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Five Ínsecticides, formulated as acetone solutions,
were applled on filter papers and their toxicities were

evaluated at three ternperatures against five speci.es of
stored-product lnsects" the insecticides hrere DDT, methoxy-

el-or, lindane, malathion and bromophos. The insects were

adults of Tr&g-Lfu¿e caqLaneuq (Herbsr), TrÍLqLL,H* confuguru

(J" du VaI), Ofy,zaephålu,s surj.Irjlmcqqiå (L"), Orvgpeehih¡s

mercator (Fauvel) and cryptorestes ferruein.euå (gteph" ).
The three experimental ternperaLures were 8Oo, 600 and 50o F

and the relative hurnidity,¡ras 60 J 10 p"" cent, Tables of
LD50 values are presented in t erms of d.eposits of act j-ve

ingredient of each insecticide (*g/trz) obtained. for each

insect at each test teniperaÈure after a Z4-hour exposure to
the treated firter papers follor^¡ed by a fz-hour recovery
period in flour, The data give a broad view of t,he effects
of temperature on the effectiveness of each insecticide,
the susceptibility of each insect species Èo the different
insecticides at the different ternperatures and the effectíve-



ness of each ínsecticide against the ent,ire range of insect
species. Þlethoxychlor rr.a"s ineffective against alL speciesu

except T. casta,ner.¡m at B0o F and was, therefore, excluded

from further tesÈs.

ïn general, DDT v¡as more toxie at óOo than at BOo F

(negative temperature coefficient) uut slightly less toxie
at 50o than at 600 F (positive temperature coefficient),
LincÌane showed variable results at the three temperatures
and nalathion and broraophos showed a positive temperature
coefficient against all insect specíes" Malathion was very
effective against all species at arl temperatures" Bromophos

was also very effective against all specÍes at g0o F, but was

far less effective at 600 and stilr less effective at 50o F"

Lindane r,¡as very effective against g" ferru&L$sus at all
temperatures and was also quite effective agalrrst the other
species" DDT was the least effective at the high tempera-

ture" rn general, the most resistant specÍ-es at all tenpera-
tures and with all insecticides r,vas !" con{usun and the most

susceptibl-e v¡as C " feq.ryginegfi"
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canad.a is one of the most important graÍn producing

countríes of the world' Although the annual loss in Canada

due to storage pests ls probably less than I per cent of

total production, ínfestations that cause heaÈing, spoilage,

grade losses, and Customer Complaints can have serious con-

sequences for individual farmers, grain eompanies and food

proeessers.

In the past twenty years, with the inbroduction of

organochlorlne and organophosphate insecticidesu tremendous

advances have been made in the control of stored-product

insects" Enrpty granaries may be treated by spraying insecti-

eides on all inside surfaces to control infestaËions in

cracks and crevices. fn addiÈionr grain may be breated

d.irectly with certain inseeticides as it is binned bo profecf

it from insect infestations during storage"

In Canada, insecticid.es may be applied over a wÍde

range of cli*iatic conditions which may influence the insecti-

cidal aeõivíbY of the chemicals"

This is a report of work conducted to determine the

effect of different temperatures on the effectiveness of

some chemicals in the control of eertain stored-produet

insecbs "

CHAPTER I

INTROÐUCTION



Problem

The purpose of this study was firstly, to determine
the toxieity of the organoehlorine insectieides, DDT,

lÍnciane and methoxychlor and the organophosphate insecti*
cides, malathion and bromophos against the red flour beeüIe,
TLibolium castaneum (Hbst" ), the confused flour beetle,
Triboli-um confusrxr (¿" du va1), the saw-tooËhed. grain beetle,
Orvzagphj.lus surinamensis (t), the merchant grai_n beetleu
orysgephilus mercator (Fauvel) and the rusty grain beetle,
crvp-tolest-eg ferrugineus (stephens).i and secondly¡ to deter_
mine the effect of three different temperatures on the
toxiciby of these insecticÍdes"

rt is obvious bhat the amou.nt of stored foodstuff
eaten and, therefore, the anrount of rueÍghb loss caused by
insecÈs is proportional to the size of the populatÍon in a
granary or warehouse" The maín objective, therefore, in the
use of insecticídes is to red.uce or¡ if possible, to eradÍ_
cate the insect pest popuratÍon, Any environmental factor
that íncreases or decreases the effecËiveness of chemicals
used for insect control or adversely affects the biology of
the insect pest must be considered. in any Ínsect pest control
progra¡ne

optimum condiùions for oviposition and d.everopmenr

of stored-produet insects range from 27,5 to 35o C and ?0
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to 75 per cent relative humidlty" Some chemicals, particu-

larly the organophosphates, are more effective at high

temperatures (La1lan et' al" , L956). 0ther conËact insectí-
cides, such as, gamma-BHC, aldrin, dieldrin and pyrethrins,

are found to be slightll' more toxic at high temperatures

(Gubhrie, L95O; Glynne Jones and. Edwards, L952) " 0n the

other hand, organochlorine insectj-cides, such as, DDT and

methoxychlor, are more active at low temperatures (Potter

and Gillham, L9l+6; GuthrÍe, I95O; Pradhan, L9b9; Das and

l.'iclntosh¡ 1961). The amount of ehemical needed to cause

J0 per cent mortality of an insect pest may thus be reduced

significantly r,vith an j.ncrease or decrease in temperatureu

depending on the insecticide used. A knowledge of the most

effective chernical or cheroicals for the control of a particu-

lar pest or group of pests, under d.ifferent cond.itions of

tenrperature, would, thereforee assj-st farmers and others

concerned with the protecÈion of stored foods in applying the

most efficient and economical type of control.
Information provided by this st,udy, as far as the

effeetiveness of these ehemicals is eoneerned, may suggest

the substitution of one chemical for another for the control

of a particular species or group of species of inseets, Such

a choice may result in more effectÍve, and perhaps less

costly, control under certain temperature conditions"



l+

The results of this study wilr also provide informa-
tion on the tenrperature, of a treabed granary or warehouse,

that, favors maximum toxicity of a given insecticide against
a certai-n species, Thus soüe chemicals may be recommended.

for use under hob conditions of storage (end of spring or
summer) or in count,ries with year-rouncl high temperatures in
storage warehouseso 0n the other hand, chemicals bhat shoin¡

increased biorogicar activity at, low bemperarures may be

recommended for use during the cord months of t,he year and
j-n countries wit,h prevairing lolr temperatures throughout
most of the year"



Temperature,aclimabicfactor'exertsconsiderab}e

ínfluence on t,he physiology of lnsects" Thus it is not

surprising that many facets of the action of insecticides

on insects are also radically affeeted by this factor'

Temperaturemayalsohavesomeindirecteffectson

test insects. For example, the temperature at rryhich insects

are cultured affecüs their suscepbibility to insecticid-es"

fnsects reared at high temperatures vÍere found to be smaller

in size and. roore susceptible to insecticides than lnsects

reared at low temperatures (Busvine, L957) ' This phenomenon

was observed in cockroaches and it was found that when they

lÀrere kepb under I{arm conditions they l^¡ere nore suseeptible to

DÐT and other contact poisons than those from cooler situa-

tions rshen both i¡Jere tested at the same Lemperature (Iviunson

-4 g!, , Lg54) , Temperature may also have some direct eff ects

on the susceptibitity of insects during and after exposure

bo an insecticide, In cases where insects are all0wed to

ttdose themselvesTl by walking over treated surfaces or by

flyingthroughanaerosol,thedoseacquireddependsonthe
activÍty of the insects (Arurstrong -9t.4", L95L; David and

Bracey, 19/+6)" It is obvious that temperature exerts a

ecõ o

REVIEu' OF THE LTTEE,ATURE

CHAPTER TI

ess of I 'tô
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great influence on the activity of insects and, therefore,
ib also affecis the pick-up of Ëhe chemical so that the
lethar effects are positively correlated with tenaperature
(Pradhan, I9Lv9). The absorption of an insecblcide has also
been found to be affected. by temperature. solid poisons are
more easily absorbed at high temperatures. Thus, 2 t,o 2,5
times as much ÐDT can penetrate into a cockroach at i5 than
at 15o c (vinson and Kearns, Lg5z) " TahorÍ and Hoskins

1l953) found, similarlyr that t¡ t,imes as much DDT may enter
the house fly at 32 than at L3,5o c. rn both cases, the
same dosages were applied to Lhe cubicre of the insects.
The internal movement of the poison, assÍsted by the movement

of haemorymph, hras found to be more rapicr at hlgh üempera-

fures"

rt was mentioned above that a rise in temperature
favours the penetration and. movement of some insecticid.es
like DDT" Hou¡ever, the toxÍcities of Ëhese insectlcides are
affecbed in an inverse proportion öo inereases of tempera_
ture' Thus, ât )5o c, the rethar dose of DDT to a cockroach
is roughly 12 times that at l5o c (Tahori and Hoskins, Lg5Ð,
This anomary can be explained by the fact that the solubility
of contact poisons, especially DDT, in lipids in the body of
the insects rises consid.erably with increasing temperature,
Hov¡ever, lipids are not the active si-te of poisoning and.n

therefore, they bend. to protect the insect by t,aking up
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relatively large amounts of ttre insecticid.e" By cooling
inseets that have been lightly poisoned v¡ith DÐT, signs of
intoxj-cation occur, presumably because of red.uced absorp:

tion of the inseciicide by the fatty tissues (Ferguson,

L939) " Lindquist ct 4., (fgçA) found rhat ad,ulr house

frÍes that were exposed to films of DDT and then dlvided
into batches after treatrnenL, each of lvhich was kept at a

dÍfferent temperature, showed greater recovery at Ëhe higher
tenperaÈure o

The effectiveness of an insecticide at differenË
temperatures is a characteristic of the insecticide, Thus

Potter and Giltham (fgA6), usÍng DDT spra)¡ soluÈions against
adults of the red flour beetle, TriboLiurE castangum (ffiet. ),
obtained higher nortality at low than at high temperatür€"

Richards and Cutkomp (fp¿*e) demonstrated, in the
laboratory, that low concentrations of DDT i4rere more effect-
ive against mosquito larvae exposed to low temperatures and

they named this relationship lfnegative temperature coeffi-
cienË11"

Hoffnaan and Lindquist (f9iù9) also found that ÐDTe

TDE and methorychlor filns on glass gave more rapid knock-

dovnr and kirl of Ir{usea domesjL,:Lca L, ai 21 than ab 3zo c,
but bhe opposite was true with heptachlor, parathion,

chlordane, dieldrin and. t,oxaphene"
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Vinson and, Kearns (tgfZ) studied the effect of two

temperatures (I5 and )5o C) on bhe toxicity of DDT, for both

topical and inJecied doses, bo the American coclcroach,

Periplaneta americanÊ (L) " They found that DDT exhibited a

negative temperatlre coefficient, being more lethal at L5

than at 35o G, and. that coclcroaches that showed marked DDT

symptoms at the lower temperature lost these when brought to

the higher one, provided the insects had not been held too

Iong at the lower temPerature.

American cockroaches injected with DDT and exposed

bo post*treatment temperatures of 15 and 30o C, showed a

higher percentage mortality at the lower than at the higher

post-breatment temperature (Lofgren and Cutkonp " L956) "

Menn e! al" (J957 ) studied the effecb of three

temperatures (I5, ?5 and. 35o C) on the control of resj-stant

and, susceptible house flies exposed to DDT in oi}, They

studied the effect of trti¡te of exposure?Î at' the different

bemperatures on susceptible and resistant flies" They

found. that when suseeptible flies were exposed to DDT at
oL5- C they were quickly affected; the same morbality

occurred. i¡d'rether the flies were helcl at lJo C for 2þ hours

or for only ó hours and then changed to 35o Co The resist*

ant flies were affectecl slowly when held at L5o C for 6

hours and at 25o C for l8 hours" The final conclusion drav¡n

from the lrtÍrne of exposurerr factor at high and low tenpera-
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tures, was bhat susceptible flies lrere more sensitive than

resistant flies to exposure to DDT during shorÈ periods of

Iow temperatures.

