However, in lowest dose (0.1 /ug) and in congrol

all the larvae had a normal movement (Table 19).



(1ii) Cessation of feeding

An ennanced effect of DFB feeding following the
8luggishness and éessation of locomotion was observed as
stopping of feeding. The larvae ceased feeding gradually
from 48 to 72 hours after consuming the treated food. The
affected larvae did not feed at all or just nibbled the
food even when they were put directly over the fresh leaves,
These behavioural chanses led %o a sort of total ceasing of
physiological activities within the larval body. The per-
centages of larvae showing cessation of feeding were 27.27,
12,06 and 6.78 in the treatment doses of 5.0, 1.0 and 0.5
/ugflarva. However, this symptom was not observed in any
of the larva in the lowest dose of 0.1 /ugflarva and in the

control as shown in Table 19.
(iv) Wetting

The wetting of larval body was observed in all
the treatments to a tune of 72.72, 46,56, 38.98 and 22,22
per cent cases in 5.0, 1.0, 0.5 and 0.1 /18 doses per larva
respectively (Table 19). In the larvae which extruded large
amcunt of body fluid their body hairs gzot detached; such
- larvae viere found completely bathed in their body fluid
when observed even at a shorit interval of & to 8 hours,

Such cases were imvariably found in higher doses.

Ay
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Table 19. Behavioural abnormalities in E. virgincula larvae
fed with different DFB doses -

Behavioural <oFr cent lnsects showing abnormal symptoms

parameters Doses 1n_[ug/larva
5.0 1.0 0.5 0.1 0.0
(Control)

1 .Sluggishness 12,73 5.17 3 .39 0.00 0.00
2 .Cessation of

locomotion 9.0 8.62 1.69 :0.00 Q.00
3 Cegsation of .

feeding 27.27 12.06 6.78 0 .00 0.00
4 JMetting 72.72 46.,55 38.98 22422 0.00
5 -OOZing 81.82 44‘082 30 .51 1&081 0,00

Number of larvae

expoged to 55 58 59 54 60
treatment




(v) Oozing

Differentiation between wetting and oozing was
difficult., However, the cagses with extruding ol body fluig
from different sources such as mouth, ams etc. had been
incorporated here. Data presented in Table 19 showed that
the cozing was recorded in 81.82, 44.82, 31.58 and 14.81
per cent larvae in treatment doses of 5.0, 1.0, 0.5 and

0.1 /ugflarva reapectively (Table 19).

When the affected larvae were constantly observed
under stereoscopic microscope, the body fluid was seen
oozing from mouth, ams and the intersegmental membranes
specifically on the lateral sides. In the larvae fed with

higher doses of DFB, the oozing was invariably heavy.

The colour of the oozed liquid from mouth wag
clear light or dark green in most of the cases or was pale
green in few larvae, vhile a clear green liguid was extruded
from ams alongwith fine suspended particles, In a

few treated larvae brown or dirty liquid came out.

The smear examination of the fluid obtained from
oral and anal regions of the body exhibited undigested food
particles. The blood cells were constantly seen in all the

smear preparations of different body regions.
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2+ Morphological deformities
(i) Shrinkage in larval body

It was observed that body of some of the DFB fed
larvae was shrinking when examined after every 24 hours,
This effect was seen 2 4o 3 days after consuuing the treated
food by test larvae. Such shrinkage was different from the
normal contraction of the body which occurs when the larva
tends to undergo pupation., Here, the larval characters were
retained but the body lgngth was reduced vo an extent of
1/5th of the normal one. Such larvae did not feed or gradually
reduced feeding and became lithargic; they lost their natural
body colour and the texture. Percentages of such cases were
524,753, 22.41 and 16.95 in the doses of 5.0, 1.0 and 0.5 /ug/
larvae respectively. This effect was found least (5.55 per cent)

in the lowest dose of 0.4 /ug and absent in the untreated larvae.

(ii) Discolouration and secar formation

Change in body colouration tending towards darkening
or with dark spots was observed in quite a large population of
the treated larvae as shown in Table 20a. With 5.0 /U8 and
1f0r/ug doses .91 and 56,90 per cent cases were seen. DThis
effect was observed reduced to an extent of 28.81 and further to

3470 per cent individuals fed with 0.5 and 0.4 /98 DFB per



Table 20a. Early morphological symptoms cbserved in
E. virgincula larvae fed with DFB doses

Per cent insects showi

abnormal symptoms
Abnormal Doges in /ugﬁlarva
symptoms =~
240 1.0 0.5 ©.1 {(Control)
1 .Shrinkage
of 'body- 32.73 22041 16095 5.55 0O 00
2 .(a)Discolou-
ration 61 82 56090 28 .81 3 .70 0.00
(b)Secar
formation 1+82 0.00 0.00 0.00 0.00
5 JRupturing of
cuticle 25,45 10.34 8.47 3.70 0 .00
4 .Rectal
prolapse 3,64 172 1.69 0,00 0.00
Humber of larvae
released 55 58 59 54 60
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larva respectively, UNo colour change was observed in any

larvae in the control.

The scar formation was recorded only in 5.0 /u8

dose; 1.82 per cent larvae showing this symotom,
(iii) Cuticular rupture

The rupture of cuticle in the treated larvae was
found with variable degrees and loci. The symptom was seen
48 to 72 hours after the treatment. The rupluring process
contimied at different locations in the hody of affected
larvae followed by oozing of body fluid until the larvae
were dead. Generally, the splittinz was observed at the

intersegmental regions.

Maximum percentage of larvae showing this symptom
were in 5.0 /ug trég?ment (25.45), which was reduced to a
tune of 3.70 per cent cases in the lowest dose level (0.1
/ugjlarva), whereas, this symptom was recorded in 10.34 and
8 .47 per cent larvae fed with 1.0 and 0.5 JuE doses respecti-
vely. However, in control (untreated larvae) such cuticular

ruptures were not seen.
(iv) Rectal prolapce

In some of the DIB fed larvae a baloon like structure
protruding from the ams, was seen. These rectal bulgings

were membranocus and filled with clear green or yellowish fluid.



These bulgings were found darker wvhen examined 24 hours

after their appearance, in most of the cases and finally
bursted leading to leakage of body fluid. The larvae
depicting this symptom did not survive for more than 3 days.
Their percentage was maximum (%.64) in the highest dose of
5.0/ug/1arva, while in subsequent doges per cent occurance
was 1,72 and 1.69 in 1.0 A and 0.5 Rk respectively. Rectal

prolapse was not seen in the lowest dose (0.1 /ug) and the

control (Table 20a).
(vi) Frayed condition of cuticle

It was seen just before the onset of the moulting

process. 1n such cases showing frayed condition of cuticle,

the rupturing was not ilnitiated but the cuticle got renoved

as very small bits from the scattered areas of the body wall.
This symptom was seen in all the treatment doses except the
“lowest one (0.1 /ugflarva), upto an extent of 10.91, 5.17 and
3.30 per cent cases in 5.0, 1.0 and 0.5 P DFB/larva respectively,In
unireated larvae the frayed condition of larval skin was not

found (Table 20b).

