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- ABSTRACT

The toxicities of the insecticides Y:BHC, Cyolane
and dioxzacard to fifth instar hoppers of the desert
locust were determined, Insecticides were topically
applied by microcapillary, by injection using a
microsyringe or as a stomach poison, The standard
site of application was the abdomen, between the
first and second abdominal sternites, and other
sites were tested. The influence of post-dosing’
tomperuture on the toxicity of insecticides was
examined, The effects of starvation and the type
of diet on the resistance of locusts of Y=BHC were

investigated,

The movement of Yw=BHC in the insect and the amount
penetrating in the haemolymph were determined,
Penetration and distribution of Y-BIC in fifth
instar and adult locusts were briefly investigated,
Movement of YW=BHC through the gut and its excretion

were studled,

The results axre discussed in relation to current

lmowledge of factors affecting insecticide toxicity.



.
SUMMARY

The reolative susceptibilitiea of fifth instar
hoppers to Ye«BHC, Cyolane and dioxacarb in relation
to age and method of application wafe examined and

discussed,

_Results indicated that hoppers were more resistant
in the‘middle of the instar than at the other ages,
Y=BHC was less toxic than either Cyolane or
dioxacarb, and insecticides applied orally were
loss effective than when applied by other methods

except for Cyolane.-

'Changing the site of application of insecticides
resulted in different mortality and varied with the
insecticide used, Y=BHC and dioxacarb showed large
variations in susceptibility, but Cyolane showed

a 1ittle difference in relation to site of application
except when the dose was applied to the neck membrane

whore it was more toxic,

«~BHC and dioxacarb were less effective at a post-dosing
température or 350c, than 20°c,, but Cyolane showed

no significant difference,

Starvation after treatment increased the stomach
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toxicity of Y=BHC, Hoppers deprived of food before
and after treatment were more susceptible than

vhen deprived of food before or after only,

Results obtained for Y=BHC indicate that resistance
is proportional to body weight, No difference in the
rolative susceptibility between males and females
was found when the dosé was measured in ug/g of

body weight,

Resistance of 4«5 days old fifth instar hoppers and
mature adults to Y=BHC was of the same order, but

2-3 days old adults were more susceptible,

The stomach toxicity of Y=BHC was dependent on the
amount of food available after treatment, Locusis
fed immediately after treatment excreted about 40%
of tho total d&se in 24 hours compared with 215 when

not fed,

Locusts reared on an artificial diet were umore tolerant
to Y-3IlC than when reared on f{resh grass although the

roverse was found with Cyolane and dioxacarb,

The type of solvent used with topically applied Y=3BIIC
did not affect toxicity although Y=BHC was morc foxic



.whon applied by injection in acetone or benzene than
in KAB (XKerosene aromatic bottoms),

1&0 Y=EBHC accumulated in the abdomen after

tost of
application and the rate of excretion following oral
application was about 3 times more than whem applied

topically or by injection.



INTRODYCTION

‘The desert locust Schistocerca gregeria (Forsk) is
oﬁe of the most dangeroué speoies of locusts and is
found across the whole northern and eastern Africa
and much of south east Asis, The desert locust,

for long considered one of the world's serious
egriculturael pest, can alone invade a total areca

of about 11 million square miles which is 20% of the
world's land suface (Hemming,1968)., Complete figures
of the total cost are not available, but the damege
done in some countries is estiméted by the Food

and Agriculture Organisation as about £1,500,00 per
year between 1949-57 and in 1955 over £5,000,000,

In Morocco in 1954=55 it was over £4,500,000 in a
single season, The desert locust is cha?acterised
by outstandingz mobility (Rainey,1958), Movements of
vhole groups of swarms over 1C0 miles are mot only
common but even regular. Its populations vary in
density from sevoral thousands to less than ane por
square yard, In a typical locust swvarm theore are
usually 35«70 million insects in a single square
kilometre, and swarms up to 100 squarce kilometre
may contain 40,000 million locusts, As a locust cats
roughly its own weight of fresh vegetation each day,
a swarm would have the potential to eat enough food

to feed 400,000 people for a year (Haskell,1970).



-G

Unlike other spocies, its permanent breeding arcas

" are not reﬂtricféd but it can breed in vast and
sbmatimes inacceésible areas. It can conmplotely

or pearly deétroy or dautage vegetation over a large
areoas inhabited by miliion of peoplc dependent on
agriculture for their oxistance. Apart from the
dat:age by feeding, locusts can cause physical damage.
as a result of breaking branches of trees, and
plnntation crops, Crops loss estimates (Haskell 19709

due to locusts and grasshoppers are at least 1,000,000

tons annuelly.

Zarly control methods for the desert locust were
bascd on defenceo such as preventing locusts from
sottling on cultivated areas by lighting fires,
banging tins»and drums, Other methods are<pioughing
or flooding fields especially after locusts have
laid egges, and diéccting hoppers into trenches
vhére they were buried or burnt, The earliest
chenical was sodium arsenate used extensively as bait
against hoppers, It wvas effective, but unconsumed

arsenical bait caused cattle deaths (Hemming,1968),

The practical ccntrol methods in use against the
desert locusts ars based mainly on application of
insecticides, Yw=BHC is used in baiting and dusting

at rates of 0,1=1,0% and in spraying with ultra low



volumo techniques in 10-12% in oil solution (MacCuaig,1964).
Similar concentrations of DNOC and malathion have been

used as woll as dieldrin, The toxicity of inseccticides

is affected by several factors (Pusvine,1957)e Sowe

of the variations oWt due to intrinsic factors such

as age, instar and veight, and extrinsic factors

which are caused by change in the environment e

tenperature and food,

»Insccticides nornially enter the body of inseets by
penctration tbrouch tho cuticle or by absorption
throuch the gut as in tho case of stouiach poison

and. this is influenced by the anount of food ingested
and the cumﬁlative effect of insecticide in the
insocte Laboratory studies £f the reolative toxicity
of difference insecticides appiied by different
ticthods of application are critical factors in large
scale control operationg Furtherﬁoro, investisations
on distribution, metabolism and penetration contribvute
to better understanding the mode of action and the

proper methods of application,

Host of:gkperimencs described have been made using
¥=-DHC. Uhilst it vould have been preferable to carry
out cach experiment also on the other two insecticides
(Cyolane and dioxacarb) this has not been possible

because of the restricteod numbers of locusts available
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and the need for individual treatment., For this

reason, and because Y=BHC is the ﬁogt commonly

usod insecticide in desort locust control (MacCuaig,l964),
it was used for preference_whén 1tAwas possible to

use only one insecticide,

The work presented in fhia thesis was carried out to
1nwestigate some factors affecting suscoptibility

of the desert locust § gﬁ;stggercg‘gg_gggég to
insecticidoa.
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RLVITY OF THY LITERATURE

A roview of the literature indicates that the toxicity
of an insecticide applied by different mmethode is
aifected by several factors, The following is a

short account,

AGE HITHIN THi INSTAR

The influence of age on-tho resistance to insecticides
has been reported by some worlicrs, Collins and King (1952)
found that rosistance of adult Tribeolium confusum

to DDT when exposed up to 3 hours did not change
significantly with age, but older beotles were found
to bo nmore susceptiblé aftexr longer periods of
exposure, mukerjea (1953) reported changes in
resistance of diiferent stagea during doyelopment of
tho egg of Diataraxia oloracoa, pupac of Dlataraxia
gleracoa and Tenebrio molitor and adult of Jonebrio
Mﬁo;itor and Periplaneta amcricana when sprayed with
pyrethrins and DDT. With last instar, Diataraxia
oloracea, Way (1954) found that resistance to LDT

and Y=-BHC as contact insecticides progressively
increased up to the 5th or the 8th day and then
decreased with the beginning of prepupal forumation,
Kerr (1954) found that susceptibility of adult male
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Drosophila melanogzaster to DDT decrcased with age up
tq five days and then increased up to nine days.

”fhe susceoptdbility of adult Ffemale decreased rapidly
durin; the first three days, and thoereafter changzed
little., Ba.ds and Rawson (1960) showed that the age

of the bo:dl weevil, Anthononus grandis, vas an important
factor in suscoptibility to dinsocticides, They found
that 9 days o0ld weevils wvere 7 times niore resistant

tiian 2 days old weevils to Y&BIC and only 2 timos to
Guthion, &1 iosa and iing (1964) found no significant
evidence of an age effect witiy adult ﬁzlemg antiqua
tosted at 2«3 days, 9~12 days and 10-19 days with
dieldrin, but changes in the susceptibility of
houseflies with age were found by Sawicki and Green
(1964). Adults of both sexes were most susceptible

to cdilazinon soon aftor thqy had eumerged from t::e@

pupaee Their resistanco increased for two days after
ecicrgence and rowained steady for tiwe next three days,
the increase being proportionately larger in a
resistant strain, Green and Dorough (1968) also studied
the xelationshiljp botween hge of houseflies and their
responso to cortain carbamate insecticides, <They

found that rcsistance of adult houseilies incrcascd
with uge up to 3 days and tilen decreased slowly until

15 days. Inscects were most rcesistant at 5 days old,

and susceptibility was greatest in adults at 1 and

15 days old, With honey bees, Apis mellifera, tested
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at different ages, laryland and Burkhordt (1970)

found that 3 weeks o0ld bees were less susceptible to
insecticldes than tho nowly emerged beos, liount et al,,
(1970) found éubstantial variation in theAtoxicity of
soveral insocticides against difforent ages of nymphs
of Amblgomma amegicgpa. They showed that yocunger
nyuphs of 1-~2 months old wvere about 9,7 uwore resistant

than the older nymphs of 4~6 months old,



INSTAR SPECIFICITY

it is‘known,that, within a species, resistance varies
with different instars, HMukexrjea (1953) using a
spraying technique showed the extont of changes in

resistance to DDT and pyrothrihs of tire developmental
stages of Diataraxig oleracea, Jenebrlo molitor and
Preiplaneta amexricena, ie found a large differences

of resistance with the stage of doevelopment of the
insect, for example, 5th instar larvae of Diataraxia
olexracesn was ebout 50 times more rosistant to DDT
than 1st instar, Sanches and Sherman (1963) compared
susceptibility of 1st and 3rd instars of Cryptophlebis
ellepida to differont iasecticides, They found no
significance difference in susceptibility bdetween
first and third instar to dieldrin, aldrin and wBHC,
but the first instar was significantly more susceptible
to DDT and malathion than the third instar., Bacon

& 2o, |
and Rilfey ,(1964) investigated the susceptibility of
the various growth stages of Lygus hesperus to bDT,
and showed that susceptibility decreased consistently
from the third instar to adult, The differences
in LD%0's between third and fourth instar nymphs
were not so great as between fourth and fifth instars,
Adults were much more tolerant to DDT than nymphs,

Smith (1965) studied the susceptibility of life

history stages of Psylla pyricola to oil treatment,
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He found that adults and nymphs were killed by
direct contact with oil erxmulsions well below the
standard cohcentrationa. vwhile eggs was unaffected,
Harris and Core (1971).found a remarkable difference
between different insecticides against various stages
of development of the cutworm, Zuxoa mossoris,

DDT was effective against lst=3rd instars, less
effective against Lth.instar and ineffective against
5th-7tﬁ instars, egcs, pupae and adults, Dursban was
similar in activity to DDTy but Galecron was effective
against eggs and ineffective against other stages of

development,

Chauthani and Adkisson (1966) studied the relative
rosistance of differznt stages of two spocies of
Heliothiss Thoy found that endrin was less toxic to
aezgs, but 1t was considerably more toxic to 3rd and.

Lth instar larvae., Adults of both apecies were

tolerant than were the larvae, Campbell (1926) compared
the susceptibility of the last four instars of silkworm
Bombyx mori larvas to arsenic given as a stomach poison,
He found that the LD50 increasod during successive
larval instars, and 2nd instar larvae were 3,5 times

as susceptible as 5th instar larvas,
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SITE OF APPLICATION

" The toxieity of'inaGQticidop was found to be

infiuenced_with the ﬁhangas of site of appliocation,

When a uniform doses of DDT was applied as saturated

droplets or crystaline masses to different loci

of application on housefly, Fishér (1952) found that

the dose produced lower mortality as the locust of

application mqved distally along the leg and posteriorly

from the head to the abdomen, Hoskinset al.(1951)

showed that yY-BHC: applied to the tarsi of housefly

by réaidual film was more effective than when applied

to the ventral suface or the thorax, Hewlett and
Gostick (1963) found no significant difference in

| toxicity of dieldrin when applied to different

parts of Alphitobius laevigatus., Gunda and Baidu (1967)

found that the head of Dysdercus cinprulatus wvas the

most vulnerable site for all insecticides tested

followed by the wing base, and least on tho abdomen,



SOLVENTS .

The nature of the solvent in which the insecticide

is dissolved may affect the toxicity. Ha!fgger (1949)
found that DDT emulsion was about 20 times more toxiv
than wettablefpowder applied as a stomach poison to
Bombyx mori., Roan gt sl. (1950) applied sub-lethal
doses of some organophosrous insecticides in five
aolvents to Periplenota americana and found that

this had considerable effect-on toxicity, Busvine
(1951) showed thet change in the solvent affected the
resistance of houseflies to DDT, He reported that
solutions of DDT in mineral oil were more toxic to
DDT resistant houseflies than solutions in acetone,
“hen oil was used as a solvent for DT instead «f
signiricant difference in toxicity of DDT to adult
resistant houseflies, Farnham (1965) examined the
toxicity of diazinon in different solvents to resistant
and susceptible houseflies, Hi found that toxicity
of diazinon in oil decreased compared with other
solvents and it did so much more with rosistant than
with susceptible insects, With injection, diazinon
in ethyl cellosove was four times nore toxic to

susceptible flies than in oil,
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AEMPERATURE

Change in postedosing temperature may also affect

the toxicity, Hafliger (1949) examined the influence
of post=dosing temperature on DDT, Y=BHC, calcium
arsenate and parathion applied as a stomach poisons

to the hioney bees, He found that DDT was more toxio'
at the higher temperature, but the toxicity of \«~BHC
and parathion was independent of temperature.

Cressman et al.(1953) showed that change in temporature
had no affect on resistance of California red scale

to parathion., Vinson and Kearns (1952) found that
when DDT was topically applied to Periplaneta amexricana
placed at 15°c.and 35°C.post-¥reatment temperature,

the resultant and percentage uortality at the lower
temperature was much greater at the highor temperature,
El Mosa and King (1964) found that the toxicity of
dieldrin to §z1¢&% antiqua increased at higher poste

treatment tempera%gsgﬁ?omparod with a lower temperature,
Bacon and Riljey.(1964) found that the toxicity of

DDT to adult Lygus hesperus increased at 70°E.compared
with 90°F, Evans and Hansens (1968) applied Y=BHC
topically to susceptible and resistant houseflies kept
at 15°C.and 30°C.poat-treat-¢nt temperatures, They
found no significant difference in mortality between

the two temperatures after 24 hours. Barker (1969)
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studied the influence of post-treatment temperature
after fumugation against Cryptolests frrugineus

e
and Cryptolests furcicus: He found that Cryptolests
turcicus was.more susceptible &t the lower temperature,

but Cryptolests ferrugineus was only slightly more
tolerant to fumigant at the higher temperature,

El Mosa and King (1964) found no significant difference
of the effect of different pre-treatment temperatures
on resistance of m%g antiqua to dieldrin, Geines
and Dean (1949) found that the toxicity of Y=BHC

and DDT to Anthonomus zgrandis was reduded at higher
temperatures during treatment but the toxicity of

calcium arsenate remained nearly of the same order,
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FOOD

Hadaway and Barlow (1956) found that the susceptibility
of female Aedes aezyptl to DDT fed on human blood

was not signifieantly different from thnéf&omalo fed
on guinea-pig blood, Péttor and Gillham (1957)
examined the effect of hoat plant on resistance of
aphids, Acyrthosiphon pisum, to rotenocne; Dy means

of a spraying technique they found that aphids reared
on clover were more rosistant than those reaﬁed on
broad bean, Lofgren and Cutkomp (1956) siowed

Periplaneta americana fed on a high protein diet was

more susceptible to DDT than those fed on low protein
diet, Bass Rawson (1960) found that adult food of
Anthopomus grandis affected its susceptibility to
insecticides, Bollefed weevils were 25 times more
difficult to kill with toxaphene, 12 times with Y~BHC
and 3 times with Guthion than bloomefed weevils,

Rattan and Atteir (1967), with Irogoderma granarium
reared on different diets, found that insects reared

on groundnut or maise were less susceptible to Y-BHC
and malathion than when reared on cowpea or vheat,
Raccah and Tahori (1970) found that mites reared on
beqns grown in nutrient solution containing a
relatively high phosphorus level were more susceptible

to malathion than from plants grown in diet containing
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no phosphorus, Nitrogen did not exert a aignificant
influence on mite tolerance to malathion, However,
Hennebry (1964) working with the two spotted spider
mite, Tetranychus telaries, showed that with phosphorus
in the diet higher mortality Qaa obtained with an
increase in the nitrogen level of the plant nutrient

solution,



WEIGHT

Busceptibility is not always directly proportional

_to body weight Bliss (1936). Working on data from
Campbell (1956) found that for a given doga of arsenioc
per unit weight.of Bombyjt mori applied as a stomach
poison, the larger larvae died more slovwly thah the
smaller larvae, This applied when the larvae were
all of the same instar or belong to different instars,
Bliss proposed a 'size factor! which he defined as

a function.of size (in this case body wcighf) determining
the amountvdf poison to be given to produce equivalent
toxic action (in this case measured by survival time),
With last instar larvae of Diatarsxis olersces Way
(1954) found that parathion applied as a stomach
insecticide was linearly related to body weight,

TE?P was slightly lésa and lead arsenate slightly
more toxic to the larger larvae, However, DUT as

‘a stomach or contact poison and YeBHC as a stomach
poison were less tomic to the larger larvae, For
example, the LU50 for a doubling in larval body
weight increased 11 times for DDT as a stomach poison
‘and 12 times as a contact insecticide, Guthrie (1954)
with several insecticidda applied topically to

different larval sizes of tsbacco hornworm Protoparce
gexta, found that the toxicity decrecased with increasing

size of the larvae for all insecticides except for
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toxaphene, Gast (1959), with four species of
~ lepidopterous larvae trcated topically with

‘several insecticides, found that Prodenia eridania
had a nearly constant LD50 value for different wéight

groups with DDT or Phosdrin as did Protoparce sexta
with endrin, With Heliothis zea there was no chmée

in the LD50 for Phosdrin but a large increase with

DDT within ﬁcreaso in weight was found, The LD50's

of Guthion, Diptfex and malathion against Heliothis
Yixescens increased 210 times, but endrin, DDT,

and toxaphene increased Z0-100 times, However, Phosdrin

remained constant for different sise groups,

Other factors may affect the toxicity of inseccticides
such as sex, humidity and light have been reviewed
by Potter and way (1958),



P TIO XICITY F INST.

SCHISTOCERCA GREGARIA OF DIFFERENT AGES



1.1  Yariation in toxioity socording to age and
method of application |

1:11  Intpoduction

It is knowﬂthaf the'ielativa susceptibility
‘or 1hle¢ts to insecticides wvaries according
to age and atage of development, but the data
.aro somewhat confusing, In locuétl, MacCuaipg
(1960) with fifth inatar Sghistocepes gregaria
found a wide variation in the LD50's of different
1ﬁzoctic1dos acting by contacf; With Y«BHC
resistanca was significantly greater'during
the middle of the inatar than at other ages
but this did not happen with other insecticides,
To diazinon, locusts appeared to be slightly
more susceptible at the end of the instar,
while with DNOC rosistance increased with age,
and locusts of more than 5 days old were about
twice as resistant as those of 1«3 days old,
With parathion, heptachlor and dieldrin no
considerable qhangé in resistance with age was
found, With adult Schistocerca, MacCuaig (1961)
found that resistance to diazinon decreased
with age and three weeks old locusts were
- more susceptible than one week old, With YwBHC,

insects showed an increased in resistance abuut



-23=

one week after moulting and remained fairly
constant during the next three woeks,

_ Resistance of adult nggggg,to diazinon

was nearly constant, but with Y~BHC resistance
increased with age and one week old adults
wvere more than twice as susceptible as those
three weeks old,. With first instar Schistocercsa
(MacCuaig et. als, 1964) shoved that younger
hoppers of 3«16 hours age were more susceptiblo
than the older ones to Y=BHC, diaginon and

. parathion but these and l=-2 day old were
nearly threo times as resistant to DNOC as the
older hoppers of 3-4 and 4«5 days old,

Resistance of locusts was found to be affected
by the method of application, MacCuaig (1960)
found no significant difference in resistance
of fifth instar ség;ogocorca to Y-Bﬁc, diazinon
and heptachlor when the insecticide was injected
instead of being applied by contact, Yet Ahmed
and Gardiner (1968) showed that nalappion

was moro effective against adult Schistocerca
when applied by contact than by injection,

As regards stomach action, Pearson (1951)
reported that the toxicity of dieldrin to

f£ifth 1natar'Sghiatogercg was found to bg
dependent on the rate of passage of food
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and starvation period, MacCuaig and WYatts

(1960) found that resistance to Sghistocerca

increazsed vhen insects weroe fed immediately

" after treatment,

Materials and Methods

Throughout these eip.rimenta. r£ifth instar
hoppers of the Desert Locust Sghistocerca
gregaria (Forskal) were used as the experimental
insects, The main stock of locusts bred at

- the Centre for Overseas Fest Research, London

was used, These 1ocu§fs originated from the

Somali Rqublic in 1946 and from Saudi Arabia,
The locusts from Saudli Arabia were 1ntroduc§a
into the Somali stock in 1969 and the culture

has been bred extensively ever since,

The locusts were reared in c:ges measuring

15 x 15 x 20 inches and initially about

1000 newly hatched hoppers were put in

each cagej of these about 300-400 became adult,
The food was fresh grass and dry bran, The
temperature of rearing and breeding was
28°C. at night increasing to 34°C.4in the day
time, The relative humidity was about 50=60
per cent at night and 30=50 per coent in the
day time, Light and heat were provided by
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a lamp placed in the cage which waé svitched
on for 5 hours daily from 9,00 a.m, till

5400 pema (For 3 hours only on Saturdays

and not at all on Sundays)., The constant
temperature room provided another 6 hours light
without heat from a fluorescent light after
500 pams The locusts were, therefore,
subjected to 14 hours photoperiod, The

colour of insects was black and yellow (phase
gregaria)e For further details of rearing

and breéding procedure see Iunter=Jones (1966),

Insects ﬁere collected once they started
woulting to fifth instar and all insects
which moulted between 15-24 hours prdviéualy
were considered as éno day olds Insects were
usually collected from more than one cage to
get the required number for each experiment
and were randomised between insecticides and
again into different dose groupsin order to
reduce some of the variation between batches
of locusts, Insects with legs missing were
discarded or, in some cases, used a'AControla
Both sexes were used and as much as possible

were distributed in oqualrhumbors.



lGe

Insecticides uscd

Threce insecticides were used during this
investigation, namely bonzene hexachloride
(organcchlorine), Cyolane (organophosphorus)

and dioxacarb (carbamato).

