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AESTRACT

Tue respective toxicities of 15 chlorinated hydro-
carbon and punospnate insecticides to tne onion aggot

adults Lylemya antiqua (ieig.), were determined by topical

application. 'ne iusecticides tested were metiiyl parathion,
diaetnoate, Diazinon (0,0-diethyl O0-(R-isopropyl-4-methyl-
®~pyrimidinyl) phospunorothioate), parathion, Bayer 21,199
(Co-ral) (0-(3-ciloro-4-metnylumbelliferone) 0,0-diethLyl
phospriorothioate ), american Cyanamid 18133 (0,0-diethyl
0-2-pyrazinyl rhosphorothioate), trithion, American Cyanamid
18706 (0,0-diethyl-3-(N-ethylcarbamoyl.aethyl) phosphorodi-
thioate), Tnimet (0,0-diethyl S-(ethylthio) methyl phos-
puoroditnioate), ethion, DDT, Gutiion (0,0-dimethyl
S-(4~0x0-8k-1, 2, %-benzotriazine-3-metwnyl) phosphoro-

dithioate), endrin, dieldrin and neptachlor.

e results snowed that of the insecticides tested
wethyl parathion, dimethoate and Diazinon were the uost
toxic to tune ouion 1ly. iweptachlor, dieldrin, endrin and

DDT were the least toxic.

A syringe-microouret wnici was moditied ror topical
application and used to apply the imsecticide solutions to

tne insect is descrioed.

Ouion wnaggot adults frowm wichigun, suspected of being

resistant to chlorinated hydrocarbon insecticides, were
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coapared with a laooratory strain of onion flies for
susceptibility to dieldrin. ‘The data confirmed that the

tlies obtained rroi wichigan were resistant to dieldrin.

gxperiments were conducted to deteruine the efrect
of dirrerent pre-treatument and post-treatment teuperatures,
various post-treatment relative uaumidities, uge, sex,
staze ol developuent and site of application on the toxicity

o1 dieldrin and ethion to the onion maggot adults.

tre-treatuent teaperature did not affect tne toxicity
or eitner dieldrin or etulon to the onion .saggot adults.
Iost-treatiment temperatures had a p»rofound efif'ect on the
toxicity of poth dieldrin and etnion to the fly. 1In
general, tne uigher the teaperature the greater the
toxicity. variations in post-treatuent relative humidity
did ~ot effect the toxicity of eitner dieldrin or ethion

to the onion waggot adults.,

There was .0 significant difference in the effect of
age on tne toxicity of dieldrin and ethion to the onion
maggzot adults. Altnough greater kills were obtaiuned with
thie older flies than tie young ones, tuere was wmore patural
mortalit, with the older flies. ‘'he lesser kills obtained

with the jounger ilies were attributed to vigcor resistance.

fewale flies were signiricaantly xore resistant to the

action of dieldrin and ethion tnan the nales. There vas

\'



no significant difference in weight between fewmale and
male flies. 1t vas suggested that the difference in
resistance betvieen feuwale and .ale flies .ay be a case of
physiological resistance and .orth investigating. 1'he sex
ratio of the onion fly was 55 per cent males to 45 rer cent
females. 'fuis vas unotv statistically significant from a

l:1 ratio.

‘e ownion .iaggot adults were less resistant to the
action of vovh dieldrin and etuion than the second instar
larvae, tuird instar larvae and pupae. Because at the
doses used dieldrin was uot effective upainst the second
instar larvae, tnird instur larvae and/pupae, o coaparison
could ve made between tilese stages. The order of resistance
in tne stages of development of the onion .tagezot to ethion

was pupa third instar larva) and adult.

altrnough tiere vas no signiticant difference in the
effect or the site of agplication on the toxicity of
dieldrin and etwuion to tne onion aaggot adults, greater
kills were obtained wuen et..ion was applied to the mesono-
tua of individuwl insects than when applied to the dorsum

of thne abdomen.
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1KTR0DUCTION

The onion naggot, Lylenya antiqua (hieir.) is one of
the .wost i.aportant pest of onions in tne Uniteld States.

It was introduced to this country in the first nalf of

idarris (1852) reported heavy

tne nineteentl century.
At

daulage caused by tue insect in wmassachusetts in 1841,

the present time the onion aaggot is found in practically

every region in tne country where onions are grown. 1n

liicnigan, ierrill and wutson (1953) reported that from a

total of 52 species of flies attacking onions, liylemya
p € ’
antiqua caused most of the daaage to iicuigan grown onions.

Several .ietnods nave been employed to control the
onion .uagzot since its iantroduction into tais country.

Calomel vias used witn excellent results for several years

but was expensive and phytotoxic. After 1944 with the

development of the chlorinated hydrocarbon insecticides,

the onion masgot wus satisrfactorily controlled with these

materials,
A8 early us 1957 there were reports by various in-

vestigators frowm different parts of the country that the

onion .1aggot had developed resistance to the chlorinated

nydrocarbon insecticides. 1n ilicnizan excellent control

hed been ontained vwitn the chlorinated hydrocarbon insecti-

cides since 1951, out in 1957 and 1958 the sae iusecticides



tailed to control the pest (Guyer « iells, 1959)., The

failure of tunese iusecticides to control tiiis insect
in tne field in 1958 initiated tne study or various facets

of the insect's biology as well as the laboratory evalua-

tion of various .iaterials,

The insecticides tested were topically a;plied to the

insect by a .iodiried syriuge-microburet and the results
are described nerein.

Tue effect or temperature on the toxicity of a nu.ber
o' insecticides nac been rerorted by previcus ivorxers.,
A briel sumnary of tuese reports on the following rages

shows two general treuds 1lun the effrect of teuperature

on toxicity. oUne 1s an increase in toxicity at tne lower

temperatures, and tne other an increase in toxicity at the

ulgher teuperatures. The eftect ol teaperature on the
Aortalivy ol iusects .uay be of cousideravle practical

ilmportaunce. 7Tuis was indicated oy hottman and Lindguist
(1ly49) wnen tney wrote "From a practical standpoint it

arpears that wouse flies are controlled with low dosages of

DDT in nortuern or cool climnates. [or example, the states

of .ashiungton and Orecon unave recomnended a wettable-pov.der

Spray containing only 0.5 per cent of DDT ror residue

spraying in barns. 3Because only ¢ to o ml. of fluid can
e applied on a vertical vwood surface before run-off, the



dosages used rauged from 15 to o0 az. of active ingredient

per sguare toot. =saccording to extension viorkers these
Jdosaces have given good control, In comparison, tue
&. per sJjuare

(&7

southern States recom.ended a dosage of 200 m

oot ror satisfactory control."

Zecause relative Lumidity is closely related to
teaperature, a study of tne effect of various relative
nuuidities on tue toxicity of voth dieldrin and etuion

vas concidered to be important,

In toxicological investigutions it is of' ilaportaace
to ve uble tO obtain comsistant results. Research on
insecticides involves twvo couyponents, the insect and the

insecticide; and in order to obtain repeutable results
poth of thenn .ust ve standardised. 1t is well known that
in a g¢iven species of insect, large variation in

susceptivility ay occur. 3usvine (1957) listed the sources
of' variability in insects under two heudiugs, intrinsic

dirierences and extrinsic dirierences. Under intrinsic

factors wuich attect tie susceptibility of insects to
insectvicides ue listed sex, age aad tie stage of develorpueiit.

Uader extriusic ractors temperature and relative huaidity

were listed., also tie brieil review of literature suumari-

zed on the following pages revealed

toxicity of insecticides is affected by such factors as

that the relative



age, sex, site or application and the stage of development
ol' the insect. ‘hese factors also coulld ce of practical
iaportance in control, vecause dirfierent stages, ages and
sexes ol the insect .way ove present at tne same tiae.

Yhis 1s especlally true in case of tine stage of development
of tue animal vecause witu any =iven species large vari-
ations i susceptibility aay occur throughout the life
cycle. It would seea iluaportant ior the purpose of practical
coucrol thnat sone knowledge be availaole on the change of
resistuance wito the stage of developument in order to

establish the correct tiaing of application.

witn these points in view investigations on the
ef'i'ect oI teuperature, relative nuaidity, sex, age, site
of application and tlie stage of developwent on the toxicity
of lnsecticides to the onlon aaggot were undertaken., ihe
insecticides cunosen to oe tested were dieldrin and etiion
because tune insect is resistauat O tue forier but not to
thie latter. 'fuis was done with the hope that sowe ideas
nignt be obtained as to the wechanism of resistance of

tiie onion waggot to tiue chlorinated nydrocarbon insecticides,



REVIEL OF LITERATURD

I. Relative toxiclties of insecticides to onion aaggots.

Consideravle atteution nas been devoted to the couatrol
ol' the onion asagzot both in North Auderica and Eurore.
The coutrol .leasures employed prior to 1938 were clascified
oy viright (13c8) into four groups:

1. Tue use or deterrents to prevent egg
laying.

2. Trapping and xilling adults by poison
baits.

4. Tne use oI larval polsous,

4, Cultural imeasures.

Tne first category included, anong other materials,
powdered naphthalene, tar oil-sand mixture, and paratiin
eaulsions. ‘'ue disadvzntages in the use of all deterrents
were the necessity for tuelir coustant renewal and when
arplied over a lurge area, the adult flies appeared to
becowe accustouwed to tueir presence and suffer little

inconvemnience.

Tue use of poisonous baits was not attended with much
success and could not be relied upon. Among larval poisons
used were various nercury salts, corrosive sublimate

solution, and calomel. 3Sutisfactory control has been



obtained by tne use of powdered czulomel, which could be
applied to tine seed coat. Culitural operations were of
little value alone in controlling ueavy infestations but

could oe iamportant in combating minor attacks.

after 1944, with tue iunterest in hydrocarbon insecti-
cides, sparxed oy DDT, control of the onion .argot appeared
to be imainent., .icLeod (1946) tried a totaul of twenty-
nine dirferent treatients, involving a nuiaber of .iaterials
and coabinations, to coutrol the onion .naggot. A calomel
treatuent cave almost perfect coutrol out was considered
lapractical because of its nigh cost and the retarded
growtn or treuted plots, BLC and DDT also gave satisfactory
control. .sunro (1947) in North Dakota obtained 90 per cent
control of the magpot by eans of spraying onions with 1
ounce of 25 per cent DDT per gallon of water. laan (1947)
using DDT in tue powder toiw as seed treat.ent, at the
rate of 40 graws per 100 grwas of seeds, obtained better
control thau with calowmel. uorrison and vrovell (13952)
rerorted tinat aldrin and chlordane gave economical control
of tne onion umaggot in Gregon. 'Tozloskl (1954) working
in wassachusetts suoved that 10 per cent DDT and 1 per
cent dieldrin applied to onion seed as dry uwaterials, and
agitated to produce an evenly dispersed mixture of seed and
lnsecticides, gave the most effective control of the onion

maggot. Jhirex (1357) reported that coating the seed with



aldrin, dieldrin, neptachlor, or canlordane eaulsions gave

tue vest coantrol on seed crogps.