The effect of tÍme and temperature on the toxicity
of ÐDT to larvae of Aede-s- aegyp_!.i L., was studied by Das

and Needham (1961) " An increase in temperature during

exposure to ÐDT for one hour, increased the toxic action of

this chemical, The mortalj-ty of larvae kept ab low temperâ-

tures was greater than that of larvae kept at high tempera*

ture after treatment. The toxic action was reversible; a
ehange from high to low temperature increased paralysis,

and l-arvae that Ì1¡ere paralysed after exposure to bhe

chemical at, Ior^¡ temperatures recovered when the temperature

was raised"

The j-ncreased piek*up of ehemical resulting from

increased activity of the insects at the higher temperature

was demonstrated by Pradhan (L949) who showed that when

g, casElnegm adults or larvae of &!C_!þ maculipennj.s

(Curbis) were exposed to residues of DDT on filter papers

at llrr ZLr 27 s and Jzo C, there was a positi^ve correlati-on

betrçeen mortality and temperature" ltlhen the insects were

treated at a given temperature or were exposed to DDT

residues at the four above mentioned temperaËures for only

a limiied period of tine and then transferred to clean

Petri díshes and agaín hel-d af the different temperatures,
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a negative correlation between temperature and mortality
occurred. This interestirig experiment showed quite clearly
the negative temperature coefficient of ÐDT and explained,

the positive temperaiure coefficient observed when the
j-nsects were exposed to hígh temperatures for a longer

exposure perÍod" .Àt high temperatures there was increased

picli-up of toxicanb due to increased activity of the

insects,

Das (fgef) foun¿ a negative temperature coefficient
for DDT for Tepqbrig molitor L. when post-trea.tment tempera-

tures were below I0o Co The ÐDT solu-tions urere applied

topically or injected r¡rith a micrometer syringe into
2-week old aduJts, ât room temperature, The toxic action

of DllT did not increase ind.efinitely with the lowering of

the post-treatment temperature from 1O bo -1o C. The

temperature coefficient between -1 and. fOo C was posiËíve

for both injection and topical appli-catÍon although it l,¡as

always negative at temperatures above loo C. Das and

Needham (196I) called this phenomenon rrinversion of tempera-

Ëure coefficientir of DDT. Tühen insects were exposed to a

given dose of DDT at -lo C t,hey showed no s¡rmptorns of DDT

poisoning after three days, but became paralysed when trans-
ferred to 1oo c"

Whiteornb (l-931þ) studied the effectiveness of 3b

materials used against Tetranychus telarius L., at 60 and
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.rnO nBo- r\'' Heavy lubricating oil emu.l sions were more eff ective
at 80o ùhan at óoo F, \¡rhereas light oir emulsions hrere more

effective at 600 n', soluble sulphur and l-ime surphur vrere

better at 8Oo, but, suspended sulphurs (cotloidal or vretbable

surphur) r,sere better at 600 ¡'. Pyrethrum extracts were l-ess

ef-feciii¡e at the high temperature in contrast v¡ith derris
extracts which $rere more effectÍve at the high temperature"

Guthrie (fg5O) tested various chemicals applied

topically on the German cockroach, Efgtelrq gernanigg (L" ),
at Ll+"5, 22 and. 32o t. He found. that DDT, pyrethrum and

lindane T/\rere more toxlC at the lou¡er temperatures, 1vhile

the reverse was true with aldrin, and dieldrin, The

resurts v¡ith lindane were quite variable" The toxicity of
DDT was approximately 20 times more effective at L4"5 than

at 32o c" The effect of temperature on the effectiveness
of the other chemicals was considerably less"

The effects of differenL temperaiures on t,he toxi-
city of some chemicals injected into the milkweed. brg,
Oncopelçus faq.ciatgq (Dall)¡ r¡rere studied by 'vrioodruff (t950)"
itlicotine was found to be more toxic at ro than at z9o c.
lìotenone r¡ras more toxic at, high than at low temperatures.

Harri-es (,I956) studied the effect of temperature

and rainfall on the effecti.veness of derris and ro'benone

against lvlacJoqi.plrr4m pisi (Harris), a pest of peas" Both

chenricals hrere found to be more effective at high than at
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Blum and Kearns (1956) found a negative temperature

coefficienb for pyreihrum v¡hen used against !, emer¿gg-qg"

Two temperatures vrere used: 1l and 35o C. Prostrated

cockroaches at 15o C could recover if transferred to 35o C

and this process could be repeated for several hours"

Cockroaches from 35o C transferred to 15o 0 became

prostrated more rapidly than those held continuously at

T5O C.

Ellisor and Blair (f9i+0) studied the effect of

temperature on the toxicity of the stomach poi.sons, synthet-

ic cryolite, acid lead arsenate, ealcium arsenate and basic

copper arsenate for the control of 5tfr instar larvae of
Prodenia eridani_e Cram,, and Antiearsia eerunatiliq Hbn.

They used two temperatures (60 an¿ B0o F) and found that ín
all but one instance the toxÍcity was greater at the lov¡er

Ëemperature.

Gaines g.!. 4. ft91+9) studied the effect of tempera-

ture and humidity on the toxicÍty of several inseeticides
used for the control of the boll rseevil, Anthogomus grandÍs-

Boh" They found that cal-ci.um arsenate t{as not very rnuch

affected by high or l"ow temperabure, but the toxicity of
this compound was reduced by a combination of high tempera*

ture and high relative hunridity, Toxaphene, like chlord.ane,

lost its toxicity at high temperatures.

l,/
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Das and McrnÈosh (rg0r) studíed the effect of time

and temperature on the toxicÍty of several lnsecticícÌes
agaÍnst the three stored product insecbs, O. surinamensig,

l" castaneum and. !. rnolitor, and on rg, domestica. They

used t'he contact poisons rotenone, Dimetan, val0ne,
x-chlordane, toxaphene and IIDT" The th¡o post-treatment
temperatures were r0 and z8o c. The aim of their work was

to determine whether different post-treaÈrnent temperatures
affected the speed of aeLion of the insecticid.es used 

"

Rotenone and Dimetan showed a greater speed of action at
2B than at r0o co The speed of action of vaLone, x-ehrordane
and toxaphene was also greater at the higher temperature"
DDT shov¡ed higher toxicity and speed of action at the lolver
temperatur€ø ïhe general pattern as far as rrtime?f lvas con_
cerned was that LÐ50 values deereased stead.ily as time
passed,

Strong and Sbur (1960) studied the influence of
moÍsture and temperature on the resid.uar effectiveness of
malathion used as grain protectant" The residual effective_
ness of malathion was decreased with increase in storage
temperature and grain humidity" Experlments concerned
with the interrelatÍon of moisture content, tenperaÈure
and dosages applied, indicated that mar.athion applied aË

the rate of 10 ppm could remain effective for at least
12 months when storage tenperatures were not higher than
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600 F and the grain moÍsture did not exceed 1þ per cenb.

Similar results of reduced residual activity of malathion

under high grain moisture were obtained by ifatters (L959) .

Lallan et gI. (l956) sbudied the effect of four

temperabures (63e 7A, 75 and 8zo p) on malathion and.

malathion-piperonyl butoxide acetone soluùions, applied

topieally on a DDT-resistant and a DDT:suscept,ible strain
of house flies, Both chemicals were fou-nd to be more toxic
at the higher than at the lower teroperatures, showing,

therefore, a positÍve temperature coefficient.
Elmosa and King Ã96b) studied the effect of pre-

and post-treatment temperature on the effectiveness of

dieldrin and ethion, used for the control of Hylemyia

antiqua (it{eigen), Pre-treatment temperature did not affect
the toxicity of either dieldrin or ethion, but an i-ncrease

in post-trea-tment temperature increased, in general, the

toxicity of both"

Evans and Gordon (L965), working on bhe effects of

temperaLure on toxicity of synergized carbamate insecticides
(Carbaryl, Pyrolan, T"P.C") on house flies, found that in
the absence of synergists these insecticides were slighbly
more toxie at l0 than at 2Oo C, When large amounts of

synergists, such as, sesarnine, were added, the toxicity of
all i-nsectieides used great,ly increased and the temperature

had no effect on their toxicitv'
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Temperature and moisture were also found to influence

the effecEiveness of fumigants used for the eontrol of stored-

produet insects in food storage" Thus Lindgren and Vj-ncent

(fg6O) found that in storecl r,'/neat the concentration of carbon

tetrachloride, hydroeyanic acid and methyl bromide needed

r^ras greater at L5 per cenL than at 10 per cent moisture con*

tent" !. eonfusum ancì. Sitophilus aryza (t") r\rere found to

be more susceptible at 90 than at 5Oo F.

The Insecticides Used in the Experiment

Insecticides used to protect stored foods from

insects must meet specia-l requirements of safety, toxicity
and ease of application. The]' are usuatly applÍed as oil
solutions, emulsions or dispersible powders to strnctural
surfaces of food warehouses to control- established infesta-
tions and to prevenÈ insect outbreaks" Special formulati-ons

may also be applied directly to stored gra-in to protect it
from infestation during the storage period"

The insecticides included in t,he present experi-
ments were DDT, lindane, methoxychlor, malathion and

bromophos. The first three are organochlorine insecticides
that have been used in stored-product control programs for
more than 20 years" 0f the two organophosphate insecti-
cides, malathion has been in use as a stored-product

insecticide f or more than 10 years, bromophos is a candid.ate
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stored-productinsecticidewhoseefficacyundervarious
environmental cond'itions has yet to be Þrovêrl'

U" Late ín L9h2 
"vhen 

the preliminary work to

assessthevalueofDÐTinthecontrolof]ice,f}iesand
mosquitoes was well advanced, attention was turned to

d.eterminethevalueofthisnewinsecticideagainststored-
product insects. From the beginni-ng i'b was realized that

thereweredifficultiesinusingDDTfreelyinfood*storage
premises because of the d'anger of food' contanrlnation and

the resultant toxicological hazards t'o man and animals

(Parkin, 1950).

Parkin l]]g5)) studied the susceptibitity of the

most comnon stored'-product insects to DDT d¡r'st in kaolin"

A knor,.¡n amounl, of dust was applied over the bottom of a

gcmPetridishand"trreLT5gandLTg5valueswereevaluated"

AIl}6speciesofstored,-productinsectsusedintheexperÍ-
ment. were found to be susceptible to DDT' although to

varYing degrees"

Prad.han tLgt+g) shor'¡ed' that residues of DÐT on

filter papers ÏÍere effective against T" castaneum adu-lts

and!.macu}ipennislarvae.},fattersand.Sellen0956)
reported'thata5percentDDTemulsionappliedatlea}lon/
10oo square feet gave good. control of the halry spider

beetle, !!!Bus villiger (Reit) :"n warehouses"
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Vincent and Lindgren (1957), usÍng Ëopical applica_
tions and resi-dual fil-ms, Èested several conbact insectieides
on severar species of stored-product insect,s and. found DDT

Ëo be very effective against almost all the species tested.,
similar results were also reported by Kunar and lr[orrison
(L963) " I' coefusum and e. ferrugineus adults were found
to be susceptibte to ÐDT residues on fÍrter papers" parkin
(wøa) used L2 insecticides, formulated as water dispersible
powders and applied to stri,ps of filter papers, against
eighÈ species of stored-prod.uct insect,s" DDT was found to
be effect,ive against all the species u.sed.

DDT (tO per cent wettable powd.er or Zj per eenr
emulsifiable concentrate) is recommended. today against
insect pests of warehouses where packaged food. d.oes noË

come i.n contact v¡ith treabed surfaces (Gra.¡. ancl- tnlatters 
"

l-95t+) ,

Lindane" Lindane is widely used. throtr.ghout the
worrd for the control of stored-product insects in food
warehouses, flor.rr ¡nirls and empty granaries. rn canadau

this insecticide has been recommended for the contror of
stored-product inseets in bins ('ii,atters, L959, 1961) and

for the control of spider beetles i-n flour warehouses
(ir{atters, 196l).