Denzene hexachloride (IIC) or more properly
hexachlorocyclohexane was usod in the ganme
isouier fori, Known as lihdane. ‘The formulations
were precpl-red rroﬁ_tho technically pure ) iAo
containing 99-100), active ingrediont,

 Empirical formulasd C6H6Cl6

o
Structural formulas qul Tﬂcl
iHccl1 CiiCl
\ el
CHC1

Cyolane

o common name has wveen anproved yet for tads

compound (Martin 1971), also known as the

PyP=dietlhiyl ethylena ester of phosphonodithioimidocabonic
acid, The formulations were propared frou

stock solution of 250 w/v znctive ingredient,

Smpirical fornulas C7H14h02P82



Structural formula:
(czﬂso )P0, N-aai H,

S Cﬂz

Dioxacarb is. the common name for 2-(1,3 dioxolane - 2=yl)
_phen}l N-mefhyl carbamaté. The,formulgtions

vere pr%?ted from stock_solutién of 205 w/v

active ingredient,

Zmpirical formulas C11 13Nou

Structural formulos

0cao. NH.CH3

/ N«
N—r Noon,

—————CII2

In all cases, solutions of inseccticides wcre
wade up in kerosenc aromatic bottons (lAD) an
aronatic oxtract of low viscosity often used

for insecticide screening tosts with locusts
e.5e MacCuaig (1958). (For other solvents see
1,9), Different concentrations were made up as
reguired or as dictated by preliuinary screening
tastas Fresh solutions vere prepared at least

once every six months,
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in case the concentration had changed due to
loss of the solvent, The insecticide solutions
were stored in the rofridgerator except when

actually in usé.

Application metliods

The insecticides were administered to locusts

by topical application, by injection or

orally} When applied as contact poigons,

they were topically applied by a graduatéd
microcapillary pipette developed by MacCuaig

and Watts (1968); The microcapillary applicator
iias also been used in the field in tests of
insecticides to lbcusts, vegetation and armyworm
larvae (Watts 19653 atts and Steel 1965);

With this apparatus small accurately measurod
doses of insecticides can be very easily
administered, The accuracy of the technique

was checked by using a colorimetric technique

in which Aifferent concentrations of standard
solutions of waxoline red dye in xylene were

calibrated using an absorptiometeor,

Injection methods

In the injection work, Shandon or Hamilton



miérc-syringes vere used, The volume of the
injection was 1.0-3;5 vl accordinglto dose -
and the ﬂaight of insect, Similar volumes

of the solvent injected alone caused no death
among the conirol groups Injection was made
into the body cavity between the first and
second abdominal stermites and care was taken
during the injecction not to push the needle
too far as it may injure the alimentary canal,
VIt was.observed, in a few cascvs,y that some of
the inaééticide solution escaped while

injectingj these insects were not used,

stomagh methods

Fiethods of fecding treated leaf areas to test
insects were similar of the sandwich technique
doscribed by Campbell and Filmar (1929) and
bulger (1937), in whiich doses of insecticides
were applied to small pleces of grass about

2 inches in length, and folded together to
prevent any contact between insects and the
toxic material before eating, The dose
according to weight was applied to a piece of
grass as a single drop, using a micro=pipette,

near one end of the leaf portion and allowed
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to dry, After the drop hgd dried the other

half of the loaf was folded ovcer, thus
containing the drop between two leoaf surfaces,
Locusts wero normally starved for 24 hours
before treatment and each locust received a
known dose of insectiﬁide sandwiched betwoen
two halves of a blade of grass, This was
clipped at onc end of a cork in a small vire
cylindrical cage (4" x 3"). Untreated food
vas available to the insect after it had
eaten the poisoned food, Insects not eating

the sandwich within 15«20 minutes were discarded,
Dose of insecticides
The doses used were determined for each insecticide

from preliminary experiments using a logarithmic

dosage scale covering a range such that at the

- minimum dose a kill of 0=10 per cent and at

the maximum dose ¢0«100 per cent were oxpected,
Before dosing, each locust was weighed and the
quantity of insecticides applied was adjusted

to give a preselected amount of active ingredient
rer ge of body weight, The volume of insecticide
was calculated from the concentration (w/v),

dose required (ng/g) and the weight of insect (g).



This means, for oxample, if the locust's waight
is 1,6 g and the dose is 12,0 ug/gs the concentration
of insecticide is 3% w/vi in a volume of 0,64 ple

Tgst technique

Locusts of the required age were collected

- from the laboratory stock, Thej were troated
individually and kept in groups of 10 insects

in wire mesh cage (6,5n x 6.5% x 6") at 25-27%C.
temperature and 60-80 per cent relative humidity.

Food was supplied atfer treatment,

Hortality

Counts of insects were made 24 hours after
treatment and continued om successive days
ti11l there werc either no more deaths, oxr
for 6 days, whichever was the shorter, The
inseccts were rcocorded as slightly affected,
badly affected or moribund or dead, Locusts
badly affected or moribund were considered
dead for statistical analyses. Badly
affected insects could not right themselves
when turned upside down, No cases of insects
recovering after rcaching this state were

ohserved,



Control

Control groups were maintaincd throughout

the work and trcated in the same way as the

" test insects except that they wereo treated with
the solvent only, Little mortality was
obtaincd, and tihis allowed for by using iAbbott's

(1925) formula to correct for natural mortality.

gesults

The LD50 and LD99 levels were usually calculated
by probit analysis (Finney,1952) otherwise
eraphical estimation was made from & provisional
probit regfessioh line, In each experiment
100=150 insects were used and ceach treatment
wvas replicated three times, A total of

650=900 insects were used for each insecticide.
insecticidas were applied to the intersegmental
membrane between the first and second abdominal
sternites, for both topical application and
injection, This site was chosen as being
convenient and also because insecticideos are

not easily wiped off the locust after application,
It is thie standoxrd site used at C.0.P. R, for

experimental work, (For othor sites of
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application see 1,3), Toxicity figurés

were determined from the mortalities at

the completion of the experiments, The LD50ts
wore also obtained from earlier data im order
to show theo relative speed of action of the

different insecticides,

‘The purpose of the experiments described in
this section wvas to study the relative
susceptibility of fifth instar hoppers
Schistocerca gregeria of three selected

ages to Y=BliC, Cyolane and dioxacarb applied
by topical application, by injection or orally,

(For details of other ages, see 1.2),

l.13 Toxici of to cal ied s8C de-

Insecticides were applied By means of the micro-
capillary as described in Materials and Methods,
Locusts were used at (15-24 hours) . 1 day after
moulting, 2«3 and 5«6 days old,

= B H

In this experiment, approximately 160 insects
were usad at each age group and a total of

510 locusts were used to cover all three age groups,



=3k

The first 1nspectioh was made 24 hours after
application and if w&. noticed that locusts
remained apparantly normal in all doses, the
effect of poisoning béing gradual, Throuzhout
the experiment, pdiséning wvas for the most
part progressive. and 1qcug£a classified in
one category had to be transferred to the
next category e.g. normal, slightly affected,
badly affected, moribund and dead, The
symptous observed were typical of «=BHC
poisoning as described by Pasquier (1947),

ile described the succession of synptoms in
Schistocerca as (1) Prodromal phases the
abdomen 1s raised to a position characteristic
of anophelines, (2) Typical phases the abdomen
exhibits telescopic movements, and is rudbbed
by the hind legs. (3) The insoct falls

on its side or baék, tremors develop in legs
and mouthparts, (4) Paralytic phase, At the
end of the experiment, all locusts not dead

were counted as normal,

The results are shown in Table 1 with the
LD50's, 95% confidence limits and the relative
_resistance, Graph 1 shows the probit regression

lines,



Effect of differences of age of Schistocerca
on the resistance to Y=BHC by topical application

Age Regression LD50 95% Relative

(days) equation ue/g confidence resistance
A limits

1 6.19x40,17 6.8 6olinT o3 1,0

2=3 "6,73x=1,37 8.7 ‘7‘09‘903 1,28

5«6 = 5,90x1,19 11,1 10,4=12,0 1,63

Table 1 indicates that the resistance to Y=BIHC
is greater at 5«6 days old than at the other

ages,

Cyolane

The pracedure followed was the samolas that
adopted for Y=BHC, A total of 110 insects
were used at each age and 330 insects were
used throughout the experimen: to determine

the toxicity of Cyolane,

The first inspection was made 24 hours after
treatment and it was observed that locusts
in most treatments showed signs of poisoning,
Aftexr treatment, locusts were very active
but later on appeared to be badly affected,
The full effect of Cyolane could be assesdsed
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within U4 days, after that little change

in mortality figures occurred, The symptoms
observed verce excitability, followed by
tremors that ere especielly noticecable

in tho extremities, and finally paralysis
and death, The critoria used for assessmont
of the eoffect wore the same as befores At
tﬁo'cnd‘of the experiment, all locusts not

dead were counted as norwal.

The results are shown in Table 2, with
tho LD50's, 95% confidence limits and the
relative resistance, Graph 2 shows the

probit regression lines,

Table 2

Effect of differences of age of Schistocerca
on the resistance to Cyolane by topicel application

Age Regression LD50 95% ~ Relative

(days) equation re/ e confidence resistance
. _ limites

1 6eTOX=2,17 2,6 2.“—2.9 1,0

2-3 6."1“2.68 3.1 208“301‘ 1019

5=6 5.4lix=0,97 2.8 2,6=3,0 1,07

Tﬁa results in Table 2 indicate that the
resistanco of differont age group of fifth

instar hoppors did not differ significantly
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at the 95% level so would appear to be
similar although there are indications that
the 2=3 days old hoppers might be more resistant.

than the older or younger hoppers.

DioxacarD

The metiiod of treatment was the same as in
t§e pre§i6usvexperimente. A total of 110
insécts iére usod ét each.age group-and 360'
inseéts vwere used throughout the experiment

to determine the toxicity of dioxacarb,

The first inspection was made 24 hours

aftexr treatment and it was observed that
locusts in‘all treatoments showed signs of
.poisoning, Some of the locusts were motionless,
others were badly affected, The full effect

of dioxacarb could be assessed within 4 days
and after that little change in nortality
occurred, The symptoms observed were
salivation, convulsion and death, At the end
of the experiment, all locusts not dead were

counted as normal,

The results are shown in Table 3, with the LD50's,
95% confidence limite and the relative

reasistance, Graph 3 shows the probit regression lines,



Table 3

Effecf of differmnces of age of Sghiliogg;gg
on the resistence to dioxacarb by topical application

Age Regression LDS50O 95% Relative

(days) - equation ne/s confidence resistance
- limits

1 . 4,00x-1,33 2,1 1,6=2,3 1.0

2«3 50‘“""0079 2.5 242=2,8 1.19

5«6 5¢30x=1.13 2,8 2,5=342 1.33

T;ble 3 suggests that the resistance of diffegent
age groups to dioxacarb increased slightly as

the age increased, Although the differences
between 1 and 2«3 days and between 2«3 and

5-6 days are not si nificant at the 95% level,
there is a difference between 1 day and 5«6

days old insects at this level,

l.,14 Toxic £ ectisides applied infection

Insecticides were injected into the abdoman
by the miéro-ayringe as described in Materials
and Methods,
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Y =BHC

The toxicity of Y=BHC applied by 1nJe§tion

was determined at different age groups and

the experimental condition of treatment were
similar to those of the proceeding experiments,

Approximately 270 insects were used in the
whole experiment, The first inspection was
made 24 hours after treatment and it was
observed that the effect of Y=~BHC was gradual,
The symptoms observed, as poisoning progressed,
followed closely those described for topical
application, howvever,; the development of
poisoning was at a slower rate, The criteria
used for assessment of the effect was the

same as before, In the final analysis, all

locusts not dead were counted as normal,

The results are shown in Table 4, with the
LD50's, 95% conficence limits, and the
rolative rcsiatance., Graph 4 shows the probit

regression lines,
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5=6

Effect of differences of age of S
on the resistance to Y=~BHC by injection

Regression
equation

6.392=1,92

5.77x=1.46
6,50x=0,93

LD50
uwe/s

12,0

13.1

943

955
confidence
limits
11.4-12.7
11. 8-12‘.6

843=10,5

ato

Relative
reosistance

1,29
.40
1,0

Results in Table 4 indicate that the rcsistance

"to Y=BHC is most at 2«3 days old than at other

days but 4t did not differ significantly

at the 95% level from 1 day old hoppers. The

older hoppers are more susceptible .than the

younger ones although the reverse was found

by topical application,

Cyolsne

A total of 240 insects were used throughout

the experiment to determine the toxicity of

Cyolane.

The first inspection was made 24 hours after

troatpcnt and it was oysorv.d that locuéts in
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w3
5.6

wljle

all treatments shoved signs of poisoning,
The synpto.j observed were the same as of
topical application, The criteria used for
assessment of the effect were the same as
before, In the £inal analy#is,'all locusts

not dead were coun:ted as normal,

The results are shown in Table 5, with the LD%O's,
95% confidence limits and the relative
resistﬁnco. Graph 5 shows the probit regression
lines,

bggb;o 3 |

Effect of differences of age of Schistogerca
on the resistance to Cyolane by injection

Regression LD50 95% Relative

equation ve/e confidence resistance
. limits

5.50"‘1.68 3.2 2.9.3.6 1.6

4yTx=1,12 2.0 1,9«2,1 1,0

5465x=3,07 2.7 2,6=3.1 1.35

Table 5 indicated that the resistance of
different age groups of f£ifth instar to
Cyolane was significantly less in insects

2«3 days old, but 5«6 days old insects did not
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diffgr from that 1 day old.

Daoxacgb

In this experiment, approximately 220 insects

were used to determine the toxicity of dioxacarb,

The first inspection was made 24 hours after
treatment and it was observed that locusts

in all treatments showed signs of poisoning,
The symptoms of poisoning were the same as
described for topical application, but it
developed at a faster rate, The criteria

used for assessment of the effect were the same
as before, At the end of the experiment,

all locusts not dead were counted as normal,

The results are shown in Table 6, with the
LD50's, 95% confidence limits and the relative
resistance, Graph 6 shows the probit regression
lines,



(days)

2«3
5=6

1,15

43

Table 6
Effect of differences of age of Sghistocercs

on the resistance to dioxacarb by injection

Regression
equation

5e50x=0,40
5 . 80:‘1 ° 31

6 ° 133-3‘ 81 i

LD50
ve/e

1.9
1.2

1.1

95% Relative

confidence resistance

_liniga

'107’2010 1'73

" lel=1,40 1,09

0095’1025 1.0

The results in Table 6 indicate that the

resistance of different age groups of fifth

instar hoppers to dioxacard is greater at

1 day old than at other ages, and becoming

progressively less as the insects became older,

cide

ied

~ Insecticides were ingested through the gut,

the technique and detaills of treatment as

described in Materials and Methods, In

the following experiments, locusts were

treated at 2-3 days only.

Y=BHC

A total of 140 locusts were used throughout the

experiment, The first inspection was made 24
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hours after ingestion of the poisoned sandwich,
and it was cbsérveﬁ that in badly affected
locusts a small quantity of faecal matter

wvas excreted, The symptoms obsexved were as

described before,

At the end of the-expprimcnt._ali.Locustg not
dead were counted as pormal; The result is

shown in Table 7 and Graph 7.

Syolane

- In this experiment, a total of 100 locusts wcfo

used, The firs; inspection was made 24 hours

after ingestion of the poisoned sandwioh

and it was found that badly affccted locusts
has excreted a smaller quantity éf faecal

matt;r. iﬁ some oa;es, prodgcing éhe faeces

as c&mpleée rod, 'Tﬂb symptéma ob;orved

were as described before, At th;.énd of the
experiment, all locusts not doadlwgre counted

as normal,

The result is shown in Table 7 and Graph 7,

Dloxacaxrb

A total of 130 locusts were used throughout

the experiment, The first inspection was



made 24 hours after ingestion of the poisoned
sandwich, and it was observed that badly
affected locusts has. excreted a smaller
quantity of faecal matfer, in some cascs,

as a complete rod, The éymptoms observed
were as described before, but developed at a

slower rate,

The result is shown in Table 7 and Graph 7,

Table 7

Stomach toxicity of insecticides to 2=3 days
old Schistocerean

Insecticide Regression LD50 95%
equation ve/e confidence
limits
Y=BHC 6432x=2,.35 14,6 - 13,40=15,50
Cyolane T 9,86x=0,0% 3¢3 3402=3,50
Dioxacarb 8. 73"2. 8“ 8.6 8. 10"9. 20

Table 7 indicates that 2~3 days old hoppers
are more resistant to y=-BHC than other
insecticides when these are taken orally,
Comparing this resulf with those found by
topical application or by injection it

appears that hoppers are more resistant to



inscoticides when administered orally than

othexr mcthods,

1.16 . Effect of the stomach toxicity of Y=BHC in relation
to age '

daterdal d Method

Hoppers were. used at 1=-2 and.7-8 cdays after
moulting, and they wero starved for 24 hours
before treatment, Y-BHC was administered orally
as described before. A total of 80 locusts

of each ape were used throughout the experiment,

Results

The first inspection was made 24 hours after
ingostion thé poisened sandwich and observations
were continued on successive days till there
were no more deathis or for 6 days.. The

results are given in Table & and Graph 8,
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Table 8

Effect of differenccs of age of Schistocerca
on the resistance to Y~BHC applied orally

Age Regression LD50 95%

(days) equation ve/e confidence
. ' 1imits

1=2 5,90x-2.83 10,6 9.,40-12,0

2-3 6423x=2,35 14,6 13.40-15.8

7-8 5}00x40;85 74 6,40=-8,6

Table 8 indicates that the resistance of
different age groups of fifth instar to
7=-BHC is greater at 2-3 days than at other
ages, and 7=8 days old hoppers are less

resistant than the younger hoppers;
Discussion

Dioxacerdb is generally the most effective

poison, irrespective .of the manner of appiication
or age of the‘insect. This clearly shown

by the LD50's axpressed relative to the

figures for dioiacarb taken as unity (Table 9),
Cyolameis only slightly less effective by
injection or topical appliéation, but it is

considerably more effective as a stomach poison,



y=8HC is markedly less offective,

The rcsults show that there are clear differences
in the aoffeects of different insecticides
depending on the manner of application and

the ago of the insccts, The rcsults are
swmgrised‘:lx‘t Tables !.9 and 11 wh;ch giyo

the calculated LD50's and LD99's values,

~ When inaecticida_a applied by injsction, y=BIC
was k‘:frccttvo than by topical application,
HaeCuaig (1960) found no significant difference
in the toxicity of Y=BHC by topical applicatien
or by injection, He injected Y«-BHC in prop‘}qo
£glycol as a sclvent instead of XAB vhich vas
used for topical application, Thus, the

change in the solvent is likely to influence
the resultss In contraat to Y;BHC, dioxacarb
was zlightly more effective when injected than
when aé;:ltod topically, while the susceptibility
to Cyolane was similax me-pectiv# of the
method of application, Greater toxicity of
insecticides followin: injection was found with
houseflies for dieldrin (Sun et.al,.,1967),

but topical application wes more effective than

injection with adult Sghistocerca for malathion



(Ahmed and Gardiner 1968),

In all cases oral application vas the least
effective method of killing the locusts., Similar
results were reported by Pearson (1951)

using dieldrin against fifth instar Schistocerca.

An examination of the relative susceptibility

and age of topically applied insecticides shoved
that Y=BIC and dioxacarb resistance increascd
within increase in age, with Cyolane locusts

were moro.resistant at 2=3 days than at the

other days., By contrast, éusceptibility increased
with age following the injection of Y¥BHC or

dioxacarb.