Doane & Chapagan (1v07) reported that ,opulations of
onlon .azgots wiich were extremely resistant to cseveral
cnlorinated uydrocarbon insecticides were prescat in soue
localities or .'isconsin. wowitt (1503) stuted that _rior
to 1955 tine onion i'ly was readlly coutrolled witn aldrin,
neptacilor, cunlordune, and dieldrin., .JSter 19035 tihe
cialorinated hydrocarbons becwne less eftective. iie ulso
reported tuat cooperative experiments conducted in ‘asiing-
ton, 3ritish Coluabia, Ure:on and Idahio demonstrated that
strains or onion .azgou kigul, resistant to the chilori-
nated hydrocarbons were present at least in certain areas
of tine tucific hortawest. In .icnigan Drew and uuyer (1955)
stated tnat the onion flies euerging fro. pupae collected
froa tue field were resistant to chlorinated hydrocarbon

insecticides.

Tne increased failure of tihe chlorinated hydrocarbon
insecticides to control thic pest prompted tne laboratory

evaluutions reported in the present paper.

II. Effect of pre-treatment temperature on the toxicity
of insecticides to insects.,

Relatively little work itas been done oa the effect of



pre-treatuent teaperature on toe toxicity of iusecticides
to insects. Cotton (13¢2) reported that confused flour
peectles preconditlioned at lower teaperatures for cseveral
days regyaired a aigher concentration of ethylene oxide to
give 100 per cent aortality. (uayle (194) revealed that
in fumigation or scale insects wigher xills were obtained
wuen toe insects nad veen conditioned at a lower teaperature.
Lindgren & Dicxson (19«l) workinz on the fuailgation of the
purple scale witu wnydrocyanic acid tound that insects pre-
conditioned at 50°F. were .uore easily xilled tian tiwose
pre-condiitioned at 75°F.; wiille the luatter were xilled
more readily tunan trose pre-conditioned at 30%°#. .unson
(1933) reported tnat nnericuu cockroaches viere less
resistaut to the action of DDT when pre-conditioned at
$4°C. tihun when ti.ey vere pre-co.dltioned at 17°C. .iunson
8t. al. (1904) found that tue americuan cockroach,

Feriplaneta aagericana (L.); the vinegar tly, Drosopnila

melanogaster ieig.; and the saw-toothed gjrain beetle viere

less susceptible to DDY wuen gept at 1low tempersture before
treatuent tha.a when xept at hizn teuaperature. Crauford-
Benson (1338) showed that tenperature oefore treataent has
a definite efiect on the toxicity of derris to the foreign

graln peetle, Ahasverus advena ..altl. The beetles were less

. . . on 2 . :
susceptible to derris whnen reared at £0°C. taan when xept

at EbOC.



11I. Efiect of post-treatment teuaperature on the toxicity
of insecticides to insects.

Lindgquist et. al. (1944) studied the effect of after-
treat.aent teuperature on the toxicity of DDT to house flies.
flies were exposed aut 65°F. in containers treated with DDT
and wilen all viere down tiiey were divided and transferred
to clean cages and kept at different temperatures. The
results showed 100, 92, and 3¢ per cent xill ..en flies
were <ept at 70% 90? and 100°F. respectively. louse flies
were exposed by Lindjuist et. al. (1945) to pyrethrum filns
and ept in recovery cages at 7d2 8d2 9® and 100°F. The
autuors saowed that .iortality was uigher at higher tem-
peratures. LArliger (1949) determined the efrect of post-
treat.ent te.aperature on the toxicity of DDT, calcium
arsenate, BiC and parathion to the honey bee. \nen the
insects were fed tue poison frou a micropipette, tuen placed
in contail.ers at 200, 280, and 36°C. DDT was much .wore toxic
at lower temperatures, calclum arsenate imore toxic at
uigher temperatures. <Tihe post-treatuent tenperature rnad no
influence on tne toxicity of 3uC or parathion to the Loney
bee. ieaver (1949) in an experiuaent to determine the
relative toxicity of certain orzanic insecticides to the

honey bees found that arfter-treatient teaperature has a

profound efiect on the toxicity of ciilordane to the honey

.0 .
bees. At teamperatures below 76 C. chlordane was only
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slightly toxic but at 8031. ite toxicity increased greatly
Fradhan (1949) reported that viuen adult Tribolium
castaneum (hbst.) were exposed to a tilm of DDT ror about
24 wuours at the same temperature and then xept aveay from
it at difrerent teperatures tuhere was a uigher xill at:
the lover teaperature. L.oftman & Lindquist (1u249)
reprorted that DDT wand .wethoxychlor gave raster xnockdovn
of house flies at 7OOE- tian at ¢0°7. These compounds
also caused greater mortality at low teuperature tnan at
ulgh temperature. The reverse was true witi heptacnlor,
parathion, chlordane, and toxaphene. Gutanrie (1950)
estavlished the effect or teaperature on toxicity of
certain organic ihsecticides ayplied torically to the
German cockroach., he temperature vas reculated at la.5°,
2b°, and 529 . and the treated roachies vere subjected to
one of the three temperatures tor five days. The results
scowed that DD:, pyrethru., and lindane were more toxic
at the lower teaperatures while the reverse wds true with
aldrin and dieldrin. vinson ct. al. (1952) tested the
eflrect ol posu-treatuent te.iperature ol the toxicity of
topically applied and injected DDT to the Agericun cock-
Both topical and injected doses of DDT

roacn females.

« - o ¥ -
gave less kill at the uigier teaperature. Tne LDS0 values

4 15°C. and 75 to 100 aicrograms

were to 10 icrograils

o}
at 55°. for topically applied DDY and 2 to & alcrograms

.
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at 15° C.and 20 to 20 Jdicrograas at bso C.tfor injected
JDT.  Cressuman et. al. (lwod)working in Calilornia ou some
factors 1intluencing tlie effectiveness of parathion against
Calirornia red scale, found that aiter treataent tempera-
ture had no eftect on tie toxiclity of paratuion to the
scale. .oth et. al. (193&) couducted an experiment to
deter.iine tne a.wounts of DDT actually absorbed oy the
nouse rlies at different te.peratures. Lie found that the
I'lies avsoroed ©4 per cent wore of DDT with a lovier xor-

tality vuen xept at 90° 7, tuan vuwen ueld at 700 @,
Y

Iv. '"'he efrect of post-treatment relative nuuidity on
tne toxicity of insecticides to insects.

iradhan (19+9) studiel the effect of relative
huaidity on the toxicity or insecticides to iusects. lie
reviewedi tiie literature up to 1lU=9 and concluded "a
perusal of literature does not nelp to deduce any general
principal regarding tne effect of nuaildity on tae toxicity
Oor' insecticides. 1n soule cases tuhe rise in relative
aualdity lhas veen found to increase tne percentage kill
and in others to decrease it. There are also cases in
wiich changes in relative humldity have been found to nave

LO uppreciavle efiect on toxicity."

Gains and Dean (1949) investigated tne efiect of

teaperature and uuaidity ou thne toxicity or celtain
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insecticides to tue boll weevil., Tuey reported twat high
udaadity reduced tue toxicity of calcium arsenate,
toxapriene, and culordane. Collinse and Iing (192¢) studied
the efrfect of nuxidity on tue toxicity or residual iilas

of DDT to tue adult of Triboliuw coufusuw Duv. Their

results iadicated that with the teaperature ..ept constant
at 60° 7, tunere was no siguificant diflereuce in uortality
at 33 per cent and 59 per cent relative Lumidity. Glynne-
Jones and Edwards (19b2) tested the eflect of after-
treatment huaidity omn toxicity of suspensions ol acid DIilC
and a solation o1 the sodiua salt of UNOC. They found that
no cdirrference occuired vitin the acid DNOC when huaidity

was cnanged from 45 - 50 per cent relative Lumidity to

(oY)
Ut

- 90 per cent, out the sodium calt was much :aore toxic

at the aigher huaidity.

V. ©&ffect of age on tae susceptibility of insects to
insecticides.

Simauton & willer (1997) invectiguted Louse fly are
as a lactor in susceptioility to pyrethrua sprays. Tuey
tested 1.5 hour, 6 nour, 21 Lour, 45 bour, ¢ day, 4« day,

7 day and 10 day age groups. <The results showed that very
young nouse Ilies were more easily paralyzed uut less
easily killei tunan were older flies. Craufurd-3Renson

(1988) reported on the resistunce of adult Anasverus advena




waltl, at diflerent ages to derris. Le showed that the
insects were less resistant to the insecticides at both
very young and increasing ages. licLeod (1944) experiuented
on tue efiect of age of the fruit {lies on resistance to
nicotine sulpuate solution. ELEe found that 5-day old flies
were ..0re susceptible tnan c-day old; and the latter were
wore susceptible tian l-day o0ld flies., David & Bracey
(1940) investigated tue change or resistance of .edeg
aegyrpti (Linn.) with zge to pyreturaan and DDT. “he data
indicated tnut tnere was a progrescsive decrease in
resistance with age. Oune-day o0ld insects viere .ore
resistant tuan 3 to 4-day old insects; and the latter vere
less susceptible than 4 to 5-day old insects. Collins and
King (195%) tested tlie resistance of 7-day 0ld and 54 to 53-

day old iribolium confuswa Duv. to residual films of DDT.

Thelr results showed that there was no siguificant difference
in resistance between tne two ages with an exposure of 3
uours, but tuere was nighly sigaificant difference with the
6-liour exposure. ine wortality was Ligher with the older
vbeetles. Lerr (1954) studied the variation with age of

adult D. wmelanogaster iieig. in tihe susteptioility to DDT.

e sunowed that susceptibility was rign in joung flies,
but rapidly decreased vitn age, to a alanlawa «t adout 5
days, tnereafter increasing rapidly in wales and not

sigunificautly in females. Le concluded that "the need for
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sexing and stundardiziung age ln rlies used ror tozxicological

investigations was tuus dewonstrated.”

VI. Gifrect of sex on tne succeptibiiity of insects to
insecticides.

Simanton % wiiler (1987) in a study of nouse rly
agZe as 4 lactor im susceptibiiity to pyreturun sprays
suowed thal tue feaale nouse rly vas more resistunt than
the .iale. 4 dose of pyrethrua wnich gave 100 per cent
inale «ill resalted in LO.O per cent feuale wortality.
murray (1937) reported that the female nouse fly was more
resistant to the action of p returins than the aale.
Gough (1lv40) working on the toxicity ot sulfur dioxide to
the bLed-oug reported tuat the .iales and the lewules were
equal in susceptivbility. David « DBracey (1946) investi-
gated the relative resistance of aale and feiale Aedes
aeeypti (Linn.) to insecticides. They found that the
females were inore resistant than the males to pyrethrins,
and to a mixture of pyrethrins and DDT. Barber & ScLmitt
(1948) working on house fly resistance to LDT residue sprays
siiowed that the feimales were .ore resistant than the .ales.,
lienusan (1948) experiaeuted on the toxicity of iusecticides
administered in various ways to several species of insects,
Lie reported tunat tne difterence in susceptibility to

insecticides between male and fewale cockroaches varied
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greatly depending on the insccticide uud the wet.od of
testing. There was less sex difference in resistance to
an insecticide vnen the waterial was injected into the
blood streaia thuil vuen the sade aaterial wvas r'ed or tested
for contact toxicity. All waterialc tested shoved the
Jdale to ve less resistant that tie feaale, witn tne
exception of dlicihloro etiyl etuher where toe reverce vus
true. iiacCuailgze (1950) deter.ained the resistauce ol the
desert locust anl the africaun aigratory locust to DNC in
relation to weigut, age, and sex. lie found no difference

in susceptibility ol tue sexes to LKC.