(vi) Mosaic condition of cuticle
In prepupal stage some of the individuals showed
dark brown and well sclerotised pupal skin in patches, seen

below the larval skin. This symptom was predoninant in the
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treated animals. Such cases were maximum as 45.45 and 44,83
per cent in the higher doses viz. 5.0 and 1.0 /ugflarva.
While in the lower doses i.e. 0.5 and 0.1 /ugflarva their
existence were recorded as 20.34 and 18,52 per cent, No

individual from the untreated lot exhibited the mosaic

pattern of cuticle (Table 20a).
(vii) Incomplete shedding of exuviae

As the moulting started, it was seen that in some
individuals shedding of the exuviae was incomplete. The
ecdysis at head capsule region was seen in 9.09, 5.17, 6.78
and 1.85 per cent pre-pupae in 5.0, 1.0, 0.5 and 0.1 /ug/larva
doses respectively; while at thoracic region only, it was seen
in 3.64, 3.45, 3.39 and 0.00 per cent cases in the correspond-
. ing doses., Among these some of the prepupae (1.82 per cent in
540 /8 doge) shedded exuviae in whele of the thoracic region;
others ecdysed in part of this region. Similarly, there were
cases with ecdysis performed only at abdominal region. Such-
symptoms appeared in 14.54, 6.90 and 5.08 per cent individuals
in the treatment doses viz. 5.0, 1.0 and 0.5 /ug/larva

respectively.
(viii) Rupturing of old euticle

This symptom also appeared at pre-pupal stage where
the ecdysis was initiated only. This condition was seen in

7.27 and 1,72 per cent individuals in 5.0 and 1.0 /ug doses;



no such case was observed in subsegquent lower doses and in

control (Table 20b).
(ix) Presence of pupal cuticle in parts

The pupal cuticle developed only in the ventral part
of the thorax in some of the DFB fed larvae; remaining skin
was larval. This pupal cuticle was clearly vigible below the
old larval skin and was sclerotised in some and non selerotised
in other cases. The individuals with these symptoms were 21.81,
31,03, 11.86 and 5.56 per cent in the treatment doses of 5.0,
1.0, 0.5 and 0.1 /ug/larva respectively. INone of the untreated
larva could be seen showing this symptom (Table 20b).

3. Formatioh of abnormal stages

(1) Larval-Pupal Intermediates

In all the treatments DFB fed larvae exhibited different
types of larval-pupal intermediates (LPI) as shoﬁn in.Table 21.
The LPI developed in 5.0 /18 dose were 34.55 per cent of the
treated larvae (Table 22). Of these 12.735 per cent remained
trapped in larval skin; another 9.09 per cent had their anterior
portign completely larval and the posterior portion developed
intb pupa. Individuals with dorasl pupal thoracic hump, those
with larval head and 2 pairs of thoracic legs, the LPIs with
larval head only and anteriorly bent (deformed) LPI were also
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observed in this dose. ‘PTheip percentages were 5.64, 1.82,

5.45 and 1.82 respectively (Table 21).

Similarly, in 1.0 /i dose 45.10 per cent LPI were
formed (Table 22); among them 8.62 per cent were trapped in
larval skin, 13.79 per cent were having their posterior part
only developed into pupa,’ .45 per cent developed pupal humyp,
5+17 per cent were having larval head with 2 thoracic legs
and an equal mumber had only larval head while 6.89 per cent
individuals were deformed LPI with twisteqd curved or anteriorly

bent in shape as shown in Table 21.

In 0.5 Ju8 dose the IPI formed were 44.07 per cent
(Table 22); among these, LPI trapped in larval skin were 6.78
per cent, those with posterior vupal region were 13.56 per
cent, humped LPI and those with larval head and 2 vairs of
thoracic legs were 5.08 per cent each,while IPI with only
larval head retained were 6.78 per cent. Some of the LPI
were deformed with twisted or bent in shape (3.39 per cent

each) as shown in Table 21.

In the lowest dose of 0.1 /ug/larva LPI +trapped in
larval skin were 7.41 per cent whereas those with posterior
ﬁarf developed into pupal were 414.84 per cent. LPI showing
hump, IPI with larval head and 2 pairs of thoracic legs and
those with larval head retained were 5.70, .26 and 7,41 per

cent respectively. Deformed IPI were 1.85 per cent.
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Such intermediate stages were not obtained among

the untreated larvae.
(ii) Pupal deformities

Hone of the larva fed with 5.0 /ug dose transformed
into normal pupa. The deformed pupae developed were only
2.64 per cent; of which 1.82 per cent had one their wing pads

short; remaining 1.82 per cent had their skin partly sclerotised

in ventral abdominal region,

In 1.0 /o8 dose level 10.34 per cent individuals
developed into normal looking pupae (Table ‘21, 22); while

rest of the pupae formed were abnormal (8.62 per cent); of
these 3.45 per cent had short wing pads and 1.72 per cent each

were curved, bent or having only abdominal sirin sclerotised
(Table 21).

In 0.5 /ug dose abnormal pupae were 8,47 per cent
(Pable 22); among these 5.08 per cent had short wing pads.
Whereas abnormal pupae having ventral skin only asclerotised

or bent in shape were found 1.69 per cent each.

Deformed pupae developed in 0.1 Jug vere T.41 per
cent of the treated larvae, among these .70 per cent hagd
short wing pads; the curved pupae or those had only ventral skin
sclerotised were 1.85 per cent each as given in Table 21). No

deformity was observed in the pupae developed in control.



1Y

1

(Toxsuocy)
L9 96 00" 0 JA: M 1 19*L ¢¢*86 00°0 0o L9t 000 L9*1 09 0*0
92’6 96" 2t 26’ 8l bebL g€ec L WY eyl s8'c 926 s 1*0
be* € Ly 8 9 8l Loy $9°8l  L¥*s Lo*¥y 0e*0e Lv'8  ¢0°2C 65 G0
00°0 15 A4 16* sl 68'9 P¢°0L  9°8 oL*echk ce'le tetOb  66° L2 84 0°1
00* 0 0C* 0 ¥9° ¢ - 00* 0 9 ¢ as*ve 28° 19 19°¢2 8lL° 8¢ G4 04

e10 TBWTOU
Tewzoy TewIouqy Corol  Suowy TeWIoy TEWIOUAY Tes0y Tedndeag TeAxey PejBaI] /
£4098UT 9BATET/IN
IdT JO squouWLBAIJ
oousFIomo ATnpy L3rTeiaom Tedng uottedng LaTTRYIOR T3 quImy]

SBAIRT PoJ g0 UT BINOUTSITA *

% JO £3ITegTowm SATABTWIMD pue sTsoydIomesew wo 308IX * 22 STdBl



(iii) Pupal-Adult Intermediate, abnormal and noymal

adult emergence

In the highest treatment dose no adult was emerged.
However, in the subsequent doge of 1.0 /ug/larva 5.45 per cent
abnormal adults were developed but no normal adult was obtainegd.
These remained trapped in pupal shell. In 0.5 /U8 dose the
percentages of abnormal and normal adults were 8.47 and 3.39
respectively. In lowest dose of 0.1 /ug/larva their percentages
were 12.96 and 9.2 respectively. In control there was no

abnormality observed in adults (Table 22).
4. Cumulative mortality a% larval, pupal and adult stage

The mortality was observed usually 2-3 days after
consuming the DFB treated food by the larvae. But most of
the larval mortality was found during moulting irrespective

of the developmentastage.