Relative resistance

Insecticide Treatment
: Age (days)
 Topical g
. application 1 2«73 5=6
Y=BHC 3.23 348 Loy
C}"Olme 1 - 23 1. 2“ Qs 89
Dioxacarb 1.0 1,0 1,0
Injection 7 ,
Y=BHC 6.3 ’ 10,9 8,45
"Cyolane 1,68 1.67 2445
‘Dioxacarb 1,0 1,0 1,0
Stomach
y =EHC - 1,69 -
Cyolane - 0,38 -
Dioxacarb - 1,0 -
Iable 9

Relative resistance of y«BHC, Cyolane and dioxacarb,

based on the LD50!'s, applied by different methods to

different aged 5th instar desert locust hoppers,



VTreatment

Insecticide
1 2w 56
Topical
application 6e3 3a7 11,1
Y=-2I1C Injection 12,0 13,1 9.3
Stomach - 14,6 -
. Topilcal :
application 2,6 3.1 2,5
Cyolane Injection 3.2 2.0 2.7
Stomach - 3.3 -
Topical
application 2.1 2e5 2,8
Dioxocarb Injection 1.9 1.2 1.1
Stouach - 8.6 -
Table 10

Calculated LD50's (pg/g) for three insecticides
applied by different vays to different aged 5th

instar desert locust hoppers,



Age (days)

Inscecticides Treatnent
1 2-3 5«6
Topical o o
application 1646 19,2 275
Y=Biic Injection ‘28,07  33.1 21,2
Stomach - - 33.9 -
Topical
application 508 Te2 6eT76
Cyolane . Injection 846 642 649
Stomach - 546 -
Topical
application 6.9 6.7 78
Dioxacarb Injection 5.1 3.1 2.6
Stomach - 14,6 -
Table 11

Calculated LLH9's (ug/g) for three insecticides
applied by different ways to different aged 5th
instar desert locust hoppers,
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upther ecxperdmonts _on age in rclation to

susceﬁ?lbilitx to insecticides

Introduction

In the previous section it was shown that susceptibility
of the Desert Locust to some insecticides clianged
with the age of tho insects, with the insecticides
and with the method of application, Thus, with
¥=BHC resistance increased with age and oldex
locusts (5=-6 days old) were almost as twice as
resistant as the younger locusts (1 day old)

when the insecticide was applied by topical
application, ¥ith injection, resistance decreased
with age and one day old insects were nmore
resistant~than oldeor insects, However, only

three age=groups were consldered in those
oxperiments, and morcover both males and females

were taken together,

The present section, therefore, describes experiments in
vhich only males were used, in order_to reduce the
variation in weight and sex between individuais,

and in which the maximum spreads as regards age

within a group was less than 24 hours, also the

range considered was broadened to include hoppers

that were 9 days old, Insecticides were applied
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by topical application or by injection,

Materials and Methods

Insects used werc f£ifth instar (males) Schistocerca
collected at 15«24 hours after moulting from
fourth instar, and used durin; the firth instar
period, The instar, under condition of bracding
already described in the provious section, lasted

for 10 days,

Change in the woight of fiith instar poppers with age

To determine the change in the weiéht of thwe insects
during the fifth ingtar period, 50 locusts of.each
age were weighed at the time of troatment throughout
the exporiment, The mean weight por locusi in

each age is given in Figure l, The weight inecreased
progressively with age vp to tiie 7th day and then
dececreascd, Locusts‘weighid about 0,9-93 & 24 hours
after moulting, gained welght with increasing age,
and woighed most on the 7th day, but lost weight
theréafter; coinciding with: the physiological changes

before moulting,
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Figure 1

Age from the beginning of fifth instar

The change in body welght dunng the fifth instar

©of Schlstocerca _gx_‘_garla.—_




tiost of thevtoxicity data were obtaindd from the
provisional regression line and details of
susceﬁ%ibility are showvn in Appendixe Hovever,
groups of insccts of different agc but approximately
similar in resistance, on the LD30's lcvel, to-

each insecticide. were grbuped together and the
1LD50's and LD99's were calculated using the nethods

given by Finney {1952),.

1,23 Toxicity of'togical application

Y-BHC

In this expériment, a total of 370 locusts were
used, The first inspection was made 24 hours after
treatment and observations were continued on

successive days till there were no more deatis,

The results are shoﬁn in Figure 2, vherc eaéh point
is based on 10 or 20 insectsf The figure suggests
that the LD50 af. 1 day old is lower than subsequently,
but tl.at insects 2-7 days are similar, Ilence

‘for purposes of analysis the results are combined

in Table 12 and Graph 9.
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‘ Treatment
© Topical
O Injection

ILD50 peg/s

1 2 3 4 S5 6 7 8 9
Age (days)
Figure 2

Relation between age of Schistocerca and resistance

to Y/-BHC.
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Toxicity of BHC by topical application to
different age groups of Schistocerca.

Age : Regression LD50 - 95%
(days) equation ~ ve/e confidence
, » limits
1 U ,62x=2,19 Te2 6.04=8,37
2.7 7412x=3,98 9,12 8470~9,6
8‘9 40911.2. 58 7.0 6. 60-736

Table 12 indicated that the resistance to Y=BHC
was significantly greater at 2~7 days old, but it
was similar at‘l and 8«9 days old,

Cyolane

A total of 350 locusts werc used throughout the
experiment., The first inspection was amde 24 hours
after treatment and observations were continued on
successive days till there were no more deaths,

The symptoms of poisoning and criteria of effect
were similar to those described in 1,13,

The LD50's of 1=9 days, based on 10 or 20 insects,
are shown in Figure 3, The results are. combined
in Table 13 and Graph 10,
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Relation between age of Schistocerca and resistance

to Cyolane.



Age
(days)

1-f7
8=9

»G0w

Table 13

Toxlicity of Cyolane by topical application to
different age groups of Schistocerca.

Regression LD50 95%

equation we/e confidence
limits

5¢72X=5459 2,8 2,66=3,0

§e22x=1,67 1.6 1,40-1,9

Table 13 indicated that 1«7 days old hoppers wereo
significamtly more resistant to Cyolane than 8=9

days old hoppers,

Dioxpcarb

In this experiment, a total of 440 locusts were
used, The first inspection was made 24 hours after
treatment and observations werc continued on
successive days till there were no more deaths,

The symptoms of poisoning and criteria of effect

were as described in 1,13,

The LD50's of 1-9 days, based on 10 or 20 insects,
are shown in Figure 4, The results are combined in

Table 14 and Graph 11,
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Relation between age of Schistocerca and resistance

to dioxacarb.
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1.7

1,24
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Table 14

Toxicity of dioxacarb by topical application
to different age groups of Schistocexca,.

Regression LD50 95%

equation we/e confidence
limits

6o GlixmT o 61 362 2,9=3,5

4 ,28x3,0 2.9 2,6=3, 4

3¢99x=0,5 0,95 0e7=142

Table 14 indicated that older hoppers of more than
7 days were more. susceptible tl:an the younger hoppers,
although resistance of l1l-7 deys old hoppers was

of the same order of 8 days old at the 95% level,

Toxicity by injection

{=BHC

In this experiment, a total of 420 locusts were
used, The first inspection was made 24 hours after
troatment and observations were continued for 6 days,
The symptoms of poisoning and criteria of effect

wero as described before,

The LD50's of 1-9 days, based on 10 or 20 insects,
are shown in I'igure 2, The results are combined

in Table 15 and Graph 12,



Age
(days)

1-7
8=9

b3

Toxicity of YSBHC by injection to different
age groups of vchistocerc .

"Regression LD%0 95%

equation ne/e confidence
: limits
5090x=4,96 9.8 942«10,3

5418x=2,24 5.0 Bh=5,6

Table 15 indicated that 1-7 days old hoppers were

more resistant to Y¥=BHC than 8«9 days old hoppers,

Syolane

A total of 460 locusts were used throughout the
experiment, The first inspection was made 24 hours
after treatment and observations were continued for

6 days, The symptoms of poisoning and criteria of

~effect were as described before,

Figure 3 shows the LD50's of 1-9 days, where each
point is based on 10 or 20 insects, The results are

combined in Table 16 and Graph 13,
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Table 16

Toxicity of Cyolane by injection to different
age groups of Schistocercas

Age Regression LD50 ' 95%
(days) equation pe/e confidence
limits
1.7 5610x=l,39 277 6-3.

8=9 3.45x-0.195 1,28 1.3-1.h

Table 16 indicated that 8«9 days old hoppers
were less resistant to Cyolane than the younger

hoppers of 1=7 days old,
Dioxacarb

In this experiment, a total of 4uU0 locusts were
used, The first inspection was made 24 hours after
troatment and observations were continued for 6 days,
The sygptoms of poisoning and criteria of effect

were as described before,.

Figure 4 shows the LD50's. of 1l=9 days old, where
each point is based on 10 or 20 insects, The

results mre combined in Table 17 and Graph 14,



Age
(days)
l=5
6~7
8=9

Table lZ_

Toxicity of dioxacarb by injection to different
age groups of Schistocaerca,

Regression LD50 95%
equation us/e confidence
limits
7.26:‘6.96 1.80 1.70-1.9
 3,74x=0,10 " 1,01 " 0.85-=1.2
. 8,08x=5.23  0.Th | 0473-0.8

Table 17 1ndicatéd that the resistance to dioxacardb

was greatest at 1-5 days and hoppers of morc than

5 days old wore less rebiatant.

Discussion

The toxicity of Cyolane and dioxacarb to fifth
instar by topical application was of the same
order, but dioxacarb was slightly more aeffective

by injection, YwBHC was considerably less oeffective,

Results indicatcd that the LD50t's of insects

during the fifth instar period wasAlowe: at 1 day
after moulting, increased slowly and reached maximm
value at k=5 days, and decreased after the 7th

daye. Susceptibility of hoppers to insecticildes
increascd at the end of the instar, this may be

attributed to changes in the ﬁody, part from a
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deeraése in weight, coinciding with preparation
for ﬁoulting. |

Variation in susceptibility with age has been
reported by some workers, Bass and Rawson (1960)
found that 9'days old adult 5gthonomus g;andis
were more resistant to YLBHC than 2 days old
weovils, - Sawicki ‘and Groen (1964) found that
adult housaflies were most susceptible to diazinon
after thgy had emerged from the pupae than 5 days
old adults, £l llosa and King found little differonce
of effect of age in resistant of Hx;e antiqua to
dieldrin,

Influence of the site of application

;Egroduct;on

In the earlier experiments, the effect of age

and the effect of niethods of application was
investigated, It has been shown that for some
insects the site of topical application can affect
susceptibility. ¥For locustis, Kennedy et al,
(1948) found that the legs of Locusta was the most
suséeptible part to DNOC, and application to the

wings was less offective, Yet, with the same
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insecticide against Schistocerca (MacCuaig, 1965)
found that the antenna was the most vulnerable part
and applicat;on_to the legs or the wings weas loas
effective, lith mélathion,‘(Ahmed and Gardiner 1968)
foundva considerable variantion in toxicity against
Schistocerca, It was lethal on the neck, sub=lethal

on the abdorien and less effecfivo on the 1§gs{

A series of experiments, therefore, were sct up to
inveatipgate the effects of sito of application on
fifth instar Schistocerca using WBHC, Cyolane

and dioxacarb,

Materials and Methods

Locusts were used at 2«3 days old and the conditions
of breeding wore essentially similar to those
described in the previous sections. The asites
selected were the head, the neck - membrane, the

wing base, the hind log and betwcen the 1st and 2nd
‘abdominal sternites (the standard site) at the tip
of the abdoumcen, The éhoiee was made on the basis of
difference in cuticle tiickness and distaﬁce

from the head, Sites such as the neck ﬁembrane

and the wing base have been used by other workers,
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Insecticides werc aprlied topicail} by means of the
micro cap an@ it waas noticed that the drop spreads
from the position which it was placed; When applied
to the ﬁggd on the frons, the drop was ﬁsually seen
to spread around the region and sometimes to the
mandipular articulations, VWhen applied to the

wing base,'fhe_drbp was appliéd dorsa}ly 1# tye'
region qf'the a$illary aclériées. On fha femur of
the hind'lég, the drop wag'pléced on the centrc of
the large flat lateral area and the locust was

held for a few seconds to allow the drop to spread
sufficiently, On. the neck, thc drop was applied
dérsally:to vhere the neck membrane, On the abdomen,
the drop was ventrally applied to the interscgmental

nembrane between thie lst and 2nd abdominal sternites,

Toxicity tests were carried out using a single dose
applied}topically to different parts of the body.
After trecatment, locusts werc held for a few seconds
in order to prevent insecticides being wiped olf

by accidental concact, Locusts were supplie& with
food and maintéined at constant conditions of

temperature and humidity as described in 1,12,
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Infiugence of the site of application on the
toxicity of YEBHC

In this experiment, all six sites wverc used and

a total of 120 1ocusts was uaed.

The first inéﬁecfion was made 6 hodrs_after application,
and it was found that locusts treated on the neck

Wwere badly affected, those treated on the wing

base were slightly affected, and’iﬁseota treated

at other sites were normal, The full effect

of «BHC applied to the mock was coﬁplote in less

than 24 hburb; compaﬁed with 72 hours on thé wing

base and up to 6 days on other sites,

The r:sults are shown in Table 18 with numbers of
locusts killed at cach site of application with

a single dose of 12.6 pg/g.



Table 18

Su 1ity of different parts of the bod

of Schistocercato f-BIIC

Mortalities fdr different sites

Experiment No, of Head | Neck Ving Hind Abdomeﬁ Abdomen

locusts . Heme base Leg . postor- standard
per . brane icr end
site
1 10 5 10 © 9 b § 5 6
2 16 10 1o 9 . o 3 9
Total % .
killed 20 15 20 18 1 8 15
75 100 90 5 ko 75

Table 18 shows a large variation in toxicity of
different sites of application to ¥=BHC, Thus
application on the neck membrane was the mcst

toxic and on the hind legy least toxic,

1.33 Inflyence of the si:te of application on the
toxicity of Cvolane

In this experiment, five sites wocre tosted and

a total of 100 locusts were used,



'The first inspcction was made 6 hours aftor
treatﬁant, and it was observed thét locusts
treated on tﬁe neck or the ﬁing bose were badly
affected, while aftexr application to other sitos
they were only slishtly affected., Allocusts
treated on the neck wero dead before 20 hours,
on the wing base in 4872 hours, while insécts

treoated on other sites lasted for 6 days,

Tho results are given in Table 19 with numbers
of locusts killed following tonicnl apnlication to

cach site of single dose of 4,0 pg/c.

Table ;2

Susceptibility of different parts of the bod
of Schistocerca to Cyolane

Mortalities for diffement sites

Experiment No, of Head Neck VWins Hind Abdowen standard

locusts deme= base 1leg
per brane
site
b § 10 8 0 10 7 8
2 10 8 10 9 6 6
Total 20 16 20 19 13 14

% killed 80 100 95 G5 70
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Table 19 shows a little variction in toxicity

of Cyolane bétween different sitps of application,
-Cyolane was toxic on the ncck membrane or thie wing
base and application to the‘hind lcg was as

effective as to the abdomen.

1 th n 4 o, he to:
of oxac ’ ' : : :

In this experimént, five sitos were tested and a

total of 100 locusts were used,

The rirat.inspection was made 6 hours after application,
and it was obse:ved that locusts treated on the

neck or on the'wing base were bad¢ly affectedj

other sites wero only slightly affected, All

locusts treated on the neck weré dead before 24 hours,
on i(thewving base in 48«72 hdura, while after

trecatment of other si:es they lasted for 6 days,

The results are given in Table 20 with the numbers
of locusts kilied following topical application to

each site of a'single dose of 3.5 pe/e.



Table 20

P ' ts of the bod

£ [+} ' [+

Mortalities for difforoni sites

Experiment No, ¢f Head Neck Wing  Hind Abdomen

locusts . Meme base leg  standard
pexr brane :
site '
1 100 - 2 - 10 8 0 9
2 10 T 10 8 0 7
Total % 20 9 20 16 0 16
killed bs 100 30 0 80

Table 20 shows a wide variation in toxicity of
dioxacarb between different sites of apélication.
Thus application on the neck membrane was lcthal,
on the abdomen or the wing base was efréctive,

wvhile on the head or the leg was least,

1,35 Disgussion

It can be scen that with Y=BHC very large diffeorenees
in offectiveness wore observed betwoen sites of

application, MNortality ranged from 1004 to 5%,



The most sensitive part waes the neck membrane
followed by the wing base, abdomen (intersegmontal
nieubrane ), posterior end of the abdomen and the

’

hind legy s

¥ith Cyolane, not much differencc betwcen.difforent
sites of application was found., Table 19 shows that
the neck membrane and the wing base are thc most
susceptible part followed by the head, the abdomen
and the hind leg."The toxicity of Cyolane on the

lcg 18 about the same as oﬂ the abdomen,.

liith dioxacarb, a wide variation vas found depending
on sites of application, This ranged from 100%:
ltilled to noneitilled, The most susceptible part
vas the ncck membrane, foilowed by the wing base

and the abdomen, the head and tiie leg.

The rcsults show that the toxicity of an insecticide
is affected by site of application where higher
mortality is obtained from application to the neck
nembrane and lowver morfality from the hind leg as
shown with YW=BHC and dioxacarﬁ.. It indicates also
that the relative effectiveness of different
insecticies at any éiven site depends on their
pyscé-chemical properties, For example, appliéation

to the hind leg, Cyolane is effective as on the head



(65% mortality), ¥BHC less effective (5% ﬁortality)
and dioxacarb is least (non-killed),

Réaulta showed that the neck megbrane was the most
susceptible part to the insecticides tested, This

mnay be attributed to the fact that the neck is

near the central nervous system which is considered

tq be the site of action of most insecticides (0vBrien,
1967), However, application to the head is of
intermediate toxicity for Y=BHC and Cyolane and

leas effective for dioxacarb, To test the possibility
of the cuticle role in the toxic action of Y=BHC,
another sot of oxperiment was carricd out using a
‘fixed dose of YW»BHC applied topically or by injection

to the neck membrane,

In this experiment, a total of 80 locusts were
used, A fixed dose of 10 pg/g of Y~-BHC was
épplied topically or by injection, The results

are given in Table 21,



Table 21

BHC d topically or

injection into thc neck membrane

No, of locusts killed

Experiment No, of Topical application Injection
locusts '
pexr site
1 10 ' 10 2
2 10 10 6
3 10 10 L
L 10 ' 9 6
Total 4o 39 18
% killed 97 by

The results show that Y-BHC is less toxic when
injected than when applied topically to the neck
membrane, This difference in toxicity may be
due to the spread of topically applied Y=BHC
through the cuticle so that acts as a reservolir
and maintains an effective concentration of the
insecticide at site of action, With injection,
¥»BHC may be transfermed to less sensitive

areas possible by the haemolymph as suggested
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by Le Roux and Morrison (1954) and Burt (1970).

Gerolt (196941972) suggested that the transport
of dieldrin and oxime carbamtes applicd topically

to houseflies does not involve the haemolymph,

When the three insecticides are compared a similarity
can be observed., On the abdomen 70=-80% were always
killed, on the neck the figure is 100% and on

the hind leg always least, The speed of reaction
following application to the neck membrane was
quickest because of the sensitivity of this part

to topical application, Application to the
intersegmental membrane between the first and

second abdominal sternices is of intermediate, and

so suitable for general testin: purposes.

Effect of post-dosing temperature on the toxicity

of secticides
trod )}

Environmentel conditions such as temperature'can
affect the toxicity of insecticides by theixr action
before treatment, during treatment, and after
trecatment as has been revicwed for different insects,
For locusts, MacCuaig (1959) found no difference

in toxicity of YWBHC against hoppers Schistocerca
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kept at 19.5,24, and 38.5°C.after treatment, Vith
DNOC, MacCuaig (1958) found that adult locusts

kept at higher temperature (35°C) died more

rapidly than at lower temperature (Zsﬁai, but

the final kills were identical, With ;everal
insecticides against first instar Schistocerca

kept at 26 and 31°C.after treatment (MacCuaig et, al.,
1964) found that dieldrin was more toxic at

the higher temperature, Other insecticides,

including Y=BHC, showed no significant change,

These oxperiments were designed to determine
the toxicity of Y-BHC, Cyolane and dioxacarb to
fifth instar Schistocerca at two different

temperatures after dosing.

1,42 Materials and Methods

In order to make a quantative detérmination of
variation in toxicity during the post-dosing

period, it was neceaaar} to apply the dose to locusts
as quickly as possible, and transfer the trcatcd
insects immediately to the required condition,

Before trecatment, lbcusta were kept in the dosing
laboratory, for a short period, in.order to minimise
the influence of temhefature before and during

treatment., Two groups of fifth instars 3-4 day old



were treated at each of four dose levels for
determination of the LD50's anc¢ LDS9's, All
applications were made topicﬁlly, as described in
1;12, Eooé was avallable after dosing, Ihe cages
of treated locusts were after dosing immediately
rlaced in a cabinet under controlled temperature
at 25%°C.or 35°C.with variation of 2°C for 6 days,
Humidity was not controlled but‘remained at a

fairly constant level of about 60=80%,

1,43 Toxicity of ¥=BHC at different postedosina témperatures

In this experiment, a total of 200 locusts were
used to determine the toxicity of ¥=BHC at 25°C.

and 35°C~post-dosing temperatures,

The first inspection was made 6 hoﬁrs after
trcatment and it was observed that locusts kept
at 2500 reuained normal while those kept at 35°c
showed signs of poisoning, The.toxic action

of Y-BHC was rapid at 35°C and most kill took
place between 24«lL8 hours and thereafter changed.
little, At 25°C the coffect of Y=BHC was gradual,
and observations were con:iinucd for 6 days,

The symptons of toxicity and criteria of effect
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 were as described in 1.13. At the end of the
experiment. all locusts not dead were counied

as normal.,

The results are shown in Table 22 with the LD50's,
955 confidence limits and the relative resistance
at different temperaturcs, Graph 15 shows the

probit regression lines,

Table 22

wodo temperatures on the

toxicity of Y=BHC
Post~-dosing Rogroession LD50 95% Relative
temperature equation ug/eg - confidence resistance
limits
35%c. 7e20x=8,03 34,92  33.3=36.5 3.79
25°c. 4.79x=0,95 9,.2% 8,1=10.4 1,0

*Difference significant at the 5% level,

Table 22 indicates that at post-dosing temperature
of 35°C.the relative resistance to Y»BHC increased

as.compared with post=dosing tempoerature of 2500.