Lindane has been recommended ahead of DÐT for use
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in warehouses, bins, etc", becau-se Ít shows higher toxicity
ihan DDT to insects and mites, is more rapid in action and

has highly toxÍc vapors (ParkÍn u L95O, L952, L955, 1958,

1960) "

Bouchet ft95?) íound that lindane, ât a concenËra-

tion of 0.08 grams per cubic $eter, was ooil-corrosive, non-

toxie to mammals and effectively protected stored ruaterials

against a great number of stored-product insects withoub

the necessity of airtight conditions during the experiment'

i'iethoxvchlor, l.{ethoxychlor is one of the safest'

insecti-cid.es available today (Negherborn, L959) " It is
used in Canada and the United States of America as a granary

and v¡arehouse chemical against stored-product lnsects.

l,lethoxychlor is much less toxíc than DDT or lindane (Strong

et {., 1961; I(ing et a}. , L962; l{alker, 1960), but Àshrafi

and Aijas (f965) reported that methoxychlor was effective

against !. castaleum up to 10 days after treatnent.

According to Parkin ftgAO) and Rowland Ã967) nethoxychlor

has little value as a residual insecticide. However, their
assessments v¡ere based on laboratory experiments. In

Canada, l''Jatters (fç6f ) fras shown thaÈ methoxychlor in t,he

form of wett,able powder was effective for the eontroi of

spider beetles in flour wa-rehouses"
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l¡alatÀIon" Because of its low toxicity to humans

and other vertebrates and its high toxicity to Ínsects,

malathi-on is one of the most important insecticides in
stored*products entomology. It can be applied as a prophyl-

aetic spray on the insíde surfaces of empty granaries and

food storage warehousêso It can also be used as a grain
protectant mÍxed with grain (i.Vatters , Lgrg) "

Parkin (1966) reported that malathion was effective
against several species of stored-product insects" Lemon

(tgøî) also reported that malathion was effective against

T" caFtgngug and !. confusum" Heavy infestations of O"

surina¡te4sls were readily controlred by an appllcation of
lo ppm malathion which also gave good protection to stored.

barley for as long as eight months (Green and Tyler u L966),

Malathion was found to break down very rapidly
folLowing application to stored grai_n, In general, t,his
breakdolrn is favored by high storage temperature and d.amp

graÍn conditions (Strong et al., 196l; La Hue, 1966;

Papworth, 1961).

uüatters (.1956) found that malathion, applied as a
residuar spray on lvooden panels, remaj-ned effective f or

two months against c. ferru&lneus, According to parkin

\1966) malathion u¡as persistent on v¡ood for three to four
months. Despite rapid degradati-on of malathion after
storage, biologicar effectiveness appears to remain at a
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high level for about one year provided that the grain is not

damp (Watters , 1967) " Watters ft957 ' L959 ) and Strong and

$bur (f900) reported that malathion was less persisteni and

Iess effective in damp grain than in dry grain" However,

malathion v\ras found to break down very rapidly on some

structural surfaces, partieularly on concrete" Thus,

Lemon Og0O) found that nalathion applied as a wat,er-

dispersible powder on concrete blocks lost its biological

activity very rapídly" The very rapid loss of toxiciiy of

malathion on concrete was in agreement with the results of

Parkin Ãgø0) who also found that malathion lost its toxi-
city almost immediately on cement and very rapidly on white-

wash and tile"

Bro_¡qoæþse. Bromophos is a new experimental organo-

phosphorus insecticide and acaricide which is very effective

against a great variety of agrícultural and stored-product

insects" One of the important properties of this chemical

is its lor¡ mammalian toxicitir and its persistence on alkaline

surfaces (Immel and Geisthardt, L96l+; Kinket et eI. , L966)"

ft is stable in alkaline media up to pH 9, according to the

technical information provided by CELA (Germany) ltExperi-

mental insecticide bromophos-1p65-1011, Bromophos is
recommended for treatment of empty storages"

Lemon (lg0ø) tested the relative susceptibilities
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of T, casbaneu$ and I" confuquq to L6 organophosphorus

insecticides applied topically and found that bromophos was

onl-y slightly less effective than marathion asainst both

spe cies ,

Lemon t19ó6), realizing the value of bromophos as an

inseeticíde suÍtable for sprays on alkaline surfaees and as a

grain protectanÈ, continued his experiments on the effective-
ness of this chemj-cal against 10 species of stored-product

insectsu He determined the effectiveness of the chernical

applied topically, its residual toxicity on a concrete

surface, and finally, its persistence on wheat" During

these experiments broniophos was found to be quite effective
against all species used" High mortalities u¡ere obtained.

with bromophos 16 weeks after applicaÈion on concrete sur-
faces" Forty weeks later, bromophos (I,5 g/^2) gave g1,g

per cenb mortality of g" confusum_ on concrete, whereas t,he

toxicity of malathion was zel^o" From the experiments wiËh

dust formulations on wheat, bromophos was found to be less
effective than malathion"



ExperÍmental Insec:Þe

CHAPTER TIÏ

TVIATER]ALS AND METHODS

I" Materials

The following five species of stored-product insects

of the Order Coleoptera, were selected for the insecticide

tests q

The red f lour beetle, Tribotiu¡t eastaneu![ (Hbst. ), Tene-

brionidae.

The confu.sed flour beetle, &lbolium. confusum (J' d'u Vat),

Tenebrionidae '
The saw-toothed grain beetle, Oryzaephj-lus surinamensiis (L" ),

Silvanidae "

The merchant grain beetle, 0ry-Ag-eÉ-ilus. mercator (Fauvel),

$ilvanidae.

The rusty graÍn beetler crl'ptol*Ut"u ferru&L4eqs (steph' )'

CucuJidae "

Biologv of Test Insects

confusum are reddish-brown and. about 1/8 inch long' They

are d,istinguishabte by the shape of their antennae (Fig" 1,

b, d.), In hot dry elimates (over 7L"5o F and less bhan

I" castaneurq an{ T. glgry' T" castan-eum and T"



FIGURE 1

T¡ISECTS USED T}i TNSECTICIDE EXPERIMENT,S

t:l



RUSTY GRASN BEET[-E
Crypl_g.!-estes ferrugineus (Stephens)
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RED F'LOI"JR BEETLË
Tribolium costc¡neum ( Herbst )

SAW*TOTT'ü-{ EÐ GffiA[hå BEET[-Ë
9gy3.g.g.pf,-ülls surincmen sis ( U¡n noeus)

TOfu¡ FUSEÐ F'LOUR BEET[-E
Triboliurr confusu¡r¡ (Jocquelin du Vql)
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60 per cent R.H.) or in hot and damp cli¡nates (over 71'50 F

and 7o per cent R,H") bottr species occur together" fn moder-

ate climates (less than 7L"5o F and over 55 per cent R'H")'

tikethecfimaticconditionsofCanada,g"confusumisthe
principte species (Freeriran, Lg62) " The adults of both

speciesaregeneralfeedersoffarinaceousfoodsandare
seriou-Spestsofpreparedcerealfoods"Botharecommonin
warehouses, granaries, miIls, milling machinery and grain

shipments. The females lay up to !00 eggs in flor-rr, grain

or other foo<istuffs" The rarvae are yellovrish and feed

extensively on flour or on the gern of wheat kernels" The

devetopment per"iod from egg to adutt ma¡r be as short as

four weeks und-er favorable cond'itions (Cotton u t963;

Watters, L967) "

Àsurveyin}rianitoba,saskatchewanandAlbertain

Lg5Bu showed that !" casta{Lel]& and. T' g@g were present'

in 25 per cent and l+ per cent t respectively' of granaries

examined (Lisconibe and liatters , L962) "

g' gæ$irg.gg4 and 9" g" Both have similar

habíts, occur in the same places and resemble each other"

Hov¡ever, they are d'istinguishable on the basis of the size

of the region directly behind. the eye (Hinton and Corbet,

Lg6Ð " ïhe adults are dark brovm and about L/8 inch long

(Fig" l, c). They may be readily recognized by bhe six
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tooth-like projections on the prothorax. The females lay
their eggs loosely arûong foodstuff or on kernels; each

female may lay l+5 to 280 eggs" The eggs hatch in three to
five days" The larvae feed for two weeks during bhe sunmer

and then construct a delicat,e cocoon-like covering by join*
ing together smalr grai.ns or fragments of foodstuffs with a

stieky secretj.on" The pupal stage lasts about one weeku

Development from egg to adult may take place in three to
four weeks in summer (Cotton, L96j; lfatters, Lg6?),

During the 1958 survey in l{anitoba, saskatcher,van and

Alberta, b per cent of the granaries were found to be Ín-
fested by 9. surinams_nsf s_ (Liscombe and triatters , L96z) " No

data were presented for 0" mercator.

g" EæSg}ggg" 9" ferrusl¡eg-s- is flat, red.dish*

brovrn and about L/16 inch long (Fig, 1a). rt is cosmopolí-

tan in distribution and a very cornmon pest of stored grain
in hot dry climates /6ver 7L,5o F and l-ess than 6O p"* cent
R.H" (Freeman, L96ZY, The larvae feed on the germ of
wheat" At maturity they form small cocoons of a gelatinous
subsLance and later emerge as adults" Under favorable cofl-
dibions, this speeies may complete iÈs development from egg

bo adult i-n fir¡e to nj-ne weeks, This species is resistant
to cold weaÈher and is commonly found in sbored grain in
canadai 3ó per cent of granari-es were found. to be infested.
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during the t95B survey in llanitoba, Saskatchewan and Alberta

(Liscombe and Tfatters , L962),

Source and Breedins of Test Insects

The parent cuLtures of the five species of insects

used, hrere obtained from the standard stocks of the Crop

Protection $ection, Research Station, Canada DepartmenË of

Agri c ultur e , ltiinnip eg , lviani t oba .

AII the species, except g. fer{-ugine!¿-qr were reared

in a constant temperature cabinet at 7BlZo F and 6015 per

cent R,H" g" feqry&L+eug was cultured in another constant

temperature cabinet aE 78t?o F and 7O*5 per cent R"H"

The food media on which the test insects were cult*
ured are listed in Table f.

The cultures were kept in 6l+ ff oz jars covered with

filter paper. The filter paper was sealed to the top of the

jar with wax to avoid infestation by mites.

As far as possible, the insects used during the

experiment were two to four weeks o1d, In order to obtain

adulbs of known âS€¡ 2OO xo 300 adults of each species rnrere

added to fresh food media in glass jars. .A.fter a three to
four day egg-laying period, the adults were removed from the

food media and a neþr generation was obtained from the hatched

eggs in approxima|e'ly four weelçs"

The rusby graín beetle, rvhich is slor¡¡ in its develop*

ment at 7Bo F, required from six to eight weeks to eomplete



TABLE Ï
FOOD }IEDIA OF TEST TNSECTS

$pecies

I. castane_Wt Sifted whoLe i¡¡heat flour and 5Y'

Breweri s yeast

T. confusum

0, surinamensis

O" mercatoq

Culture medi.um

C, ferrugineus

Sifted r,{hole r'sheat flour and 5'/,

Brewerls yeast

Rolled oats and 5/o Brewerr s yeast

2'7

Rolled oats and 5fo Brewer? s yeast

Whole wheat kernels and 5% uh,eat

germ



a generation, For this reason adults of unkno-lrr.fl age $rere

used,

Ags.geti_qtdgp_

Names aErd gou:'ees oË inseetícides" The fotlowíng
five synihei:íc organi_c inseeticides were used.

DDT pup? 1:1:I:trichloro:ZzZ:bís(p-chlorophenyl.F ethane.

99+/r, C., , HoClÃ e rn. p " lO8, 50 e ; City Chemi cal Corporation,' L4 Y )'
Ner¡r York 

"

Línda-ne Loof" -isomer of Benzene Hexachloride " I ."zz)t taz Jz 6-

hexachloroeyclohexÐ.ne " c6H6cL6, ß"p Lrz.9o c; Gity chemi-

cal Corporation, New York"

l'{ethoxychl-or l-: 1: l-trichloro:2: 2:bís ( p-methoxyphenyl )

ethane " ,6rr5rt3}r¡ ffi,p, 86-8B0 C" Pure ehemical obtained

by erystallíza.tion of 50% technical methoxychlor wettable
pow-der (Nlarlate 5o/, ¡t¡"p\; Du PonN de Nemours & co. (rnc. ).