The cumulative mortality data for each treatment
dose had been summarised in Table 22. It was ranging from
9.26 o 38,18 per cent in larval stage and 5.55 to 2364 per
cent in pre-pupal stage. MNost of the IPI formed did not survive
for a longer period. ™They died within 2-5 days. Some of them
contimed to survive for 4-7 days in moribund stage, hence were
considered as dead. Similarly abnormal pupae did not result

into adult and hence were treated as dead. These were 3,64,
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8.62, 8.47 and 7.41 per cent in 5.0, 1.0, 0.5 and 0.1 /o8
doses respectively. 4Among the normal pupae also, those from
which no adult was emerged, were counted as dead. These were
6.89, 10.17 and 11.11 per cent in 1.0, 0.5 and 0.1 /ug doses
respectively. In control, however, 1.67 per cent larval
mortality and an equal percentage of pupal wortality was

recorded.

5. Longevity and fecundity of adults; viability and hatchability
of eggs

The adults emerged from the larvae fed with 1.0, 0.5
and 0.1 /U8 DFB doses lived for 5 to 6 days bnly. Since the
adults emerged in 1.0 /U8 doge were trapped in pupal skin
they could not mate; and the normal looking adults in 0.5
/U8 dose also did not mate and lay eggs. However, the single
female emerged among the adults in 0.1 Jug mated with the

male emerged in the same dose but there was no egg laying.
11X, FIELD EVALUATION OF DFB AND ITS PERSISTENCE

Leaves treated with different concentrations of DFB
in the field were brought to laboratory at different time
intervals viz. 0, 1, 5 and 10 days after the treatment and
fed to E. virgincula larvae. In this experiment two criteria
were undertaken i.,e. the larval mortality and the cumulative

nunber of individwnals which could not reach pupation.

F -‘_‘
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1. Larval mortality

There was no "immediate knock down of the treated
larvae in 24 hours of the experimentation; neither any larva
was found in moribund state. Hence these larvae after being
fed treated food for 24 hours, were kept under observation ko
determine pupal inhibition which was considered for interpre-

tation and deriving the inferences.

2. Pupal inhibition

The cumulative mortality data obtained in different
concentrations at different time intervals were used for calculate
ing pupal inhibition. The results had been presented in Table
23, which revealed that all the DFB concentrations used were
proved significantly superior over control at all the time intervals

.. 0, 1, 5 and 10 days.

The pupal inhibition obtained in the larvae fed with
the treated leaves plucked immediately after DFB spray (iw.e. O
day) was 100 per cent in the higher concentrations viz. 0.2 and
0.1 per cent. Minimum inhibition was 65.05 per cent observed in

the lowest concentration of 0.01 per cent.

After 1 day of treatment, the field sprayed leaves
resulted pupal inhibition ranging from 63.63 to 93.5| per cent.,

The highest concentration was significantly superior to all the
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subsequent concentravions except 0.1 per cent %o which it
did not show any statistical difference. In its turn 0.1
per cent concentration was at par with the next lower concent-

rationg i.e. 0.05 ard 0.02 per cent.

Similarly,0.2 and 0.1 per cent concentrations in 5 days
interval were alire statistically. 4lso 0.1 per cent concentra-
vion was equal to its next lower concentration., ilaximum pupal
inhibition was as high as 90.40 per cent attained in the highest
concentration and the minimum of 55 per cent was obtained in the

lowest concentration (0.01 ver cent).

Ten days after the treatment, the pupal inhibition was
decreased %o an extent of 26.47 per cent in the lowest concentra-
tion of 0.01 per cent; it was very high i.e., 75.86 per cent in
0+2 per cent concentration, This treatment vas found statisti-

cally at par with 0.1 per cent concentration (Table 23).
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DISCUSSION

Although the use of chitin inhibitors for pest
control was initiated for the first time by Vaan Daalen
et al. (1972) and subsequently supplemented by a host of
workers (Busschbach, 1975; Bijloo, 1975; Retrakaran, 1978;
Wéstigard, 1979; Rabindra and Balasubramanian, 1984 and
Retnakaran et al., 1985), yet a comparative evaluation of

this upcoming pesticide alongwith its economic aspects had
not been studied so far.

In view of this an assessment of the effectiveness
of the chitin inhibitor (DFB), as a pesticide, was warranted
“on the basis of the information already known and the new

data generated during the present investigation,

Congequently the results obtained during the
present studies had been discussed in order to draw the
inferences thereof. The discussion had been oriented for
both the pests viz. S. litura and BE. yirgineuls, separately;
comparative evaluation evolved during the process of drawing
the inferences had also been incorporated wherever found

necessary.
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A. Spodoptera litura Pab.

I. TOXICOLOGICAL INVESTIGATIONS

(1) Dermal toxicity of DFB

The LD25 values obtained after 12 and 24 hrs
exposure through dry-film method were 23,21 and 10.03
mg/unit surface area respectively. Curiously enough the
median lethal dosages (LDSO)’ derived for the same exposure
periods i.e. 12 and 24 hrs, were found %o be fairly high
than the former values; the values being 143.60 and 91.28
mg/unit surface area respectively. These results indicated
firstly that DFB was having contact action against S, litura
and secondly that sufficiently high amount of the chemical
was required to achieve fifty per cent kill of the +test
population within the limits of exposure periods of 12 and
24 hrs.

Yet another inference derived was, that large
amount of DB was required for the desired kill in shorter
periods. The ratio obtained between the treaiment periods
(12 vs 24 hrs) for LD, and LDgy were 2.31:1 and 1.63:1
respectively (Table 2). This showed that for achieving
25 per cent kill or 50 per cent kill of the test insects

larger amount of DFB was required in 412 hrs exposure while
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for the same quantum of the kill (i.e. 25% and 50%) in 24

hrs exposure lesser amount of DFB was necessary.

A very important and noteworthy cbservation
which needed to be discussed, was, that the initiation
of the mortality started only after 48 hrs of the exposure
period. This e¢learly indicated that the chemical had a

slow contact action.

Summarising the inferences drawn on the basis of
the discussion made on the data generated on dermal toxicity
it could be inferred that :

1. DFB was a slow contact poison apparently much slower
in action than the other contact insecticides
currently in vogue.

2, That larger quantity of DFB was required for a
desired kill in a stipulated time.

The above inferences found support in the earlier
contribution of Moore and Taft (1975) who did not find any
mortality using a dose of 10 mg/unit surface area. Das et
al. (1984) recorded 30.7 per cent mortality in potato weevil
when treated with 0.2 per cent dry film of DF8. The contri-
bution of 4Abo Elgharf%%é%%s on S. litura, although strikes
a parallelism with the present investigation, yet had a
little relevance with the present finding due to differences

in methodology. They broadcasted DFB gramles as soll surface
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treatment in pots and irrigated., They found that the
value of LR25 (lethal rate for 25 per cent kill of test
larvae) came out to be 3 kg ai/feddan after 4 days of
exposure. When this quantity was converted into mg/unit
surface area it worked out to be 6.5 mg for 91 cm? surface
area. This value apparently was too low in comparison to
the LD25 value obtained during the present investigation.
This anamoly may be explained that they have exposed the

test animals for a longer duration i.e. 4 days.