Vii. Effect of staze of developnent on resistance of
insects to insecticides.

Campbell (1920) coupared the susceptibility of the
last four instars of silkworm luarvae to arsenic. 1Iiis
results snowed tnat second instar were ¢.5 tiaes as
susceptiole to arsenic as tae fit'th instar lurvae. [e
concluded that tne susceptioility or tie silkworu to arsenic
decreased during its larvual developament. Cotton (1952
working on tihe relation 0of the respiratory wetabolisu of
insects to tueir susceptipnility to fumigants suoved that
wuen test lotg of 50 adults, 20 larvae and 25 pupae of

T. confusum Duv. were placed in o-liter glass flasks and

funigated ror & Lours witih caroon disulphide, the adults



were killed with a dose of 125 me. per liter, larvae 1lod
wg. per liter and pupae ¢l= wg. per liter. Lindgren (1933)
investigated tne order of resistance of different stares

of Trivoliuxm confuswa Duv. to various fuaigants and

reported tiiat with carbon disulprhide the resictance of the
egg) rupa) adult)-larvu (low huwmidity), tue pupa) ecry
adultPlarva (Ligh huaidity); witk chloropicrin, the
resistunce of uhe egg) pupa ) adultylarva; with ethylerne
oxide, the resistance of the puza) adult) larva) ezg.
Gunderson and Strand (1959) studied the toxicity of
Lydrogen cyanide, chloropicrin and ethylene oxide to eggs,

nyiaphs, and adults o! tne oved-bug, Cimex lectularius L.

“uey showed tnat tue egie of the bed-bug were less
resistant to uydrogen cyamide and ethylene oxide than the
nyapls and adults. Tihe eggs were zuch ore resistant to
coloropicrin. DuChanois (1947) studied the toxicity of
gamia 2iC to the rre-inaginal stages of the nouse I'ly. The
stages used were the eggs, second instar larve, third instar
larva, and pupa. He reuorted tuat gamma 3LC was not téxic
Lo ova. Second instar larvae were the aost suscentible

and the pupal stupe was consideraovly more resistunt than
tue larval stages. Cochrun (1335) compared last instar
dale and feaale nympas with adult fenales as to taeir
susceptipility to DUT. His findings indicated that tinere

was udo difrerence ovetween adult feaale, wale nyapghs, or
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femnale nyupns of the .awerican cockroach wita respect to
DDT susceptipility. Benschoter (1960) investigated tne
susceptibility of life stuges of the ilexican fruit fly to
funigation witn ethylene culorobromide. kEKe found that the

order of susceptibility was larva) adult)egg;);mpa.

vIII. Zffect or loci of application on susceptibility
of insects to insecticlides,

O'kane et. al. (1933) studied the effect of anicotine,
psreturun, strycninne sulphate, cocoanut 0il, ratty acid,
white petrolium 01l and serosene applied to difrerent spots
of tne umerican cocxroacin, Oriental cockroach, German
cockrouchi and the larvae of the mealworm. They found that
the reaction rate to u —-iven dose depended on the location
of application. .ilson (1949) investizated the effect of
psrethrum and twe of ite synergists, pipreronyl butoxide and
plperonyl cyclonene ou uLouse flics and blow flies vhen
applied to different parts of the body. Ilie found that wien
placed on the top of the tnorax, 0.1 micrograa of py-
retnrins knocxked down only <0 per cent of aouse flies und
3% per cent of blow flies. '“he sczile dose xnocked down 1Q0
per cent ot the 1lies when applied to tiie mouth parts.

Zull and -ecx (1951) worxing on the role of tne circulatory
and nervous systeas in the toxic action of parathion to the

Aumerican cocxroach reported tnat the site of application



was imaportunt. ‘Lrrey round that the closer tie site of
application to the central nervous systea tie suorter the
fnockdovn tiie. [risher (1952) reported on tne iaportance
of the locus of application on tiie efiectiveness of DDT
for tne unouse rly. .ils results chowved that lower nortal-
ities viere produced as the locus of application :zoved
distally alon.; the legs, and posteriorly from head to
abdomen. HLosxius et. al. (1952) reported on scae ractors
influencing the contact of cienical and test insect. Iie
found that application of lindane to the tarsi of the wouse
fly was more effective tnan o the ventral surface of tLe
tiiorax., ilacCualg (1v58) studied the resistance of the
desert locust and the afiicau .ilgratory locust to JNC.

bils tindings suaowed thal the site of application mad
relatively little efiect on the xills obtained, except wien

tlie dose wvias ajpplied to the feaur or wings.

%)
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Lietnod of QObtainin. .Jlies

'ne flies used 1n these experiments, witii the exception
of experiawent 1, prart LI, were obtuined from jpupae which
Lud ve=zn collected from iufested wicnisan onion fields,

Tre pupae were stored at 39 I when flies were reguired

for testing, pujpae were traasferred to a te.iperature
capinet at 77 F and adults allowed to eaerge. after
emergence the flies vere ueld in a small lasect caze until
they were ta.ien to the laboratory to ve tested. The .etiod
0i obtaining the [lies used in experiwent 1, part 11, will
ve described under rearing .aetuods. Yhe ood for the flies
consisted of honey and br. wers yea:t prepared on a woist
slice of ovread. ‘''ne petri dish cortaining the food was
Flaced in the cuze. .lso saall droplets of a aixture of
noney and brewers yeast were placed on top of the cuge,

water was supplied by cotton viicas inserted through o cork

in a swall Erlenueyer flask.

Rearing wmethods

Tue fewn references in the literature concerning
successful rearing technigues for the onion Ily were
summarized oy .Jorkman (1958).

19
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Iz the present researcn, attemptc were uade to rear
insecticide-susceptible onion I'lies obtailned from Cornell
Uuiversity, and cinlorinated lLydrocarbon-resistant onion
flies from ilichigan, in a basement rooa at i.icniran Stute
University. .n air conditioner xept tie temperature in
tne rearing room betuveen ¢5° 4 and 75° 7 at all times.

Cages 20 lancnes long, 1o iuches wide, and 1o inches i.igh
were used for rearing tine onion fly. <he cages were
covered with 1o .iesu screen witu clolu sleeve openings at

tiue front.

Lighkt ror tue rearing cases was supplied oy four, forty
watt, vwuite fluorescent lamps. ‘‘ne four foot lamrs were
suspended 1 incues above the rearing cages. the lignts
were countrolled by a time switcu and vere in operation froa

8 a.m. until aideigat, siving 1o hours light eacn day.

ot first the food for the adult rlie: consisted of
honey and breviers yeast prepared og a moist slice of bread
in 3 petri disn and placed in the rearing caces. The [lies
fro.a Cornell University ,roduced eggs satisluactorily with
tuis diet, but tne tliec from wichigan produced very few
eggs. The diet was tneu changed to ailuk (wicth formaldehyde,
two parts per taoousand, to retard spoilage) and honey. To
<0 parts of uouney vas aixed one part of a liguid vitauln

concentrate containiug vitamins A, D, 23, B2, Bg, C, E,
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niacinawide, pantotuenic acid, cnolline culoride, and

inositol. ..llk was sugplied to the onion flies iu s.all

jars inverted oun the screen on the top of the curze with
cheese cloth placed over the jar opening to prevent
spillage. e noney wus placed on top of the cuase in small

droplets. Satisfactory ezg production resalted froa this

diet witu tne insecticlide-susceptible flies from Cornell
University. Cllorinated hydrocarvo.-resistant onion t'lies
from iwicuigan still failed to produce aany egsgs. Tials diet

was the same one used by workiman (1952) in rearing the onion

fly successfully in the greenliouse iu Uregon.

swall onion bulbs were planted iu 1o x 10 inch enanmel

pans containing muck soil and placed in the rearinc cazes.

Females oviposited ou tie onion plants or on the muck. Also
linlves of large onion oulbs were placed cut side dovn on

tue soil for the ewerging larvae to feed on.

1t is important to note that the onion flies obtained
I'roa wicrirun and reared simultaneously by the same metiods
as the tlies froum Coruell University, failed to produce

ecgs satisfactorily. "Tuere is uo complete explanation for

tuls; Lowever, hoskins and Gordon (1956) steted that the
fertility of resistant insects was often so low that

propagation was impossible., *nls may have been the cace

with tne culorinated hydrocarbon-resistant onion flies.



Topical Arplication apparatus

In topical application of insecticides to individual
insects accuracy and ease of operation are most important.
Topicul application is usually accomplisned oy treating
individual iusects witn small voluawes of insecticide
solutions. Trevan (1922) suggested that small droplets of
rluid could be produced vy using the pitcued thread of a

iiwcuinist's micrometer to drive tune plunger of a suall
syriuge. after Trevan developed the amicrometer-syrince,
topical application was widely employed in insect toxi-
cology, and .ost of the topical application apparatus in
use today eumvodies Trevan's principle (imetcalf, 1352). The
apparatus used ror topical ajyplication in thiis researcn was
a syringe-microvburet, .iude by thne wicro-uetric Instrument
Company of Cleveland, Ouio. Tue syringe-aicroburet (Fi-. 1)
eaploys a thumbscrew-operated sauft wilch advances tue stea
of the direct-dial aicroumeter gauge. Jnis stea, walch is
carried through the gauge, advances tie plunger of the
syringe and delivers the iasecticide solution through the
syringe. 'The syringe used in tne vork reported here
delivers a volume of 0.2 microliter of solution for each
unit of displace.ent on tne dial. Syringes of other sizes
especially culibrated for use with this imstrument are

availavle fro.ai thne aanulacturer,
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Figure 1. The modified syringe-microburet
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3ecuuse this apparatus 1s intended prinuarily for
iicrotitration, thne .lanufacturer su;pplies glass ouret tips
wi:ich can ve attached to tae s, rinces., WithL thiese glass
ouret tips attached it was inmpossiovle to deliver tlie small
volumes of insecticide solutions necessary for togical
application. 1In order to use thls syringe-microoburet for
topical application, it was necessary to rerlace tne buret
tips vy 26-gauge nypoder.aic needles polisued at the tips

witi a fine abrasive stoune and bent at 90° angle,

The advantapre of the .modified cyringe-microburet is
threefold:

1. Lost importaut, volume deliveries are
made quickly and accurately, and they
are read on a direct-reading dial
gauge.

2. The syringes fit iatercnangeably into
a V-block at tne delivery end of the
buret stand.

%, Storage facilities for tine filled
syringes are provided on tke buret

stand.