1,44 To ty o olane at different stedosi
or. 8

temperatures

A total of 210 locusts were used throughout the
exporiment to determine the toxiéity of Cyolane at

25° and 35°C.post-dosing temperatures,

The first insﬁection was made 6 hours after
application, and it waavfound that locusts held

at 35°C were slightly affected than those held at
25°c. Tﬁroughout'the eiperiment. toxiclty developed
faster at the higher temperafure and the full
effecf'of Cyolane was complete in about 2448 hours,
At 25°c, toxicity developed at slower rate. The
symptoms of toxic;ty'and criteria‘of erfect were
similar to those deséribod in 1,13, At the end

of the experiment, all locust not dead were

counted as normal,

The results are‘given in Table 2 with LD50's, 95%
confidenceo 1imits and'thé relative resistance
at different post-dosing temperatures, Graph 16

shows the probit regression lines,



Table 23
Effect of post-dosing temperatures on the

foxiclty of Cyolone
Post~dosing Regression ~ LD50 95% Relative
tenperature equation pg/g confidence resistance

limits
35%c. 8,90X=0410 3.7  3.5=k.04 1,27
25°¢c. 5016x=4458  2,9%  2,5=3,3 1.0

#Difference significant at the 5% level

Table 23 indicates that change in post«~dosing
tenmperatures has a little effect on the toxicity
of Cyolane, alfhough thoro is a suggestion of

increased rcsistance at the higher temperature,

1.45 Toxicit dioxacarb at different ‘post-=dosin
tgmgegatggas

In this experiment, a total of 220 locusts were
used to detoermine the toxicity of dioxacarb at

25% and 35°C post-dosing temperaturcs.

The first insepction was made 6 hours after
treatment and it was found that locusts kept at
35°C were slightly afifected than tihose held at 25°C.
Throughout the,experimenf, poisoning developed

rapidly at highor temperature and at slower rate



at lower témperaturé, The symptoms of toxicity
and criterie of effect wore similar to those describod
in 1,13, At the ond of the experiment, all locusts

not dead;wére counted as normal,

The results are shown in Table 24 with the LD50's,
95% confidence 1imiis - and thie relative resistance.

Graph 17 shows the probit regrossion linos,
Table 24

Lffect of postedosing temperatures on_ the toxicity

of dioxacarb -

Post=dosing Regression  LD50 955 "Relative
tomperature equation - ug/e confidence resistance
limits
35°¢C. 5¢8x=0,03 Te2lh 646-8,0 2,78
25%%. 5¢0x=lto11 2,60% 2,3=3,0 1.0

#L4 “ference siénificant at tho 5% level,
Table 24 indicates that at posit~dosing teuporature

of 35°c, the relative resistance to dioxacarbd
increased as compared with post~dosing temperature

of 25%c,

Results indicated that the toxicity of Y=BHC
was greatly affected by post-dosing temperature,

~BHC was about 3,5 times umore toxie¢c at lower
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fomperiture, Vith Cyolane, whion locusis woro

treated with the LD99, as in otlior insccticidos,
100 kill was obtained at 3500 in contrast to
YLi¢ and didxaoarh. and another range oI dosos
wvas uscde, Dioxacarb had an intermsdiate position

and was about Re5 timos more toxic at the lower

teiperature,

Diggussiog

It can beesegn~th§t the influenco of poste~dosing
on toxicity varies with diiferent insvcticides,
For cxample, a considorable chanse weos found with
-3iiCy while post~doaing teuperature had no very
marked effect on the toxicity of Cyolare, At a
given dose of ¥=BHC, kills of locusts decreased es
the postedosing temperature increased from 25°
to 35°C. liow:.ver, tempexrature had less efiect
on tho action of dioxacarb than it had on that of

¥BHC,

The eiTeci of tempsraturc on tio toxicity of YwBIHC
has beon investigated by several workers wio have
obtained anoualous res:lts, Y~BHC was mors toxic
at lower teuperature, as roported 15 tiis work,

against Dlatella geruwania (Guthrie,1950), less



toxic with housefly (Hoffman ot al,l1949) and
(Hoffman and Lindquist 1949); not affected by
the post-dosing,temperature with Schistocerca
(MécCuaig,l955). Hadaway and Baxrlow (1957)
found that =DHC vas slightly moré toxic:: to
houseflies at higher teuperature, but its

toxicity to Aedeg agpvnti and Auaopheles stephensi
was not affected by the temperature,

There 1is no information avallable on the action
of Cyolane and dioxacarb at difforent temperatures,
The effect of post=dosing temperature on othqr‘

insecticides has been rovicwed,

1;5 Efifoct oi prior starvation on tie toxicity cof YwBIC
le51 Introduction

Food is an important factor for growth and
development, and lack of food may affect the
tolerance of insects to insecticides, Pearson (1957)
found that the toxicity of dieldrin applied as a
stomach poison to fifth instar Schistocerca

was increased by a period of starvation after
treatient, MacCuaig and vatts {(1960) showed

that the resistance of fifth instar Schiistocerca
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to dieldrin. increased when locusts were fed
imicdiately after treatment. MHacCuaig (1960)

found that lack of food before treatment had no

cffect on the toxicity of Y=pBHC by topical apnlication
to fifth instar Schisﬁocerca, but with fdiazinon.

DNOC and parathion tho resistance decreasod,

This work was designed to study'the effoect of

prior starvation on the toxicity of Y=BHC applied
topically oxr injected into fifth instar Schistocerca,
The influence.: of starvationAbefore treatment,

and aftor treatment on the stomach tomicity of.

‘WeBHC was also investigated.
Materials and liethods

Fifth instar Schistocerca 3=l days old were
used throughou: this experiment, and werc deprived
of food and water for differcnt periods bcfofe

treatment,

Lffect of prior starvation oh the toxici of Ye=BHC

applied topically or by injection

(1) ZTopical application

In this experiment, a total of 290 locusts weie



randomly divided into 3 groups and each group
was tested at 3«4 doses of WeBHC applied by

the mioro cap as described in 1,12,
Sta erlods before treatment

The first group of 90 locusts was starved for
24 hours, the second group of 110 locusts for
48 hours and the third group of 90 locusts

for 72 hours,

After treatment, locusts were supplied with
food and kept under constant condition of

temperature and humidity as described in 1,12,

The first inspection was made 24 hours after
.treatment, and it vas observed that locusts

starved for 72 hours were slightly affected,
other group showed signs of Y-BHC poissning,
The symptoms obsecrved and criteria of effect
were as those described in 1,13, At the end
of the experiment, alllocusts not dead were

counted as normal,

The results are presented in Table 1 with the
LD50%s, 95 confidence limit and the relative

. resistance, Graph 18 shows the probit regression

lines,
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Teble 25

Effect of starvation on the toxicity of YwBHC

applied topically to fifth instar Schistocerca

Starvation Regression . LD50 95% Relative
periods equation pg/g confidence resistance
hours ' limits

24 ‘ 6.38:"2.68 8.0 6.6-10 1,33

48 6.29x~2,29 7.1 6.3=-8.3  1.18

72 5.80x=1,25 6,0 lo8=7,4 1,0

Table 25 suggeits'a decreaseliﬁ resistance with
increase in starvation period after treatment
although the difference between 24 hours and 48
hours is not significant at the 95% level,

(2) Injection

Approximately 290 locusts vére randonmly div;ded

into 3 groups and each group was tested at 3-% doses
of Y=BHC injected into the abdohen as described

in 1,12, The first group of 90 locusts were

starved for 24 hours, the second group of 110 locusts
for 48 hours and a third group of 90 for 72 hours,
The condition of insects after treatment was
easeniiaily similar to those of the preceding

experiment,

The first inspection was made 24 hours after treatment
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and it was found that iocusts starved for 72 hours
wore slightly affectedj other groups showed

signs of ppiaoning. The aymptogs 9bserved

and criteria of effect were as those described

in 1,13, At the end of the experiment, all

locusts not dead were counted as normal,

The results are given in Table 26 with the LD50!'s,
98¢ confidence limits and relative resistances

Graph 19 shows the probit regression lines,

Table 26

Effect of starvation on the toxicity of x=BHC

applied by injection to fifth instar Schistocerca

Stmrvation Regrcssion LD50 95% Relative
periods equation pg/e confidence resistance
. hours ' limits
l‘8 6.76;"2.8 7.1 6.5-7.8 1.10
72 7.60"3.1‘ 6.1‘ “.6-7.4 1.0

The results in Table 26 indicaté that a decrease
in rosistance with increase in starvation periods
after treatment although the difference between
48 hours and 72 hours is not significant at the

95% level,
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Effect of prior starvation on the stomach toxicity
of Y=BHC v ,

In this experiment, ¥BHC was applied as stomach
poison, using the method of application as described
in 1;12; Food was available after treatment and
insects were kept at 25°C teuperature and 60-80%
relative humidity. |

Approximataly 340 locusts werc randomly divided

into 3 groups according to treatment, The first
group of 110 locusts were starved for 2% hours prior
to treatment and fed after, and the second group

of 120 locusts were fed before and starved after
treatment for 24 hours, The third group of 110
locusts were starved for 24 hours before and after

troatment,

The first inspection was made 24 ho..rs after
treatment and it was found locusts starved for 24
hours beforé and after treatment were slightly
affected, while locusts starved after treatment
showed sizsns of poisoning, the other group was
normal, It was also observed that badly affected
locusts excreted less faecal meatter, The symptoms
of poisbning and criteria of effect were similar to

those described in 1,13, At the end of the experiment,
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all locusts not dood wore counted as norwmal,

The results are shown in Table 3 with the LD50's,
95, confidence limits and relative resistance,

Graph 20 shows the probit regression lines,,

Table 27

Effect of starvation on the stomach toxicity of
- FBHC against fifth instar Sehidstocerca

Treatment Regression LD50  95% Relative

groups equation ns/c confidence resistance
limits
2 7064x=2.86 10,7  9.7=11.6 1,46
3 7490x=1,82 7e3 648748 1,0

Tcble 27‘ind1c§tes that hoppers starved after
treatment arc more susceptible to Y~BHC than when
starved before treatment, Locusts are much more

susceptible when starved beicire and after treatment,

The rcsults in Tables 25 and 26 indicatcd that
starvation prior to treatment has increased the
toxicity of Y=BHC applied by topically oxr by
injection, Starvation has incrcased the stomach

toxicity of Y-BHC and locusts starved before and



after troatment vore more susceptible than those

starvad before or after,

Discussion

From the results, it can be seen that the
resistance of Iifth instar hoppers to YLBHC

was affected by the stervation periods, Hoppers
starved from 72‘hours were more susceptible tﬁan
.when starved for 24-:8 hours by topical application

or by injectioh,

When hoppers werc fed immeéiétely aftcr treatment
they were more resistance than t.ose not fed by
factor of 1.2, This finding agree with Pearson
(1957) and MacCuaig and vatts (1960) who found
that the resistance of Séh&stocerqa to dieldrin

as a stomach poison was increased when hoppers
vere fed after treatment, It is probable, therefore,
that when the stomach dose is followed immediately
by further food some of the in ,ested dose may

be excreted, lhile ih case when hoppers were not
fedy insecticides may retain in the gut for much
longer time which allows for a great amount to be

absorbed,
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1. 61

nffect.of body weight on the toxicity of Y- 3HC

Introduction

It is gonerally assumed in biological assay tests

that an.organism fesponds to inseéticidea on a

weight bastis, In proportiﬁn to its body weight

& larger insect requires a larger dose to kill

than smaller insect of the same spocies. Hovever,
susceptibility may not alwvays be directly proportional
to body weight as has boen revicwed with ersenic
against Bombyx mori (Bliss,1936), last instar
Diataraxia oleracea for DDT and YwBHC (iay,1954)

and several insecticideé'against four species of

lepidopterous larvae (Gast,1959).

For locusts, Hopf (1951) found that the kill of
Locusta‘by a number of insccticides including Y-BHC
correlated better with the dose expressed as peg per
locust instead per unit of body weight, Stringer
(1956) found similar results with some organopho-phéurs
insecticides against Locusta when the dose was
measured in fig per‘locuut. MacCuaig (1956) with

DNOC applied topically to adult Schistocerca and
Locusta found that the rosistance was directly

related to the body weight when the dose was measured
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in pg of body weight of locust, With other
insecticides, iMacCuaig (1961) found that resistannce
to Y=BHC was proportional to weight within any one
age but resistance to diazinon decreased within
inecrease in age., iith Locusta, rosistance to
!kﬂﬂb wéa dependent on weight but the resistance

to diazinon was found to be independent of woight,

Materials anc lietliods: ‘ ,

Since the weipht of insects change during growth

and varies between different groups witiin one

~instar of the same age égd between sexes fherefore.

this cxperiment was desizned to study the toxicity

of YwBHC to .different weéight groups and sexes

of fifth instar Schistogerca 5-6 days old. Locusts
were not randomised but ﬁefe éivided according

to weight into light and. heavy groups and the

sexes were treatod separately. The mean weiéht of

hoppers used was as follows:

Sex Heavy Light
Males 1.50 1,16
Females 1,75 ) 1.35

Y-BHC was applied so that different groups of

locusts received similar doses regardless of



of individual variations of wcight, The weisht
of each locust was recorded so that the dose

in pg/g body weight could be calculated, Treated
locusts were supplied with food and maintained

at similar condition as described in 1,12,

nResulis

In this cxperiment, a total of 440 insccts were
used through the exﬁeriment, Doses of similor
size, measured in ug per locust, woere applied

topically to all locusts 1r:espédtive of their

size,

The first inspection was made 24 hours after
treatment and it was observed that the lighter
locusts trecated with higher doses showed signs

‘of toxieclty but none of ti:o heavier inseects did .
so, The syuptoms of poilsoning and criteria

of effect were as described in 1,13, At the end
of the experiment, all locusts not dead verec

counted as normal,

The results are shown in Table 28 with the LD50's
and 95% confidence limits, Craph 21 shows the

probit regression lincs,



Table 28

Resistance of Schistocerca of different weight

Groups of YwBHC applied topically

Sex Jeight LD50 95 LD50 95%
. pe/locusts confidence pg/g confidence
limits limits
Malos 1,16 15.5 14,5=16,6 13,4 12,0=14,7
1,50 22,7 20,0-25¢0 14,2 12,3-16.0
Feamles 1,35 18,1 17.1=19.7 14,4 1342=15,7
1.75. 25,0 22,8=2T7.4 15.1 1348-1645
~Table 28 indicated that the lighter locusts were
~more susceptible than the heavier locusts, and the
 Lb50 for the females wore higher than for the males
when the dose was measured per locust, ihen the
doso was applied in pg/g.tha difference betweon the
groups was not signdficant,
1,64 Discussion

The rcsults indicated that resistance to fifth

instar to ¥=BHC is proportional to weight, Maccuaig

(1961) recorded similar results with adult

Schistocerca when theo dose was measurcd in

pe/g of body weight,
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Toxicity of =BHC to different instars

Introduction

It is known that within a insect species, resistance
to insecticlides varies with dtffereﬁt instars and
stage of davalopmént‘as roeviewed, 7VWith successive
instars of Schistocerca Pradham and Bindra (1958)
ahowqd.fhat resistance to ¥=BHC suspension applied
by cont;ct increased with instar, and older instar
was about h_times as rosistéﬁt as the younger

instar. iacCuaig (1960 and 1961) found that resistance

' to Y=BHC applied topically to hoppers and adult of

Schgétoce?ga was least a fow days before moulting
and a fou days after, lacCuaig ety al, (1964)
found that first instar Schiastocerca wero miuch more
susceptible than fifth instar, by factor of 2,0

for dieldrin and by about 8§ tinmecs for Y3lC,

This exporiment wus desipgned to investizate
resistanceo of fifthh instar hoppers and odult of

Schistocerca to Y=BIC applied topically oy by

injection,
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1.72 Materials and Mathods

Tesg insects

Fiith instar hoppers U«% days old, immature
adulﬁs 2-3 days o0ld and mature adults 2 weeks old
of both seoxes were used, Y»DHC was applied by
topical application and by injection into the
abdomen, The methiod of application and condition
of insects after troatment were as described in

1.12,

Approximately 190 locusts of each age group

" were randomly divided into two groups. The first
group of 80 insects were used to determine the
toxicity by topical application and the second

croup of 110 insects by injection,

1,73 Results

The first inspection was made 24 hours after treatment
and it was observed that most insects were normal,

The symptoms of poisoning and criteria of efiect

were as tl.ose described in i.,13, Cbsewvations were

counted till thers were no more deaths or for 6 daysa,.

At the end of the ex?eriment, all locusts not doad
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wore counted as normal, The results are shown in

Table 29 with tLc LD50's, confidence' limits,

Graphs 22 and 23 show the probit regression lines,

Toxicity of

Table 29

=BHC to Schistocerca

application and injection

Age Treatment

Topical
Fifth instar
Inmature adults

Mature adults

Injection

Fifth instar
Iomature adults

Hature adults

Results indicate that immature adults are more

Regression
equation

797x=5.35
8.50x-3.96
5060}{-2.;9

6. 71":"'30 92
4. 96x-6. 56

5.00x=0,03

topical

LD50
ne/e

9.9
567
95

10,5
6.7

10.4

95%
confidence
limits

9. 2-10. 8
5¢2-6.1
8. 5'10. 7

8.6-12.9
4.“—8.7
9.6-12,4

susceptible to Y:=BHC than fifth instar or mature

adults and the resistance of fifth instar is

similar to those of mature adults,

‘Locusts appear

to be more resistant to injection than to topical

application but the difference is not significant

at the 95% confidence level,



=100w=

1.74% Discussion

Thé results dindicated that resistancoe of hoppers

and adults of Schistocerca was of the same ordor

although 2«3 days old iummature adults woro more
suscéptible. The toxicity of YRBHC by applied

topically-ﬁo h0pbers and adults of Schistocexrca
has boen qgterﬁihéd by‘HacCuaig-(L960 and 1951).
He found tﬁat thé LD50's of 4=~5 days old hoppers

" was about 1041 ﬁg/g, decrcased to 5¢3 pe/g for
3' days after moulting and the incroased to an

. awéfage.value:of 8.9 for 2-4 woeks -2ld adults,
These values are similer to thosc found in this
exporiment.

" \ihen insects of'diffefeqt instars were used, older
insécfs werc more résiétant-than &oungor ones (MacCuaig
ote gl.,1964, Sanches énd ?hermaﬁ 1563) and -these
changes’ were found to b: influencéd by insecticides

and stage of development (Harris and Core 1971),

1,8 Effect of food on.the toxicity of Y'-BHC

1,81 Introduction

The quantity and quality of food are the two

principal ways in vhich food may influence the
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resistonce o! insects to insecticides, A change
in the type of diet on which the insects were

reared may affect their tolerance (Busvine,1957).

The following experiments were, therefore, designed
to investigate the effect of lack of food and
reduced feeding on the toxicity of Y=BHC, Also

the effect of change of type of diet on the toxicity

of »BHC, cyolane' and dioxacarb,

Effect of lack of food

yategials and Methods

- Only 3-4 days old fifth instar hoppers of

Schistocerca were used in this experiment, Y=BHC
was applied topically or by injection, and the

conditions of rearing were similar as described

in 1,12,

Locusts deprived of food before treatment

A total of 220 locusts werc used, The first group
of 110 insects was used to determine the toxicity
by topical application and the second gro.p of

110 insects by injection, Treated locusts were
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supplied with food,

Locusts deprived of food after treatment

A total of 180 locusts were used, The first group
of 90 insects was used tb determine the toxicity

" by toplcal application and the second group of 90
insects by injection. ' They had ample food

available before treatment,

Control group

In this experiment, a total of 240 locusts was
used and they were supplied with food before and
after treatment, Approximately, 210 insects were
used to determine the toxicity of YeBHC by topical

application and 120 insects by injection,

Treated locusts were kept at constant condition

of temperature and humidity as mentioned in 1,11,

Results

The first inspection vas mado 24 hours aftor treatment
abd observation were continued for 6 days, The
symptoms of toxicity ahd critoria of effact were

similar to t..ose described in 1,13, At the end
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of the experiment, all locusts not dead were
counted a=s norﬁal. The results are shown in Table 3Q
with the LD50's and 95% confidence limits., Graphs

24 and 25 show the probit regression lines,

Teble 30

Effect of lack of food on the toxicity of ~BIC

Method of Treatment Regreasion LD50 95%

application ~equation puz/ge confidence
limits
Topical Control 6,30x=3,22 10,1 9,5=11.4
No food
before : 8452%x=6415 10,2 9,7=10,6
No food
after 5+26x=1,03 6.l  5,6=7,2
Injection Control Tel2x=4,77 11,8 10,8-12,9
No food
before 8.,30x=6,04 10,7 9.6=11,4
No food
after 50762"1081 706 700-803

‘Table 30 indicates that locusts not fed after
treatment for 24 hours were more susceptible to
¥Y=BIIC by topiecal application or injection although
the resistance of locusts not fed before did not
differ significantly at 959 contidence limits from

the control group,
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1.83 Effect of rxeduced feeding

In this experiment, a group of locusts was fed on
small grass meals for a period of time while the
other group was fully fed, They were used to
determine the effect of quantity of food on the

toxicity of Y=BHC,

Materials d Method

. A total of 230 locusts were collected from mid
fonrth 1ﬂstar And wore used at 5«6 days old throughout
this experiment, They divided into two groups
according to treatment, Tho firot group of
110 locuﬁfa (fﬁlly fod) was supplied with three
meals of ‘grass per day in addition to a smgll
amount of grass standing in water in a small jar,

. Before introducing new food ths old grass was
removed from the cage so that grass was always

. in the normal condition, The second eroup (less fed)
of 120 locusts was given a grass meal once a day
and this grass was not changed till the next
morningg by that time it has lost some of its weater
contents, Both groups moulted to the fifth
instar at the saﬁo time, Y¥~BHC was ;pplied fopically

as described in 1,12,
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Results .