The L025 ang L050 values obtained by dipping method
(85.33 and 629.80 ppm respectively) further confirmed the

previous results by dry-£ilm method. For LC.. the amount

50
of DFB required was much more than was required for L025.
Barly contributions of Moore and Tuft (1975), Fytizas (1976)
and Earle e al. (1978) on different insects reported a

little or no mortality by DFB through dipping method.

2., ©Oral toxicity

The data on oral toxicity, for LD25 ang LDBO
revealed three important aspects which needed a careful
analysis. The first and foremost aspect was the long
fange of variation in LD50 values obtained by varioﬁs
workers. El Sayed (1978) recorded the median mortality

at 96 hrs through contimious feeding of treated food at
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a dose of 7.6 ppm. Radwan et al. (1978) found that the
median lethal dose was 0.11 ,ug/larva at 48 hrg and 0.007
Xug/larva at 96 hrs. Saad et al. (1981) used two resistant
strains (Alexandria and Menifia) of this pest in their
experiments with DFB. They found that 50 per cent kill of
the population was attained at 1400 and 1600 ppm concentra-

tiong for both the strains respectively.

A serutiny of these data showed that a little
relationship existed between one another due to sharp varia-
tions. TFurther they did not have any comparative significance
also with the results obtained during the present investigation,
The probable explanation for such variations was the use of
different methodologles by different workera. In some of the
‘cases the poison was poured in the buccal cavity of the test
insect in a single shot. Evidently this got quickly absorbed
in the digestive system resulting in higher mortality with
legser guantity of the chemical, Whereas in the present
investigation the poison administered was through the leaves
poured with known quantity of DFB. The latter technigue was
adopted since the ultimate aim of this investigation was to
assess the efficacy of DFB in the fields. Consequently, it
could be safely inferred that the value of LD5O, obtained
during the present investigation, was of practical utility

and significance.



The other aspect that needed a consideration was
the delayed mortality caused by the use of DIB in the test
animals., Delay in mortality had already been recorded by a
nwiber of workers viz. Mulder and Gijswijt (1973), Ascher and
Nemny (1976p), Radwan et al. (1978), El Sayeed (1978),
Reed and Bass (1980), Subramanyam et al. (1980) and Rabindra
and Balagubramanian (1981). In all these cases the initiation
of mortality started from 24 to 96 hrs. Such a wide range
of variation evidently needed a further probe to monitor the
use of DFB as an insecticide. In the present investigation
no mortality, whatsoever, was observeqd upto 24 hrs of consum-
ing the DFB treated food by the larva. Evidently this indicated

that DFB was a slow stomach poison.

Yet another aspect was the method of death observed
in the larvae after consuming treated food with DFB, There
were reports of deaths through inhibition of nmoulting, pre-
ponderance of umsual stages, rupturing of cuticle and so on.,
This aspect had already been taken care of under appropriate

heading in %this very mamiseript.

II. SYMPTOMATIC AND BEHAVIOURAL INVESTIGATIONS

The DFB fed larvae exhibited several abnormal
symptoms (Chart I; page$9). These were catagorised as
behavioural changes and morphological deformities.
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1. Behavioural changes

The initial poison symptoms developed were sluggish-
ness, cessation of locomotion and cessation of feeding in
S. litura larvae after feeding DFB ftreated food. These
symptoms appeared in 5.0, 1.0 and 0.5 /ug DFE dosed larvae.
Their intensity decreased with the decrease in dose, indiecat-
ing a dose dependency. These symptoms had alsoc been repoted
by Mulder and Gijswijt (1973) in Colarado potato beeule,
Buschwein and Granett (1977) in eastern spruce bud worm,
Sahota and Shepherd (1975) in Western hemlock looper, Reed
and Bass (1980) in Soybean looper,Rupes gt al{1977) in housefly
larvae and Subramanyam et al. (1980) in A. janata larvae.

The sluggishness, cessation of locomotion and cessation
of feeding, all these factors are related to muscular traction
(Wigglesworth, 1965 and Chapman, 1969). It appeared that DFB
was having direct effect on the muscular system of the test

animals, thus revealing these abnormal behavioural symptoms.

Wetting and oozing were closely associated to each
other. Both the symptoms wsre found in all the treatments.
Wetting was recorded in 68.42, 45.76, 36.87 and 20,00 per cent
of treated insects with 5.0, 1.0, 0.5 and 0.1 /ugflarva doses

respectively. Vhereas oozing was observed in 80.7, 49.15,

35,08 and 15.00 per cent cases respectively in the correspond-

ing treatment doses.
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These symptoms were noticed by lulder and Gijswijt
(1973) in P. bragsicae larvae, Sahota and Shepherd (1975) in
western hemlock looper, Bushwein and Granett (1977) in Eastern
spruce budworm after consuming DFB treated food. They observed
that these symptoms were associated with rupture of the cuticle.
While Salama et al. (1976) and Reed and Bass (1980) described
that bursting of rectal prolapse caused haemolymph leakage.
During the present investigation also, oozing of body fluid
was observed from the amas, mouth and from intersegmental membra-
nes. Possible reason for oozing from mouth might be due to
regurgzitation by the insect in the state of unwillingness.
Qozing through intersegmental membrane could be attributed to
brealages of the membranes as a resultv of increased intrinsic

pressure of the body preparing itself for ecdysis.

2+ Morphological deformities

Shrinkage of the larval body had invariably been
observed in all the treatment doses which was followed by
cessation of feeding. In higher dose, 5.0 /g DFB/larva,
as many as 55 per cent larvae exhibited these symptoms but
in lower doses appearance of these symptoms vere reduced.
Suﬁdarmurthy (1977) also observed that DFB fed larvae became
short and did not complete their moulting. They also found

the symptoms of cessation of feeding and reduction in weight
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in the larvae. Neal (1974) went a step further; he reported
reduction in size of the adults developed from DFB treated

larvae.

In all, probability of the shrinkage of larval body
was due to the loss of liquid content which cozed o wt of the
body. Wigglesworth (196%) added a few more parameters; he was
of the opinion that cessation of feeding restricted the growth
resulting in loss of locomotion and an overall shrinkage of

body length.

Discolouration of larval cuticle was also observed in
& . muber of cases in higher doses which was reduced with the
decrease in the dose. OSuch a symptom was also observed by
Mulder and Gijswijt (1973), Deul et al. (1978) and Neal {1974).
It appeared that DFB treatment decreased the activity of carbo-
hydrate degrading enzymes which reduced the amount of carbohydrates
avalilable for chitin synthesis. This suggestion was supported/?ghaaya
& Ascher (1977) who estimated the trehlase, amylase and invertase
activity in DFB treated insects., Further an increased phenyl-
oxidase activity in DFB treated animals was observed by Ishaaya
aﬁd Cagida (1974) . This enzyme was responsible for the darkening
andlhardening of the cuticle. Yu and Terriere (1975, 1977) tried
- to explain this factor on the basis of ecdysone and chitinage
activity which was refuted by O'Neill et al., 1977.
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In DFB treated 3. litura larvae, rupturing of the
cuticle followed by ocozing and wet%ing was imvariably seen in
all the treatment doses. These symptoms were also observed in
P. bragsicae (Mulder and Gijswijt, 1973): Soybean looper {Reed
and Bass, 1980) and western hemlock looper (Sahota and Shepherd,
1975) .