Ilalathion 0,0-dimethyl S-(f rZ-dicarb=ethoxyethyl) "

C'OH'906PS2, 96f" Liqui..d, b"p l-56-J_5Ta C; Círy Chemieal

Corporation, Ner¡¡ York,

Bromophos - 0,0-dimethyl-O-z, 5-diehloro-/¡-bromophenyl phos-

phorothíoate " tuo% emursifia.ble eoncentrate; Green cross

Products, Montrea.l 
"

Â 5 per cent aeetone solution was made from each

chemical. Various concentrations of each chemical v¡ere then
prepared by diluting a given volume of the 5 per eent solu-

2Å
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tion with a solvent consisting of 3 parts petroleum ether

(reagent grade), I part acetone (reagent grade) and I part

She}l Risella 0i1 (ff7) (Champ and Cribb , L965) " The solu-

tions were kept in a refrigerator at approximately 40o F.

Technique for gþþ.lq:# pur-e. methoxvchl-oI. Pure

crystals of methoxychlor tÂiere obtained by repeated recrys-

tallization of alcoholic extracts from a 5}"lo vl "P (l'{arlate

5Of, Ví.P) " The crystals were extracteci with hot alcohol"

The liquor was concentrated to obtain crystals" The crystals

h¡ere then washed with cold al-cohol and then redissolved in

hot alcohol. The solution was reconcentrated and a second

batch of crysbals r/üere obtained. The process of washing,

dissolving anci precipitating new crystals was repeated for
a tliird time" The purity of the final crystals was assessed

by determination of melting point which was found to be 86

to 88o G (Robertson and Jacobs , Lg62) "

Tempera.ture

The experiments were conducbed in cabinets v¡ith con-

trolled temperature and hurnidity" The three temperatures

selected. for the tests were 80, 60 and 50o F, The rel-ative

humid.ity at each temperature v\ras maintained at 60110 per

cenË "



The method used was similar to that of Busvíne and

Nash (tgfi). Brieflyo it consisted of lmpregnating filter

papers with known concentrations of insecticide and expos-

ing the test insects Èo the papers for a predetermined period

of time" After exposure, the insects were placed in food

med.ia for another predetermined period of time, at the end

of which morbality uias recorded"

Application Þrocedurç

ïI" Methods

The various concentrations of each chemical were

applied wlth a 100-m1 burette on Ïúhatmann No. I filter
paper, p cn in diameter (63"6t+.*2). The volume of solution

required to give a unj-form distribution of chemical on a

filter pa-per r¡iê.s foì-uìcl-, a.fter set'er¿:.l tests, to be 1"5 ml

per filter paper. The size and type of filter papers used,

as well as the volume of solution per filter papere were

kept constant for al-I the insecticides used throughout the

experiment"

During application, the filter paper was balanced

on a bed of nails fixed on a recbangular piece of wood,

lC x 10 cnu The tip of the burette was kept approximately

4 cm above the fifter paper and a constant volume of solu*

tion was applied spirallyr âs uniformly as possible, on the

filter paper (Fig " 2) i the solution was not allowed to over-

30



FTGURE 2

APPARATUS FOR .A.PPLYING INSECTTCTDE

ON FILTER PAPER

ri
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flol'f frorn the fitter paper. The burette was washed with

acetone after apptying each concentration of each chenical'

Filter papers used. for the checks were treaied v¡ith solvenb

alone" After appiÍcation of ea.ch insecticideo the filter
papers iJùere marked., ple,ced in a horizontal position on small

nails fixed on pieces of cardboard, and allorsed to dry for

24 hours at room tempera.ture (Fj.S , 3) , The amouint of active

ineredient for each dose was calcu-l-ated in terms of mg/square

foot "

Tr^renty-four hours after applJ-cation, three filter
papers (tftree replications), each with the same dosage and

the same chemícal, r,n¡ere placed on rectangular glass plates

(¿*O x ro cm). A barrier glass ring {8,5 cm in diameter and

lr. crs high) was placed on top of each filter paper to confine

the test insects (FiS. À.). Hhen 0" surinamqns:þ and 0"

meqcatoJ were to be tested, the gla.ss rings hlere dipped in
ltFluonft (Polytetraflu.oroethylene dispersion' f 'C,I" ) to a

depth of 3 cn, to prevent the insects fror'r climbing and

escaping from the barrier ring (Fig " 5).
Four replications were used at the beginning of the

experiment" Later it v¡as found that the variation in
mortalities betr.reen replj-cations was so small that only

three replications were necessary,



F-TGURE 3

BED OF NAILS FOR SUPPORT]NG TREATED

FILTER PJTPERS DURING DRÏING

FÏGURE l}

GLASS PLiI.TES AI{D TREATEÐ FTLTER PÁ'PER TIITH

BARRIER RII\GS COI']FIIiIING TEST INSECTS





FIGURE 5

GLASS RII,IGS TREATEÐ \fúITH FLUON TO PA,EVENT

ESCAPE OF CERTAII\ SPEC]ES OF TEST INSECTS



,l ,i.i ¿



Exposure of Test Insects to Residual Films

To test the effect of starvation on the susceptibil-

ity of test insects to insecticidesu a preliminary experi-

ment was carried out to compare insects starved for" 24 hours

prior to ex.posure to a chemical, with insects that were not

"rutu*¿. 
ft " d.ifference in mortatity after exposure to the

same dosage of the same chemical und.er the same environmental

Conditions r¡IaS less than One per cent. Thus, in subsequent

experiments, the test insects were not starved prior to

exposure "

Two- to four-week old adult insecbs from the culture

media were collected at random, without sexing, into batches

of 20" A batch was exposed, within the barrier ring, to

each treated fítter paper on the glass plate as previously

described, This unit was then transferred to a cabinet

maintained at the appropriate experimental temperature.

35

Temperature was mainbained within O'50 Cr and rela-

tive h.umidit¡r within 5 per cent, in the temperature cabinets'

The exposure period was 2l+ hours in darkness, to avoid

increased activity of the test insects which could influence

the degree of poi-soning"

osure to Resi



Gonditions after F.ixposule-to Residual Films

After 2l+ hours of exposure, the glass plates with

the filter papers and. insects were renoved from the cabinet.

The insects were collected from the filter papers with an

aspirator and placed in clean glass jars (5 cm in diarneter

and I cm high) contalning approximately 6 grams of flour"

The jars and flour had. been stored in the cabinet for three

days prior to j.ntrodu_ction of the insects" The open jars

were returned to the cabinet and maintained at the same

temperature at which the j-nsecÈs were exposed to þhe treated

filter papers. This period. is knovrn as tfrecover¡r periodtt

and indicates the tj¡ie that the insects were alloirred to

recover in the food meclia before mortality lüas assessed"

A preliminar¡r experi-nent showed that a recovery period of

72 hours after elçposure was adequate for comparison of

mortalities,

Assessment of l{ortalitY

2^

could. be used to calculate the LÐ50 and LDgt values from

regresslon li-nes, the experinental ins ects hlere classif ied

as either alive or dead" To assess mortality, the inseets

were placed in a white enamel tray and examined under a

strong light, Insects that showed any sign of lÍfe, such

as movement of legs or antennaee were recorded as being

fn order to obtain repeatable resul-ts and data which
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alive; insects which showed no movernent at all, even af|er
gentle probinge vrere ccnsidered dead. Immobile beetles $¡ere

stimulated by heat from either a 100-wat,t bulb or a lighted.

cigarette to deterrnine whether or not they rÆere feigning

death. Insects shorving movernent in response io either heat

source were classified as alive" Some individuals of all
species feigned death"

The assessment was made in the laboratory at

approximately 78o F" .A,fter assessing mortality the d.ata

were corrected by Abbottrs formula (¡.UUott, L925) " The
. '.\concentrations, in terms of mg/ftt, were ploi,ted on a

logarithmic scale and mortality on a Probii scale" The

efficiency of the Probit regression line was tested by

Probit analysis (Finney, L952) .



The LD50 values were obtained from Probit anålysis

of the data. ldherever the Probit analysis indicated, after
a x* test, that the regression coefficienb was significant,
or in otirer v¡ords that the heterogeneity of the Probib log.

concentration-mort,ality values were not significant, the

Fidu.cial or 95i!" confÍdence limits for the LD5O and LD95

values €tre given" When the regression eoefflcient was not

signifÍcanb, no confidence limits are given"

.{ regression line l.¡as obtaíned for each insect species

for each inseciicide at each temperature" These lines hrere

analyzed by joint Probit analysis for a test of parallelism"
l,,Vhen the data (observed and expeeted frequencies of mortali*
ties) did not, contradict tire hypoÈhesis of parallelism,

Õ

after a x- test, the three regression lines i¡Jere drawn in
separate figures for a test of homogeneity in t,he population

of the insect concerned, based on the slopes of bhe lines,
The regression equation of each line v¡as also calculated" The

CHAPTER TV

RESULTS,

new LD5O and LÐpl values of the parallel rines and. t]ne 95/,

confidence limits i,rere also calculated. T]ne 95rÍ" conficlence

limits of the LD50 values r¡¡ere used to test rvhether there were

significant differenees between any tÌÂro l-ines" 'r{hen t,ine 95,q'

confidence lirnits of the LD50 values of each regression line
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did not overlap with the 95'ii confidence limits of another

line of the same insect and inseeticid,e, bhere vras a signi*
ficant difference between the tD50 values obtained at the

fwo temperatures"

From the beginning of t,he experiment it was realized
that methoxychlor, under the standard conditions of prepara-

tion, was an ineffective insecticide. ûf the five insecc

species tested, only !. caFtanegm showed sorue susceptibility
to this j-nsecticide" The tD50 value obtained for this
species at B0o tr' was 18 ,2 mg/ftz " For the rerrraining species

of insects, doses up to 7,225 ng/trz were used u¡ithout any

toxic effects" For this reason methoxychlor r,yas excluded

from further tests"

Toxicitv of -the rnsec-Lieideg at the Three Experinrental

TemperatELe_s

Table ïr surnmarizes the LD5c values obt,ained with
DDT, lindane, marathi-on and bromophos for the five species

of test insects at 80o, 600 and 50o F. The numerical values

in each row indieaNe the effectiveness of any of the insecti-
cides against any of the insect species at the same tempera-

ture and the values in each col-umn indicate the tolerance of
each insecË speeies to each of the insecticides, The response

of each inseciicide at the three ternperatures is also shown

by the three LD50 values, given at the three temperatures at
each intersection of species and insecticide" The LDlo and
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LD}S values, together rvith their 95,ú, confidence limits, the

x;2 values, the regression equ.ation and the relative potencies

of DDT, lindane, mala.thion and bromophos are given in Tables

IIT, IV, V and VI, respectively"

The LD50 values (Table II and Fígure 6) shou¡ that

the effectiveness of eaeh insecticide, under the controlled

conditions of the experiment, was affected by high or low

temperatures. Thus, ÐDT showed a negative temperature coef*

ficient frorn 80o to 600 F, being more effective at 600 than

at 80o F against all insec¡ species, and a sligþt positive

ternperature coefficient from 600 to fOo F, being more effect-

ive at 600 than at 50o F. This trencl r,rras consistent for each

of the five specÍes" The relative toxicity of DDT at BOo

and 600 F was found to vary among bhe insect speeies' Thus,

the 9 5f' confidence limits of the LD5O values at 8Oo and 600 F

for the various ínsect species sholv signi.ficant differences

for !" -gpgggl4, I, surinam-q4sis. and g. mercatog; for T"

castan-eum and C" ferruEineræ, tine 95f" eonfidence limits over-

lap, indicating that the differences in the LD50 values do

not differ,signi-ficantly (Table III) " Compa.ring the differ-
ences in effectiveness of DDT for each insect species, it
will be noted that approximately 1,6 times as much DÐT is

needed for T, confusurn at 8Oo for the same level of mortal-

ity as at 600 F.

mercetor 7 times

Similarly, for 0" suringglenjìis and 0"

and B"/+ times as much DDT is needed,

í1
ii
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CO},TPARATIVE

FIVE SPECIES

FIGURE 6

EFFECTTV}IESS OF FOUR

ÛF I}'ISECTS AT THREE

INSECTICIDES AGÄ,INST

DIFFERENT TH."IPERATURES
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respectively, at B0o as at 6O0 f" The differenees in the
ln¡o values between 600 and 50o È were not as large as Lhose

betr¡,reen 80o and 600 F" Thus, the only insect specÍes that
showed significant d.ifferences in the LD5o varues at 600 and