The first inébeéfion was made 24 hours after
treatment, and observation were continued for

6 days, The symptoms of toxicity and criteria

of effect wére similar to those described in 1,13,
At the end of the experiment, all locusts not
dead wéré conﬂteﬁ as normal, The results

are given iﬁvTasle 31 with the LD501s and 95%
confidence limits. Graph 26 shows the probit

.regression lines,

Table 131

Ei‘fect of reduced feeding on _the toxicity of YBHC

Treatment Regression LD50 95%
equation ns/e confidence
: limits
Fully fed 6,42x=3,97 12,5 - 11,3-13.8

Less fed 8430x«5,68 9.7 9,0-10.4
‘Table 31 indicateswthaf locusts fed on relatively

poor food for about 7«8 days were more susceptiblle

than those given amplse._fresh food,

1,84 Effect of type of diet

This experiment was carried out to investigate the
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effects of feedin; locusts on artificial diet,
dry food and veory dry grass‘on the toxicity of

"¥-BIIC, Cyolane and dioxacarb,
Locusts fed on artificial diet

Hoppers were fed on the artificial diet from

the first instar #nd were used at 5«06 days old
fifth instar throughout this expariﬁent. To
determine the change in weight of hopper& fed
on artificial diet, 20 hoppers were weighed at
intervals during the experiment and the mean
woight, is shown in Figure 51, It was obserﬁed
that 4in hoppers fed on artificial diet the cuticle
pigments were absent, although where nﬁmﬁers'of
hoppers w@re supplied with small portion of fresh
grass in the diet, hoppers devéloped the cblour.,
The absence of the colour was due to the lack

of carotene in the dlet, but this was found not
to be essential for growth (Dadd 1957,&1960),

The artificial diet was supplied in small petri
dishes and watexr was available, The composition

of the diet as described McKinloy (1970),

Bemax 24¢g
Yeast 22¢g
Casein . . 4e
Sucrose heg

Methyl parahydroxybenzoate
1.28
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Cholesterol O,1g
‘Ascorbic acid 2.5¢
Choline chloride 0.2g
Glaxo salts 2.0g
Lino#;c acid ' 2 drops
Methyl linolenate 2 drops

Vanderzant vitamin
mixture _ . 3.5m1

This diet was originally prepared for roaring the
cotton leafworm Spodoptora littoralis,

Haterials‘and Moethods

5=6 days old fifth instar were used in this
aexperiment, A total of 330 locusts were randomised
bétween YSBHC, Cyolane and dioxacarb and tousiod

at 4 doses to determine the toxicity by topical

. application. Treated locusts were supy lied with
artificial diet and kept at constant condition of

temperatu-e and humidity as mentioned in 1,12,

The first inspection vas made 24 hours after
treatment and obscrvations were coniinued for 6
dayse At the end of tho experiment, all locusts

not doad wore counted as norumal,
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The results aro given in Table 32 and Graph 27,

Table 32

Toxici of topicall 3lied insecticides to
Schistocerca fed on artificial diet

Insecticide Type Regression LD50 95%

of equation = wg/e confidence
diet . limits
¥=BHC artificial
Lo36x=1,48 15,0 13,0=17,2
fresh grass
5490x=1,19 11,1 10,4«12,0
Cyolane artificial
. 6.32":{-1.3 1.96 1.8"2.1
fresh pgrass
N 5.41‘1“0.97 2.80 2.6-3.0

Lioxacarb artificial

L, 46x=2,0 1.5 1,3=1.7
fresh grass :
5430x=1,13 2,8 2e5=3.2

Table 32 indicaies that locusts fed on the
artifiéial diet are more resistant to YWeBHC than
other insccticides but locusts fed on fresh grass
are more tolerant to Cyolane and dioxacard than

on artificial diet, It appoars that locusts

fed én artificial diet are twice as susceptible to -

Cyolane and dioxacarb than vhen fed on fresh grass,
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- EBffect of feeding locusts on dry food

This experiment were dosigned to study the
toxicity of %BHC against locusts fed on dry food,

sts >d o bemax (wheat rrerm

ﬁgterig&e md Methods

lHioppers wore fed on bemax from mid fourth instax
and they were used at 5-6 days old fifth instar,
Jater was provided during the experiment. A total
of 90 locusts werc used to determine the toxicity
of Y<BHC by topical application. Locusts were

supplied by fresh grass after treatment,

Resultg

}The results are shown in Table 33 and Graph 28,

Table 33
Toxicity of YwBHC to Schistocerca fed on bemax
Type of diet Regression LD50 95%
. equation rz/e confidence
limits
Leaax 7.901-1.1‘7 7.9 7'3-1107

Fresh grass 5¢90x=149 11,1 10,4-12,0
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Table 33 suggests that resistance of loguata
fed on bemax to YeBHC is similar to those fed

on fresh grass,

Locusté fed on vexy 222 gxrass

Materials and eti:odg

Hoppers wore fed on very dry grass for 2,3 and 4

days from 24 hours after moulting to the fifth instar,
" Yater was not supplied during the experiment, A
total of 290 loausté che used to determine the
toxicity of Y%Dﬁc by fopical apﬁlicatioﬂ énd'270

by injection, Treated locusts were supplied with

freosh grass,

The first inspectibn was made 24 hours after
treatment and oﬁservafions were continued on
successive &ays‘till éhere were‘no more'deafhs;
At the end of the test, all locusts npt dcad were

counted as nurmal,

Results

The results are given in Table 34 and Graphs 29 and

30.



Age
(days)

C =ille

ngécigx of X?BHC to ch§stocercn faed on_very -

dxy _grass

Troatment

Toéical

Injeotion

1,85

Period of
faeding
(days)

W

Type of LD50
food - pe/e

very dry T3
fresh grass 8,7

vory dry 6.5

very dry 5¢3
fresh crass 11,1

very dry. 10,6
fresh grasslisl
veory dry Ge3

vory dry he2
frosh grass 9,3

955
confidence
limits

507'802
709’903
5:6=743

407-508' )
10,4-12,0

ge2=12.1
1l,4e12,7
' 8.‘.‘.1003

JeT=le6
Se3+10,5

Table 34 indicates that locusts fod on vory ury

grass for 4 days are much more susgeptible than those

fed for tiw same periocud on frculh food,y altiough

rosistance of locusis fed for 2 and 3 days did-

nos diffor significantly ot the 935, lcvel,

Liscussion

In routine experimental work, the locusts wore

usually deprived of food for a short period hefore

trcatment to ensuro proeatexr uﬁiformity, but food



was alvays e available after treatment in
sufficient quﬁntity' Results in Table 3¢

indicate that lack of food for 24 hours after
treatuent results in increases sensitivity to

¥3BlC, but deprivation before had no effect,

When results of locusts fed on fresh grass (section‘1.3)
are coumpared with those fed on artificial diet

of the same age, indicate that the quantity

of fresh food affected the tolcrance ofilocustai

to Y=BHC where as locusts fed on an artificial diet
wowe more resistant to Y=BHC than to 0y61ano or’ |
dioxacarb, Locusts fed on bemax were as resistént
as those fed on fresh érass but locusts-fcd on »
very dry grass for 4 days wvere as twicejsusceptible'
as on fresh grass, The effcct of changing the

type of diet on tiie toxicity of insccticidos to

som¢ insects has been roported by some workers,
Iladawvay and Darlow (1956) found no significant

effect on susceptibility of female Acdes aorypti

to DDT fed on human dlood or guinca-pis blood,
Potter and Cillham (1957) found that aphid

Acrythqg}phon nisum recred on ¢lover was more

resistant than when rceared on broad bean, lLofgren

and Cutkomp (1954) showed that Poriplancta americana

fed on high protein diet was nmorc susceptible to
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LUT tham whoa {fed om lov proteln diet, Locusts
feq cnjvery gryrgraas_for nore thian 3 days ore
wore suscoptibLle than aftor shorter poriods
balthough thore were no signiiicant changzes in
ruaistanca of locusts fed on vory dry grass’ for

2 or 3 days, Foeding locusts beyond 4 days
induced cannabaliaﬂ. The wolzht of locusts at
the L4th day was less than those fed on frosh
grass an! bran, This decreasce in woight oiay be
roelated to the 1nauffieient nutritional value ot
dried grass for dovelomiont, Loe (1561) examined
Seidstocerea fed on grass wiilch vnfied in water
contenty the bleood wvaluze per unit veicht of
Sghistocercna was least wlhen thoy fed on tha driest

X058,

1.9 Lffect of solvent on the toxicity of xyﬁﬂc

le%1 - Intr tion

It is rocognised thot solvents and car-izrs
facilitate the penetration of insocticides through
Lo cuticle of insccts anddifferent soclvents

nffoqt the resistanco of insacts to insecticides,
sacCuals (1950) found tiiet dicidrin ayplied topically
to firth instar jchistocsrca was avout one quarter
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as tozic vhon apyplied in emulsion s whon applied
in oil solution, Insecticidos dissolved in xylene
wore found to be less toxic, wihcn ajplicd topically,

than in ¥XAB (oil solvent) (lacCuaim,l960),

This experiument was carried out to determine the
toxicity of Y-BHC in thrce solvents applied

topically or by injection..

1.93 paterials and ilethods

Fifth instar Schistocerca were used at 3-4 days old,
The solvents uscd worc KAB (Kerosene aromatic
bottoms ), acetone and benzene, Y*BHC in KAB was
applied topically by microcapillary or injected
using nicrosyringe, the method of apnlication

being as described in 1,12, YEIC 1in acetonc or
benmene solution was applied tonically by nicrosyringe
This change in method of apgplication was found to
be necessary because of the difficulty of applying
small volume of volatile solvents by micro-
capillary,. Similar volumes of the solvents applied
topically or inject. d caused no significant deaths

aniong the control group,

In this experiment, a total of 580 locusts were useds

approximately 90 locusts were used with each poison
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to determine the toxicity of topical application
and 110 locusts for the toxicity by injection in

KAB and benzene, but only 90 locusts in acotone,

Tho first inspection vas made 24 hours after
treatment and observations continued om successive
days till there were no more doaths, At the end
of tire tost, all locusts not dead were counted

as norial,
1,93 Ros:ults

The rosults are s:own in Taule 35 with the LD5Ot's
and 95% confidence limits, Graphs 31 and 32 show

the probit regression lines,

Table 35

Tffect of solvent on the toxici of YeHBiiC

Selvent Treatment Regression LD50 95%
: cquation pe/c confidence
limits
KAB Topical 8437x=6,17 10.79 10,8~12,3
Acetone . 2.93x=577 iz2,1 11,4-13,0
Benzona 9.90x=5.98 12,9 12,0-13.7
KAB -Tn;]ection Te 633’“075 Qe 4o 8.7"1003
Acotone 6,U42x=6,9 2,87 2,5=3,2

Benqzene 4,.88x=1,22 3.8 3e3=le3
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Table 35 indicated that resistance to Y=BIC
applied toplcally im different solvents did not
differ significantly atvthe 959 level, but
Y=BHC was much more effaective wic: injected in

acotone or benzene than in KAB (0il solvent),

Discussion

The results indicated that change in the solvent
did not significantly affect the toxicity of

Y-BHC when this was applied topically, HMNacCuailg
(1960) compured tho toxicity of WBHC by topical
applicatieon to fiftl: instar Schistocerca applied
in :xylenc solution with those in oil solution,

He found that ¥=BlC was as toxic in xylene as in
oil, Other authors héve observed difforence in
toxicity of insccticides applied topically in

oli solvents. Thls was showm with houscflies

for DT (Busvine,1951) and for diazinon (Farnham,1965),
With f£ifth instar Schistocerca MacCuaiz (1956)
found thet dieldrin in oil soclution was more toxdic

than when anplied in emulsion,

The greate:r toxicity of Y=BHC whon applied by
injection in acetone or benzene than in KAB is similar
to results with diazinon in different solvents against

diazinon'ausceptible houseflies (Farmham,1965),.
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Intreduction

The results of the biocassay were based on
observation of mortality among tost ineeofl as &
result of applying known doses of insecticides,
Different results were obtained debcnding on the
intrinsis and extrinsic factors, The experiuments
described in this part were designed to investigate
the movement of Y»BHC applied topically to fifth
instar Schistocorca by gas liquid chromatography,
with the aim of finding out if difference in the
movement of poison could account for the obseorved

d;fforanco in toxicity.
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2,2 Matorials and Metheds

omat aphi ec ue

Chromatography has been defined as the technique for
the separation of a mixture of solutes in which
separation is brought about by the differential
movement of the individual solutes through a porous
medium under the influence of a moving solvent
(Abbott and Andrews 1970).

Thera are difforent.fypes’of chromatography such as
adsorption column chromatography, partition column
chromatosraphy paper chromatographys thin layer
chromatography and gas chrouatography (Kaiser,1963),
The basis of gas chromatography separation is the
distribution of a simple betwcen two phases, One
of theso phases is a stationary bed of large
surface area and the other phase is a gas which

. pere¢colates throuéh the stationary bed, There are
twvo types of cas chromatography, gas solid chromatography
(GSc) where the stationary phase is a solid, and
gas liquid chromatography (GLC) where the stationary
phase is & liquid spread as a thin film over an
inert solid, Gas liquid chromatography is fully

descrived below since it was the method used for
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~31C determinations in the following expcrirtents.

Tor e=se of description a gas liquid chromatography
can be divided into throo stages: injector, columm

and detoctor, ‘Thro.giout tho work injection of
solutions onto the column was made using the flash
vaporisation téchnique. With this technique microlitre
aliquots of solution are introduced into the classe
lined heztod injector block where they aro

immediately volatalised and swept by oxygen free
nitrogen {(carrier gas) onto the coclumn), The

column consists of S'Y;ong stainless steel tube

of 1/8th inch overall diametor packed with a

powdered inert solid (support phase) upon which is
absorbed a high boilin. liquid (stationary phase).
Separation of the components of the solutions

is achiieved by their differenticl partitioning

betwcen the carrier gas as it passes tlirough the
colurm and the stationary phnse, 7Thus the components
of the mixture are eluted from the column individually,
Thocolu-nhofrlnont i3 analysed usin; an electron

capture detector,

The detector consists of a positive (anode) and negative

(cathode) oclectrode and a radiocactive source (a tritiated
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foil). The latexr ionizes the gas £o form slow |
moving electrons and a potential difference (90v)
acroas tho electrodes results in these electrons
being collected at the anode, This ion current
{the standin: current) is effectively reduced vhen
olectron absorbing moleculos pass through the
dotector, Y=BHC is such an electron absorbing
molecule, This signal is then conve:ted to a
voltage, amplified, and e permanenet record made
on a 1 nv strip chart reocoxrder, Due to the sensitivity
of the detector anomalous results can occur from
fluctuations in the gas flow, Thorofore by moans
of pressure and flow rogulators and ensuring that
all jointas in the asystom are gas tight, the flow is
kept constant, Partition is dependent on the
solutes remaining in the gaseous phasej the columﬁ
is thercfor: maintained at a constant elevated
tompeorature (18000). In order to ensure imnediate
volatilisation of the solutes thc injector block
is kept at a constant temperature highor than that
of the columm (200°C), To prevent condensation
of the column effluent, the detector ias maintained
at a constant temperature higher than that of the
column (200°C), The recorded signal is diroctly
proportional to the amount of clectron absorbing
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material passing through the dotector. Therofore

the area under tho chromatOgrém peak gives a quantitative
megsure of tho smount of materinl injected onto

the column, The degroe of partitioning that ocours
vetween the gas and the stationary phase is dopendent
onn the chemical propertics §f tho conpound, Therefore
tho longth of the time talken by the compound to pass
through the cblumn, its retention time, can be used

to idontify the compound, The roteontion time of

a compowid will bo constant for any ono coumpound on
any one stationary phase under constent tempercture

and carrier pgos flow conditions,

The distance betveen the hexano peak and the Y=BHC
pesk was measured on the chroumatogram givingva Fe1HS
retention time relative to hoxane, Tho distance
botwWwoeen a tangent drawn to the .nse line and the
apex of the peak was uded to moasure the peak height,
This nmeeasurcment was wmore accurate than using a height
X width measurement due to the sharpness of the paak,
During ea¢: anelysis a standard graph was prepared
from injections of solutions of known conceuntration
by plotting known weights (ng) of YeBHC against

peak height (um), Peak with the same rotention time
as that of NLBHC wero quantified using this standaxd

graph, The presence of YwbiC was verified using a



colwm packed with 5% Low 11 on chromosorb U 60/80
mesh (AW DMCS) and a chemical test (ilamence st al.,
1965), 7The latier is based on & dehydrochlorination
reaction with alcoholic potassium hydroxide in
whichh %5liC is converted to & product having a
retention fime indistinguishable from the scolvent

(hexano) .

}Zns‘!;rumentat;oa

Two chromatographs wero used, In some experiment,

a varion Aerograph model 204A equipped with an
eloctron capture dotector (Hsfoil) and 1 mw

recorder was used, This was fitted with a 5 feet x
1/8th inch stainless stoel column, packed with 5
Dow 11 silicone greasc on chromosorb ii 60/80 mesh
(DMCS troated and acid washed), foroth.r vork, a
varian Aerogra;h model 1400 equipped with an
eloctron detector (H3 foil) and 1 mv recordex

vas used, This was fitted with a 5 feet x 1/8th inch
stainless column, packed with zﬁAQF-l asilicone gron.‘

on chromosorb W 60/80, (D!CS treated and acid washed),

The carriexr gas was oxygen free nitrogen, with
a flow rate of 50 ml per minute, Theo temperature
of the column was 180°C and of the detector and the

injector was 2oo°c. The attenuation was varied
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according to the detector response to the

concentration of the sauple injected,

Preparation of standard solution

nirferent concentrations of standard solutions of
P-BHC were made up in redistilloed hexane in ngz/pld
quantitios, Thesc solutions were always stored

undor rcefrigeration and fresh solutions werc uade

several (imes during the experiment,

Injection techn;gua

A 10 pl,y, 2,5 inch fixed needled syringe was usod
throucgheut this work, The sample was withdrawn into
ti:e syringe beforse and after injoction in order to

nmeasure accurately the volume 1hj¢ctod.

insects used and appliication of insacticide

Fifth instar Schistocoreca werc used fhroughout

this work, Y»BHC was applied with a micro cap for
topical application or injected using a microsyringe.
The solvent used was kerosenc aromatic bottoms (KAB),
The site of application was betwcen the firsat and
second abdominal stermites, After troatment,

insects were kept at a constant condiiion of temperature
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Lxgragtion

it known times after treatment the locustis vere
placed in glaess stoppeored 30 ml capacity tost
tubos and rinsed with 5 ml of GLC pure hexano for
2-5 uinutese The s¢1ution was then passed through
en hydrous sodium suphato in a sintered glass funnel
wndor vacuum, The filtrate was collected in a

25 wl quickfit tubs with side arie This process
was them ropeatod with £ further 5 ml portion of
hexnne and the two portions werc combined fdr»
analysis, 1tli this method, most of YBIC was
racoveréd by the first wash and little by the
second washj the total amount of YeBIC recoverad
at O tipe, immcdiately aftor apjlication was about

907 of the aoriginal dose,

2,3 Lffcot of tomporature on disapiearance of Y=bli

from_%he cuticle

This experiment was designed to determine the amount
of Y=DHC lost from the surface of fifth instar
Sghistogerca due to change in postedosing temperature,



Zoterdals and ethods

% total of 24 f£ifth instar hoppers were used at

3=l days old, WMeDIC was applied by topicul applicatione
The firét sroup of 12 hoppors vas dosed witihh the LDJ0
of tho highoer temporature widch is 35pg/g and they
voro kopt at 35°C. & second group of 12 hoppers

was dosod with thie LD50 of the lower touporature

vhich is 10 pyg/g and tloy were Lept at 2500.

Treated hioppers vero supplied with food,

Qesults'

Table 36 indicatos that tho pe:eontage of YeBIC
recovered from the aurface decreased rapidly at

the higher temperature, At 35°C, 505 was rocovored
aftor 1 bour aﬁd it decreased to 14,65 after 3 hours,
No Y-BHC was rccovered after 6 hours, At 25%, 784
was roc¢overed after 1 hour and 46,5% after 3 hours,
A total of 36% was rccovered after 6 hours, This
indicatos that raising the temperaturc by 10%
resulted in rapid disappearance oi Y=BIC from the

cuticle at highexr temperaturae,
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Table 36

Effect of temperature on disappearance of BHC
from the cuticle

Temperature Percentage of YBHC recovered from the
. surface

Time (hours)

0 1 3 6

35°%. mean 90 50 13.6 . o

range (86=92) (47.5=55.0) (12.5-14,3) . =

25°c'. mean 92 78 46.5 36
range (88=95) (74=85) (43=52) (30-42)

*Each mean represents three insects,

2,4 Effect of age on disappearance of Y-BHC from the

guticle

This experiment was designed to determine the
rate of disappearance of Y=BHC from the cuticle of

fifth instar hoppers and adults Schistocerca.