Teaperature Control

Four electric incubators with thermostatic controls

vere employed. In order 1o proluce temperatures below

rood temperature it was necessary to place two of the

electric incubators in a cold room. One of tnese was

O A
regulated at 60° 7 and the other at 75° % One of the



two remalning cabinets wus regulated at 77° 7, and the

. 0
othner at 90" 7,

humidity Control

Constant numidities were obtained by supersaturated ®
salt solutions. Cheaically pure salts dypropriate for
edaci relutive numidity at different teaperatures vere used
(Liodguwan, 1949). Tuey were placed at the bottom of
desiccators and enough distilled water was added to cover

the surface of the salt.

iletnod of Treating Onion Flies
witn the Insecticide Solutions

In the following experiments, individual insects
were treated witi the respective insecticide solutions
after tuey nad been anestnetized witn carbon dioxide.

Tne carbon dioxide was obtained as a liguified cas in
cylinders under a pressure of avout 800 pounds per square
inchk. The sas vias allowed tO escape tirouzh a pressure
reducin: valve at a slow rate tinrough a 4 inch Puchuer
funnel in wnicn the test insects were confined. The

TModiried syringe-microburet was used to apply the insecti-

cide solutions to the individual insects (Fig. 2).

after treatment the flies were held in pint-size

®Should read saturated, with an excess of salt present, here
and wherever mentioned in tnis context later.
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Figure 2.

The method by which the toxicant was topically applied
to the insects.
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ice creaa cartons whiich vere covered witu cheese clotu to

prevznt the escupe of treated flies.,

The foo0d for the .

treated insects counsisted of Loney and brewers yeast

placed on top of tue cheese cloti.,

water was supplied

in small droplets added Lo tie ice cream cartons,

lnsecticides

The insecticides used, tueir purity, and the sources

from wuich tuey were obtained are listed below. The pnauxes

used here are taose approved as of April, 1959 by the

Co.unittee on Insecticide Lterainology of the Entomological

Society of .userica.

Insecticide

Per Cent
Furity

Source

lMethyl parathion
Dimethoate

Diazinon (0,0-diethyl O-
(2-isoprpyl-4-methyl-6-
pyriaidinyl) phosphoro-
tnioate

Parathion

Sayer 21/199 (Co-ral) (0<%~
cnloro-4-metinylumbellifer-
one) (Q,0-diethyl phos-
phorotuioate)

80

Technical

Technical

Technical

Technical

Nutritional Biochemical
Corp., Cleveland, Chio

American Cyanamid Co.
Stamford, Connecticut

Gelgy Chemnical Corp.
sicintosh, alabama

Nutritional Biochenical
Corp., Cleveland, Ohio

Chemagro Corp.
New Yorx, New York



s s Per Cent o
lnsecticide Furity source
Amnerican Cyanawid 13133 Tecanical .merican Cyana.aid Co.
(0,0-diethyl O-2-pyrazinyl Stanford, Connecticut
phosphorotiaioate)

Trithion (S-(cnlorophenylthio)Technical Stauffer vheiical Corp.
aethyl 0,0-dietnyl phos- Richmond, Califoruia
phorotnioate)

aderican Cyanaaid 18706 (0,0-Tecunical aaerican Cyanaaild Co.

dinetnyl-S-(N-ethyl- Staaford, Connecticut
carpamoylmetnyl)
pnosphorotnioate

Tuimet (0,0-diethyl S-(etuylio) american Csanaamid Co.

metuyl phospiaorotanioate) Technical Stamford, Connecticut

Ztunion 'Yechnical Niasara Lheamical wviv,
food achinery and
Chemicul Corp.,
uiddleport, liew York

DD Tecanical Natritional 3iocue.lcal
Corp., Cleveland, Chio
Gutulon (V,u-diaetnyl S- lo.7 Chemagro Corp.
(4-0x0-1,2,5-benzotriazine- Mew Yorx, New York
S-wmetuyl) phosphoro-
dithioate)
Zndrin Technical Velslcol Cnemical Corp.
Ciilcago, Illinois
Dieldrin 89 Nutritional Tiochemical
Corp., Cleveland, Chkio
rieptachlor 72 Nutritional Cloche.ical

Corp., Cleveland, Ohio



SAr Br I BRIAL FPROCEDURDS D Ku8S5ULTS

“xperiment 1

Fart 1

This experiaent wac conducted ia 1908 to determine
the respective toxicities ot 195 chklorinated hydrocarbon
and orgunic phospinute iunsecticides to the onion maggot
adults. 1l incecticides tested were o technical grade
with tie exception of methyl paratuioa, negtacinlor,
dieldrin, and Gutulon (0,0-dinetnyl S-(4-oxo-oh-1,2,3-
tenzotriazine-e-umetiyl) phosphorothioate). These viere
&0 per cent, 72 per ceant, 85 per cent, and lo.7 per cent

pure respectively.

The LI5S0 in terms of micrograus ol lmsecticides jer
gran or fly vas determined by tne probit analysis ..etnod
(Finney 1952). an example of the .lathematical procedure
in determining the iD50 for Tnlmet by the rroblt analysis

aetindod is swown in tlhe appendix.

Flies 2 to 5-days 0ld, odbtained as jpreviously described
were used for testing. Bach toxicant vas dissolved in
acetone and applied in .iinute droplete to the .iesonota of
individual iasects oy the syriuge-microburet. Cne alcro-

liter or solution was ap;lied to eacn tly as described

29



previosusly. at least four dose levels of eaca iunsecticide
were used to deter.aine the LDSO. #Four to tive replicates

of 10 flies eaci were used at eacn dose level. .lso a
control treat.ient of 10 flies wus conducted vith each
replicate. ''hese co:iutrols received ucetone only. :wortali-
ty counts were tlaxen 24 uours after treatiient. The criterion
for amortality was the inability of tne [lies to snow active

locowotion.

Tue 1D50 in aicrozraiis of toxicant per gram of [ly,
95 per cent cownfidence linits, aud the slopes of the loz.
dose-probit lines for the 1Y insecticides tested are
presented in Table 1. ‘he ost efrective insecticides
agalist the onlon waggot were detayl parathlon, dimethoate,
and Diazinon (0,0-dietnyl 0U-{(2-isopropyl-4 metiyl-6-
pyrimidiuyl) phosprnoroviioate). 'I'he least effective vere
tne four chloriunated hydrocaroon insecticides tested,
It is to ve uoted tuat the saaple of Gutnlon used was only
15.7 per cent pure and was tuerefore not compurable to the
Sauaples of other .aterials. 3y calculution, it uay be
estiuauted that a sample containiny 84.5 jer cent Guthion
(S ti..es as pure as used iu the laboratory) would .ave
an .D30 of 4.59 ualcrosraas per graa of fly, und would be
comparavle to Tritihion (S-(p-culoroplenyltliio) zetunyl

0,0-diethyl phosphorodithioate) in toxicity.



Table 1 -- Toxicities of 15 iunsecticides

zs deter.ained

by topical ajplication to the onion fly.

1D30 in micro-

Siope of

Incecticide gras per sram 95,5 confidence Log. dose

fly linits probit line
dethyl puratiiion 1,38 C.90-1.30 .45
Diasetuoate 1.c.2 0.71-2.44 2.79
Diazinon V) 0-37-2,71 4.94
taratvhion 2.09 1.50-2.90 5.73
Dayer 21,199 (Corul) 2.24 1.74-2.35 5.82
Ad. Cyanaaid 12183 2.24 1.24-4.05 4,70
Tritlion 5.72 4,70-6,.90 .05
Aid. Cyanamid 12706 .92 5.70-2 .40 5.95
Thimet 7.00 4,38-11.40 3.30
athion 7.41 6.05-9.08 6.01
oD7T 11.17 7.18-17,%¢ 4,58
Gutnion 21.99 16.,14-29,93 0.41
fndrin 57.90 24,4¢-58.88 2.93
Dieldrin 542,00 328-393 2.23
iieptaciilor 2,979.00 2,513-3,524 6.42

In a review of artnropod recistance to chenlicals

Ioskins and Gordon (1956) stated that the LD30 is an

index of the acan toleraance or the wiean resistance of the

insects tested. 'ne LDD0, if obtained with wild unexposed
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insects gives the tolerance of the species, or if obtalned
witn individuals froan an area treated with an insecticide

it gives a measure of the resistance that iias been developed.
Deteruination of the LDS0 from time to tlue will snow nhow

the averaze resistance varies and uow it 1s arfected vy any
cuosen procedure, such as contirued use of iusecticide,
substitution of anotuer, or uce of none at all. Therefore,
tne LD30 is a weasure ol whut already harrened and gives
little iandication of wvhut iay be expected. for tne latter
purpose the slope of the log.dose-probit line is .wuch more

inforuaative,

Tue slope of the log.dose-probit liie is a neasure of
the diversity of recsponse or tne heterogeneity of the
insects toward the toxicant used. In the normual susceptible
condition of insects, the slope is great. .hen resistance
begins to develop the slope decreuses. This decrease in
slope will continue until resistance tends to reach a

pluteau, and subsejuently tae slope lincreases.

Tiile phenomenon seeiws to be true witn the slopes
recorded in table 1 for tne insecticides tested. Table 1
S1u0ws lurgze LDS0 and small slopes for endrin and dleldrin.
“his indicates tiat tue flies are resistant to the two
insecticides, aud resistance did not reach its limit. It

is expected that the onion fly will develop still greater
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resistance to erdrin and dieldrin. On tne otner unaad, ootn
tue LD5O anda the slope for lheptachlor are large. Tinis
indicates tmat the onion fly resistance to hertachlor has
reaciied the limit and no further resistance is expected

to develop. Tavle 1 ulso siows thal both tne 1DS0 znd the
slope ror dimetnoate are small. One .1ay speculate that
tiiere is a greut ueterogeneity in the onion fly with respect
tOo resistance to this insecticide aund resistuuce is apt to

develop.

It would oe interesting to deteraine the 1LDSO for the
insecticides tested from tiie to timne to siow hLow
resistarice varies. DBesides the LDS0O the slope of the log.
dose-provit line should be reported, tecause it is :ore

informative.
rart 11

Tune purpoce of this exjperiment was to deter.ine the
LDS0 of dieldrin to an insecticide susceptivle strain of
onion .:agg:ot adult. This LDS0 would be cowpared to the
D30 for dieldrin obtaimed in part I of this experiment
with saumples of resistant onion flies from liichij;an. Tais

experiment was cosnducted in ..ay, 1960.

The onioun flies tected were reared from a culture of

flies obtained frou Cornell Unlversity. .s far as is known
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tnis culture of tlies had kad no previous contact with
insecticides. Tne flies since 1958 have been reared in
the laboratory at .iichigan State University oy the

previously described metnod.

The lLD50 of dieldrin was determined oy the aethod
described in Fart I of this experiment. The LD50 and its
95 per cent confidence limits vwere 1.38 and 0.80-2.39
micrograms per gram of fly. The slope of the log.dose-probit
line is 2.009. Table 1 siows that the LD50 with the onion
flies obtained from iiichigan is 542 .iicrograis per gran of
fly. From this it can be concluded that the samples of

onion flies from lichifan are hignly resistant to dieldrin.