The expression of these symptoms may be explained by
the fact that larvae when treated with DFB shortly after ecdysis
ceased to strengthen their endocuticle as it is a known chitin
inhibitor. Simultaneously the larval bedy grows for the next
moult, a stage will arive when the cuticle will no longer resist
the intrinsic haemolymph pressure or the muscular pressure of
the body or both, leading to the rupture of the cuticle, followed
by leakage of the body fluid due to the intrinsic pressure of
the blood (Chapman, 1969 and Wigglesworth, 1965).

About 5.26 and 1.63 per cent of the larvae in treatment
 doses of 5.0 and 1.0 /ug respectively, had haemolymph leakage from
anus., Subramanyam et al. (1980) also reco“deq/per cent larvae

. Janata with this symptom in 1 ppm treatment. Reed and
Bass (1980) too, reported 2.5 per cent larvae showing rectal

p apillae, In such individuals pieces of membranes were often



Seen protruding from the amis. In these instances probably the
hind gut was broken due to the effect of DFB. This might have
allowed the haemolymph to enter the hind gut which ultimately
escaped through the amis. In a few cases the membrane was complete
in the form of a sac filled with yellowish fluid, Suech symptomg

of anal papillae had also been reported in DFB & IGR treateqd
animals by Salama gt al. (1976) and Tsutomu et al, (1976). Reed

and Bass (1980) termed +thig symptom as hindgut everted at amis in
his investigations, indicating protruding of sac like gtructure
through the anus, as was observed in present findings., Negishi

et ak. (1976) observed similar rectal prolapse in S. litura treated

with sub-optimal doses of JH analogues indicating juvenomimetic
effect of DFB,

Frayed and mosaic condition of cuticle was observed in the
larvae and prepupae in all the treatment doses ranging from 0.1
to 5.0 /ugjlarva. Such symptoms had also been reported in gypsy
nmoth {Granett and Dunbar, 1975), in S. littoralis (Sundarmurthy,
1977) and in A, janata (Rabindra and Balagubramanian, 1981),

Both, in the larvae ana prepupae, the patches of o0ld cuticle
were casted off and at these places well sclerotised pupal skin
was observed thus giving mosaic appearance in the integument
texture. This was most likely due %o inhibition of the moulting
of the larvae on one hand and the irregular deposition of the ney
cuticle on the other hand, as DFB inhibits ecdysone metabolism

(Yu and Terriere, 1977).



The incomplete shedding of cuticle in DFB fed
animals may be explained on the basis of histopathological
studies. The newly formed cuticle in the treated animal
consisted only of epicuticle and exocuticular tissues, which
were not properly attached to epidermis through endocuticle.
However, the newly formed cuticle was very delicate and as such
could not have resisted the muscular traction and the increased

turger pressure during moulting.

There was inconsistency in shedding of the cuticle.
Such inconsistency were also obgerved by a mumber of workers
in different insects (Mulder and Gijswijt, 1973, P. brassicae;
Sundarmarthy, 1977, S. littoralis; Subramanyam et al., 1980 and
Rabindra and Balasubramanian, 1981, A. janata). However, at
this stage nothing conclusive could be said about %this phenomenon

and consequently more data on this aspect was warranted.

5. Formation of abnormal stages

All the treatments resulted in the formation of
larval-pupal-intermediates, thus mimicing the affect of juvenile
hormone (JH) and their analogues. It is an established fact
that insect metamorphosis is influenced by varying titres of
morphogenetic hormones viz, ecdysone and JHE, Under the influence

of a falling titre of JH the ecdysons promotes metamorphosis i.e.



larva to pupa and pupa to adult. Hence the left over

exogenous dose of DFB probably acted as a JH mimic and at

the last larval instar caused the development of ILi:
(Subramanium et al., 1980)., The retention of larval cuticle
and larval features in pupating S. litura after DFB treatment
suggested that besides interfering with the synthesis of chitin,
the hormonal titre of the body was also influenced by it.

The influence of the chemical was evident both on the
pupae and the emergence of adults. The per cent normal pupa-
tion and the adult emergence alsc decreased with the increase in
the doses. No adults emerged in 1.0 /98 and nigher dose, while
those emerged in lower dose were mostly abnormal, Sundarmurthy
(1977) reported less than 10 per cent adult emergence sven in
the highest dose 0.01 per cent DFB, He also observed that the
adults emerged in 0.04 per cent and lower dose were non-functional

with deformities. DPresent findings were in agreement with these

results.

The incomplete moulting, and mosaic pattern of
deformities observed in the present study might be due to the
blockage of deposition of chitin in the endocuticle as had been
reported in Pieris brassicae (Post and Vincent, 1973 and
Gijswijt et al., 1979) and in housefly larvae (Ishaaya ana
Casida, 1974). However, it was possible that the diflubenzuron

molecules anight have interacted with neuro-endocrine systems
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affecting the biosynthesis of gteroids which were responsibvle
for producing larval-pupal intermediates. It had also been
shown that the disturbances in the metabolism of steroids
reflected on the metamorvhosis of larvae by way of affecting
the growth and development as some of the steroids appeared
%o be likely precursors of ecdysone (Svoboda et al., 1975).

II1. FIELD EVALUATION OF DFB AND ITS PERSISTENCE

The field testing of DFB had been investigated by a
number of workers against a variety of insect pests viz,
Pieris brassicae (Post and Vincent, 1973), Zebra caterpillar
(Tamaki and Turner, 1974), pest faunal complex of cotton
(Rizk and Radwan, 1975), S. littoralis (&bo-Elghar et al.,

19773 Sundarmurthy, 1977 Natesan and Balasubramanian, 1979
and Watson et al. , 1981) and A, alibigtrigza (Rabindra and
Balasubramanian, 1984). In all the experiments Dinmilin had
been found %o be quite effective against chewing type of

insects as stomach poison.,

In the present field trials the treatment concentra-
tions of 0.2, 0.1, 0.05, 0,02 and 0,01 per cent were tested
and residual toxicity of Dimilin was investigated against
S. litura by feeding method. The results revealed that 0.2,

0.1, 005 and 0.02 per cent concentrations were effective

upto 10 days, giving more than 50 per cent pupal inhibition.



These field findings, reported here, for Dimilin
strongly suggest excellent prospect for its practical use
against S. lifura in cabbage crop. All the treatment dosages
were significantly superior than the control to the extended
period of 10 days. The present findingstiéfeed with those
of Watson gt al. (1981) and 4Abo Alghar/{1977) against S. littoralis,

They reported that this antimoulting compound Dimilin revealed

potentiality as a condidate material in 3. litioralis management

programme and may also be effective to an extended period of 2
to 4 weeks in cotton crop. Unlike the JH analogues and their
mimics the chitin inhibitor "Dimilin" had a long residual
toxicity and acted as a long persistant insecticide which was

confirmed by the pupal inhibition recorded in the present fiela
trial.