Materials and Methods

Fifth instar 4-5 days old, adults 2-3 days and

2 weeks 0ld were used throughout this experiment,
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total of 36 inscots vere used vhere 12 insects
reprosented oach age gro:ps 4 doso of 12 pg/g of

«3IC was applied toplenlly,

Cfablo 37 indicates that ti e percetago of ne

récovorod From the cuticle 1 hour after treatment
was siuilar in all stoges with 65=-800 of the

¥-IHC rocovered, Subusaquontly tho rate of lous

was greater from the fifth instar hoppors and young
adults than from the older adults, Thus in the
former tvo groups only ib-BO% of the poiéon Hae
rocovercd after 6 hours, coupared with 36-4%.. in

the two vwooelks old adults,

iffact of tho solvent on diaapnc@?ahce of XEEHC frog
the cuticle

This experimont was designed to study the effect

of solvent on disappearance of Yw=BHC from tho cuticle,

Hete 1 Hoth

4 total of 36 fifth instar hoppers were used at

3=4 days old in tiils oxperiment., Tho solvents .



Parcentage of YWBIIC recovored irom the
surface

Time (hours) -

Insects Age 0 1 3 6
Adults 2 weeks = moan 90 79 6545 hko
range (87+5=92) (73~30) (70=59.3) (3648~
Li,1)
Adults 2«73 days mean 39 - 66 ‘36.5 17.8
range (87=50) {(62=70) (31.3- (14,0«
10e7) 21,3)
Fifth 4«5 days mean 89 .. T0 4o 23¢5
instar range (87.3-—90) (65=76) (30=45) (;339-

+lach mean represants t:rece inaccts,

used wore KAB, acetone and benzene, A dose of

15 ug/g was applied by topical application,
Results

It is impossible to draw positive conclusion from

the amall nmumbers of insects used and the differences



votueen solvents were cmall (Table 38). Howcver,
4t ia true thot consisteatly more poison was
recoveor:-d from the locusts treated with acatone
than from those treatod'with either of tl:c other

solvents,

2.6 sppearance of ~BHC 1u'tge haemolymph

It is genorally assumed that insecticide, after

penotrgtion. passes into the haemolymph to other

organs, Burt (1970) reported that the haecmolymph

is usually considered the main vehiocle for transferring
~ the insecticide from the innerciost layers of the

cuticle to the nervous system which is tho site

of tho lethal action, This concept of movemont

has reeenu} been examined by Gerolt (1969 and 1972),

l¢ suggested that tho transport of contact insecticides

does not involve the haemolymph, but the poison .

reaches the site of action via the integument of

the trachieal system, This has been shown with

diolddrin and oxime carbamates,

This experiment was designed to determinc the
amount of YwBHC appoared in the haewmolyuph sauples
collected from polsonod fifth instar Sgh:istocerca

after they have been treated by topical anplicetion,
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the surface

Percontage of ¥=IIC rocoverod from tho

surface
Time (hours)
Solvents . 0 1 3 G
mean 88 51 71 40
Acotone ranze (86=50) (78=84) (66=77) (37-43)
noan 81 70 . 58 30
Benzeno range (77=83) (6he3=75.4) (53=63)  (27=32)
mean 82 65 48 =7
KAB range {80-83) (73-61) (5146~ (22+30)
5365

P Taclh eanl roprosents threo inscoto,

iatorials and lothods

5 total of 18 fifth instar hoppers were uscdlat

L=5 cays old in this cxporiment, . doso of 135 pg/e
of Y=Ll was ayuplicd by topical agplication, Thae
site of application vns between the third and

fouwrth abdoniinal stermitezs



-132=

amnles

Haeumolviivh s

The haemolymph sanples were drawn irom the thorax,
not close to the site of application‘in ordar to
ninimise the chance of the contaudination from

tie cuticle; Volumes of the hacimolyniph were
collected through a small incision in the doral
torgiteé of the thorax by the micro cap. The
volumes collected ranged from 10-30 plj in Dbadly
effected and hydrated locusts snall volumes of

aboutrs-lo pl were takop}

- Analysis of the haemolymph

Methods developed for detormination oi chlorinated
insecticides in the blood of fish, Mount et. al.,
(1966) and in humans and animals, Crosby and \rcher
(1966) were not suitable because these involve

using KOH which is known to decornipose YBIC, A
simple tochnique was used whero samplos‘of haeﬁolymph
were diluted in distilled water, warmed and YeBHC

cxtracted with rodistilled hexane, as follows:

Aliqubts of haemolymph volumes werc dilutoed in
1 ml distilled water, warmed in hot water bath
at 70°C for 2-3 minutes., 0,5 ml of redistilled

hexane was added and skaken or sonicated for 15 minutes,



Y3IIC was extracted from the hexane layer and

injected into the chronmatograph,
tesults

Table 39 indicatos that the concentration of Y-35I1C
in tho haocmolymph varicd according to the tine after
applicafion. The total concentration ineroased up
to 18 nhours and then decreased, ithin 1 hour

aftor treatment, the anount of Y=BHC found in the
haemolymph vas 24 ng/ply and aftor 18 hours it

iiad increcased to 66 ng/ul, ..fter 24 hours the

level had fzllen to 30 nﬁ/ﬂlo:

The rosults Indicated that after different time
intorvals different amounts of ‘Y-BHC was rccoverable
from outside, This is affected by tempqratﬁre, age

of locusts and solvents used. At the highcer teuperature
less Y(=BHC was recovered than at the lower tcuperature,
iihen Yw=BHC was applied topically in acetone, benzene

oxr KAB not much difference in rate of disappecranca:
from the surface was found although more Y=BIC

vas recovered from acetone than from KAB, There

wvas no significant difference in the rate of



The _appearance of YwBlf in the hoemolyniph

Amount of ¥YWBilC in the hacmolyuph
in ng/ul

Time (hours)

0 1,0 3.0 6,0 1& 24
moan 0 10 24 30 66 30
range 0O (8-12) (21~29)  (32-40) (53-78) (27-33)

** Lach mcoan roprescnts thraee insccots,
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disappearance of Y=IIIC hoppers or young adults,

In the prévious secotions, the amount of YRIIIiC
reuwdnihg on tha surface or penotrnted into the
haemolymph was determined, As tho amount on the
outside of the cu.icle declined, th» ameount in

the hacriolymph increasede If the blood voluwug of
the insect is taken as about 200 pl, the total amount
- of YeDilC in thc bleod will hafg beon approx;mately
thoso given in Table 40, Hence the auount of
¥=LlC disaproared from_thz surface is found in the
hzeomolywphy hovever, the total recovercd was lcus
thnn thoe azount of YLBHG_an;iod; perhass due to
poison being absorbed into other organs of the

bodye This is dnvestigeted dn the next section,



Tablo 40

Potal of Y=L rocovercd

we/e

Time (hours)

Loso applicd 1.0 36 GeO 13 24
o of the total
15 ps/e Amount on tie ‘
' cuticlo ) P 4 Ted 440 - -
“; of the total
Total rocoverodll.? 12,0 1l.2

v of thic total

aonlicd
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PART '3
D t abo d exc i

The variation in texicity of Y=BHC in relation to
different intermal and external faoctors has been
investigated and the amount of Y=BHC lost from

the surface has been determined, These expofilcnt.
were designed to study the distribution, metabolism
and excretion of Y»BHC following different methods
of application in order to detormine if those

processes played any significant role in the
toxicity of Y=BHC to Sghistogerca,

Intornal Y=BlC was determined after fhe unabsorbed
¥~BHC hAd been removed from the cuticle uaing

lbc Y=BHC o The radioactivity of extracts from
the cuticle, internal body parts and locusts
faeces was quantitatively determined using liquid

scintillation technique,
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eorianls d Mothods

Liquid scintillation counting ;wou its origin to

the discovery by Reynolds and Kallman (3950) that
.cortain organic solutions fluoresce noticeably vhen
bombarded with higheenergy radiation (Wang and
Willis 1965), The principle of liquid scintillation
counting is ;ho conversion of‘tha energy of
disintegration of radio@ctivo atom into light

by the use of fluorescent organic molecules, The
light emitted by each disintegration is detected

by photomuliplier tube,

In liquid scintillation, the scintillator is

disablv.d in a solvent and the'aanplo is dissolved

in the test solution., Scintillation solutions used

in this w&rk weres

(1) primary, which produce light photons, PPO i,e,
(245 diphonylexazole),

(11) secondary, which introduce another stage of
energy transfer and i:ct as a wvavelength shifter,

POPOP 1.8, l,4«bis«2 (5 phonyloxazolyl),

The advantages of liquid scintillation are simplicity
of sample preparation, and high sensitivity of the

detector which allows low energy beta emissions to
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be assayed with considerable efficiency. Aumongst
the disadvantages is the lowvering of efficiency

caused by phosphorescence gquenching,

Determnination of countin~ efficlency

The efficiency of the method was determined by
internal standardisation methods (Wang and .illis
1965), It consists of adding a precisely known amount
of the same istotope (an internal standard) in none

quenchings form to a previeusly counted sample,

The standard unit of radioactivity is the curie,
which is "the diainfegration occurring in 1 g of
pure radium per sgeond'.,. 1 curie (ci) m 3,7 x 1010
disintegration per second (dps)e The counting
efficiency of the quenched sample was determined

as followst

Efficilency (expressed as a fraction of unity) =

Net count rate (in cpm) net count rate (in cpm)

(ingt, std. + sample) (sample)

Distintegration rato (int dpm)
(int, std,)

63,210=31,84% = 59,4%
559300
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Y=BHC (U-luc Y=BHC) in bezene solution was
purohaaéd_from the Radiochemical centre, Amersham,

Bucks, England,

Specific activity: 45 mCi/mmol (155 uCi/mg).
Radiochemica1>yurity by thin layexr chromatography
on silica gel using (i) petroleun ether (80=100%) 3 98%
(11) cyclohexane/Chloroform (80320) s 98%
Three concentrations of 1hc YBHC mixed with
unlabelled %BHC in benzene weore made upt
(1) 1% w/v contains 10 ug/ul (1 pl gives 33,3C0 dpm)
(i1) 0,5 w/v contains % ug/ul (1 pl gives 16,620 dpm)
(144) 0,2 w/¥ contains 2 ug/ul (1 pul gives 6,500 dpn)

The sintillation counter used was model SC/LP 2

Panax Equipment Ltd,

Agg;ication methods

lkc Y=BlC was topically applied by means of the

micro pipette (1 pl) and by injection using a
Shandon syringes The site of application vas the
intersegmental membrane between lst and 2nd abdominal
‘sternites, It was also ad.inistored by ingestion

in which the dose was applied to a small piece of grass
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of about 2" in longth and fed to starved locusts.
Aftor'treatment,,iocusts wore supnliocd with

food and kept individually in small wire mesh
cylindrical cages (4" height x 3" width) at 25%
~and 60-80% relative humidity,

Extracsiog

1hc Y=DIIC was recovered from the extermal surface

of each locust by rinsing in twvo 5 ml redistilled
hexane, combined togethor and 0,5 ml of the washings
was added to the counting vial contains 3 ml of

lhc Y=BHC was recoverad

scintillation solution,
from the intermal tissue by two :methods, Solubilising

the ti:ssue using iyamine %10 (2-mothylel«{1l:133:3=
tetramethylbutyl) piienoxyethoxyethyldimethyliuenzylammonium
chloride monohydrate) (Drown and Badman 1961)

roesulted in very poor recovery becausce the tissue

was not completely digested, Digestion with hot

nitiic acid and counting 17C YWBHC in the acid

extract (U'Brien 196K#) gave slightly better rosults,

14

When the ~ 'C Y»=BHC was extracted from the acid

by shaking and sonicating with equal volume of
redistilled hexane the etficiency increased to about

60%4



3¢3

All or garts of the locust were dijested im 1 ml
¢f nitric acid by heating over a water kath at
70°C for about 7-10 me 9 ml of distilled wvater and
1 ml of 1,5 H tris (hydroxymetuyl) methylanine
(tris buffer) was added to neutralise the acid,

10 w1l of redistilled hexane was then mixed in and
after shaking or sonicating, 2 0.5 ml aliquot was

taken for counting,

Calibration curves wverc plotted to deter:inoc the
diserininator bias sottin: on the scintillation
countor, and the volume of scintillation pixiuvre,

Correction vero 2lso mado for backsround counis,

0] t

D;str;bugion‘gg_xyﬁﬂc in_the body

An investisation of the distribution of YWIHC in the

. body of the descort loocust was carried out using

1“6 Y=BHC applied topically, Fifth instar locusts

he5 days old, and adults 2«3 days and 2 weeks old
weroe used, Locusts were treated with 10 ug per
insect by topical a:olication on the abdowuen as
doserdiod in 2,2, To recover inseocticide reuaining

on the body surfacc, cach locust was rinsced in twe



~lots of redistilled hexane, and the radioactivity

in the combined washingss was measured, To recover
insecticlide from within the body, the locusts

vore noxt divided into head, thorax and abdoumen

and each part was dirested in hot nitric acid,.
Recovery of insccticide was made at 1.3!6 and 24 hoﬁrs

after application,

Results and Discussion

Results are given in Table 41,

Fifth instax

At 1 hour the eﬁternal rinsce contained 905 of the
applied dose, After 3 hours the dose was 735

and about 255 was found in the abdomen, After 6
hours 60% was recovered rrom the cuticle and 27%

iy

from the abdomen, The amount of ~ 'C ¥%BHEC penetrating
the abdomen also increased with time. After 24 hours,
the total recovery was 23ﬁ in the oxternal rinse to
195 in the thorax, 447 in the abdomen and 8% in the

faecos,

Adult (2-=3) days old

At 1 hour 70% was recovered in taze extornal rinse

and 25% was in the nbdbmen. After 3 hours, the
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external recovory decreased to 51, while the amount
penetrated into the abdomen was increased to 44,
After 24 hours, 18% was reoovered in the external

rinse, 50> in tho abdomen to 5% iu the faecus,

At 1 hour after application 95, was recovered

in tho external xinse and no change in the amount
recovercd was observed up to 3 hours, After 6 hours,
65.: was found in the external rinse and 30,5 in the
abdomon. After 24 houré. the totzl amount of 1hC'Y¥BHC
recoverdd from tho surface decreased to about one
third, 'The percentage of‘luc Y3110 penctrated

into tho abdogdn incroased to 405 with 15% in the

thorax and 12% in the faoccos,

The distribution qf 140 Y=BIIC in various parts of
thc tody (hicad, thorax aud abdomen) was estimated,
It can be scen that, although the number of insects
used was small, the external recovery of lbc Yw3BIIC
was least'from =3 days old adults than from f£ifth
instar or 2 week old adults, The rapid rate of

1&0 =BIC through the cuticld of

penetration of
younz adults results in a higher amount absorbed

in the abdomen, Up to 48% was found after 6 hours
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while only 27% in £ifth instar and 305 in older

adults, HMost of e Yupne penetrated into the

body after 24 nhours was found in the abdomen, &

small amount in the thorax and only 2 trace qf
radioactivity was detected ip the head, The percentage

lhc Y&=BIC excreted in the faocces of 2 weeks old

of
adults vas greater than that of 2«3 day old adults
ond of fifth inster hoppors, It was observed that
after 6 hours 2«73 day o0ld adults wverce badly affected

vhile fifth inster hoppers was only slightly

‘affected. The older adults sﬁrvived later than

24 hours, It 1s possiblo to postulate from tlc
reeults that the fantgr rate of penetration of
4o Yunic found in 2-3 days old adults may account

for their relative susceptibility,

Penetration through the put

The passage of food through the alimentary canal
vas investigated in the desert locust and the
nigratory locust by means of Xeray tochnique,
(Goodhue,1958), It was found that food passcs
through the oesophagus into the forecgut and entors
the antorior part of the midput and the posterier

of lobes of tho gastric cacea,
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Imble bl

4 Y
£ the bo of Schistocerca

Percentage radioactivity recovered

Age . _.Time External Head Thorax Abdomen Faeces Total

(hours) v recovery
Fifth
instar 1 90 - - - - 90
(88=90)
3 73 25 98
(70=75.9) (23=28)
6 60.5 Trace 275 - 88
(56=65) (25«31) ,
24 23 Trace 19 Ly 8 9k
(20-26) (17-21) (38.,6=49 (7=9)
Adults 1 70 - - 25 95
2~3 days (68=74) (21=29)
3 51 - - Ll 95
(4645=55) . (40=48)
6 44 - - 43,5 87.5
- (38=48) (39~44)
24 18  Trace 20 50 5 93
- (1741=20) (15.5=25) (46=54) (4=6)
Adults 1 . 95 - - - - 95
2 week - (93=97.4)
3 95 - - - - 95
(92,4-97)
6 65 Trace Trace 30 - 95
(63—6703)
24 30,5 Trace 14 L2 12
(27.8=32) (12-16) (38-48)(11-14)

fach mean represents three insects,



YABHC was used as poison bait in desert locust
control, (Rainey 1958, MacCuaig 1964), and this '
experiment were therefore designed tq investigate
the absorption and excretion ofilhc ¥=BHC through

the gut of fifth instar Schistocerca,

Materials and lMethods

Two groups of 26 3=k days old fifth instar hoppers
werce deprived of food for 24 hours and then dosed
with 10 ug of e wnnc applied as stomach poison,
One group was then kept supplicd with food, the
other was not fed, Locusts were maintained at a
constant temperature of 25°C and relative mmidity
of 60=80%, and they were killed at 1,6 and 24 hours
and dissectad.‘ The alimentary canal was examnined
to estimate the rate of absorption from tbe gut
into the body and tho faccos werc collected to

gstimnte the amount of 146 %=BHC excreted, Extraction

4

and counting 1 C was done as in the Materials and

Methods,

gegu;ts ggd D*scusaion

145 Yenuc

Table 42 shows the rate of absorption of
from the alimentary canal into the body and how

this is influenced by foode.
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First gxoggv‘insectg fed aftor greaggont!

One hour after ingestiom, 26% had been absorbed,
After 6 hours the amount has increased to 36%
but 51% of the total dose still remain in the gut,

24 upne

After 24 hours, the total amount of
recoverable had declined in the alinentary canal
to 17% and 28,57 in the body but about 40% was

found in the fasces,

Second gzroup ‘;gsects not fed after tregtmegt]

The rate of absorption from the alimentary canal 1is
at first slightly slower than in the first group,
but 1e is doubtful if the difference is really
significant, The absence of food after trcatment
for 24 hours increased the percentage of 140
absorbed in the body to 38 and 21% was found in
the faeces, The passage of food can be affected

by stomach poison, MacCuaig and latts (1960) found
that when Schistocerca was fed on a suall quantity
of fluorescent powdor mixed with grass and supplied
immediately with abundant fresh grass, 80% of the
fluorescence was lost in tho faeces in less than

2 hours compared with 7 hours when locusts weore

starved after treatment. In investigations of the



rate of excretion of some organophosphorus insecticides
in Periplanota americana following topical
application, Roaﬁ et al, (1950) found that the
radioactive matorials woro rapidly concentrated

in the foregut with rolatively lower concentration
in the rest of the body, The roaches were able to
secrote the toxicent inte the lumen of the gut to
prevent its accumulation in the blood and other
tissuos and showed no synptomns of poisoning, Certain
speclies of inscets may be able quickly to excrote

the stomach poison, thus Brown (1951) showed that.
between 35 and 4055 of the ingosted arsenic from a
amixture of sodium. arsenito and Paris green was

found in the body tissues of Pie:is brasica and

Locusta and only 20% in Ruxoa segotum,

3¢5 ietobolism of —~ C eBIC

351 Introduction-

The metqbolism of =BiC isomers by rcsistant
and susceptible houseflies has boen tho subject
of considerable investigation, Sternburg and
Kearns (1956) showed that the flios could
dehydrochlo?inate Y=BHC to give the intermncdiate

metaholite pentmchlorocyclohexane using colourimetric
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Table k2

on of radigactivi

stion o

Sehistocorca afte e

e 8¢ vunnc

in the body of

Poercentage radiocactivity recovered

Treatment Time Alimentary Abdomen  Faeces Total
Locusts fed (hours) canal Thorax recovery
after
treatuent
1 62 26 - 88
(58~65)  (25=28)
6 51 36 - 87
(48=54)  (34=38)
24 17 28,5 39,6 851
(15-18)  (26.5-30) (36-45)
Locusts not 1 70 19,6 - 89,6
fed after (68=75) (18=21)
treatment
6 58 28 - 86
. (56=60)  (26-30)
24 27 38 21 86
(26-29)  (36«40)  (19-22)

Each moan represents three insects
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mothods, Bradbury and Staden (1959) found that less
than 3% of the total applied dosc of le Y%=BHC
was converted to pontachlorocyclohoxane by the

;
136 ana 36cy labelled lindane

flies, By using
and idomer Bradbury (1957) found that most of

the lindane‘or any other «BIC isomers absorbed and
metobolised by susceptible and resistant houseflies

te a water=soluble metabolite, Analysis of the

extract by tvo dimensional paper chronctography

shbwed that at least 1l different metabolites were
obtained from both Y and X«BHC, six or scven of

these appeared to be common to both «=3IC isomers,
Pradbury and Siaden (1959) showed that alkaline
hydrolysis of the water-soluble metabolites from
houseflies treﬁted with Yy and ®=BIHC produced, in

the prosence of reduced gluthathion, diclorothiophenols,
Those amounted to 68% from @eBIC end 615 ¥=DIC,

They concluded that the metabolism of «=BHC to watere
soluble compounds involved the fdrmation of a

C~3S bond, The nature of the initial product (!ISR)

was not known,

0686016 + HSR-—AC6H6015.SR-—kcéﬂjclzsﬂ + ROH + 3JHCl

- Isnida and Daham (1965) isolated an enzyme from
the houssflics capable of motabolising ecertain =BIC
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isomérs to water-éoluble metabolites, The

enzyme specifically required reduced glutathione,
and it was found that this enzyme metabolisked Y
and & pentachlorocyclohexane isomers, A study of
the distribution of the enzyme among 10 species of
insects showed that only the housefly was capable
of metabolising Y=BHC and pentachlorocyclohexane
isomers. Clark et al,,(1966) showed that the
major metabolic producf from cattle ticks, Locusta
and hoﬁsefly doséd with Y-BHC (and in the enzyme
oxtract fortified with'glutathione) was S~(2,4 -
diochlbrophanyl).glutaihione. This results is in
agreement with the findings of (Bradbury,1957)

although no other dichlorophenyl isomers were identified,

A recent roview by ilenzie (1972) showed that

there were five isomers whose retention times on

gas liquid chromatography corresponded to'