It 1s important to note that the difference in weigzht
between the resistant onion flies from ..ichi~an and the
susceptible flies obtained from Cornell University was not
significant. The individual weights of 20 flies from each

of the two localities are recorded in tne appendix,

Experiment 11

The folloviing experiuent was conducted in 1959 to
deteruine the effect of different pre-treat.ent teaperatures
on the toxicity of bLoth etihiion and dieldrin to calorinated

hydrocarbon resistant onion .iaggot adults.
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Three te.aperature incubators were eaaployed. One
incubator was xept at 600 .y another incuoator at 75 .,
and the third cuoinet was re-ulated at 90° # The relutive
humidity in the incubators was nuintained at 3% p=r cent.
Cne tliousand micrograms of dieldrin or 8 aicrogrcuas of
etiilon per groa oi fly were applied to 2 to 5-day old flies
obtained by the .ietiod describel previously. Four
rejlicates of 5 .uales and 5 fenales of flies vere used at
each dose level anil teaperature. also & co.trol treat:ent
Vac conducted in conjunction witan ezch replicate., These
control flies received acetone only. The flies were
conditioned at tue speciiied teaperautures for taree days.
af'ter conditioning the flies were removed from the tespera-
ture caolnets and treated with the toxicant at room
teaperature. ‘'une toxicant was dissolved in acetone and
agplied to tue .iesonota of individual insects in one micro-
liter anounts by the ..ethod described previously. After
treataent the flies were lield in pint-size ice creaa cartons
and transforred to a constant temperature caoinet at 77° r,

food and water were suyplied to the treated imnsects.

sJortality counts were .iade 24 iours after treat.aent.

The results obtalnel are sihown in tables 2 and 3.
alialysis or variance of the data indicated that there tv.us
00 si-uitricant wiffercuce in the effect of different pre-

treatient teaperatures on the toxicity of dieldrin or
ethion to the onion magzgot adults.
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Table 2 -- huwmpoer Oof adult onion .aacgots killed with

dieldrin arter conditiouing for tanree days
at different temperatures. Each 1ot con-

sisted of 10 flies,

Fre-treatuent teuperature

Insecticide Rep.
o) o} o
60 F. 75 T, go T,
Dieldrin a 7 6 6
b 6 o) 4
c 6 S 6
d 5 5] 5
luean .00 2.50 5.25
Conirol a 1 1 0
D 1 0 0
c J 1 0
d 0 0 0
ilean o) ) 0

analysis of Varlance

Source of variation D.:. oS iean S, fo T o5
Temperature 2 l.o .8 0.19 3.55
Dose 1 165.4 1o5.4
Interaction 2 oS 15
Witnin cells 18 7.7 .43

The dirrerence between 609 75°und 90°7, pre-

Conclusion:
treat.aent temperatures on the toxicity of dielirin

to the onion maggmot adults is not signiricant.
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Table & =-- lLumber of adult onlon magzrote killed witi ethion
after conditioning for turee Jdays at Zifierent
temperatures. Zuach lot consisted of 10 {lies,

tre-treataent tewmperature

lnsecticide lep.
609 =, 759 F, 900 F.,
Zthion a 3 9 y
b o 2 o}
c 7 7 5]
d 3 0 )
_lean 7.00 6.75 5.50
Control a G 0 1
b Q o) 0
c Q 0 0
o 0 0 0
ean 0 0 .25

analysis of Varlance

Source of variatlon D.F. S.5. mean S. O F g5
Teiiperature 2 1.8 G.9 0.57 19.49
Dose 1 240.6 240.6
Interaction 2 3.6 1.8
Witnin cells 18 18.5 1.09

. Ny v s o) (o] . Oq" r\,re_
Conclusion: ‘ithe difrerence between 02, 75%, and $0-F. p

, . s v e
treat..ent temperatures on the toxicity of ethilown

to the onion wnaggot adults is not significant.
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Experiaent III

Tnis experiment was conducted in 1959 to determine
the eirect of difrereat post-treataent teaperatures on the
toxlicity ot votu dieldrin and ethion to the chlorinated

nydrocarbon resistant onion 11ly.

A dose of 1,000 :icrograms of dleldrin or 8 micrograms
of ethion per srum of flies was used. Tihree electric
incubators were used in tiis experlaent. One cabinet wus
regulated at od)i., another ut 75° 7. wnd toe third incubator
was xept at 9°F, Two to O-day old flies vere obtalined
us described previously. Four replicates of 5 feaules and
O .iales of rlies were used at eachi dose level and teaperature.
a control treauaneut was conducted alons with eacn replicute,
Tue toxicuunts were dissolved iu acetone and topically
ayplied to tue ..esonota of individual iunsects. The flies
wWere treuted at rooa teaperature aud rneld in pint-size ice
creau cartons. la.ediately after treat.aent the rlies were
wortality counts

transferred to the specilfied te.perature.

viere nuade 24 Lours after treatuent.

The nu:aber of adult onion wacsgots killed with dleldrin
R R -
and etiion at tne different post-treutient teaperatures

were recorded in tables 4 and 5. alalysis of varlauce of

trne data in tables « und o showed that there were Liguly



significant difflerences 1ln tie efiects of post-treatient

telgercture on the toxicity oi etuion and

onion fly.

lieldrin to the
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Table 4 -- Nuabe:r of adult oulon .awggotes xilled . ith
ethiion when held at difierent teuperatures
after treat.ient. Zaca lot comnsicted of 1C rliec.

rost-treatient teaperature

Insecticide rRep.
6° 7. nel 7, $0° F.
Etnion da 0 5 10
b 1 S o)
c ¢ 2 10
d 6] 5 9
mean 20 0.75 3,79
Coutrol a 0 0] 1
b 1 0 0
c 0 0 0
d 1 0 0
wmean 05 O 036
Aanulysis of vuarlaace
dource ol vailation D.r. .S, wean 0. . $.99
S X
Teumperature 2 0.3 c4.9 ol.7 .01
Dose 1 90.0 U0 .0
Interaction 2 70,7 PISRRS
15 20.0 1.1

“Wituin cells

y ' i y ;ost-tre: te.perature on
Conclusion: ‘'he effect of post treatuent i
tie btoxicity or etualou O the onion 1ly 1s

ulguly signiricant.
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Furtner staticticul analysis revealed that the tures
aeuns differ sigcalficautly from one anotrher. 'The .eans
were coumpured oy the aodiried Tukey :aethod (Snedecor 1995¢,

p. 201).



Tavle O == Lvaaber of adult onlon uazgots xilled with
dieldrin wheu wneld at different telperatares
alfter treat.uent. DHacn lot consisted of 1C flies.

Fost-treat.aent teuperature

Iusecticide Rep.
6 7. 75 F, ocP 7.
Dieldrin a 2 1 10
b 1 3 9
c 0 2 a
a i 3 8
wean 1 2.2 3,75
Control a 9] 0 0
b v 0 0
c N, J 1
a g g 2
liean 0 0 .75

analysis of varlance

mean S £ g o9
XX
2 24,3 41.1 74,7 6.01

sJource of variation Dels B3eS

Te.lperature

Dose 1 84 .4 84 .4
Interaction 2 55.5 27.9
witnin cells 13 10.2 D7

Conclusion: The effect of post-treatoent temperature on

tne toxicity of dieldrin o the onion fly is

niguly significarnt.



.
(&

furtiier statistical anulysis revealed that trne turee
means difi'er siguificantly froa one anotner. Tie aeans
were compared by the modified Tuxey aethod (Snedecor 1326,

. 251).
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saperiaent 1V

The purpose of this experiuent was to determiue the
effect oI various uf'ter-treatient relavive humidities on
the toxicity of ethion or dieldrin to the resistant oniosn

dagerot adults. This experi.aent was perfor.aed in 1939.

“lLree desiccators containing supersaturated salt
solutions were placed in a teaperature cavinet at 77 7.
Ifhe relative numidities in these desiccators i.ere 33, 53,
and 75 per cent. ‘'he doses of ethion and dieldrin applied
'2re 8 or 100 micrograsns jfer graa of fly resgpectively.
four replicates of 5 male and S5 female flies viere used at
each dose level and nuaildity. A control treataent was
conducted along witn eaci replicate. ‘ne modifiel syriange-
dicroburet previously described was used to apply the insec-
ticide solutions to the ..esonota of individual insects.
'Le flies were treated at rooa teuwperature and neld in pint-
size ice creau cartons. Arter treatuent the flies were
mortality counts

transferred to the speciried humidity.

were aade 24 Lours after treatment.

“he nuwaber of adult onion margots killed wuen held at
different huaidities were recorded in tables 6 and 7.
analysis of variauce of the data in tie torementioned tables
st.owed that hunidity after treat.aent nad no significant

erfect on the toxicity of dieldrin or etalon to the onion

nagzot adults.,
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Taole 6 -- luber or adult onion .aagcots killed with etuion
vnen neld at diiflerent numidities after treat-

ment. DLTacn lot consisted of 10 flies.

l ost-treatment
relative humidity

Insecticide Ref .
59,0 55,0 75,5
Etalon a 6 7 9
b Z 5 6
c S o 4
d 5} 5 8
wiean 4.25 5.73 ©.75
Control a 0 0 1
b 0 o 0
c 0 0 0
d v ‘9 0
«ean 0 0 el
aiialysis of variance
Source ol variation D.i. S0, wlean S. F. F'95
asuaidity 2 7459 $.80 2.78 .55
Dose 1 151.51 18l1.51
Interaction 2 9.24 2,08
Jitnin cells 13 23 1.39

Conclusion: The eifect of .ost-treatment hunicity on

the

toxicity or etuilion to the onion .1arsszot is not

siguiricant.
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Taple 7 -- lumber or adult orion wugmots killed with
dieldrin wnen held at dliferent nuxidities
after treat.aent. Euacnh lot consisted of 10 rlies.

Fost-treatueut
relative humidity

Insecticlide Rep.
89,5 55,5 75,0
Dieldrin a 6 6 6
b ) ) 3

o

w
@
e

(o))
o
(e¢)
2

wean 9.20 ©.29 7.50
Coiitrol a 0] 0 0
b 0 0 0
c 1 0 0
d 2 0 o]
iean W70 6 0

alialysis of variance

Source of variuatlion Do, .o, wiean S. i F.95
luanidity 2 0.03 0.29 0.17 9.42
Dose 1 240,66 £40.60
Interaction 2 4.09 2.03
within cells 13 50.30 1.69

Couclusion: Tne efflect of post-treatient huaidity on the
toxicity of dieldrin to the onion .iaggot is

not siganificant.
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BUxperinent V

o suow the extent to wunica trhe aze of the onion fly
afieccts .iortality, an experi.ent was coanducted in 139359 in
wihich given doses of etuion or dielarin were tested agaiunst
flies fro.a the swae oatch of pupuae at specilfied intervals

after emergence.