- IV, HISTOPATHOLOGICAL INVESTIGATIONS

The histopathological changes in the cuticle had earlier
been investigated by a mumber of workers using the chitin inhibi-
tors 1like diflubenzuron (Mulder and Gijwijt, 1973; Hunter and
Vincent, 1974; Salama et al.,1976; Ker, 1977; Duel et 2l.,1978;
Grosseurt, 1978; Mitsui et al., 1980 and Saxena and Kumar, 1981),
Difluron {Saxena and Kumar, 1981), Polyosin-D (Gijewijt et al.,
1979). PH 60-38 (Mulder and Gijswilt, 1973), penfluron {Saxena
and Kumar, 1981) and Du 19.111 (Post et al., 1974).
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The results of present work clearly indicated that the
DFB treatment on the fifth instar larva of S. litura caused an
obliteration of the connection between the epidermal cells and
tThe cuticular layer and dissolution of endocuticular tiésue which
vas replaced by scattered globular particles., Similar results
were obtained by Gijswijt et alu(1979) and Salama et al. (1976).
Contrary to our findings Hunter and Vincent (1974), Ker (1977)
and Grasscurt (1978) observedthat thickness of the cuticle contimed
to increase even after DFB treatment. They maintained that
protein synthesis was not affected by diflubenzuron. It appeared
that the thickness measured by Mulder and Gijswizt (1973) was
related to the undamaged layers only reflecting protein deposition
in the form of globules.,

In the present imvestigation the endocuticle was obliterated
by DFE trea-tment, Thus creating a space in bebween the epicuticle
and epidermal layers (Plate 3; Fig. 4). These findings get support
from the observation of Salama et al, (1976).

In the insect cuticle the chitin forms a structural
frame work around which the protein molecules arrange themselves
(Wigglesworth, 1965 and Chapman, 1969), In this test insect, it
was coneluded that”DFB inhibited the chitin synthesis. The
plausibility of this suggestion was supported bythe observation
that the endocutiele was completely obliterated. Further, it was
presumed that the mesocuticle contimued to grow during DFB



treatment and the synthesis of chitin was arrested. This
obliteration could only be due to protein synthesis. Such

a suggestion was supported by the findings of Gijswijt et al.
(1979) in which the incorporation of radioc active Torm of
glucose into various fractions examined, depteted the chitin
fraction of the cuticle reduced by the treatment of polyoxin D

while the other fractions did not show such a2 reduction.

V. BIOCHEMICAL INVESTIGATIONS

Simce Dimilin is a chitin inhibitor, it was found
desirable to assess its impact on the protein make-up of the
haemolymph and its correlation with the building up of protein
pattern in the cuticle, Results obtained on the haemolymph
proteins by administering different doses of Dimilin to the
test ilnsects revealed changes having biochemical significance.
~In this connection two observations pertaining %o haemolymph

protein patitern needed to be discussed.

In the control, the haemolymph protein pattern
obtained from the mature larva in 5 successive stages(i.e.
after 24 hrs, 48 hrs and 72 hrs)shewed 10, 15 and 13 bands.

This evidently showed that biochemical changes wvere contimiing
within the metabolic pool of the test insect even in a normal
way. Gomparing this very trend with the protein make~-up
obtained after administering 1.0 /ug and 5.0 /ug doses of
Dimilin, a difflerent picture was met_with. A dose of 1.0



/ug Dimilin initiated a little change in the metabolic
activity. The protein bands appeared after 24 hrs were 12

i.e. 2 more hands were found as compared to the control., Later
on, i.e. after 48 and 72 hrs there was a fall in the protein
bands at 1.0 /ug dose where only 11 bands were left., In 5.0
/ug dose level radical changes appeared at 24 hr stage in the
protein bands which were reduced to 7 only as compared to 10 in
the control. Interestingly enough in the 48 and 72 hr stage
Some new bands appeared and consequently their mimber rose to

9 and 10 respectively. Thus it could be very easily inferred
that the introduction of Dimilin in the body of the test insect
resulted in creating high metabolic activity. There were new
protein bands that appeared, some already known protein bands
disappeared resulting thereby formation of new linkages, bands
8te. - indicative of internal changes reflecting the mode of

action of Dimilin in the protein make-up of the test insect.

The problem was further carried to the level of protein
make-up in the euticular composition of the same stages of +he

test insect for which haemolymph proteins were scanned.

In the control similar pattern was observed as was
Seen in the haemolymph proteins. In 1.0 /98 dose the protein
bands were reduced to 6 in comparison to 8 in the control
(Pable 13), This trend was contrary to the observation foungd
in the haemolymph protein wherein after 24 hrs the protein bands
rose to 12 as compared to 10 in the control. In 5.0 /ug dose the



protein bands remained more or less the same as in 1.0 /ug
dose. HNormally changes in the higher dose level should have
appeared - but a sort of static pilcture was observed in
the 5.0 /ug dose for which no explanation could be given at
this juncture., However, a further probe involving different

dose levels and different time intervals is warranted.

The protein make-up after 48 hrs of introduction of
Dimilin into the metabolic pool of the test insect presented
a definite decline in the protein bands; as compared to 7 bands
in the control only 5 bands were obtained in = : 1.0 /ug and
5.0 /u8 doses. There was, however, a consistency of the trend
of events at both the dose levels at 24 hrs and 48 hrs. A general
trend was that the proteln bands contimmed to reduce in mumber

congequent to the introduction of Dimilin,

After 72 hrs of the treatment it was found that the
protein bands in.1ﬁ0/ug anﬁ.EJVug dose rose to 7 and 8 as compared
to 5 in the control. This rise of protein bands appeared to be
due to building up of new proteins that contribute in the format-
ion of the cuticle. Since after 72 hrs the mature larva invariably
changes to pre-pupa, formation of new proteins was evidently

inevitable.

A much wider and deeper probe involving many more bio-
chemical parameters is warranted to find an answer to the mode of

action of Dimilin at such a level.

3 o %



B. Buproctis virgineulas Wlk.

1. TOXICOLOGICAL I.VvISDIGATIONS

1. Dermal toxicity

Inferencesdrawn in the case of S. litura had been

fully suprorted by the data obtained on E. virginculsa. DFB

was having contact action against this pest also and secondly
high amount of chemical was needed to achieve 50 per cent kill
of the test population. As was the case in §. litura in E.

virgineula also large amount of DFB was required for the

desired xill in shorter period., The ratio obtained between
the treatment periods i.e. 12 and 24 hrs for LD25 and LD50
were 1.61:1 and 1.22:1 respectively.

The initiation of mortality alsc found support in
the case of E. virgineula; the insects died after 48 hrs of

the exposure as was the case in S. litura.

The comparison of LD50 values among the two test
animals indicated that 3. litura was comparatively more
susceptible than E. virgincula. This difference in suscepti-
bility to dermal toxicity of DFB might be dune to the hairy

nature of E. yirgincula larvae. This hairy covering of the

body provided the animal an extra protection against the direct
contact with the treated surface, thus resuliing in reduced

mortality.
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2. Oral toxicity

4s for 8. litura, the ID,5 and LDy, values for E.

virgineula (0.95 - 16.82 /ug/larva) also gave a clear indieca-
tion of stomach toxicity of DFB against this insect. Again,
as there was no immediate mortality in present case also, it
confirmed that DFB acts very slowly. Such a slow action of
this chemical had been reported against a number of insects
by several workers in the past (Mulder and Gijswijt, 19733
Radwan et al., 1978; Subramanyam et al., 1980 and Srivastava
et al., 1984).