50o F was o" surinamensis, compa.ring the LÐ50 values of IlÐT,

obtained.at80oard50oFforthedifferentinsectspecies
it is apparent ühat' for CI" surinamensis and o" mercatqrr the
LD50 values differ significantly, Joint Frobit analysis

.

for the test of parallerism showed that the three rines
obtained for each species at the three tenperatures were not
all parallel' The species whose regression lines were forrnd

not to eontradict the hypothesis of parallelism were û.

surinamsnsis (fable VII and Figure T), 0. mercatoq (Table

vrTr and Figure 8) and c. feruuginelrs (ra¡te rx and Figr-rre g),
For 0" surinamensis and !" merçqlgg the regression lines at
80o díffer significantly from the regression lines at 600 and

50o F, but the regression lines at 600 and 50o F did. not

differ significanbly from each other (Tables vrr and vrrrlo
The slopes of the regression rj-nes for both species were

approxirnately the same (Z,l+5 for Ð. eutlnæ_gx_gjË and 2,01+ ì

for 0. merca¿or). Given that a J-.ow slope Ís a reflection of
different variances i.n susceptibiliuy of individ,uals in bhe

populatÍon, it is apparent that the populations of both

species were quite homogeneous, For C. ferruglllqus the
regression lines for the three temperatures hrere paralleI,



THE rÐ50¿._!lgå lug/erz) v¿luus Nvn gs% CONFTDENCE Lri,4rrs
OBTJTNED UNDER THE HTPOTHESIS OÉ-þNN¿TLELISI\4 FORg" surinamensis ¡lxPOsED To DDT AT THREE ruurpr:natunEs

Tempera.ture
oF

TABTE VIT

80

tD valu.e

60

LD50 L?O "I33 a

LD95 56L"658

tD50 L6 "g)5 b

LÐ95 7g "t77

/,4
YV

Lor^¡er

Exaet 95%

a and

a and

b and

tD50 22 "27 t+ c

LDg5 10&"139

LOL,758

uh7 " 544

b are

o 
^?õ

o 2va À

signiflcantly differenr (p(0,05)

significantly differenË (p(0.05)

not significantly differenr (p)0"05)

er

1&r" g1g

736"89o

14 "L26

62"t76

20.33L

LO5 ,5t+g

1B 
" 

88¿,

81 
" 
103

Lbo "g5t+

Lt+o "g5t+



FTGURE 7

REGRESS]ON LTNES OBTAII{ED AFTER EXPOSURE OF

0. surinamensis T0 DDT AT THREE THvIPERATURES
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TABTE VIÏT

tg5 lruc/rtz ) vAr,uns AND 95{o catttvIDENCE LIMTTS

oBTAINED' Út¡ònR' iHP' ttypOTHESIS 0F PARALLELIST'I FOR

0" mercetói nXpOSso To DDT AT THREE TEI{PERATURES

. -t 
= ExaeL 95/ò

Tempera-ture ,cq1!i@nce 
limits

^ oF' LD value Lorver upPer

8o LD5o 108.998 a 89 "967 l3l 
" 9/+8

LÐg5 696 "4L4 526"6)2 982"925

60 LÐ50 L2 "835 b LO.)62 L5 "BL6

5o

50 tD5O 12"809 c 10' 530 15 "B6U

LD95 82 "008

a and b are significantly different (P(0"05)

a and c are significantly different (P(0"05)

b and e are not significantly different (P)O'05)

LÐ95 8r "842

6I"9O3 LL5 "l+l+7

5B "è52 L23 "783



REGRESSIOI.'I LINES

0, mercatoa TO

FIGURE 8

OBTAINED AFTER EXPOSURE OF

DÐT .q,T THREE THvIPERATURES
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THE LÐ50 , LD7S $tc/vtz) vnluns n:lilv g5/" coiiiFTDENCE tntrTs
OBTATNED UI\I]]ER THE HYPOTHES]S OF PARATLEL]SM FOR

g, ferrusineus EXPOSED T0 DÐT AT THREE TEMFERATURES

Temperature
oF

TABLE ]Ï

80

LD value

60

LD50 7 "775 a

LDg5 LOg"5g)

q)

50

tD50 8,376 b

tÐ95 118"066

Lorver

a and b are not significantly different (P) 0,05)

a and c are not signifÍcantly different (P) 0.05)

b and c are not significantly different (P ) 0"0S)

LÐ50 LL.429 c

LDg5 161,099

3,7 50

)L,770

e5%

2b"t+72

2Og?.630

¿+'O5l+

3l+"637

25.7t+8

2L83 
" 

l+&0

5 "?72

4t+.337

40,067

3t+52.130



FTGURE 9

REGRESSION TTNES OBTÀII\JEI] AFTER EXPOSURE OF

C" feryueineus TO DDT AT Tï-IREE TH,{PER,ATURES
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5l+

but t,hey did not differ significairtly from one enother. The

cornmon slope of the regression lines for C " ferrugineus was

smaller (1"43), that is, the regressi-on lines vrere flatter
than those for 0. surinanensis and O, percatof, indicating
a more heterogeneolls population of this species or, perhaps,

individuals in the population resistant io DDT.

Lindane showed varÍa.ble results at the three tempera-

tures (table II, page d0, and Table IV, page Lû) " For !"
caxta.n-el¿me T. confus_u.lq, O. suriname_nLsi--g. and Q. ferrugine.UÊ,

lindane showed a positive temperature coefficient, being

more effective at 8Oo than at 600 ¡'. For 0. rnercator,

lindane shor',¡ed a negative temperature coefficientrbeing more

effective at 600 than at 80o F, Lindane showed a pronounced.

furnigant acticn, especially at 8Oo F, characterized by high

mortalities in the checks" For this reason a large constant

temperature room, instead of the constant temperature cabi-
nets, was used for exposing inseets to linda-ne" At 50o,

lindane was significant,ly more effective than at 6O0 ¡'

agai-nst T. castqneura, O" surinamensis and T. confusum;

but it was significantly less effective against q" mer_cator

and Q. ferrugineus. The actton of lindane against g. ferr!¿-
gineus. was positively eorrelated r,vith temperatureo The

joint Probit analysis for the test of parallelism indicated

that the three regression lines obtained frorn the LÐ50 and

LD95 values, at each temperaLure, i.,üere paralleI for



55

T" casta4eum (Flgr;re l0), ,0. eurinqllens:Lq (Figure ll), g,
mergator (Figure LZ) and C. f.errusineug (Figure 13)" The

regression lines at the i.hree temperabures f or T" castaneum

dif'fer significantly from one another (table X)" For p.

surinamensiq there v,¡as a significant difference betr,.¡een the
regressj-on lines at 600 and |,}o F (ta¡Ie XI). For O"

meqçator the regression lines at B0o and 600 p differ
significantly (Table XII) " For C. ferrugineus_ the regres*

sion lines at 80o and 5oo l" differ significantly but not at
80o and 600 or at 600 and 5oo tr' (Tabte xrrr) " The common

slope of the regression lines of c" {_qrqugþgu_E is very lorn¡

(1,16), in conrrast with T, *rtt*tr*" Êgruamens:S, and

0. merc?tor which ranged from 3,L to 2"8, indicabing a

heterogeneous popuration of bhis species or probably indivi-
duals in the population, resis-r,ant to lindane,

I'talat'hion shol,¡ed a positive temperature coeffici ent

for all- insect species, being rnost effect,ive at 8oo, inËer-
mediate at 600 ancl least toxic at 5Oo tr'(Table II, page l¡0,

and Table V, page t+t+) " Thus, the three LD5O values obtaÍned

for T" cast_aqçugi at the three tenperatures, differ signifi-
cantl-y amongst each other" The LD50 values for T. confgsurn

rìi ffer qi r¡ni f icantl]¡ beirrreen BOo and 600 pn For O" surinam-+ vs¡¡w¿J vE uvvççl¡ uv 4tlLl \Jv

ensis and 0" mercator the LD50 values differ significantly
betl'¡een 8oo and 50o F" The joint probit anatysis for the
test of parallelisrn shoi.¿ed that in all insect species the
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H.EGR,ESSTOi'J LTI.üES OBTATJ{ED ,4,FTER EXPOSURE OF

g, castanqulq T0 LINDÄì:IE tiT :|HREE TII,IPERATUP.ES
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REGITESSION LINES

surinamensis T09"

FTGURE 11

OBTAII{ED

L]I{DAI.{E i\T

AFTER EXPOSUP'E OF

TI]REE TEi'',1PEff,ÀTURES
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FTGURE 12

REGRESSTO].] LIIrIES CBTÄTI{ED ¡.FTER

0. mercqLor T0 LINÐi\l{E ,{T THIIEE

EXPOSURE OF

TEi''lPERATURES
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FTGURE 13

REGRESSIOI\J LTÌ'JES OBTATI.]EÐ AFTER EXPOSURE OF

C. f errueinelrs to LIIi]DÄI{E AT TtiRiùE TE}iPERjiTÚRES
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TABLE X

THE LD50 u LÐgi (ñIG/FT2)--vni,uus ryu 2:{.c0NFrÐE}lcE Lrurrs

'BTAINED 
úuònä' t's' HvÞOiHÈsrS or'- Þ¡'nnlls'I'lvi F'R

r. .""ru$u.,Uq"äipOåsD T0 iiÑD^Ñu ar THREE TH''PERATURES

Temperafure

80

LD value

tD50 8,62L a 7 '4oo 10'028

O\J

LD7S 28,667

60

LD5o 36,0?3 b 3L,292 4l' 510

2u

c onf i cl en c e 
-Ii,Ilti 

t -s*

Tower 
- 

Upper

LD7S 119,813

Exact 95f'

¿å and b are significantly different (P ( 0'05)

a and c are significantly different (P ( 0'05)

b and c are significantly diff erent (P ( 0'O5)

LD 50 L7 , L+36 e LL ' 553 15 . 690

?7,589 36-2?^5

LÐ95 t+t+"675

98 " 853 L2r"3O5

16"??3 57 "51+L



TABTE XÏ

THE tD5O , LÐg5 ¡rvrc/rrl) V_ALUES 4ryD ^25'ú.g0NFIÐEIrtçE 
LIMIT$

osÍEiirlpn- úruunn' THE HYPoTHESIS 0F PARALLELISI/I FoR

g, surinamensis-nÎposru To LINDANE AT THREE TH',PERÀTURES

Temperature
oF

BO

LD valu.e

LD50 25,gL]* a 2t"910 30'831

60

LÐ95 97.988

/.flt

LDSO 31"918 b 26,5? t+ 38.525

nxact 95r/"
confidence limitl-
Lower Upper

5o

LD95 LzO "7O5

LD50 Lg"? 52 c L6'7)L 22'5L6

a and, b are not significantly different (P) 0"05)

a and. c are not significantly different (P ) 0"05)

b and c are significantly different (P ( 0'05)

77 "52L LlO"zbl+

LDg5 73 " r84.