I'ie age grouns tested were 2 - 5 day, S§ - 12 day,
and 16 - 19 day old flies. Flies vere obtaincd as descrived
previously. The ilusecticides were dissolved in acetone
and applied to tue .acsonota of individual iusects by the
topical application ajparatus. rfour replicates of 10 males
and 10 reaales eacn were tested at eacu dose and are group.
also, 4 coutrol treatument with acetone wa: performed. A
dose of 1,udu .alcrograas ol dielurin or ¢ aicrograas of
ethion was applied per graa of 1'ly. .al'ter treatuent the
flies wvere neld in pint-size ice creunm cartous and placed
in a teaperaiure cuoinet at 77°1, i.ortality counts vere
aade 24 hours alter trcatuaent. The numper of flies killed
I'or each age ¢roup are recorded in tables € and 9. also,
tlie data are recorded in tibles 10 and 11 arter correction
for natural .ortality by .avvott's tormula (iinney 1952,

-
Ne)
).

T

p.

(

anclysis of variance ol datu in the preceding tavles

berore and after correction I'or uatural Jortality sihoved o
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significunt dirierence 1in susceptivpility of tihie various

are groups to etilon or lleldrin. Ievertueless, lasyection
of tables 2 and 9 revealei that wore kills were obtained

witu the older flies. 4lso, tuere vias aore natural nortality
with tie older 1insects. 'Jhie uil:sn natural sortality in thne
older sroup was expected beciuse tne onilon aarsot adult

dale flles reacn tunelr peak in natural aortallty at 25 days
of uge (.ork.au, lwol). .lso, the writer observed an
increa:e in natural wale wortulity in the rearing cages of

16 - 19 day old group.



Tavle 8 -- Luaber of 2dult onion .aggote of various are

groups nilled viti dieldrin. Sach lot consicted
of 20 rlies.

. . . age Group
wmicrograus of Dieldrin
per grau of fly
2=-5 day 9-12 day 16-19 Qay
100V 11 11 17
1000 12 14 12
13u0 11 9 1o
1000 9 10 15
luean 10.75 11 14,25
Ccontrol 1 S 4

analysis of variance

Source of variation Dod S.5. wean S, JO T g5
freataent 2 0.0 15.25 J.66 $.14
leplicate ) 8.7
arror 6 4.8 4,13

Conclusion: Tue differeuce in suscejptipnility of tiae vurious
age groups tested witn dleldrin is .ot

significant.



Table 9 -- Ruaber o1 adult onion macgots ol various uare
groups xilled vwitu etuion. Dach lot consisted
ol' 20 flies.

. . age Group
iilcrograns of etalon

per gsraa fly

2-5day y=-12 day 1-12 say
8 11 17 10
8 1% 12 14
8 18 16 12
B 8 - 15
Control 0 2 1§

analysis or varilance

ind inl

Source of variation D.,ir. CINCIN wean S. O T ¢s
Treatment 2 24.10 12.05 2.12 4.46
arror 8 45,50 5.69

Conclusion: “'he differeance 1in susceptibility of the various

age groups tested witn et:.ion is wuot

signuiricant.



1
Jaole 10 -- Ter cent .uortvclity 1im various agc grougpgs of

<

the onion wmagcot adults treuted wiitii dieldrin,

oy ~ N
sicrograms of dieldrin AZ€ uTroup
per graa ot fly
2-35 day 9-12 day 16-12 duy
1630 53 47 a1
Lean °l.o 47 64
Control 5 15 20

Analysis or Varlance

Source of variation Dot

S.5,. mean S, L. Fo¢s
{reautment 2 .10 5.05 1.9¢ 5.14
neplicate ) $.00
irror o} 9.2« 1.%4

Conclusion: Trne difference iu susceptibility ot the
various ave groups tested witu dieldrin is not

signiricant.

1 . .
After correction ror unatural .zortality.



w
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. A SR .
'sole 11 -=- ter count wortality™ 1u various age groups of
the onlon wag ot zaults treaved witu etulon.

A . nge Group
wicrograuas of etuion
per graa of f'ly
2-5 day 9-12 day 16-19 day
8 55 83 29
a 0O 56 o7
8 63 78 45
8 40 -- 64
Liean 206.25 72.33 48,25
Control 0 10 30
analysis of Variance
Source of variation D.r. S.8. lhean S. ¥, 7 95
Treatuent 2 10.00 5.00 2.06 4,46
Error 8 15.62 1.95

Counclusion: The difference iun susceptiollity of the various

age groups tested with etulon is not siguificuant.

lAfter correction for natural aortality.



Exreriment VI

Furpose: To determine tne differemnce in susceptibility

or the sexes Of onlon .laggot adults to etinlon or dieldrin.

Tie ilies tested in tinis exreriment in 1259 viere
obtained as previously described. Tue insecticide solutions
were topically applied to the mesonota of 2 to 5 day old
insects. Tne LD30 of both ethiion and dieldrin were
deteramined as described in experiment I. 4t least four
dose levels of eacL insecticide aund four replicates ot 10
flies or ti.e sume sex were treated to deteraine thne LDS0.
after treat.ieut at room teuaperature, the flies were Leld
in pint-size ice creau cartous und trunsferred to a constant
teuperature cabinet at 77° r. wortality counts were wade
24 nours atter treatment. Tue LDS0 for tne wale and fenale
o' tue onion r'ly in aicrograas of toxicant per graa of fly,
95 prer cent coniidence limits, and the slopes of the log.
dose-probit lines ror ethion and dieldrin are shown in

tables 12 and 13.

a comparison olf data in tubles 12 and 1¢ revezaled that
tue dirference vetweern the sexes in the 1LD50 vwhen exposed
to dieldrinm or ethion vas siguificant. The feinaules .ere
less susceptible to the action of the cheuicals than the

Qules,



It is well known that the lethality of poison is
influenced by the welght of the test animal. '“his supgested
the possibility of signiricant difierence in veisht between
ttie aaule and feuaale insects. To find whether or not thnere
was significant difrference in weigut, 40 fewales and 40
dales vere weilvhed individually. These figures are given
in table 23 in the appendix. The average welsht ol the
feirale insect was 10.92 mg. and tnat of the wale was 10,350
mg. analysis of variance of the welipnts disclosed tnaﬁ the
differeuce in welgnt between male and feamale insects was

not signiricant.

After the difference in susceptibility of the sexes
Or' the onion fly to ethion and dieldrin vwas found to be
significant, it was decided to deteraine the sex ratio of
the fly. a4t resular intervals 100 pupuae were taken from
tie stock of field-collected pupae stored at 28° F., Thuese
pupae were transferred to a temperature cabinet at 77° ¥,
and allowed to develop. 'The flies which emerged from eacu
100 pupae were sexed and counted. In a total of 712 flies
counted, tiere were CCo leaales and S€9 .ales, Liis
represented a sex ratio of 50 per cent :males to 45 per cent
Teaales. “This is not statistically significant froamaa 1:1

ratio.



Table 12 -- Toxicities oi dieldrin and etuiion as deterained
vy toprical application to the onlon fly females.

1050 in aicro-

vlope o1 log.

Insecticide £rids per graim 0,0 coutridence dose-probit
or t'ly limits line
Dieldrin SAL: OZo-1uod 2.95
sthion 11.5 9.2-14.5 6.2

fable 13 == Toxicities ol dieldrin and etnion as deter.ained

v

;7 toyical application to the onion fly males,

LD50 in .iicro-

olore of log.

lusecticide grals per grum 95,5 cont'idence  dose-probit
of fly limits lire
Dieldrin 029.2 165.8-0653.8 .15
BEthion 9.90 4,40-7.90 S99




Experiment VII

turpose: To deteranine tine relationsuip between the
stare of development of the onion rly and susceptibility to

both dieldrin and ethion.

Tne 1rollowing stuges of developuent of the onion fly
vere coapared as to thelr susceptipility to dieldrin:
Second instar larvae, tiird instar larvae, pupae and adults.
Tuird instar larvae, pupae, and adults were compared as to
tueir susceptibility to ethnion. The insecticides vere
dissolved in acetone and applied topically to the iusects.
Larvae were obtained frowu infested onlon bulbs which were

brougnt to the lavorutory from ah onion field im ilichiran.

Larval treatuient: Second and tiird instar larvee were

tuxen from infested onion bulbs and treated with the foliow—
ing doses of dieldrin: 1000, 2000, and 4000 alcrograms per
gram of larvae. aAlso, third instar larvae were treated

with 15 and 100 :icrogrems oi etiilon per grum of larvae,

lile individual wvelights of 20 second instar larvae and 40
talrd iusvar larvae wre recorded in table 23 in the appendix.
Two to 4 replicates of 20 lurvae were tested at each dose
level. Also, a control treatient was conducted with each
dose level., ufter treat.ent the larvae were neld iu pint-
size ice creax cartons aud transferred to a constant

temperature cabinet at '7’7O &, Tue larvae vere rovided with
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slices of onions ror food. uortulity counts vwere tuken 24
i.0urs arter treatument. Tie nuaber of larvee pupated,
larvae survived and larvae xilled are recorded in tabvles

14, 15 and 18.

Yurul treatuent: Giupae were obtained by allowing sone

of tihe larvae whici ..ere brourht from the field to pujate.
Jhe concentrations of insecticides used were 1000, 2000,
and 40v0 ulcrograus of dieldrin end 100 aicrograms of
etrion per graa of jupue. The individual velghts of 20
fupae are snown in taole 23 in the apprendix. Insecticide
solutions vere dissolved in acetone and applied torically
to the jupae. 7Four replicatec of 20 pupae were treated at
eacu dose level. also, a control treatment was conducted
along with eacn replicate. after treatmmeut the upae vere
held in pint-size ice cream cartons and placed in a tempera-
ture cabinet at 77° F., ''ne pupae were allowed to develop,
and the emerged 1lies were counted. The nuaoer of udults
Lihat emerged and pupae which failed to develop are shown in

tavles 1V and 19.

Adult treatument: adults were ootained by allowing so.ue

fupae wiich were obtained for pupal treataent to develog.
Doses of 1000 and 2000 .icrograms of dieldrin per cram of
fly were applied to 2 to o day old adults. ~rifteen and 100

micrograuas of ethion per graa of fly vwere arplied. The



insecticides were dlssolved in acetone and applied to tlhe
mesonota of individual insects. after treatiaent the fllies
were held in pint-size ice creaa cartons and transferred to
4 teaperature cavinet at 770 o wortality data obtalned

from treating tne onion .iaggot adults with different doses

o' botn dieldrin and etiiion is recorded in tables 17 and 238.