II. SYMPTOMATIC AND BEHAVIOURAL INVESTIGATIONS

1. Behavioural changes

The administ_ration of DFB brought sluggishness,
cegsation of locomotion and feeding as initial poison symptoms
but such effects could be seen only after 48lhrs of the treat-
ment. The latter fact indicated that E. virgincula was less

susceptible to DFB in comparison to S. litura.

Similar to 8. litura, the symptoms of wetting and
oozing of body fluid was prevalent in all the treatments in
case of E. virgineula, The percentage of larvae showing
wetting was little higher in E. virgineula but oozing was

exhibited in lesser degree in them.
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2, Morphological deformities

Among the morphological symptoms, discolouration of
body was the prominent symptom as was the case in S, litura.

However, in E. yirgincula a lower percentage of treated larvae

showed the symptom of discolouration than found in S. litura.

Shrinkage of the larval body was also exhibited by a
lower percentage of larvae as compared to S. litura in 5.0 and

0.5 Jug doses, while in other two doses (1.0 and 0.1 /ug) it
wag little higher,

With regard to the appearance of rupturing of cuticle

and its inbtensity in E. virgincula in different doses a similar

trend was observed as in S. litura., However, considering the
overall prevalence of this symptom it could be inferred that
DFB affected E. virgincula in lesser intensity as compared to

S. litura.

As regards scar formation and rectal prolapse, their
percentages were So meagre that no definite comparison could be

made between the two test insects.

Rectal prolapse had been considered an important
abnormality leading to death (Salama et al,,1976: Subramanyam
et gi., 1980 and Reed and Bass, 1980). It appeared in 5,0,
1.0 and 0.5 /U8 doses in E. virgincula but was seen only in

former doses in S. litura larvae. Comparative evaluation of

results showed that it affected E. virgineula in lesser intensity
at the dose level of 5.0 /ug/larva.' The latter fact indicated

once again that DFB had a lesser effect on E. virgincula.
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The frayed and mosaic conditions of cuticle

observed in E. virgincula larvae in higher doses were

in accordance with that found in S.litura where more than
40 per cent of treated larvae showed mosaic conditions in
5.0 and 1.0 /ug/larva doges and more than 10 per cent
exhibited frayed condition in 5.0 /ug/larva dose. 1In
subsegquent doses, however, these symptoms were more in

S. litura as compared to E. virginecula, vhich indicated

pronounced effect of DFB on the former test insect.

There was almost similar consistency in the incomplete
shedding of cuticle in DFB fed E. yirgincula and S. litura
larvae. Rupture of o0ld cuticle was, however, observed in

more mumber of E. virgincula larvee than 3. litura.

The percentage of larvae exhibiting pupal skin on
ventral side of abdomen only, was static in highest dose
level (5.0 /ug) in both the test insects. However,the
prevalence of this symptom was lowered down at subgequent
doges in the case of E. yirgincula as compared to 5. litura.

This again indicated less susceptidility of E. virgincula
than S. litura larvae to DFB.

%, Pormation of abnormal staged

Development of different forms of larval-Fupal
Intermediates (LPI), from the DFB fed E. virgincula larvae,

was more in all the dose levels as compared to S. litura.
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The explanation for this could be given on perusal of the
la.val and pre-pupal mortality data of S. litura (Table 8),
which revealed a higher mortality in S. libura as compared to
E. yirgincula (Table 22) at all the dose levels. This resulted
into higher percentage of larval survival in the latter insect;:
evideﬁtly higher muber of LPI were formed. However, on
reviewing the data on pupation, it was very clear that out of
the treated larvae the pupal formation was less in S. litura
and more in E. yirgincula.

A gimilar picture was obtained with adult emergence,
thereby, suggesting that the chemical was more effeckive on

S. litura than on E. virgincula,

4. Cumulative mortality at larval,pupal and adult stage

Similar to S. litura, in E. virginculs also, the
i nfluence of DFB was evident on its mortality at different
developmental stages. The mortality occurred 2 to 5 days
after the larvae consumed DFB treated food and was observed
during moulting stage in most of the cases. These observations

were again in accordance with those found in S. litura.

The cumulative mortality data revealed a lower
percentage of larval and pre-pupal mortality in E. yirgineula
as compared to S. litura indicating that DFB exhibited a lesser

influence on the former test insect. A similar trend was



observed on pupation and adult emergence in E. yirgincula
with regard to DFB treatment.

5. Longevity and fecundity of adulis; viability and
hatchability of eggs

Since a negligible mumber of adults could emerge
from the DFB fed larvae of E., virginoula any inference

drawn on the basia of such a meagre data might have led
to an over enthusiastic or erroneous conclusion. Consequently

the results on longevity, fecundity etec. had not been

discussed.

III. Field evaluation of DFB and its persistence

The results revealed that DFB spray @ 0.2, 0.1
and 005 per cent remained effective upto 10 days in the

field against E, virgincula, giving more than 50 per cent
pupal inhibition of the test larvae.

Barlier in the field experiment with another test
insect S. litura, in addition to these concentrations, 0.02
per cent concentration also showed effectiveness giving
more than 50 per cent pupal inhibition. It clearly indicated
that DFB proved more effective against S. litura than
F_J virgincula.

When overall perusgal of the field data was made,
it depicted that at O day after spray, cent per cent pupal
inhibition was obtained with 0.2 and 0.1 per cent concentration



for E. virgineula whereas for 8. litura the subsequent

lower concentration i.e. 0.05 per cent was equally cffective.

After 1 day spray also similar trend was obtained
wherein above 90 per cent pupal inhibition could be attained
with concentration upto 0,05 per cent in S. litura whereas

a little effect could be seen in B. virgincula with 0.2 per

cent concentration oniy.

This comparative evaluation of the effectiveness
of DFB on S. litura and E. virgincula led to a conclusion
that at all the levels of concentrations and time intervals,

DFB proved more effective against S. lijura than E. virgincula,

On the basis of the results and inferences drawn
thereof, it could be concluded that DFB offered a great
ﬁotenxial for being used as a means to control the test
insects and other allied species. Since DFB has been found
to be slow in action it evidently can not be used as an
insecticide desired to bring about a quick knockdown effect.
Consequently compatibility studies are required to be carried
out wherein the right place of DFB in the sequence of pest
management strategy could be ascertained. Further the
quality of DFB that it has a long regidual effect bringing
about 70 per cent pupal inhibition even upto 10 days in present
findings with 0.2 per cent concentration needs to be fully
exploited.



DFB could also be used as a prophylactic measure
in checking the multiplication and building up of residual
population of pests into an alarming status to enable it %o
inflict losses to the extent of economic injury level. Since
DFB has a little or no adverse effect to human beings and
other domesticated organisms its use either as a sole agent
of limiting the population, or as an aid in the sequence of
pest management system, or as provhylactic spray to inhidbit
the development of life stages of various pests, could not
be challenged. In mut shell DFB is bound to develope as an
asset in one way or the other to limit the pest pgpulation

Load
without having any adverse effect, whatsoever, onxbiosphere.