94"777 L6L"4t+5

58,7 56 95 "827



T.{BIE NIT

THE tD50 , LDIS çruc/rrz)..vALUEs LND gSdl'00NFTDEN0E LrMrrs

OBTAINEÐ'iIUòNiä' iHN, rriÞõflTESiS OÉ. P¿RALilELTSiVI FOR

q, mersslg'ËiËösnij- rij-r,Iqrinivn- ni- rsnnn rHi{PER¿ruRBs

Exact, 9)þ
Temperature-oF

80

LD value

LD5O 2L"7t+) a t6'10'+ 30^527

LDIS 8¿e' t2O 5t+'oL2 L7 5 "?88

LD50 LL'O6|- b 7 "396 L5"9t+8
OU

)v

go-qfidçgçe I"årIILtq
lower Upper

LD95 t+? "gL6

a and. b are significantly d'ifferent (,P ( 0'05)

tD50 22 "O5L c L3 '37O 75 '922

LDg5 B5.3to 50'601 L82"796

aandcarenotsignificantlydifferent(p)O'05)
bandcarenotsignificantlydifferent(p>0"05)

28"119 80"790



TABLE XIII
THE tu5o s LDg5 ¡tutc/vt?) vai,uns Lr\rD g5qL cûNFTDENCE LruIrrs

ÛBTAINED UNDER T¡{E HTPOTHESIS OF PARALLELISI'{ FOR
g. ferru&Lpesg EIPOSED T0 LINDANE AT THREE TH4PEfi,iITURES

Ternperature-oF

80

LD value

LD50

LDg 5

,03B a

1"003

rD50

LÐ95

)v

Exaer 95Jb
confidence limits

-fower 
-.-=fpper_-

"253 b

6 ^6Lg

a and

a and

b and

LÐ50 I"?O3 c

LD95 3L,5O7

" 
014

.)60

b are

^ 
9Yrô

c are

not significantly different
significantly different (P (

not significantly different

" 
078

?"296

.089

5 "793

" Lv6?

ll,013

,65j

36,762

a ¿{nr
¿ øó¿)

Lg6"9t+L

(P ) o"05)

o"05 )

(P ) 0"05)



6l+

three regressi-on lines obtained. for tÌre three ternperaturs5
i''/ere parallel. The regression lines differ significanLly
for T. castqåguq (tabte XIV and Figr-rre l&), g" suringr0-e4F*+5_

(Tabte zivr and Figur"e 16) , g" mgrca!_ojf (Tabre xvrr and
'fli-.-^ r.zl ^-rrguf'e Lt t and Q" fqrr:uåi4gue (Table Xvrrr and Figure 1g)"
For T" confusr¿qr, the regression l-ines at Boo and 60o, ancl

8oo and 50o F, showed significant difíerences, bu.t not at
at

ó0" and 50" F (Table XV ancl Figure 15), The slopes of the
regression liires íor all the insect, species hrere sirni-J-ar,

ranging frorn 3.? to 5"2, indicating hornogeileous populations
v,rith no individuals resisiant to rrralathion.

Bronophos, like rnalathion, shou¡ecl- a positive
temperature coeffieient (Tabre rr, page /jo, and rable w,
page tr6) " comparing the LÐ50 values of malathion, ob|ained.
at the three different temperatures for each species, it,
will be noted that the tD50 values d.o not differ greatly.
l''/ith brornophos, on t,he other hand, the differences are, in
some cases, spectacular. Thus, approxirnately lB times as

much bromophos is needed at 600 and 77.5 times as much at
5oo to cause the same lever of rnortality as that at B0o F
against T" castaqcgp" rt is obvious that brcärophos is
f,ar less toxic at row, than at high, temperatures" fn alt
insect speci-es at, atl temperatures the LD5o values rrere
significantly different. The test of parallelism showecÍ



ô.
THE tD50 , LDg5 QtC/vv.z) v¿,i,ups AND 95y', CON¡'IDENCE LTMTTS

OgtRiMNU UNI]ER THE HYPOTHESIS OF PARALLELISM FOR
g. caståfreum EXPOSEÐ T0 ivIALATHION AT THREE TEIvIPERATURES

-.-ExacL 95o/o
Temperature

oF

T;IBLE XITI

80

LÐ value

60

LD50

LDg 5

.895 a

2.Ll+g

o,

LÐ50 6"092 b

5o

Lower Upper

LDg5 l'h"627

a and

a and

b and

til50 10" 801 c

LÐ95 25.93L

e öUþ

l. 861+

b are

c are

c are

significantly
significantly
significantly

5 ' l+99

L? "6?t+

ooÊ

2"5t+8

9,862

22"t61+

6,77',1

L7,t+82

different
differenE

different

(P

(P

(P

1r.818

30.L85

(0"05)

( 0'05 )

( 0,05)



FIGURE 1l+

REGRESSION LINE,S OtsTAlI\ED AFTER ]IXPOSUÍ¿E OF

T, caqtæeun TO i''îALilTH-r0Il AT THREE TEi/iPEiìÄTUn'ES

i:r '.



L d) oÐ æ
.

o-

/

4 3

Y
1

Y
^

L¿ It t3

5 
"2

07
7

r"
60

55

"5
29

9

oó
Y

.r + +

h,
"3

25
1+

l+
"3

25
1+

l+
"3

Z
5l

r

2.
L5

 
6"

09
 I

0,
8 

Lt
+

"6
 2

5.
9

]< x

95

LO
G

. 
C

O
 N

C
E

N
T

R
 A

rt
O

N
 ¡

 m
o7

ttz
 )

80
0 

F

óo
o 

¡'

50
0 

F

T
'

rf
t

ã¡ c) rn z, -.
1 -> o n -{ Þ = -.1 s

80 50



THE tÐ50 , LÐgj (ttrc/wz) v¿iuus ,q,ND g jf¡, coNylDEI\trcE r,I]rtrrs
OBTAINED UIVDEA. THE HYPOTHESIS OF PARALLELISTTI FOR

T" ç-op-fu-sqm EXPOSED T0 ùIALATHION AT THIIEE TUvTPERATURES

Temperature

TABLE XV

80

LD vah.le

OU

rD50

LDg5

2"806 a

5,789

5o

LD50 L3,650 b

LDg5 28 "I6j

LD50 20 "l+51+ c

LDg5 Ì+2"203

Exaet 95/"
*confidsnce limits
t,ower -üpper-

a and

a and

b and

2,O95

l+"?87

b are

c are

c are

significantly diff eren'b (P ( 0"05)

significantly different (P ( 0.05)

not significantly different (P) 0"05)

LO "3t+5

10 Ê?Ã1//øv))

L6"O55

3L,760

3,681

10,5t+0

L9,22O

5B "737

25 "955

76"99)



FIGUIìE 15

REGR}ISSIONLINESOTTAI\,EDÄFTEREXFOSUREOF

T nonfilsum T0 I'riAL¿,THICN AT THiìltE TH"{PER/iTURES
r ê vvt¿¿

lli:i
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THE LÐ5o, LD1S (t'ic/rrz) V_ALUEs At¡¡v !5ft.C01'IFIDENCE LIMTTS
OeînÍNnp'únlnn THE HYPoTHESIS oF PARALLELISi\q FoR

q" surina.mensiã- nipo5nó to u¿l,ltnloN AT THREE TH',IPERATURES

Temperature

TABTE XVT

80

LD value

LD50

LDg5

hll

r'ìL,

"l+29 a

" 
886

LD50

LD9 5

5o

Exact, 95f"

__.- __-_

a and b are significantly differenb (P (0'05)

a and c are significantly different (P (0"O5)

b and c are significantly different (P ( 0"05)

4"620 b

g .5)9

LD50 6"981 c

.386

.7go

LD?S I4"bL3

4. ¿>O

Ê tr,2L

,b7 5

r,01L

5.020

to 
" 913

^ 
,,<1v @ ç*¿/4

L2 "gL5

7 .559

-/Lo, U)y



FIGURE 16

REGRESSION LI}]ES OBTAIÎ{ED AFTER EXPOSURE OF

g, suri+aB-gÞls- TÜ irirl],ÄTliloi{ ÀT T-F{3EE TEI'ÏPEI'ÀTURES
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. a.
THE LD50, LDg5 (tilG/FT¿) v¡,l,usS 4W 75|:,CoNFIDENCE LIMTTS

Oni¡Írqup-ûtqunn' TitE HYP0THESIS oF PARALLELISIVI FoR
g" qàrqarqå EXeOSED TCI Iv1ALATHI91r1 AT THREIE Tqv1PEA,ATU-RES

Temperature
oF

TABTE XV]T

80

LD value

OU

LÐ50

LDg5

?11
(J-

"766 a

2.O?)

LD50

LD95

)v

Exaet 95ul[

7,L3È b

t.279

a and

a and

b and

LD50 6"856 e

LDg5 18.088

ro4¿5)

'Ìr .e ro

ñ 
^7ã

c are

Upper

significantly
signi.ficantly

s ignifi cantly

2.32L

ç à,lc

,ggg

).730

5 "3LO

L2.gOC

l+"2L7

r r r^r+L4 " )Yö

different
different
different

9,004.

32 " b6Lv

(P ( o,05)

(P ( 0,05)

(P ( 0"05)



FIGURE 17

REGRESSIONLTI'JESOBTATI\íEDÁFTEREXPOSUREOF

g, meqc+toJ TO }"'IALATHIO}ü AT TI{REE TB'4PERATURES

't 'i



L (f
¡ oc (r (L

3

Y
1

Y
? I3

5.
45

05

3.
06

07

L"
73

53

.7
6

+ +

3.
90

t+
8

3 
" 
g0

&
8

3 
' 90

1+
8

2"
O

2 
3"

L4
 

6,
9 

9.
3 

19
,0

9

LO
G

"C
O

 N
C

E
N

T
 R

 A
T

T
O

N
 ç

 m
s¡

ttz
 I

95

8o
e 

¡'

60
0 

¡'

50
0 

F

nt rf
¡

ã¡ c) rr
l z -.
1 3 o 7 -{ Þ g- {

ts
o 50



THE LÛ50 
' 

LD95 $'IIG/FT¿ ) VALUES A1'JD 95f" CaTITIDENCE LIIIITS
OBTA]NED UNÐER THE HYPOTHESIS OF P,{RAI,LELISIVI FOR

g, ferrqjrineuç. EXPOSED TO IvIALATHION AT THREB TEI':iPEllATiJ'rì.ES

Temperature'oF

TABLE XVITT

80

LÐ value

OU

tD50

LDg 5

,728 a

2.361+

73

LD50 3,973 b

LDg5 L2,906

Exact gif"
conf idence limits - _-Lower Upper

aandb

aandc

b and. c

tD50 5.870 c

T.noÃ 'i o ñ^.tÐu./-/ L¿røvvl

")Yá

1 ÊÊÃ

are significantly

are significantly

are significantly

3 "3?5

LO. j7l+

3.098

5,o29

1< tAt.
L) ø LVLP

4"732

rÁ ÊÊ2¿vo uv&

different

different

different

6,gLO

25.506

(P ( o"05)

(P < o. oJ ).'

(P ( 0"05 )



FIGURE 18

REGRESSION LINES CBTAII{ED AFTER EXPOSURE OF

g. fe_rruginel_rs- TO i\iiÀLATHltil{ AT TFIREE TIII{PERATURE$
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75

that the three regression lines for o" mercet-oc and, Q"

ferruqineus brere parallel (Figure 19 and Figure ZO). For

0' mercqt,ot all the regression r-i-nes ?¡ere significantly
different (rabre xrx) and for c. fer4ugineug. the regression
li-nes for 8oo and 600 and 8oo and 5oo F d.iffered signifi:
cantly (fanle ;.\). The slope of the lines for C. fer-fR*
gineus is smaller than 0" mefcatoq, inclicating a hetero_
geneous population or probably the presence of resistanu
indivicluals in the population"

rn general, the various insect species used in the
experiment showed di fferent susceptibÍlity levels to each

insecticide (Table Iff , page t+2, Table IV, page t+i, Table
ve page &4, and rable vr, page Iþ6) " The susceptibility
l-evels of the different insect species to each insecticicì.e"
and at each temperaturer are sunmarized as foll_ows¡

es Susce ility to__Sach Insecticid.e



FIGURE 19

REGRBSSIOi\I tIi'üES OBTAII{EÐ AFTIIR, EXPOSUNE OF

g. nercqþot TO BRtì¡IOPHOS ÀT THREE T,II,ÍPERATURES
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F]GURE 20

REGR.ESSION LINES OBTAIhIED AFTER EXPOSURE O}-

ler:qgi"gg.Ug TO BROìI.'IOPHOS AT TI{Ì¡iE TI{I'IPERAT-URES



I dt oÐ æ
.

(L

.// ../

3

Y
l_

 =
 5

"5
36

5 
+

 Z
"8

Z
7B

 x

Y
z 

=
 2

"7
5L

'7
 +

 2
,8

27
9 

x

Y
3 

=
 1

"9
08

¿
L 

+
 Z

"8
Z

7g
 x

,/ 
.'/

//
,/ 

/'

'/ 
,/

,/ 
./

,/ 
.'

'l
r/

 
.'