'pentachlorocyclohexane, 1,2,3 and 1,2,4 trichlorobenzene

and 1,2,3,4 and 1,2,4,5 tetrachlorobecnzene.
Cnly 12,4 trichlorobenzene and 1,2,4,5 tetrachlorobenzene

were reported after application of Yepentachlorocyclohexane,

Materials and llethods

3-4 day old fifth instar Schistocerca was used,
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A dose of 10 ug per locust was toplcally applied

to the intersegmental mombrane between first and
second abdominal sternifea. the thorax and to. the
second spiracles on the thorax {following the
sugzostion by Gerolt 1969, that contact insecticides
reach the site of action via.the tracheal system),

- Y=BUHC was adplied by injection into the abdomen

and the thorax, In injection, avdose of 5 ug

per locust was used, as ¥BIIC in benzene was found
(in 1,9) to be twice as toxic by injection than

when topically applied, After treatment, the insects
were kogfunder constant conditions of tempsrature
and humidity end tho amoun: of L¥C YWDHC vas
ostinrted externally or intcrnally after extraction
vith redistilled hexanc as doscribed in 3,32, Faeces

wvere collectes at the end of the oxperiment and

analysed in the samo way,

idth topical application, Y=DI'C has to pcnetrate
through the cuticle to rocach thie site of action while
¥ith injection, thc insecticide is introduced
directly 1nto the body and the factor of the cuticle
has beconr ecleiminated, Theso experiments were
designed to investigate the metabolism of 1“0 Y=BHC

applied by different metiods to fifth instar desert

locusts,
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3453 Regults and Discussion

146 yennc in

Table 43 shows the distribution of
the body of Sghistocerca after topical aplication

to the abdoﬁan, ti:orax and the spiracles,
Topical application gg the abdomen

One hour after application, 90 was recoverecd in
the citermal rinse, After 3 hours, it decrezsed
to 72;6% and only 20% was found in the abdomen,

lhc Y'=DBHC

After 6 hours, the total percentage of
in the abdomen increased to 27% and 60% was recovered

from the surface,

To a >pl. tion to the thorax

Tho ratve of penotration was faster at the beginning
tho docroased slowly, After 1 hour, 69.9. was
recoyered in tho extermal rinse and 2l.5% was
found in the thorax. .After 3 hours, the percentare

of 140 ¥=BHC in the thorax increased to 29%,

140 ¥'=BHC had woved from the site

After 6 hours,
of application (thorax) to tue abdomen and 11%
wis recovorcd in the abdomen to 27% in the thorax

and 55 frow the oxtermal rinse,
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Togical.ggnlication to the spiracles

Onc hour after application, 72.5(5 ucs recovered
in the extermal riusce and 13,3 from the abdotiens
After 3 hours, the radioactivity in the abdomen
increased to 175, After 6 hours, 12 was found
in the thovos: to. 31,65 in the abdowen and 487

froa the oxternal rinso,

There wero no marked difference in recoveriocs or
ratealof penetration followi:i; application at
cifferent sites, although the nunbers uscd were
too szall to be certain, It is, hovover, clear
that application to tlie spiracles did not induco

warkodly wore rapid penetration,

injection gg 140 JY=5iiC

14

Table 44 suows the distribution of C Y=-3IiicC
after injection into tihio abdouien and fthe i..orax,
After 1w3 hours, no change in theo percentage of
14C Y=3HC injected into the thorax or the abdomen
was founde After 6 hours, 30,; of thc total dose
injected into theo thorax was recovered from the
abdomen and 25 of tho dose injected into the

abdomen had moved to the ti.orax,
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Analysis of the faeces collected at the end of

the exporiment showed that about 11 was excreted,
following tonicel application or injection, over 24
hours, By contrast, about 40Y of tho total dose .
ingested was emcreted in the sarmo period and this
could explain the greator reosistance of ingested
Y=BHC (see 1.15)e |

Hadavay (1956) showed that sub-lethal doses of
¥-BHC had 1little cumulative effect when applied
topically over a poriod of time to houseflios,
Pradbury (1957) in comparative experiments on the
absorption and metabolism of BHC with a variety of
insects, including locusts, found (Table 45) that
both resistant and susceptible houseflies wvore
unique with regard of thoir ability to metabolise
BHC, Locusts metabolised only 4% of the total
dose over 24 hours. MacCuaig (1957) found that
Y=BHC was fully cumulative when applied topically

in small doses to adult Schistocerca and, is not

therofore, dotoxigied, A small fraction is metabolised,
the rest of the ¥Y=BIIC is stored unchanged in the

fat body within the abdomen,

It is possible that excretion of Y=BHC is the only

metiiod to reduce toiicity affects, Cohen and Smith
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Table 43

Distribution of L*C Y=BIC applied topically

to Schistogcerca

Treatmont Time Percontage of‘radioactivity recovered

(hours)
Internal
External
Head Thorax Abdonien Total
recovery
Thorax 1 69,6 0 21,6 o) 91,2
(65=73) (19-24)
3 60,6 O 29 0 89
(57-64) (28«31)
6 5548 0 27 11 - 93.8
(51=59.5) (20=34) (9-13)
Abdomen 1l 90
(89=92) o o 0 90
3 72 O o0 20 92,6
(70=77) (19-23)
6 60.3 0 275 87.8
(58=63.1) © (25=31)
‘Spiracles 1 7245 0 o] _ 1345 86
(6945=77) (11.5~15)
3 638 0 0 17.3 8543
(65=73)  (16.5=18.4)
6 48 12 313 9.6
(b4=54) - 0  (10=14)  (29,3=34)

Lach mean reprcsents three insects.



Table L

Distribution of kg X=-BHC applied by
injection into Schiatocerca

Percentage of radioactivity

recovercd
Treatment Time Head Thorax  Abdomen Total
(bours) recovery
1 0 o] 83,6 83.6
’ , (80-86)
Abdomen 3 0o 0 89 89
(87. 5"90)
o 25 61e5 89
(22=28) (60=65)
1 0 20 (8] 90
(87-93)
Thorax 3 o 89 o 89
(86=91)
o 63 3063 93.8
(6145=65)(25=33)

Each mean roprosents three insects,
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(1961) found thut if dleldrin vas injected
into fifth instar chistocerca, it w:s siowly
ﬁxcreted unchanged, = Huribora ct ald,(1970) using
an autoradiographic tecimique vilth 1uc ¥ and A «BIiC,
found that the recovery of radicactivity fronm
cutside the body of Jeriplancta agmericana

was 80~83,. after one hour decreased to about 12
after 24 hours for ¥=1liC, Penotraition and
distribution of ¥=ilC was nuch faster than of the
& isoner, ¥=LHC reacked the ceniral nervous

systen rather rapidly, but did not penetrate into

thie systew fur a long timo after trceatment,
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' after Bradb

insects

-~BIIC recovered in pg/e

Insecte Dose Extornal Internal Uater Rosidue
applied soluble
ug/e metabolites
Cockroach 42 _ 10 19 7 8
Bean weevil 111 7 1 8 7
Grain weevil 34 b 13 1 6
Locusts 100 16 83 L 9
Mosquito 213 17 141 10 3
Khappa beetle 100 21 45 11 5
llousefly 230 13 21 174 10
(resistant)
Housefly 195 21 54 50 17

(susceptible)




- GENERAL DISCUSSION
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The relative toxicity of insecticides varies
according to several different inter-actions between
insects and insecticides, Sowme insecticide may
evaporate from the surface, the rest penetrate
through the cuticle, in the case of topical application,
oxr through the-gut in the case of stomach poison,

It is assumed that the ultimate toxicity of an
insecticide is the dircct result of accumulation of
the toxic dose at the site of action, The present
work was designed to study some factors affecting
susceptibility of fifth Instar Sciilstocerca gregaria
to insecticides, Of the insecticides tested,one
BBHC, has been used for locust controlj the othors

Cyolane and dioxacarb, are new compounds,

The 1mportahce of standardisation of tho inseoct,
the insecticidos and the tochnique in toxicological
wofk has been emphasised by Busvine (1957)., lle
grouped sources of variability in inéocts under

two headingst (1) intrinsic differonces botween
inscets of a specics due to different instars,
woizht and sexgy (2) fluctuation in susceptibility
of o given type of inscct caused by oxtrinsic
changes in the environment such as temperature and

fcod,
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Intrinsit differonces

The intrinsic differences investisated in this

study wefe: differencos between instars, changes
within the instar, differences beotween the seoxes

and diffeéencos due to sizé. Tho effects were

most fully studied using YeDIC by topical application

and these reosults will be discussed first,

‘Cxperiments were carried out to investigate the
changes in suscoptibility of the fifth instar hoppers
of Schistocerca gregaria to Y=3iiC, Cyolane and
dioxacarb applied topically by injcction or as a

stomacin poison,

As regards Yw=BHC, the rosistance to this

insecticide increased with increasing age of the
insect when the poison was toplcally applicd, In
contrast with injection, increasing age was associated
with a decrease in resistance. I'or Cyolana and
dioxacarb, the patitorn of change in the LD50's with

age was small and non~significant,

For topical application to he effcctive the

insecticide must penetrate the cuticle, With
injection, however, the inscectidide dose not need
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to penetrate the cuticle and one would expect it
to be more effeoctive than in the case of topical
application, Thie was found with dioxacarb and
to some extent with Cyolane, Y=DHC was relatively
less toxic when injected, so factors other than
cuticle penetration must be_involved with this

insecticide,

Chan o8 of weight with age may affect toxicity, thus,

MacCuaig (1960) with £ifth instar Schistocerca,

found that tihe LD50 of «BHC was greater at 2.5
and 4,5 days than that at older agea. In the
present work, resistance to «BIC was related

to weight up to 5«6 days, but at 7«8 days,
although the insects were nearly the same weight,
their resistanceo docroased, ieight is not alvays
important, thus Sawicki end Green (1964) found
no relation betwean changes in weoight and changes
in resistance with ase of houseflies to dieminon,
It appears that physiological changes occurring
within the instar may have an effect on the
susceptibility of tho insocct irrospective of woight,
Thus pree-moulting physiologsical changes may meke

the insect more suscepiivle,

Another important intrinsic factor affecting
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toxiciiy of insocticides 1is difference betwoen
instars, Pradhan and Bindra (1956), using a
sprafing technique, shiowod that first instar
hoppers of Schistocerca were nore susceptible to
Y-BHC than fifth instar hoppers, but the exact
doses were not determined. iacCuaipz (1960 and
1961) found that adult Schistocerca were slightly
lass resistant to Y-BlC than 4=5 days old fifth
instar hoppers, It was found in the present work
(Section 1,7) that the susceptibility of nid fifth
instar hoppers and mature adult locusts to Y-BIC
was very siuilar, about 10 pg/g, but the younger
insccts in both developmental stages were more
susceptible, These differences umay refloct
differencos in the rates of penetration of the
insacticide tthugh the cuticle since it was

1hC Y=LHC penetrated

found (Section 3,3) that
through the cuticle of young adults more quickly
than that of £ifth inster or mature adulits, Since
Y=LHC is found to be cumilative in locusts (}acCuaig,
1957) and little is wetabolised (Bradbury,1957)

it is likely that susceptibility of young adults

is due to rapidity of ponetratiqn. The effect of

penetration on rasistanco to insoctiecides has been

investigated by some workers, Gast (1961) found



that ciwinge in suscoptibility between early and
later instar of loliothis gea to DDT was due to
difforences'in rates of penetration._ Vinson and
Brazzel (1966) found that LDT did mot effectively
ponetrate the cuticle of the older fifth instar
larvae of Heliothis virescens. Yet, Drook (1560)
roporto& that varying resistance of adult housoflies
to aldrin, dieldrin and isodrin did not appear to

be due to differences in penetration of insecticides,

In gencral, youngzer stages aro nore susceptible and
this may rofloct differencés in size since it is
known that susceptibility is noet alwvays dircctly
proportional to body weight, This has been shown
by Bliss (1936) for arscnic as a stomach poison on
Bombyx moxis and by way (1954) for UDT as a stomach
oxr contact poison and Y=BIIC as a stomach poison on
last instar larvae Dilataraxia oloracea., Hopf
(1551) and Stringer (1953) reported that tie
mortality of odult Locusta by a number of insecticides
correlated best with the dose measured as ug per
1ocus£s, but lacCuaig (1956 and 1961) found that
rogsistance of adult Schistocerca and lLocusta

to Y=BHC was proporticnal to weight when the dose

wvas measured in pg/e of body weight., It was found



- {Section 1.,6) tust there were no marked differences
between. sexes but the iarger fomales were ralatively
more resistant thian males whon thie dose was
weasured per locust, In all othor oxperiments the
LD50 was calculated in terms of ng/g irrespective
of ithe to.al weight of the inscct. HacCuaig {1961)
found that sexes of'Schistoceréa wore equally
tolerant to Y=BHC, on this basis, On the hand,
sex differences in resistance have been reported
oy other authors, Results indicate that the wnlo
is more susceptiblo than the fomale, This has heen
shown by Menusan (1948) for soveral insecticides on

Blatolla ge:manica, by Ilhdaway and Barlow (1956)

for dieldrin on Anophelgs stephensi, and by &l

Mosa aad Xing (1964) for dicldrin on Hylemya antiqua,
Cinco the lemale is largor than tho malo, it is
possible that this difforcnce can souotinies ve

due to difference in body woight, anmd it ds likely
to disappear wien tiic dose is calculated on a ug/g

bvasis,

cxtrinsic differeoncos

Of the oxtrinsic factors affecting toxdcity, the
type of the insecticide wus, as cxpected, extremely

iuiporiant, It will Dbo scen frow Table 9 that
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¥-BHC is muchloss toxic on a w/w busis than either
Cyolane or dioxacarﬁ. The nature of the solvent
used with topically applied =BHC did not affect
toxicity in this investigation although Ye=1lC

was more toxic whon anplied by injection in acotone

or benzéne than in KAB (Kerosemne arounatic bottoms).

The site of application had very profound effects,
Toxicity was mudh hirher followiug application to
tlie neck mombrane that to other parts of the body,
It is of interest to compare the roesults in Section
1,3 with those of provious invostiaations_with

" Schistocerca. IHacCuaig (1956) found that NOC was
markedly less offective when applicd to the leg

or the wins base, Ahned and Gardiner (1968)

found that malathion .as more toxic when_applied

to the neck membrane and less effoctive on the
abdowene ‘Mulds might be attributced to difforcncos
in tho noature of tho cuticle, but Lewis {1956) found
that sclerotization of the cuticle of Phoruia
toerraecnovce cxerted little or no influence on
absorption of LLTe Thore is some evidence that
effectivoncss of applicacions 1s greatest at loei
neaxr the si:e of action {(tae head or CNS), This

Lhas been shown wifh DIT to houserflles (risher,1952),
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with o number of insecticides_té Dysdercus

c;nguzgéug (Reddy and Naidu 1962) and with dioldrin
to housoflics (Gerolt, 1969). IKcuncdy et al. (1948)
found that tho leg of Locusta was the ost susceptible
part of the body to DNCGCs Hevlett and Gosticlk (1963)
found no difference in toxicity of dieldrin vhen

appliéd to differont parts of Alphitobius locvipatus,

The data indicate no general agrcement on the

causes of tho differences that occur, and it is
possible that the relative offoctiveness oi differont
insecticides depend on the site of application,

the insecticicdo and the solvent uscd,

Relative toxicity was affected by method of

application, YbLHC wvas loss offective by oral a,glication
than by other method (Section 1,1), This difforence

may be becausce a large percentage of ti.e ingested

dose of Y-BHC was exproted, The stomach toxicily

of Y=BIIC was found to be dependent on the amount

of fo@d availablie after treatment, \hen locusta

were fed immediatqu afte® dosing about 40y of

140 YwBHC was excreted after 24 hours comparcd with
only 21% when they were not fed (Section 3.5). The
fact that the toxicity of Yw=BIC was reduced when

tiie stomach dose was followed iumediately by



fresh food might vrove sipgnificant in tho field,
(ne of the established control methods is applying
¥-BHC o8 o poilson bait, nnd, vherc abundant plant
Tood material is zvallableo, a sunaller porcentapre
of kill than that obtained aftor baiting in an area
of sparse vepctation might be cxpected.s IHospors
1«-2 days old, in the feedin; stage, were more
resistant to YABHC by:sﬁnmach action than wore

7“$ days o0ld hoppors before moulting, when feeding

is ceasing (Gection 1l,10)a

It was obscrved that the older hoppers did not

accept the peilsoned sandwleh as casily as did the
yvounsesr hoppers, This may qxplain unreclieble results
of Y-3IC when used as balt against tho desort locust
in tho field, ininey (1953) Teported that locusts
at all stegos rofuscd abt times to feed on o baitd

for o dya or ftwo during cach o thoir five umoults,
flas, it secus altheugli older hoppors were wore
susceptible, balting locusts at the tine of the

moulting is 13xkely to be relatively ineiflcciivos

Chanpging the postedosing temperature affected the
toxicity of Y=EHC and dioxacerb, It was found
[Section 1,4) that YwBIC and dioxacarb were uore

toxic at the lower tempeorature than at the higher
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tempeorature but change in temperature had no
effoct on toxicity of Cyolane. llorc Y=3iC was
ragoverod ot tuc lower temperuviure than at the
nigher touporature (Section 2.1). 7The offect

of teuperaturce on the action of inscecticides has
beon investigatod by sono workors. Vinson ahd
Foozns {1952) found that about twice as much

DIP peactrated into Peoripiancia mmoricana

at 35°C.than at 13°C. Tahori and Hoskins (1953)
found that about I} $imcs as uuch DLT was absorbad
into houseflies at 35°C.than at 13,5°Ce 2 negative
temporatura coofficicnﬁ ol action of YLIIC and DDT

erianica (Gutirie,

a8 boen snown wiithh Llatella
1350), but tho reverse wos itrue vwitlh aldrin and

Zieldrine

Tieo incrcascd rato of penetration obscrved at tho
highner te:xperature cdoes not exploin the eanhiaaceuent
of toxicity of Y=IiiC at thie louwer temperature. It

is poasiple that aftor penetration, internal iovenient
of tiie insecticide will probebly ve moro rapid at

the higher temperature, so wmore Y=iiC is transferred
to less secnsitive croa e.ge to the fut body, Potter
and way (1958) councluded that the procoss of both

noisoning angd recovery are speoded up at tho hizher
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tomperature irrcapective of poison, nethod of
application and test insccts, lHovever, the extent
0f oach varios with different noisons and with

Qiffeorent formuulations of the suauie poison,

Resistance to YeHlC was #ffacted by deprivation

ol food, Starvatiou before désing increascd the
susceptibilitf of hoppefsto Y=:iiC and hoppers
starved over 48 hours werec moro suscoptibio than'
those starved for zh-hourg. Furtiier, hoppers
doeprived of :ood befoée and after treatnient wore .
lgsa resistant than hoppers deprivéd of food before
or after only, HNacCualg (1960) found little
difference between the two treutmonts. The utilisaiion
of reserves dufing starvation in locusta has been
invosti{;z;.tod. by Hill and Goldsworthy (1970)s They
found that the haenmolymph and water content of

the tissues woro‘changed and the total weight
decreased due to docrcase in resorves of fat body.
O'Brien (1967) suggested that after starvation

the incrcase in susceptibility is presumably
bacauseo depletion of the fat vody releases nore

insecticide into circulation,

The quality of food may also be important as it

was found (Section 1,8) that hoppurs fed on an
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artificinl diet werc wore resistant to YWIIIC

Lut less resistant to Cynlane an: dioxacarb

tian hoppersffcd on froshh gracs, L other oxperiment
hoppors Fed on very diy grass for i days wer. uuch
more susceptible to Y=BHC than vien fed on fresh
grasse Lt 1o possible that chaunges in guality of
food may affeet toxiclty through altering the

welght of tho iunsecis (.ay,1549) and due to
ditfforonces in tolerance through varydng nutrition

{Potter and Gillham 1957 ).