Tavle 14 -- Nuaber of survived and dead lurvae alter
treat.cent of the second instar larvae ol the
onion fly with diflerent doses of dieldriu.
Zach 1ot counsisted of 20 larvae.

luicrograms of dieldrin

fer grwa of larvae larvae survived Larvac dead

1000 20 0
1000 20 0]
1500 20 0
Corntrol 20 0
2000 18 2
2000 13 3
2000 20 0
2000 17 o
Control 19 1
4000 19 1
4000 17 5
4000 20 0
4000 13 2
20 0

Control
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Table 15 -- Number of larvae pupated, larvae survived, und
larvae dead alter treating the taird imstar
larvae with differeut concentrations of
dieldrin. Tacn lot consisted of 20 larvae.

liicrograns of dieldrin Larvae Larvae larvae
per grui ol larvae rupated survived dead
1000 7 18 0
1000 8 2 0
1000 4 16 0
1000 O 17 0
Control 3 15 0
2000 5 15 0
2000 0] 20 0
2000 3 14 3
Control 2 18 0
4000 2 17 1
4000 4 16 0
4000 1 19 0
Conuvrol 2 18 0
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Table 16 -- lumber of wdults emerzed and undeveloped pujue
after treutient witn irferent doses of
dieldrin. Sach lot coasisted ol 20U pupue.

wicrograas or dieldrin

per graa of pupa Aadulte eamerged Undeveloped pujpae

2000 5} 15
Coutrol 9 11
2000 6 14
Corntrol 7 13
2000 10 10
Coatrol 3) 14
2000 7 13
Control ) 15
4000 5 15
Control ) 15
4000 10 10
Control 16 4
4000 14 6
control 6 14
4000 14 ©

g 11

Control




Table 17 =-- Luaber of adult onion aagsots xilled wihen
cxposed to difierent coucentrations of dieldrin.
Zackh lot consisted of 20 flies.

wicrograwmws of dieldrin

rer graa of fly Dead alive
1000 12 8
1000 14 6
10C0 11 9
Coutrol 1 19
2000 15 5
2000 13 7
2000 14 6

0 2
Coutrol




Table 18 -- Number of pupae, larvae dead, and larvae
survived ufter treating the tunird instar
larvae with different concentration of ethion.
Sach lot consisted of 20 larvae,

sicrograas of etuion

per graa of larvae lupae Larvae survived lLurvae dead
15 3 14 1
15 ) lo 1
Control 6 12 2
100 2 0 13
100 1 0 19
100 2 0 18
100 0 0 20

Control 16 0
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Table 19 =-- Nuaber of udults thut euer~-ed and pupae vulch
failed to develop after treataent witi. etmion.
Bacli lot consisted of 20 pupze.

wicrogrums ot etaion fupae faliled

per gram of pupd adultes energed to develop
100 ] 11
Coutrol 9 11
100 8 12
Coutrol 9 11
100 10 10
Coi.trol 8 12
100 © 14

Control 8 12




Tavle 20 =-- Nuaber of adult onion .aggots wkilied when
exposed to difterent concentrations ol etunion.
Zacu lot consisted of 20 flies,

wmlcrograws of etiion
per grua of fly Dezd

alive

15 123 7

15 16 4

15 14 3]
Control 0 20
100 20 0
100 20 0
100 20 0
Coutrol 2 18




al insjpection of tables 14 and 15 indicates that
the second and tuird instar larvae of the onilon maggot viere
extremely resistant to the action of dic¢ldrin., A cdose of
dieldrin as large as 4000 nicrograms per gram of larvae
wae inertective aguainst the second and tnird instar lurvae.
Also, tavle lo snows that a dose of 4000 alcrogruas of
dieldriu j;er gra.a of pupae was ineffective, Lecause more
treated pupae developed than in the control group. This
would not be the case it dleldrin vas effective against the
rupa. On the otiher hand, tuble 17 reveals that dieldrin
is effective at 1000 and 2000 .iicrograms per graa of onion
LOug:ot adults. Tials indicates that the adult stagce of the
onion wmaggot is less resistant to dleldrin than the other

stu;;es tested.

Tables 13, 19 and 20 dewonstrate that a dose of
100 wmicrograms of ethion per gram of third instar larva,
fura or adult was very effective against the third instar
larvae and adults, but was ineffective against the pupae.
also, tavles 18 and 20 show that a dose of 15 milcrograms
of etilon per craa of third instar larva or adult was
ineffective aguinst third instar larvae but effective
agaiust the adults. Therefore, it was concluded that the
order of resistance of the life stages of onion naggot

tested with etunion was pupa) third instar larVa> and adult,



Experianent VIII

Tnis experiment was carried out in 1959 to deteraine
wunethsr Or not the site of application Las any effect on
tue toxicity ol vota ethion and dieldrin to the onion

naggot adults,

Doses of 12 aicrograas of etuion or 300 alcrograms
or dieldrin per graa ot fly were applied. our replicates
of 10 fleaules and 10 males at each dose level and locus of
applica.lon were used. 'he incsecticides were dissolved in
acetone uand applied to thne ..csonota or to tne wmiddle of the
abdominal dorsu.a of individual flies., The insecticide
solutions were topically applied by the .nodified microburet
descrioed previously. After treat.ent the flies were neld

in pint-eize ice creaua cartons and trausferred to a constant
teaperature cabinet at 77° F. Tood ard water were supplied
to the treated insects. _lortality counts were made 24 iiours
after treatuent. ''he nuaber of dead insects obtalned from

arplying ethion or dieldrin to different locations of the

onion waggot adults are recorded in tavles 21 and 22,



Table 21 -- ljuaber Oof adult onlon muggots killed by apply-
ing dieldrin to the thoracic aesonotum or
dorsu.a of abdomen of the insect. Zach lot
consisted of 20 flies.

. . ) Site of application
alerocgrans of dieldrin

rer graa ol t'ly siesonotum of

Dorsum of abdomen trorax
e0d 7 10
800 9 9
800 8 8
800 6 3
wiean 7.2 7.5
Aanalysis of variance
Source oI variation D.r. S.o. mean S. J
Site of application 1 O 0 0
Replicate & £5 8.3
grror 3 9 3

Conclusion: Tae difiereace in toxicity of dieldrin
topically applied to tlle tuorax or abdoumen

of the onion fly is not sigaificant.
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Tadble =22 -- Luamber of adult onion aagsots xilled oy apply-

ing ethion to the thoracic mesonotua or
dorsum of abdomen of the insect. Zach lot
consisted orf 20 rlies.

sicrograns of etnion

Site of application

per graa of fly wmesonotua of
Dorsua of aodomen taorax
12 4 9
12 1 10
12 2 6
12 5 6
lean 5 7.75

analysis of Variance

Q =Y . I3 S ~ b P . - -
Source of variation Dot S5.5. Wiean S. . g 95

Site of application 1 45,13 45,13 8.27 10.13
Replicate 3 6 .38
Error 3 16.37 5.46

Conclusion:

The difference in toxicity of ethion applied

topically to the thorax or the dorsum of

abdonen of the onion fly is not significant



D1SCUS3ION

In neasuring the relative toxicity of a nuaber of
insecticides to u particular pest, it is lmportant to test
sucih iusecticides under field conditions where they will
ultinately be used. Tiis was recornized by Busvine (1957)
wnen ne wrote "Logically, of course the best criterion is
a full scale rield trial; but sucn trials are expeasive,
slow and owing to tue difticulty of providing adeguate
replications to .iage up for sreat variability, do not
always produce unaabizuous conclusions. ‘herefore they
siiould be reserved till lavoruatory testis have narrowed
the choice down to two or three substaiaces." Laboratory
tests to evaluate several insecticides a~uinst the onion
aagsot were carried out in 1933 in wicalgan. Tavle 1
indicates tnat tue organic phosphate insecticides wvere
aucu uJore etrective ugalnst the onlon maggot than the
culorinated aydrocarvon insecticides used. Also table 1
strongly indicutes that tue pest was resistant to the

culorinated uydrocarbon insecticides.

lncreased resistaunce in an insect population is
r'irst suspected because of tue failure of u standard treat-
aent to give comtrol egual to Luat obtalned previously,

Tuis, unovever, is not a positive proof tuatl the insect is

70
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actually resistunt to o« certain iusecticide. 1In order to
ascertuin 1f a particular insect is resistunt to a certuiu
iusecticide, lavoratory tests are usually carried out to
¢lve a direct coararison between a known normal strain

and the one under susgpicion. altaoush there was a strong
indication tinat tihe onion fly in certain areas in .ichiran
was resistant to the chlorinated hydrocaroon lnsecticides
it was aot experimentally confirmed. To confirm if the
onion maggzot was resistant to dieldrin, samples of the
suspected resistant and non-resistant flies froz two
localities were tested in the laboratory, and the LD30 for
the two populations was established. Tadble 1 suows that
tiie LDLU of dieldrin for the ounlon aaggot adults obtained
froa siciiizan was 942 aicrograas per sraa of fly. The LDOO
of dieldrin ror the Corunell strain of flies was 1,258 wicro-
graus per gsraa of fly. Wihis couwflirized that the saaples of
lichizan onicn waagsots tested were positively resistant to

dieldrin.

Lroa tiie scanty reports on the efrect of pre-treataent
lteiaperuture on tne toxicity of insecticides, no conclusions
can be reacheld. iiowever, Cotton (1952), .lunson (1253, 1354)
and Craururd-2enson (1383) reported that insects were less
sSusceptible to the action of chieaicals wuen pre-conditioned
at lower teaperatures., On tue other unaund, (uayle(19234) and

Lindgren (194l1) revealed that .nsects were less resistant



to insecticides wuen pre-conditio.ed at lower temperatures.
Tables 2 and & ol tnls worxk shows that the pre-treatiient
teaperature nad no sigunificant efrect on the toxicity of

eituer etnion or dieldrin to the onion aarsgot adults.

D

It seems that temperature is the .i0st iaportant factor
afl'ectiny the insect during insecticidal tests. Also,
tihe temperature aflffects the killing efficilency of insecti-
cides. A brief review of literature indicated tliree =cerneral
trends of tue effect of post-treatuent teaperatures on the
toxiclty of imnsecticides to insects. ¢irst, is an increase
in toxicity at lower teajperatures, und second an iacrease
in toxicity at the higher temperatures. ..lso, there wvere
cases in wnich tune post-treataent tearerutures nave no
effect on toxicity. Exjeriment 111 of the present research
suovied that tiae post-treatilent teaperature iuas a profound
effect on toxicity of bvota dieldrin und etilon to oalon
aazeot adults, Dieldrin and etilon were such aore toxic to
tne iusect at the unigher temperature. Careful inspection
of tavles -4 and 5 revealed that at 60° 7. dieldrin end
etnion were iluneffective agalnss the onion fly. The toxicity
of the .iaterials increased as the te.aperature increased.
Guthrie (1250) reported on the effect of jost-treat.ient
tenperaturz. He indicated that dieldrin was more toxic
at nigher teaperatures when applied topically to the German

cockroacin. This 1s the only report found on the effect of



.
[}

teaperature on the toxicity of dielirin to imsects., To

reports ure availavle ic the literaturs on etulon.

according to the lew reports on tue effect of relative
rnuaidity on the action of insecticides, 1t cseemed that
increasins wumidity increased or decreased toxicity depend-
ing on tne j;oison and the test imsect. .lso, tiere were
cases in vunich relative huiaidity lhad no significant effect
on toxicity of insecticides, ‘'‘ables b and 7 in experiment
1V shows that relative huaidity after treataent Lad o
significuant effect on tie toxicity of eitner dieldrin or
etaion to tihe onilon Lagzot aldultis. Iotter and .ay (1v358)
reviewed the literature on tue eflect of relative huaidity
before znd during treutment on tue toxiclty of 1lnsecticides.
They concluded taat tue relative nuxidity vefore auwd durius
treatient does wnol allect tiie subseguent toxicity of a

rolison.