./

"6
b6

95

2"
t+

66
 

6,
23

8 
l.2

.3
96

 
?,

3,
È

L7
 t

+
7 

"3
25

LO
G

.C
O

N
C

E
N

T
R

 A
T

T
O

N
 I 

m
s7

ttz
 )

8O
O

 F

6o
0 

tr
'

5O
O

 F

-t rs
Ì

x, o rf
l z, -{ 3 o f,t -{ Þ = -l 5

B
O 50



THE tD50 s LÐg5 $ttc/Yt?) V¿r,UnS nW gyf" C9I'JFIDENCE III.'IITS
OBTATNED UNDER Ti{E HYPOTHESIS OF PARALLETISM FOR

O, mercator EXPOSED T0 BROIúIOPHOS AT THREE TEI\TPERATURES

Temperature

TABLE XItr

BO

LD value

ou

LD50 3 ,1+96 a

LDg5 IO "gO7

79,

5o

tD50 g,a)2 b

LD?S 28 "L7 5

Exact 951,
confidence linits-Iowere

a and

a and

b and

LD50 32 "3LZ c

LDg5 100"801

3 "LL?

9 "L39

lr ¡ rno

c are

fI å 1|.¡ê

7"553

2l+"2?2

signifieantly
significantly
signifi cantly

3 "926

L3 " 63L

28 " 139

86"o?t+

LO " 5)8

33 " 508

different
different
different

36"668

L22,3L9

(P

(P

(P

( 0.05 )

( 0"05 )

( 0"05)



THE tD5O , LDg5 (UC/TT2 ) V¿i,UNS /J¡A g5,í, COI\]FIDEI\ICE LII,ÍTTS
OBTAiNED UÌ{DER THE HYPOTHESIS OF PARALTELIS]VI FORq, fe_rËusineus EXPOSED TO BR0I,IOPH0S AT TT{REE THIIIPERATIJRES

remperarure .""rTäå;l*nTf*r.-
^ñut'' LD value Lower---Tpper

TABLE XX

80

OU

LD50

LDg5

.6+6 a

z"ln66

79

5O

LD50 6^238 b

LD9S 23.8L7

a and

a and

b and

LD50 L2.396 c

LDg5 t+7 "325

"3L3

L"377

b are

c are

c are

significantly different (P (0.05)

slgnlficanbly dlfferenr (P ( 0,05)

not significantly different (P ) 0"0j)

3,552

L2 "2Ol+

L,I32

7 .2L2

7,3b7

2l+ 
" 

l+l+6

L2"L6t+

99 "oz9

23 "8?7

2AO "293
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In all the inseciicides and f:emperatures, r,^rith the

exception of malathion at B0o and 600 F, g" fqrEugiåql¿F_ vras

bhe most susceptible insect species and in all but trn¡o

i-nstances (DDT and lindane at 80o F) T, confusum was tjre

most resistant insect species. It is interesting to note

that C. felrugine.ju.g is the smallest and !" g-qqf-Uqu¡l the

largesb of the i-nsect species used,

F.elat-i.ve Sug. 
-c_e UÞjÞilltg_o_f E_ac_h Iqsect Spgc i_es- _!*9.. E+eh

Inseetieide at Each Temperature

ifxa¡nina.tion of the LD50 val-ues along each col_urnn of
Table II (page &0) indicates tÌre tolerance of an insect
species io each inseeticide at each terßperatur€o This is
seen more readily in the leader table at the end of this
section, Since malathion r,1ras the most effective insecticid.e

at all- temperatures for al-l the test insect species except

g" ferru&Lge_ug, the LD5O val-ues of malathion obtained for
each insect specíes at the sarne tenperature, vrere used to
calculate t'he relative potency of the other inseeticides,
i"e" l,,D-50 malathion _=---__ " The rel_ative potency vaiues

LD50 of each inseciide
of DDT, lindane, maLathion and bromophos are given j_n a

separate colurnn of Table fff , page I¡2; Table IV, page 43;

Tab1e V, page þ[ and Table VI, page bj, respeciively.
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T: -qg-Elaneut!.. The most effecti.¡e insectide against

T. castaqeum, àt B0o F, was rnalathion followed by bromophos,

linclane and. DDT" '{'fith al-l test i-nsects, except !. ferru-

gineus, the same pattern of insecticíde effecliveness was

ob|alned at 8Oo F. Tltus, as compared to malathion at 80o F,

approximately 2"6 times as much bromophos, 9"6 times as

much linda.ne and l+0.7 tines as much ÐDT was needed for the

same level of mortalit,Y of this species" At 600 tr', maì-aLirion

was also the most effective follor¡¡ed by DDT, lindane and

bromophos. As compared v¡ith malathion at 6O0 p, approxi-

mately 5"I times as much DDT, 6 times as much lindane and

7 times as much bromophos vüas needed for the same level of

mortality" At 50o F, malathion was bhe most effective

follolved by lindane, ilDT and bromophos, Thus as compared

witÌr malathion at 50o F approxiraately 1.I tines as much

lindane , ).3 times as much DDT and 77 "L tirnes as much bromophos

Ïras needed for the same level of mortality.

T, jpr,.fgsliIrl. In general, the same pattern of

insecticide effectiveness was obtained at the three tempera-

tures for this species as that of T" castqneum" Thus, àl

B0o F, malathion was the most effective follov¡ed by bromophos,

Iindane and DDT. As compared to malathion at 80o F, 2"1+ times

as much bromophos, /+ times a-s much lindane and 2L"6 times as

much DDT l.¡as need.ed for the satne level of mortality. Sinri-
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larly¡ âs conpared to malattrion at 600 F, 2,8 tinies as much

DDT, 3,3 tines as much lindane and 9,4 times as mueh bronro*

phos was needed for the same level of mortality" At 50o F,

as compared to malaühion, 1"8 tirnes as much lindane, 2"5

times as much DDT and 13"6 bimes as much bromophos i^ras

needed for the same level of morbality"

Q," sur:Lnamepgig," The same pattern of insecticide
effectiveness obtained for the two previous species at the
three temperatures was also obtained for 0, suriryalLggsf_g_.

Thus, ât 80o F, malathion r^ras the most effective insecticide
followed by bromophos, Iindane and DDT. As compared with
malathion at 8oo pe approximateLy 7.5 tirnes as much bromo-

phoss 57"4 tj.mes as much lindane and_ ?T)"0 times as mucÌ:

DDT was needed for the same level of niortaLity" At 600 F,

as compared to malathion, approximateLy ).6 ti¡nes as much

DDT, 6"7 times as much lindane and 8,5 times as much bromo:

phos was needed for the same level of mortality, lit 50o F,

as compared wit,h malathion, approximately 2.8 times as much

lindane, 3^3 times as much DÐT and ZO,O times as much

bromophos llras needed for the salne level of mortality,

9" nrerc.ator,. Ât 80o p, malathion was the most

effective insecticide forlowed by bromophos, lindane and

DDT' Á.s compared to nialathion at Boo F, approximatety l+"&

times as much bromophos, 27"8 times as much lindane and
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1"6-6 r.irncs âs much llDT was needed for the sarûe 1eve1 ofL)V6v v+¡r¡vv sL

mortality. At 600 Fr âs compared. with malatÌlicnr approxi:

rnateiy 2"9 times as much 'bromophos, 3"5 iintes as much

lindane and /*,] times as much DDT was needed for the same

level of mortality" At 50o F, as compared ruith malathion,

approximately L"9 tirnes as much DDT, J"I tirrres as much

lindane ancl t+,2 times as much bromophos was needed for the

same leveL of mortalitlt,

g. f-eryu.gl-neus," The most effective insecticide

against !" ferrugin-egs at 80o F, was linda-ne follolru-ed by

bromophos, malathion and llÐT" Thus¡ âs compared to lindane

at BOo ¡', approximately 2O"9 times as much bromophos, 22"7

times as much malathion aud )42,O times as much DDT was

needed for the same level of mortatity, At 600 F, lindane

was also the most effective insecticide and approximately

10.5 tirnes as much malathion, L6"5 times as much bromophos

and- L9"7 times as much DDT was needed for the same level of

mortali-ty. At, 50o F, lindane was the most effective insecti-

cid.e and approxinrately t+"2 tirrres as much mala-thion, 6"7

tirnes as much DDT and.9.2 tirres as much bromophos was needed

for the same Level of mortality.
Comparing t,he LD50 values obtained in all species,

except !" f.e-rrugiryeus, for all insecbicides at 8Oo tr'it is
obvious that the most effective insecticide was malathion

follor,,'ed by bromophos, lindane and DDT. At 600 ¡', malathion
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I^ras still the most effeetive folloi^¡ed by either DDT or

lindane and finafly by bromophos" Á,b 50o F, malathion was

the most effective followed by l-indane, DDT and bromophos.

T ' -gaFjgngg¡l

m confusum

Boo p

óoo F

500 F

BoO F

600 F

500 F

Boo tr'

600 p'

cno ç

8OO F

6o0 p

500 F

Boo ¡'
¡nO nou!

5OO F

0. surinamensis

i{alathion ) Bromophos ) Lincìane ) DDT

lvlalathion ) DDT ) Lindane ) Bromophos

ivlalathion ) Lindane ) ÐDT ) Bromophos

I{alathion ) Bromophos ) Lindane ) DDT

þialathion ) DDT ) Lindane ) Bromophos

Malathion ) Lindane ) DIIT ) Bromophos

luialathion) Bromophos ) Lindane) DDT

i{alathion ) DDT ) Lindane ) Brornophos

ivialathion ) Lindane ) DDT ) Bromophos

Uialathion ) Bromophos ) Lindane)ÐDT

ivlalathion ) Bromophos ) Lindane ) DDT

Malathion ) DDT ) Lindane ) Bromophos

Lindane ) Bromophos )MalathÍon ) DDT

Lindane ¡ it{alathion ) Bromophos ) DDT

Lindane ¡ l:,lalathion ¡ DDT ) Bromophos

u" mercator

C" ferruEineus



The ineffectiveness of methoxychlor, applied in
acetone to filLer papers, corresponds l.'¡i'b,h the resr-rlts of

St,rong and Sbur (f961) i,vho fou-nd that methoxychlor r^.'as less

effective against four stored-product insects '¡¡hen i'b r¡,¡as

applied in an acetone r:ather than ín an oil solutj-on,

Parkin (fç00) also realj.zed õhat methoxychlor, applied in

the f orrn of water dispersible poirder, had litt,Ie value as

a residual insecticide, since i'b was the least effec'r,ive of

twelve insectlcides against eight species of stored-producû

insects. Simil-ar poor results with rnethoxychlor ïrere

obtained by Vincent and Lindgren (,L957), 'r¡dalker (1960),

Strong sg al" (196I), King e! al, ltgøz) and Rowlands (tç02)

In the resulbs i-t lvas mentioned that T, casËaqeutu was the

only species that showed some susceptibility to rnethoxy-

chlor, This observation is in agreennrent v'¡ith Ashrafí and

Aijas Ã965) who also reported that rnethoxychlor v,¡as

effective against f, cast-Aqel4 for at least 10 days. On the

other hand, ltlatËers (f9óf ) reported that methoxychlor, in

the form of wettable powder, although slightly less effeci-
ive than DDT, effeciively control-led spider beei;les in

flour warehouses" It is possible that the poor toxic
results obi:ained wi'i;h methoxychlor are due priraarily to the

CHAPTER V

DISCUS$ION
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presence of aceöone in the spray solubion whieh prevented

the formatj-on of crystals on the filter paper after evapora-

tion of the solverrt" llethoxychlor in the crystalline form

is soluble in acetone but no crystals can be formed after
evaporation of this solvent" For this reason during the

purification technique in the laboratory, alcohol was used

as the solvent,

DDT

According to the results obtained b5r this study,

DÐT showed, in general, a negative tempera'bure coefficient
betv¡een BOo and 600 p and a slight positive ternperature

coefficient from 600 to 5CIo F* Similar results i,r¡ere

oirta-ined by v{oodruff (fç¡O) who also found that when DDT

î,¡as injected i-nto nymphs and adults of Qncopeltug. fasciqttåÞ_

(Dall, ) r a positive iemperature coefficient v¡as obtained in
the range of ternperatures 1oo bo ?.zo C (5Oo t,o 75o F) and a

negative temperature coefficient from 22o to 2go C n?o to
B4o F). Pradhan (l.949) also obtained a positive tempera-

ture eoeffici-ent for DDT when the test inseets r.Íere allov¡ed

to dose themselves for long periods of tinie on DDT residues

on filter papers before the assessment of mortality. This

phenomenon was explained on the basis of increased aciivity
of the test insects at high femperatures, resulting in
increased pick-up of chemical, tfhen tÌre insects l,{ere
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allowed to dose thentselves for short periods of time at the

different ternperatures and then transferred to cl-ean food

media for a given period of time before assessment of

mortality, a negative temperature coefficient was obtained,

The negative temperature coefficient of DDT has been re-
ported by many workers (Lindquist et gf,, I9l+5; Potte and

Giltham, L9b6; Dustan, L9L+7; Hoffman and Lindquist, Igbg;

Barker, L957; Vinson and Kearns, I95?; Das, L96L; and Das

anct l.'tclntosh, f9óI) .