Coguetration throupgh tie cuticie

T agrecuent o;t&inqd betweon dilfcerent meoti:ods
of analysis sﬁowed that tlhie rates of disappearance
of Y-BHC :rbm the surface of the cuticle afier
topical application to fifth instaé hoppors wvurioed

somowhat according to riethod uscd,

It can be scon Irom Tablo 46 that scintiilation
counting suggested a lower raite of entry into

the body than did GLC ostiwation, The reasons for
this aro not clcar, but thoy show that the rcsults
must be interprected witin care, Hovoriholeuc
comparison of Tables 37 and 38 (CLC) and 41

(scintillation) show that much of the inseccticide
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vhich is ueltuer rccovered frou the surface or
penetrated fu the haomolywph is in the tissucs
of tae part of the body to widich application was

il o e

Lotk meotheods suggested, altiuough, they did not
provae, thiat insacticido disappeared fastexr Irou
the suriuce of young adults than from fifth instar
hoppers or aduits, 7This is associated with a
rastexr accumulation of Y«LBHC in the tissues of

the young adults and possibly rcfleéta the early.

state of the youns adult cuticle at this time,

Conclusions

"he chenges in susceptibility obscrved in this

study indicute the desirability of.standurdisins

the ago of tho incect amd the site of applicotion
tsed in biological assay, “he resvlts suggest

tiiat ecnvironmental factors such as tenperaturo

and food may account for sowe variations in the
cffectivenoss of the insccticides In almost =21l
cxpceriments the number of locusts used was snall

cad more roplication is necded before firm conclusions

can bo made,
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1.13 Toxicity of Y=BIC by topical application

Age (days)
1

Dese (wu/g)

0 {Controls)

n) No. in group 30
r) ¥o. responding 1

(deaths)
T mortality
(corrected)

nese (pz/z)
n
-

4

Dose (pg/z)
n
r

%  (eorrected)

Toxicity of Cyolane by topical application

Age (days)
1

Dose (pa/z)

- 0 (Controls)

(n) Yo. in group 20
{r) Xo. responding 0

(deaths)
% mortality

Dose (we/g)
n

o

o

fu.‘

Dose (nz/g)
n

r

7 (corrected)

4.0
40

B

i1

240
3
6

20

2B

30
6

20

Sel

30

7.0
40
28

69
7.0

69
19

10
6o
21

33

30
30
a1

70

19
60
54

€0
10
80
oo
63
15
50
39

77

38
30
23

77

15
20

20
100
15
20
20

100

433

20
20

100

45
20
19

00

Jed 4,0 4,8

30
11

37

Jeld
30
16

b2

30
a5

83

de
30
25

82

20
1¢

05

3 Ba.0
a0
19

60
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1,13 Toxicity of dioxacarb by topical application

Age (days)

1

1.14 Toxieity of YHWIC by injeetion

Age (days)

nose (pe/e)

0 (Controls) 1.3

(n) No. im group 30

(r) Yo. responding 0
(deaths)

% mortality 0
Dose (pe/g) 0
" 30
r i
% (corrected) 3
‘Dose (ps/g) 0
n 30
r Q
% 0
vose (ng/g) 0
n 10
r 0
% 0
‘Dose (nz/g) 0
n 10
r

7 0
nose (pe/k) 0
n 20
» i ]
y 0

1.3
30
10

33

(controls)

5

156
20
13
68

1

248
30
19

63
Je0

30
20

Te
30
26

87

20
20
19

05

g 2

20 2

i

5

2,0
30 30
8 16
27 53
2.0 2.5
30 30
7 15
21 49
e 4,
30 80
19 22
63 1713
10 13
a9 20
6 11
30 B5
7.5 10
20 20
3 5
15 28
B¢ Ted
20 20
8 =9
25 48

2 1

Seli
29
19

85

45
20
18

10
a9
20

19

0
0
7

0 86

10
30
19

13
30

83

0

20
10 -
10

100
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1.14 Toxieity of Cyolane by injection

Ago (days)

Age (days)
1

Dese (pg/g) 0 (Controls) 2.0 3.0

(n) Yo. in group 20 . 20 20

(r) Yo. responding 0 - 4 8
(deaths) :

7 mortality 9. 20 40
Dose (pz/g) A0 1.3 1.5
n ) 20 L 20 20
¥ Q- 2 4
% 0 10 40
Dose (pa/g) 0 . L 1eB 848
n 20 \ 20 20,
r Lt 0 il 2 6
- G Sl i 10 30

Toxieity of dioxacarb by injoction', ‘Ef
Dose (pz/g) 9 A 1.0 2.0
n 20 20 20
r 0 2 10
e 0 \10 80
Dose (pe/c) 0 1.0 1.5
n 20 20 &0
r 0 6 14
% 4] 30 170
Dese (pg/g) 2 0.76 1.8
n 20 20 a0
r 0 4 156
% ] 15' 78

445
20
13

240
20
11

Je0
20,
16

80

5.0
20
18
90

35
20
18

90
4.0
20
20

100

3.0 5.0

20
1%

240

20
18

€0

240

20
19

20
20

100

340
20

29

100
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1.18 Toxielty by stomach action

Insecticide Age Dose (pg/gz) 0 {Controls) 11

$-BHe

Cyolane

DHoxacarh

1.19 Uffect of the ltumuch'toxiutty of

Age {(days)
Leid

Tl

(days)n 30
g3 @ L
% 0 23
Dese (ug/g) 0O 1,5
n ' 20 20
r 3 9
5 : 0 0
Dose (pg/g) O 4.5
n 20 20
r 0 0
# 0 0

vose (po/g)
n
r

%

Dose (pg/g)
n

r

P
"

14
30
14

47

2.5
39

13
7.0

S0

30

17
50
20

67

20
30

80

Jeb
30
19

63
9.0
30
a2

73

«-HC in relation to age

0 (Controls) 8,0 11
20 20 &0
9 5 10
J €6 60
o 5.0 8.8
20 20 . 20
0 i S § )
0 20 5]

14 1

€

20 8

15 1

5

11
20
16

30
20

100

40
20
i8

80

11 12
30 20
26 20

87 100

T
9

06

14
20
20

100
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1.23 Variation in susceptibility of fifth instar Schistocerca

to YMDIC by topical application.

Age  Number of Dose (ng/g) 3.8 8.0 T8 10,8 15 LD50

(days) insects (r) Total dead {provisional)

% K411
1 20 r 4 10 16

% 20 50 80 ‘ 7.8
2 19 r 1 5 10

y 10 80 100 10.4
3 10 r 4 g 10

“ 40 70 100 945
4 13 r 1 4 9

g 10 40 90 11.0
5 10 r a 4 é

% 20 70 80 10.82
4] 10 r 3 a e

6 30 80 90 0.5
7 20 r 8 i4 20

5 40 70 ° 100 940
8 20 r G 10 20

g 30 50 100 7.5
¢ 10 » 1 4 g 10

€x

10 40 60 100 Uel



1.83 Variation in susceptibility of fifth instar Schistocerca

to Cyolane by topieal application.

Age

(days ) insecta

1

Yumber of Dose (ug/g)

10

20

10

10

10

20

19

29

(r) Total dead
% Eill

¥ i
&

h

¥

W

v

A"

~
-

b |

o

a
N

~

A

0476 1.0 1.6 2.5 3.8 Be0

20

18

90

20

12
69

10
190

19
100

12
€0

80

18

90

LSO

1.9

1.4
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1,23 Varistion in suscoptibility of fifth instar Schistocerca

to dioxacarb by topical application.

Age Number of Duaa( g)

(days) insects (r) Tota

% %11
1 10 ¥
b3
2 20 P
| %
3 20 v
g‘
4 10 r
: ]
& 20 ¥
.
6 10 r
%
T 10 r

3

8 20 r
%
e 80 o
%

0.8 1a0 1,8 240 3.0 445 LDGO

3 4
30 40

6 @
30 490

2 8 11
s 20 30
8
28 40
3
30 40
3
0 40

7 10
38 80

4]
i¢
80
18

890

16
80

890
16

248

Je0

248

30

el

a0

340

L8

1.0



1.24 Variation in suaceptibility of fifth imstar Schistocerea

w0l

to MG by injection.

Age
. (days)
1

Nusber of Dese (wz/g)

insecta

10

10

20

10

20

10

10

20

% Rill
r
%

&

MY W% WY s N

g

AN W

3.8 540 7.8 10,0 18
(r) rotal deand

€e

10

39

14

70

4 10
49 100
2 10
20 100
6 i8
30 80
6 9
60 00
7 17
a6 85
i6 1¢
80 95
7 10
70 100

LRBo

11.0.
1340
1l.4
10.1

11,0

102

0

Ge®

405
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1.24 Variation in susceptibility of fifth instar Schistocerca
to Cyolane by injection.

Age  Numbor of Dose (pz/g) 0.78 1.0 1,5 2,6 3.8 5.0 LDSO
(days) insects (r) Total dead

% xi11
1 20 - 3 8 12 18

a 15 40 60 60 340
8 10 r 1 5 9

: 4 10 80 ©0 2.4

3 10 r 1 8 10 3

% 10 80 100 2e4
4 10 » R b | |

% 10 30 100 2.7
5 20 » 8 ¢ _®

% 280 35 100 " Be®
s 10 r ' L ‘

P 20 B0 100 2,3
7 20 v PRENE A

% 20 40 0 243
8 20 v 10 1%

% 30 50 86 1.8
9 20 - 4 9 12 18

f 20 45 GO 90 1.1
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1.24 Variation in susceptibility of fifth instar Schistocercas

to dioxaeecard by injection.

Age  Number of Dose (pm/g) 0.5 0,75 1.0 1,56 2.0 8,0 LDSO
(days) insecte (r) Total deed

% rill
1 10 r 1 4 7 9

4% 10 40 70 80 1.7
2 19 r 2 6 (]

% 20 60 90 1.9

3 10 r 2 B 9 ;

% 20 850 ©0 2,0
4 20 r 2 8 12 18 :

% 10 40 60 80 1.9
8 20 - r [+ i 18 :

% 30 BD 90 840
(6] 10 r 1 s 8 i

% 10 860 B8O 1.6
7 20 r 3 10 14 18 :

% 18 50 70 99 1.0
8 10 r 4 6 8 :

% 40 60 89 Jel
g 20 r 6 11 18 ;

% 80 885 80 0.68
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le4 Effect of temperature on the toxicity of inseclicides
Ieaperature 25 Co

Ingecticide  Dose (ng/g) 0{Controls) 8.0 7.0 10 13
e (q; Yo. in group &0 80 30 30 20
(r) Yo, responding 0 89 W 20
{deaths) '
% mortality 0 10 30 87 130
Cyolane pese (pz/g) 0 1.0 2.0 3.0 8540
: n 20 20 30 30 20
r 0 2 6 15 10
a 0 10 20 50 80
Dioxacarb pose (ug/g) 0 1.0 240 3.0 Be0
n 20 20 30 90 20
r ] g 7 18 18
4 ] 10 8 60 00
Temperature 35 Ce
Ingecticide Pese (pg/z) 0 26 32 40 52
e n 20 10 80 30 80
r 0 1 12 19 18
. 0 12 40 63 ©0
Cyolane Dose (pg/g) 0 340 3e8 4.0 445 Ba0
n 20 10 30 80 80 20
r i 0 14 13 24 19
“ ) 0 47 ©6 80 08
Piexacarb pese (pg/g) 9 3¢50 0s0 Ted 040 12
n 10 10 3 30 30 20
r ] 0 & 19 82 )
A 0 0 17 43 713 =88
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1.6 [ffect of prior starvetion on the toxicity of Y-IHC

Topica
Starvation period Dose (pg/g) O(Controls)
{hrs) a ’ 20
a4 r 0
# 0
48 pese (pz/c) ©
n 20
r 9
% 0
‘g8 Dese (pg/g) 0
n 20
r 0
3 o
Starvation period Dose (pafg) 0
{hes) n 10
a4 r : 0
! 0
48 vose (pn/g) 0
n 29
r 0
% 0
72 pose {pz/s) 0
n

68 8.5 10,8
30 30 30
6 16 2B
20 53 83
Ball Goli BeB 10,8
20 30 30 30
9 11 20 &7
0 87T 67 90
Bs0 Tel, 8.8
30 30 30
6 20 2
20 67 90
6.5 8.5 10,8
3 30 30
3 14 24
10 471 8
540 7.0 8.8 10.8
30 30 30 29
3 15 22 18
10 50 73 ©0
BeU Ta0 848
30 30 30
6 18 26
20 60 87
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1.5 ¥Effect of starvetion on the stomach tozmicity of VaINC

ireatuent
Starved bhefore

vose (pg/z) 0 (Controls) 8.5 11

n 20
r 0
% a
pose {pg/g) 0
o PG/ 20
e 9
* 9

30
3

10

30
o

39

G0

©8

14

30
17

87

i1
15

50

i8

20
16

80

88X

8.5 10

21
70

30

oU

17
10
10

100



1.6 Effect of woight om the toxicity of WBIC

Wolrht
1.16

1.50

1.85 Females Dose (pg/locust) O
n

1,75

«1 0T

Sex Dose (pg/locuat) 0 (Controls) 14
20 30

isles =
'

g
2

nose (po/locust) o
n 10

o

#

r

%

n
o

%

3
0

e o8

i 0
Dose (pg/locust) L

o o

12

40

14
30
3

10

16
30

w88

17

18
30
ai

70

21
30
23
89

21
30

27

23
30
a7

90

a3
15
50

SE5

90

a7
30

I ¥

57

30
20
29

100

20
20

100

20
ig

€0
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1.7 Toxicity of YBIC to different insters of Schistocercs

Age vose (wz/z) 0 (Comtrol) 7.5 10.5 13.5
¥ifth instar n 20 30 30 a0
(4= days) v 0 5 18 17
% 0 17 60 85
Adults Dose (pa/z) 0 B.0 Te0 10,0
{2w3 danys) n ‘ 20 30 30 20
r 0 12 24 18
= .0 40 80 90
Adults pose (pz/z) 0 7.0 10,0 15.0
( ¢ weelka) n 30 33 30 20
r - 8 1b 8
% (corrected) '
: 3. 2T B0 - .90
ujection
Age Dose (pz/g) 0 o6 10,5 13.5 1o
Fifth instar n 20 30 30 29 20
(4 days) r SR ¢ 14 15 20
% ] 20 47 80 . 100
Adults Dese {pgz/g) 0 8.0 7.0 10 13
(23 days) n 30 30 30 20 20
v S 12 17 16 20
¥ (eorrected)
3 40 57 79 100
Adults nose (pe/g) 0 T2 10 18 20
{2woeks ) n 30 80 30 30 20
N 2 ¢ 15 24 20

4 9 g0 50 80 100



=100

1.8 Effect of lack of food on the toxicity of YRmiC

Toni icati
Troataent Dose (pz/g) O (Controls) 7.5 10.5 13.6 18
Control n ] 30 0 40 30
r ¢ 16 24 30
% - 80 83 80 100
¥o food Dese (pz/g) O 7«0 10 12,6 15
before n : g 30 30 30 20
3 12 27 20
d 10 40,80 100
Wo food nese (pe/g) © Bed BB 10,5
after n 0 3 30 30
v 3 21 27
o 10 70 90
Injection .
Treatument  Dose (pg/g) © o0 10,5 13,8 1
Control n 0 . 30 8 39 30
r : 3 $ Bl a7
% . 10 39 70 90
¥o food Dese (pg/z) O 740 10 12,5 18
before n 9 30 80 30 20
r 2 9 24 20
% ' 6 50 80 100
Ne food Dose {pe/g) O Bed 8¢5 10,5
aftor n 30 80 S0
r 5 18 &4

g 1 e 80
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1.8 1ffect of reduced feoding on the toxicity of -iiC

Treatment  Dese (pg/e) O0(Controls) 7.0

Fully fed n 0
r 0
5

Lesa fed Dose (pe/z) ©
n 30
r 1

% (corrected)d

10,5
20 50
0 T
0 28

7.0 10,6
30 39
6 18
18 58

12 15648

30 30
14 24

47 80

12 15.8
580 a0
a3 a1

75 90

Effect of diet on the resistence to imaccticides applied

topically
Artifieial diet
Insecticide Dose (pg/g) 0 (Contrels) 7.0
IR n 10 30
r 0 3
% 0 10
Cyolane Dose (pg/g) O 1.0
n 10 230
r 2 7
) 0 23
Diexnearh nese (po/z) 0 1.0
n 10 a0
| 4 2 6
b 0 20
5.0
«HiC Dose (pg/s) © %
n 0 30
r Q9 3
% 10

8 8%

75

30
12

40

15 a2
15 27
50 00
3.0

23

2
3 Be:

3.0
28
23

10.5

39
20
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1.8 Toxiecity of YaIMIC to Schistocerce fed on very dry gress

Iopical _spylicstion
Peeding period Dose (pz/g) 0 (Controls) 5.0 7,0
(days)
S n 20
b o Q0
% 0
3 pose (pg/g) 0
20
r 0
% 0
4 Pese (pg/g) O
n 10
r 0
% 0
ecti
Peoding peried Dese (pg/z) ©
(days)
2 : n 10
r 0
* 0
3 Dose ( L]
n " pz/s) 20
r 9
% 0
4 Pose (pz/g) O
n 20
r 0
% ]

30 50

4 i3

18 43
540 740

30 3

‘6 18

20 €0
3.0 B0

3 30

3 ¢

10 380

5.0 10

30 80

8 12

10 40

540 ld

30 80

3 W

10 57
3D 8B40  T40
3 80 80
6 17 27
20 BT 90

£E

89
19
30
a7
20
70
32

80

80
27

60
12,56
30
a4
80
10
30
30

100
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1,8, nffoct of aslvente on the toxieity of Y-INC

Solvents Dose (pz/g) 0 (Controls) 7.5 10.8 13.5 17

KAB n 10 30 30 30 80
ps > i 9 8 14 24 30
N % ) 10 47 80 100

Acetone  Dose (pg/z) © 10 13 17

ST e/ 20 30 30 390

r 0 5 21 27

g o 17 70 90

llonzene vese (pg/n) 0 10 13 w7
n 10 36 30 350

r 0 4 14 2

% 0 13 47 90

Anjection :

Selvents Dose (pg/z) 0 BeD ToB 10,5 13,5

ZAD n \ 20 20 80 30 30

' r 0 0 312 18 26
2 0 0 40 60 87
Aeetone Dose (#B/g) 9 16 3.0 5.0
n 20 30 30 &0
r 0 3 18 27
] 0 10. 80 00
Sengens  Dose (pz/z) 0 2.0 3,0 5.0 7.8
n 30 a0 30 3G
» 0 3 1! 18 28
% 0 10 87 60 93
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Graph -
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Age (days)

® 1
C32“3
05-6
' ° 1 1 | | ) _d
005 0-7 0.9 1.1 . 1.3 1.5 107

Log dose (pe/z)

Toxicity ofy-BHC to fifth instar Sch1stocerca of
. different ages applied topically.

Age (days)
® 1
02-3
@5-6

i L 1 J

0.1 0.3 0.5 0.7 0.9
Log dose (pg/g)
Toxicity of Cyolane to fifth instar Schistocerca of
different ages applied topically.
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Graph 3 : Log dose (pg/g)
Toxicity of dioxacarb to fifth instar Schistocerca of
different ages applied topically.
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o F
v
L
o
&
5 Age (days)
1
02-3
@ 5-6
3 i i 2 | 1
008 1.0 - 1.4
Graph 4 '

Log dose (pg/g)
Toxicity of °Y-BHC to fifth instar Schistocerca: of

different ages applied by injection.
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_Graph 5 : Log dose (pg/g)
Toxicity of Cyolane to fifth instar Schistocerca of
different ages applied by injection.
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5 Age (days)
@1
O2-3
@ 5-6
3 ! 4 ! | l
0.1 0.5 0.9
Graph 6 L " Log dese (pg/g)

: -Toxicity of dioxacarb to fifth instar Schistocerca of
different ages a.pp;lied by injection.
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Graph 7 Log dose (pg/g)
' Toxicity of y-BHC,Cyolane and dioxacarb to fifth
instar Schistocerca applied orally.
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+
o
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o
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01-2
@ 7-8
3 L1 ) 1
) 007 ’ 009 101 1'3
Graph 8 = Log dose {(pz/g)

Effect of the stomach toxicity of y-BHC
- in relation to age.
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Graph 9 ‘Log dose (pg/g)

Variation in susceptibility of fifth instar Schistocerca
to ‘y-BIC applied topically.
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01-7
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3 it 1 1 1 1
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Graph 10 : Log dose (pg/z)
- Variation in susceptibility of fifth instar Schistocerca
to Cyolane applied topically.
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Graph 11 . Log dose (pg/g)
Variation in susceptibility of fifth instar Sch1stocerca.
to dioxacarb a.pphed top1ca11y.
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o
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a‘.
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Agé (days)
! | O1-7
@ 38-9
3 1 | 1 1 1
o 0.5 _ 0.9 ' 1.3
Graph 12 Log dose (pg/g)

‘Variation in susceptibility of fifth instar Schistocerca
toy'-BIC applied by injection.
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Graph 13 ' Log dose (pg/g)-
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to Cyolane applled by 1n3ect1on.
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0.08 0.3 0.7
Graph 14 - Log dose (yg/g)

Var1&t1on in susceptibility of fifth instar Schistocerca
_ to dioxacarb applied by injection.




— =210-

7 =l
°
‘H —
e
o
&
5
o
| 035, C.
" 025 Co
-3 1 ! ! 1 l I
- 0.8 1.2 ' 1.6 1.8.
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Effect of temperature on the toxicity of y-BHC.
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L | Graph 16 Log dose (pg/g)

Effect of temperature on the toxicity of Cyolane.



_ ' —211-

7l
P
o R
Eel
[o]
&
5 =
035’ C.
.25° c.
3 | | 0 } k i .
. T 002 . ] 006 1.0 1.2
Graph 17 ' . Log dose (pg/g)
’ Effect of temperature on the toxicity of dioxacarb.
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Graph 18 Log dose (pg/g)

Effect of prior starvation on the toxicity of
“Y=-BHC applied topically.
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Graph 19 " Log dose (pg/g) .
o "Effect of prior starvation on the toxicity of
Y ~BHC -applied by injection.
7 p
-
o=y =
)
o
o
a,
5
5 .
Treatment
@ Starved before
QStarved after
= @Starved before
and after
. 3 1 |
: : 0‘6 ' 1.0 ’ l.4
Graph 20 . - Log dose (uz/g)

- BEffect of starvation on the stomach toxicity
of Y-DHC.
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Graph 21 Log dose (pg/locust)

Effect of weight on the tox1c1ty of Y-BHC.
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Graph 21 Log dose (pg/locust)

Effect of weight on the toxicity of Y-BIIC.
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Effect of lack of food on the toxicity of
Y-BIC applied by injection.
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and dioxacarb applied topically.
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- Toxicity of y-BIC applied topically to fifth
instar Schistocerca fed on very dry grass.
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