1t has previously been siiown that tue suscertibility of
insects to iusecticides increased as tliey became older
(Slmznton 1337, Craufurd-Zensoa 1508, wcbeod 1344, David
1940, Collins 1955, and cerr 1%34). All of the literature
available and kunown to tue writer on the ettect of age of
iusects on tae toxicity of insecticides indicated that older
insects were wore susceptible tian tielr younger couater-

parts. swlthougn there vias ao significant difference in
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the efifect of aze on susceptibility of the onion fly to
either dieldrin or etilon, greuater kills were obtained with
tue older flies, Also, there viere .ore deatius due to
natural mortality. Talis 1s shown in tables € and 9. 1t
appears that tie slightly lower kills obtained witu the

Jounger Iflies was due to vigor resistance.

e majority of reports in the review of literature on
the errect of sex on the toxicity of insecticides to
insects indicated that the fewmale insects were 1ore resis-
tant than tie male. Tnis is in agreement witn the present
researcn. 'l'ables 12 and 13 show that the LDS0 of dieldriu
for feuale aud ale onion flies wuas <94 and 02V.2 aicrograas
per graam oi fly respectively. also, tie LDOU of etliion for
feinale and :wale onion flies was 11.25 and 5.3 micrograns of
etiion per grawm of fly respectively. It is important to
note that the difiererice in weight between the female and
azle insects was not signiricant. Tils eliainated any
suggcestion that the difference in resistance mnay be due to
signiticant difference in velgit tetween .iale and female
insects. The signilicant difyerence in resistance of the
onion fly to botn dieldrin and etiion appears to be a case
of pnysiological resistance, and it would seem worthwhile
to iuvestigate. 4after the dirference in resistance betveen
wales and females of the onion fly was tound to be signifi-

cant it was decided that a determination of the sex ratio
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would ve iaportant. .nn investigation to determine the sex
ratio ol tne onion rly revealed that the sex ratio is 55

rer cent males and 45 per ceunt fewmales. Tnis 1is not
sigrniricant from a 1:1 ratio. Tiere are Lo reports available

in tue literature on tunis subject.

when it is stated that an insecticide is effective
against a certain insect species, it usually aeans that tlLe
insecticide has veen proved toxic to a certuln stage iu the
liie cycle of tne lnsect. Little is xuown of the exteut of
variatvion in susceptlibllity ot the difrferent starces in the

life c,cle. 7nere are uo rejorts dealins with this subject

&)

pecifically on the onion .:aggot. 'iune literature review
on tne efrfect of the stagzes of develop.ent on resistance of
insects to insecticides revealed tuat large variation in
susceptiollity may occur turouchout the life cycle., The

present recearci found tanis to be true witn the onion waz~ot.

The adult stage of the onion wagsdot was less resistant to
thie action ot dieldria tuan the second instar larva, third
instar larva and pupa. also, the order of resistance in
the lire stuges of the onion wmagsot to ethion were pupa)
tuird instar larva) aud adult. Tils saould pe tacen iato

consideration in devising control .ieasures.

Aside from piological factors, tuere are physical

factors winlch wmay affect the results of insecticide tecsts,
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One of tuese factors 1s tue site of application. The
majority or reports in the preceding review of literature
ou the efiect of location of dose on toxicity of insecti-
cides to insects indicated that the closer the site of
arplication to the central nervous system, the nhizher the
agortulity. althouszn the present investigations showed no
siguniricant difference in the effect of site of application
on the toxicity of eilther dieldrin or ethion, inspection

of table 22 reveals that ..ore kills vere obtained when cthion
was applied to the esonotun thun winen arrlied to the
dorsuuw of tne avdomen. It is to be wentioned that the
poseibility of a slirht spreading of the insecticide
solutions to tine neighboring areas aay have contributed to
tue insignificaant difference in tue effect of site of
application on tne toxicity of botn dieldrin and ethion to

onion .iaggot adults.



OUbwalY alid COLCLUSION:

Tihe respective toxicities of 15 insectlicldes to the

onion tagnot aldults hylemya watigua (lieig.), vere determined

by toplical agplication. A wodified syringe-microburet was
used to apply tne insecticide solutions to tne insects.,
also, a lavoratory straln of onion maggzot adults was
compared witl samnples of tiae suspected dielirin-resistant

onilon {1y in ..ichican.

Experiuents viere conducted to deternine the effect of
dirf'erent pre-treatnent and post-treutimeant temperatures,
various ufter-trecutment relative auwidities, age, sex,
Stuase of develoruent, and site of applicatioa on the
individual toxicity ol dieldrin and etiion to the onion

Aageot. Yhe resalts indicated:

l. Of the iusecticides tested, uetinyl paratuion,
dimethoate, and Diazinon (0,0-diethyl C-
(2-isoproyyl-4-sethyl-6-pyrimidinyl) rhos-
phorothioate) vere the .wost toxic to the
onion maszot adults. lieptachlor, dieldriu,
endrin, and DDT were the least toxic.

2. The saxnples of flies obtained froam .iclilgan

were fouund to be aucu .uore resistant to dieldrin

77
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than a normal strain of flies reared in tine
laboratory.

Different pre-treat:ent temperatures did not
eli'ect the toxicity of eitaer dieldrin or
etiuion to tne onion aaggot adults.
Fost-treatiuent temperature had a profound
effect on the toxicity of dieldrin arnd ethion.
The unigher the teaperature the Ligher the
toxicity.

Various after-treatinent relative hunidities
did not efiect the toxicity of dieldrin and
et.uion to tne onion .laggot adults,

There was uo significant difrference in the
efrect of age on tue toxicit; of either
dieldrin or etinlon to tine onion umaggot adults.
more kills were obtalned with tne older flies
tihan young ones. Also, there was .inore natural
mortality with the older flies. The lesser
kills obtained with the younger insects was
attrivuted to vigor resistance.

‘e femnale flies were significantly more
resistant to the action of both dieldrin and
etnion than the males, There was no signifi-
cant difference in weight between female and

male flies. It was suggested that tue differencs



in resistance between feuales and wmales .ay
be a case of pLysiological resistance aud
wortn investigating.

8. The onion .amggot adults were less resistant
to tuhe uction or potu dieldrin and etiion
than tue second instar larvae, third instar
larvae, and pupue, DBecause at tine doses used,
dieldrin wus not efrective aguinst tie second
instar larvae, third instar larvae, aad pupae
1.0 coaparison could be .aade between tilese
stages. Tne order of resistance 1n the stages
of developument of the onion uarzot to etulon
vas pupa’P third instar larva) and adult. oOn
a weignt vasis 1t was concluded that adults
were the least resistant stage tested.

Y. nlthough there was no signiricant diff'erence
in the effect of the site of arplication on
the toxicivy of either dieldrin or etilion to
tihe onion rly, wore kills were obtained uhen
etrnion was zpplied to the miesonotun of
individucl iusects tnau when wprlied to the

dorsuw of the abdomen.

lo toxicolozieal investigatlons on the onion aagszot,
temperature after treatuseant, age, sex, aud site of

aiplication snould be standardized.
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The Latneaatical I'rocedure in Deterain

81

by the Frobit Alalysis

ing the LD30 tor Thiget
Jetnod

worxing
ler cent™ Log.dose o 1trovisional Zxpected Frobit 2
Dose dead £ £ Irobit rrobit Y Y
20 98 1.301 1.696 7.904 6.600 6.914 47.800
15 30 1.17¢ 1.383 5.842 0.180 3.770  E8.2C8
12 82 1.079 1.154 5.915 5.915 5.915 04,927
8 o1 0.508 0.815 2.025 5.400 5.005 25.030
2 9 0.301 0.091 S.659 S.430 3,700 13.8690
Control 15
2 2
i Na& Wk NaY NWY NalY
2,008 2.600 O.9039 1.842 99.702 18.011
S.142 S3.09D 4,040 13,129 104.607 21,550
5.839 4,142 4,409 22,703 124,215 24,000
4,731 4,272 3,356 25.079 113.512 21,381
0.651 0.19¢ 0.099 S.409 8.912 0.725
14.365 14,910 16.118 50.767 462,048 85.9387

lnfter correction for matural ..ortality by abbott's foraula.
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o~ “,iix - l‘*.glo - 1.008
N-l’ 14.365

7 o MY 80797 o 5,622
I\DVI'J l‘* 3 &UD

, 2
WX - I\'.vh}: - 1&( I“‘I"J;)
= 16.113 - 1,038(14.910) = .04l

MY - $(NaX)

>
<
"

= 85.957 - 5.622(14.910) = 2.115

b = 4XT - 2119 o 3 206
Wx© 641

Tie equalion for tue problt regreszion line 1is:

|

Y=Y ¢ b(X - x)
- 5.602 ¢ 5.296(1.501 - 1.088) = 6.489
- 5.622 + 2.296(1.176 - 1.028) = 8.077
- 5.520 % 3.296(1.079 - 1.008) = 5.757
_ 5.822 4 o.200(.908 - 1.088) = 5.177

- 5,622 % 3.296(.501 - 1.028) = $.199
The apove values of Y Ior 5 values ol ( are plotted

on the iollovingg graph to drav the log.dose-provlt line.
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+hd the loguritha LD00 as tue value O £ vulch gives Y= 5

5+ by - ¥

il =
b
o O+ L2006 x
o)
Variance ol (a) =
= =, 0112083
RN ~ 4 B o H q
tlie standard error of u is 1129308 = .1000
Tlie 35 per cent conrideace liaits are:
m : ts

»i

- EUd = 202 = 04l
antilogaritivug o .Cay = 7,00
antilogaritiua o1 1,007 = 11.40
Antiloguriti;“l or 0al = 4,03

.liencethe LDoO for Thiaet is 7.09 wmlecrograms per gram of

I'ly 2nd tae 95 per cent courldence liumits are 11.40 arnd

4,03,
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lable 2o -- The individual weligits in milligreas of onion
flies obtained rfrom uichigan, oalon flies froa
Cornell University, wmale and female l.ichigun
onion flies, second instar larvae, third instar
larvae, and pupae.

Second Third
flies froa +flies rroa viale Yemale Instar Instar
iichigcan Cornell U, i'lies Flies Larvae Larvae TI'upae

11 11 10 12 5 17 14
11 9 12 11 5 18 14
13 12 11 11 5 19 15
10 9 11 11 5 13 12
11 8 11 9 4 14 2
10 9 kk 10 5 19 12
12 1C 11 195 4 13 12
12 10 10 3 o} 17 13
10 10 11 12 o <0 11
9 9 9 12 5} 13 2
11 10 10 14 6 17 12
12 9 10 9 6 17 11
11 13 10 9 5 18 11
12 11 10 10 ) 16 11
10 9 11 10 4 17 13
12 9 12 12 5] 18 2
11 10 11 12 4 18 3
13 10 11 10 o) 18 2
12 10 10 11 5] 1o 15
16 11 10 10 4 15 11

10 10 15

1l 10 1¢

9 14 19

10 10 19

18 11 17

10 lo 18

10 9 1o

12 11 17

12 12 14

10 12 17

9 14 17

9 10 18

11 12 12

10 9 17

11 9 16

12 11 17

9 9 14

9 9 14

10 11 15

11 9 13

LJean 11045 9095 10.50 10.92 4.9 I6 035 INoEO
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