* W %



SUMMARY

The present study was undertaken to evaluate the

effect of diflubenzuron, a chitin inhibitor on Spedoptera

Litura Fab, and Buproctis virgincula Wik.

I. TOXICOLCGICAL INVESTIGATIONS

1. Dermal {oxicity was evaluated by dry film and dipping
methods using 5 to 50 mg/90 cn? surface area dosages and
50 to 10,000 ppm concentrations respectively for both the

test insects. The exposure periods in dry film method were
12 and 24 hrs.

(a) No immediate mortality was obtained in both the

methods and both the test larvae. The mortality data recordad

at 48 hrs were analysed.

(b) LD, values obtained were lower for S.litura ag

compared to E. virgincula for both the exposure periods in
dry £ilm method,

(e) 1Dg, values were also calculated from the same
regression equation which were higher in S, litura after

12 hrs exposure and lower after 24 hrs exposure as compared to

E. virgincula,
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(d) LG, values obtained by dipping method and LG
50 25

values calculated from the same regression equation were

lower in case of S. litura than E. yirgincula,

2. Oral toxicity was evaluated by feeding method using 0.1

to 5.0 /ugflarva doses of DFB to S. litura and E, virgineula
larva.

(a) No immediate mortality was found in both the test
insects hence total larval mortality before pupation was

subjected to analysis,

(v) LD25 ang LDSO values obtained for S. litura were

lower than for E, virgincula.

(¢c) DFB was more effective againat S. litura than
E. virgincula,

11, SYMPTOMATIC AND BEHAVIOURAL INVESTIGATIONS

Different doses of DFB were administered by Teeding
method to the fifth instar larvae of both the test insects

viz, 3. litura and E. virgincula, which projected the
following changes :-

1. Behavioural changes

(1) Behavioural abnormalities like sluggishness,
cessation of locomotion and feeding, wetting of larval body
and oozing of body fluid were observed in the larvae of both
the test insects treated with different doses of DEFB.



(i1) Among these symptoms, wetting of larval body and

oozing of body fluid were more prominent in both the test larvae,

(1ii) The percentage of larvae exhibiting these symptoms

inereased with an increase in the dose level of DEL ,

(i¥) Out of the two test insects, S. litura was more
vulnerable to DFB as more percentages of the larvae of former

insect exhibited these behavioural changes.

2, Morphological deformities

Oral administration of different doses of DB to the

larvae of S. litura and E. yirgincula caused several morpho-
logical deformities :-

(i) Iarvae with shrunken body and discoloured cuticle

were produced more in S. litura as compared to E. virgincula

and the effect inmcreased with the increase in dose levels of
DFB.

(ii) Percentage of larvae exhibiting ruptured cutlcle

and rectal prolapse were more pronounced in S. litura than
in E. virgincula,

(iii) Frayed and mosaic conditions of cuticle also
observed at the time of moulting in the treated larvae of
both the test insects.

(iv) Incomplete shedding of exuviae was cbserved in head,
thorax and abdominal regions of both the test larvae. The larvas

exhibiting such symptoms in abdominal region were more as compared

to those éhowing incomplete shedding in head and'thoracic regions.



(v) Rupture of old ecutiecle at the pre-pupal stage
was observed at 5.0 /ug dose level only in 5., litura while

in B. yirgineula; it also appeared in 1.0 and 5.0 /ug doses,

(vi) Larvae developing pupal cuticle in ventral abdominal

region were obhaerved in both the test insects.

3. Pormation of abnormal stages

Peeding of DFB treated food to 5th instar larvae of
3. litura and B. virgincula resulted into the formation of
different abnormal stages such as IPls, abnormal pupae, PAls

and abnormal adults.

(1) LPIs were formed in all the doses in both the test
insects. The percentages of LPI formation in different doses

were different. It was more in the case of E. virgineula than
3% litura.

(ii) No abnormal pupae werec formed in 3. litura at 5.0
/U8 dose.while in E, viprgincula a few cases of abnormal pupa-

tion were rezordeds.

(3ii) Various deformities in abnormal pupae were observed

in both the test insects.

| (iv) The formetion of normal pupae was more in lower
doses and declined with increase in dose_level in both the test

insects; their percentage was higher in E, virgincula as compared
to S, litura.



4. Cumunlative mortality at larval, pupal and adult stages

(1) The mortality in treated larvae occured irrespective
of the developmental stage; it was however, initiated 2 to 3

days after the treatment in both the test insects.

(1i) The mortality was different in different developmental

stages.

(1ii) During larval and pre-pupal stages, the mortality
was higher in S, litura as compared to E. virgincula; 1%

increased with the inerease in dose level of DFB.,

(iv) The pupal mortality (among normal looking pupas) was
higher in S. litura and lower in E. yirgincula; it decreased
with the increase in dose level of DFB in both the vest insects.

5. Dongevity and fecundity of adults; viability and
~ hatchadility of eggs

Only a very few S. litura and E. virginculs moths, emerged
in lower doses. They lived for shorter peried in comparison to

control moths., None of these emerged moths layed eggs.
III. FIELD EVALUATION OFf DFB AND ITS PERSISTENCE

(1) Efficacy of DFB was tested against S. litura and
g.-virgincula in field, using five concentrations viz., 0.2,
0.1, 0.05, 0.02 and 0,01 per cent. Its persistence was also
observed upto 10 days.



(11) Initially at O day after spray 100 per cent pupal
inhibition was obtained in S. litura with 005 per cent and higher
concentrations, In E: virgincula with 0.02 per cent and higher

hundred
concentrationsiper cent pupal inhibition was met with.

(11i) The persistence of the chemical was fairly high.
1% was effective upto 10 days resulting 55 to 77 per cent pupal
inhibition in S, litura., In E. virgincula it gave about 42 %o
T4 per cent pupal inhibition for the same period.

1V. HISTOPATHOLOGIGAL STUDIES (on Spodoptera litura only)

The oral dose of DFB at 5 /ugflarva resulted severe lesions
and disintigration in the endocuticular zone of the larvae. A
gpace was seen developed between cuticle and epidermis. The
epithelial layer also got affected and developed intercellular
gpaces. The effects were found more pronounced after 72 and 96
hrs of the incorporation of doses. There were many lesions and
increased gaps between epidermis and the cuticle which contained
coagulated material, At the latter stage the cuticle was also

found completely obliterated disconnecting the cuticular layer
with the epidermis.

V. BIOCHEMICAL INVESTIGATIONS : (on Spodoptera liturs only)

‘Changes in haemolymph and cuticular protein patterns of
S. litura larvae were studied at 24, 48 and 72 hrs after adminis-
tering DFB doses of 5.0 and 1.0 /ugflarva by feeding method. The

separation of proteins was done by disc gel electrophoreais,



Results dbtained'revealed definite changes in the
protein pattern in both, the haemolymph and the cuticler
Appearance of new and disappearance of old protein bands were

observed due %o the incorporation of diflubenzuron.

The cuticular protein pattern in the control was more
or less similar to that obtained by Scanning the haemolymph.
After treating with DFB the protein bands decreased in both
1.0 /ug and 5,0 /ug dose levels.

In cuticular proteins also there was appearance and
disappearance of protein bands due to the incorporation of
DFB, indicating thereby that DFB had triggered a process of

reorganization of proteins.

¥ 3 A% %
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