The sliglrt positive temperature coefficient of DDT,

obtained. from 600 to 5Oo F, may be explained on the basís

of reduced activity of the test insects at the lov¡er

temperature" If the LD50 values of DÐT obt¿rined at 8Oo, ìn

all insect species, are coropared i^rÍth Lhose o'lotained at
-^O -50- F, DDT stílì- shows a negai:ive temperature coefficient,
being more effectíve at 5Oo than at 80o F.

With regard to species suseeptibility to DÐT,

Parkin (,l-gfi) reported that !" feråu&ilgus- was more suscept-

ible bhan O. sgrlnAqens.iq and 0. meJeaLgJ: to ÐDT dust at
ar^

25" C (77" F) and 70 per eent R, H" and that 0, surinarne4.såÞ_

was more resistant than 0" mercator. He also mentioned that

I" castaF.*egrn was more susceptible than f " gonfuglun. These

results are in agreement v,¡ith those obtained in this sLudy.

Parkin (19ó0) working with DDT anplied topically to !. cast_-

Anewl and T, con&isum at 25o C 177o F) , reported that both



89

speeies showed approximately the saríe level of susceptíbíl-

Íty to DDT, These results are not in agreernent with the

results obtained in this study which shovred that g. conflrs!4

was more resistant than T" castaneum" Parkín (L953) reported

that DDT dust ancl DDT water dispersible powder (Parkinu I966i

was more effeetive against 9" surinamens,þ and O" meggatoq

than T" eastaneum and T" con$usum" These results are not in

agreement wíth the results obtained in this study" This

dísagreement may be explained partly by the fact that itr the

tests by Pa.rkin insects were exposed for longer periods of

tirne (Z to 3 days) to the DDT residues and Q. surlnamensis-,

being more aetíve than th.e other tlvo species, picked up more

inseeticide, and partly by the fact that Parkin Ã900) used

a lov¡er temperature" On the other hand, a different method

of assessing mortality was used. Parkin (L966) ptaced lir¡ing

inseets on their backs and if they were unable to regain theír

normal position they were recorded as dead" Ïn this study,

insects that showed any sign of life b¡ere reeorded as alive.

The difference in results may be attributed to the fact

that O. ru"lpamenqis and 0, mercator showed more orolonged

post treatment toxic symptoms than T" castaneum and T'

confusum" However, in this studyu at 600 F, T" eaçta¡:ieum

and T. eonfusum were found to be more resistant than O.

su-rinamensis and O, mereator"
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The variable results obtained for liird.ane in this
study, at t,he three experimental temperatures, are i-n agree-

ment v'¡ith the results obtained by Hoffman and Lindquist
(L9t+9) v'iho also found that lincLane shoi,,¡ed different action
at different tenrperatures when used against different
insect species, sometimes shoiring a positive and sometimes

a negative temperati-rre coefficient, In general, lindane

was more effectir¡e than DDT against most of the insect

species at 80o and 5Oo F, and les.s effective at óOo F,

Parkiir (1960) reported thab C. ferrr¿qinqug was far less
resistai-It than 0" surinamensis and T. cas_Þaneum, to lindane,

at 25o C" These results are in agreement with those

obtaj.ned in this study. Parkin (L966) reported that t,
ca.staneu& was more resistant than 0. surin¿.mensis" This

finding does not agree lvith the results obtained in tiris
- -^ñstudy at BOe F. Horrever, at 600 F, T. cast_aneum r¡ras found

to be more resistant to lindane than 0" surinamensis"

jviala!hion

I,'ialathion showed a positive temperature coefficient,
being more effective at the higher than at the lower tenpera-
tu-res for all test insects, rt .showed extreme to:<icity to
all insect species, and the reductj-on of its effectiveness
at lower teniperatlr.res vras slight. These results are in
agreernent with the results obtained by Laì_tan et aI" (rç¡0)

90
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brho also reported that mala-thion shoired a positive tempera*

ture coeffj-cient. Similar results were obtained by Parkin

(1958, 19ó0, L966); Strong and sbur (fg6O) and Kalkar et al"
(1961), Parkin (tg00) reported that O" suri¡gg_ensié vias

more susceptible than T" cas,ÞeI\qu$ to residues of malathion

on filter papers at 25o C. This agrees i¡¡ith the results
obtaj.ned in this sbudy. Lemon (L966) obtained higher

mortalitj-es v¡ith T" castaqeum than with g. confUiium j-n tests

wibh malathion applied topically at 25o C ancl 70 per cent

R, H" The difference in suscepiibilitl. of these two specÍes

was expla-ined by the fact that the insects differ in size,

!" coFf-Usg: being 26 per cent heavier than T. ca_s.taneurg6

Sirnila.r resul-ts were obtained in the present work"

Brq$_o'phos_

Bromophos shov,red a positive tempera-ture coefficient
at the three experimental temperatlrres for a1l test insects.
In general, bromophos at 80o F was slightly less effective
than mala.thion against all experimental insects" This find-
ing is in agreement with Lemon (L966) who also reported

similar results with Lhis insecticide. At 600 and 5Oo F

bromophos vras far less effective against all insecb species

in this study" Lenon (lg0A, L967) reporbed that T. confus-un

wes more resistant than T. castgn-euq to bromophos" Simj_lar

levels of species susceptibility were obtained in the present

work.



Speeies SuscelrtÍbilit¡¡ to Different fnseetieides
ïn general, each test inseet shov¡ed different levels

of suseeptíbility to the different insecticides at the same

temperature" Shi et al." (1961), using various insecticides
sprayed directly on J" ,ÇêÊ!_arrê_14, reported that malathíon

was more effective than DDT" These results agree with

the results obtained ín this work. Vincent and Lindgren

(1957) evaluated the effectiveness of different inseetí-
eídes, applied topícally, against 3, egnfusqm and reported

that líndane was most effeetive, follor¡¡ed by DDT and

malathion, These findings are not in agreement with the

results obtaíned in this studv, presrlnably because of
dífferent rnethods of applying the i-nsectieide to the

test inseets. Strong and Sbur (1961) u after exposing

Ï" coqfusuq for 28 days to wheat treated with various

inseeticides e reported that lindane was the most effectj-ve

inseeticide follov¡ed by malathion and DDT. These results
agree part,ly wíth the resu.lts obtained in this study beeau_se

although DDT was the least effeetive insecticide, malathion

was more e-ffeetive than 1índane. The greater toxicity of
linrlane may be attributedo in part, to the fumigan| action
as well as to the contact exposlire which occurred during

the 28 days of the experiment" Because different metÌrods

were employed., the results are not comparable" Lemon (L966)

reported that T, ç_qn&Lsllm was more susceptible to malath-ion

Q2
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than to bromophos, both applied topically" These results

agree with those obtained in this study. Parkin (f960)

reported that 0" surj-tr¿¡.me-nsis, which was krighly resistant

to lindane, was extremely susceptible to malathion and that

T. g?-gtåCIsllü was also much more susceptible to malathion

than to lindane" These results are in fu.ll agreement ivith

the results obtained here. The greater effecti-veness of

lindane, compared with rnalathj-on to C. f errqs!.neus, may be

attribuied to the smaller si-ze of this insect in relation to

the other species, resulting in a higher surfa.ce area to

volume ratio. This may result in C" Ielrggilglls-, absorbing

more lindane, through the fumiga.nt action of the chemical,

than large species with srnaller surface area. to volume

ratios" According to Gratwick (tg>Z ) srnaÌl insects tend to

pick up roore insecticideo irt the forn of dr-r-st, from treated

surfaces than do larger species"

The general conclusion from the literature is that

most of these results confirm the broad ancl general pictttre

presented by the LD50 valu-es in Table II, page /ç0, in spiie

of different testing techniques, different insect strains

and different methods of assessing mortalitl' ¿¡¿ expressing

resufts,



rn conclusion, temperature proved io be an important

fa.ctor affecting the toxicity of some of the insecticides
comnonly used to control several inportant stored-product

insects" The different insecNicicìes sholn¡ed. different
toxicities to each species aû 'Lhe three experimental

temperatures. 0n Nhe other hand, sorne insecticides were

found to be more toxic than others against some stored-
product insects under certain tenrperature conditions,

under the condi-iions of these tests, the follol.ring
conclusions were reached:

1" rn general, a.t the three experirnental temperatures, DDT

shov¡ed a nega'uive tempera-tlrre coefficient, lÍncìane a

va.riable action and the orga.nophospkrorti.s insecticides,
rnala-thion and bronophos, a positive temllerature coef-
ficient"

2" Ì'lalathion r^¡as the most effective insecticide against
rnosi of the insect speci es, except C, f erru_gineus,

at the three temperatures of the experiment, Á.t B0o F,

the order of insecticide effectiveness agai.rst arl
inseci species, except C. ferru.qi4eus, tras nalathion,
bromophos, lindane and DDT. Àt óOo F, mala.thion,

excepi f or C, f erluåineus_, r,,.res the most eff eciive

CFIIIPTER VT
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folloi.^¡ed by eitìrer DDT or broinophos. ;lt 5Oo F,

rnalathion, excepb for C" f erli¿ginellQ_, was the most

ef-flective follorired by either linclane or DDI" Bromo-

phos was the least effective at 5Oo F in aLl test

insects "

Bromophos vras very effective at 80o F (slight,ly less

effective than malathion) against all the species

tested, but v'ras much less toxic at bhe lower tempera-

flltsÕQvu¡ vu 6

l+. Li-ndane lr¡as especially effective agains'tr C" ferzuEineUs

at all temperatu.res and was also quite effective
aga.inst tire other species" Temperature irad less

effeci on tire toxi-ci-'ûy of lincìane than on the otirer

chernieals,

DDT r^¡as the leasi effective insecticide at, t,lne hieh

ternperatllre, but quite effective at the lorler iempera-

UI.,{.I tiùô

6^ The most resistant insec-r, species at all- Nernper-atures

and v¡iih all inseciicides, except DDT and linda.ne ai
BOo F, was !. confrts*r!&j the most su-scepNible was

C. ferrUgineus, except in the case of rnalathion at

B0o and 600 F.

From the results of these tests soûte practical conclusions,

which may be expected io hold tru-e in field experiments may

also be dravrn" thus, under a rride range of storage terirpera-



tures, malathion, y¡irich is an inseciicíde of low acu.t,e and

chronj-c mammalian toxicityr ßâY be reccr¡rnended when long

residural tife is not reo.uired and when rr1årllr insect Species

of stored-product insects are present. l{hen storage

temperatures are above 8Oo F and v¡hen long resiclual life

i-s reo,uired, brornophos which is also very effective at high

temperatllresr måy be recomnended. !'ilhen storage tenperatures

Vary consiclerably and when C" ferruginegs alone is present,

linda.ne should be recommended in preference to malathion"

At low storage tempera,tures, lindane and DDT' are also

expecied to be effective against many species of stored*

nr,'nrìrrnf. i nsonNg"rv! vu 4v v

fn the Tropics¡ or in countries wiih prevailing high

storage temperatures throughout mosi of the year, malathion

and bromophos should be recommended in preference lo the

organochlorine insecti cides "
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