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ABSTRACT

The persistence of three organophosphorus and three pyrethtoið

insectici des app'l.ied to f ír pLywood surfaces were evaluateð at dosages

considered to be approptíate for the control of five species of stored-

product insects. The organophosphorus insecticides, bronophos, iodofen-

phos and ¡nalathion were. applíeð, as watet-base e¡nulsions at 0.5, 1'0,

and 2.5 g/^2 (actuaL ínsecticide); the pfrethroíd insecticides, pyrethrins-

piperonyl butoxide (1 :10), S-bioallethrin and bioethanomethrin were

applied as oil-base sprays at 0.5, 1.0 and 2.5 g/nz (actual insecticide)'"

Ttre residual effectiveness of each insecticide was conpared at 25+ 2oC

and 30 to 50eo R.H. against the confused fl0ur beetle, Tribolium confusurn

(Jacquelin du Val.); the red flour beelte, Eibolium castaneum (Herbst);

the saw-toothed grain beetle, Oryzaephilus surinarnensis (Linnaeus); the

merchant grain beetle, Oryzaephilus mgrcator (Fauvel); and the rusty

grain beetle, Cryptolestes ferrugineus (Stephens). Beetles were exposed

on fir pl¡vood surfaces treated with pyrethroid insecticides for 5 hours

and on surfaces treated with organophosphorus insecticides for 3, 5, 8,

16.and 24 hours; nortality $tas assessed 3 days after the beetles were

removed to crush rvheat at 27.5"C and 70% R.H'

Bronophos was the least effective conpound against aI'1 species

except C. ferrugineus. lrtalathion was nore toxic than iodofenphos and
.,

bromophos to all species exposed on surfaces for 5 hours at 0'5 g/n"

except C. ferrugineus but it was less toxic than iodofenphos against all

species at 1.0 g/*2. In general, iodofenphos $ras slightly more toxic

than nalathion and bronophos against C. ferrugilreus but it was as effective

as rnalathion against g. surinanensis and 9. meTcator at an exposure period

.of 5 hours; there l'¡as no significant difference betn¡een these compounds'

Malathion rvas significantly nore effective than iodofenphos and bromophos

(i)



a1aínst Tríbolium spp, l,laLathion was the most effective insecticide

against a71 species at an exposure períod of 5 hours and at aLL dosages

employed, whereas iodofenphos was the most effectíve insectícide at
.,

1.0 g/n". Iodofenphos was also found to be the most persístent insecti-

cíde against all specíes tested

0f the pyrethrins and pyrethroids that were tested, bioethanome-

thrin was the rnost effective insecticide agaínst O. surinanensis

O. rnercator and C. ferrugineus. S-bioallethrin was the nost effective

insecticide against Triboliun spp., whereas pyrethrins-piperonyl butoxide

(1:10) was the least effective anong insecticides tested against nost

of the species. Although bioethanomethrin was less toxic against

T. castaneum than S-bioallethrin, it provided adequate contlol against
.

this insect.

(iiì
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CHAPTER I

INTRODUCTI ON

This thesis is a study of the persistence and etfectiveness on

wood surfaces of several synthetic pytethroid and organophosphorus

insecticides in the control of five major species of stored-product

'insects"

The control of stored-product pests is of importance because it is

during the storage and processing stage that grains and food materials

have their greatest value in terrns of tine and effort spent on production.

Chemical control is, and perhaps always wi.ll be essential, but it nust

be closely integrated with all other aspects of food handling and proc-

essing to achieve maxirnun protection of the product.

Malathion. and pyrethrins are the major contact insecticide used

to protect stored cereals and cereal products against infestation of

stored-product insects. They are used to treat stored grain as rvell as

premises in rvhich food products are storecl (Watters , Ig73; Harein and

Las Casas , 1974).

Surface treatments rvith contact insecticides can be used effect-

ivety to protect insect-free comrnodities against infestation or to sup-

plement other treatments in the control of insect infestations. During

the preparation of grain bins, elevators, ild tvarehouses for storage,

all intericr structural surfaces of the facilities may be treated to

eli¡ninate insects not renoved b¡' routine sanitation procedures.

Statenent of the PÌoblen

The objectives of this str¡dv rvere firstly to determine the pers-

istence of the organophosphorus insecticides, bromophos, iodofenphos,



anð malathion on wood surfaces ay,aínst the confused flour beetTe, W-

boliurn confusum (Jacquelin clu tlal.); the red flour beetle, Tríbo1íum

castaneurn (Herbst); the saw-toothed graín beetLe, Otyzaephí7us t""it-

amensis (Linnaeus); the nerchant graín beetle, Oryzaephílus meTcator

(Fauvel.); and the rusty grain beetle, Cryptolestes ferruginerls (Stephens); :.;,.':,:

and secondly to investigate the persístence of the pyrethroid insectic-

ides, bioethanomethrin, pyrethrins-piperonyL butoxide (1:10), and S-

bioallethrin on wood surfaces agaínst the sane species of stored-product 
'':,:' ,"'''
:il ':::'i: _:

insects l' '

Importance of the Study

At least L}eo of the harvested food crops are destroyed by insects ,

rodents and fungi in the absence of control rneasures during storage and

transport; and current losses of 30% apparently aTe conmon in large areas 
i

of the world (Ha11, 1970), particularly in tropical and subtropical coun- :

:

tries rvhere the need for increased food is greatest. Although the loss
l

in the Canadian grain industry due to storage pests is singularly 
l

I

low, insect, mite and nold infestations cause grain heating, spoilage, and 
i

grade losses, and buyer conplaints can have serious consequences for indiv- 
i::,,:.:,;,,-,i:::tr-t-..

idual grain producers (Gray and Watters, 1953) t,,..',t,r,''.,'

The nain objective, therefore, in the use of insecticides is 
;r'::"':'::

to reduce or to eradicate insect pest populations. Ïn surface treat-

ments, treated surfaces form toxic barriers rvhich ki11, repel, or inact-
i,:,.t.Ì,1..,'

ivate insects (htatters, unpublished data fSt75). Resiclual insecticidal l;¡'';'':':"'

activity is desirable to prolong the period of protection as long as

possible after tTeatment to avoid the need for frequent reapplication.

Any environnental factor that affects the effectiveness of insecticide

usecl for insect control or adversel¡' affects the biology of the insect , 
"r',, ,

r.-.': ::,'':::':: ::



tnust be consídered in any ínsect control PTogram'

Surface treatments aTe commonly ernpl'oyed in the control of stored-

product insects. Malathion is nost widely used as a tesidual protectant

to spray stoTage prernises as weLt. as to protect stored grain. Although

malathion loses its toxicity alnost innedíately on concrete surfaces

(Parkin , L966; Lernon , Lg67), ít has proven to be persistent on neutral

pH surfaces such as filter papeT' wood, and sacking (Parkin , 1966).

The increasing use of nalathion will r¡ndoubtedly result in the

incidence and spread of its resistance to stored qrain Pests which are

noved from countty to country and co¡nmodity to corunodity through normal

trade channels. Resistance to this insecticide has resulted in control

failures under field conditions, ancl in countries rvhere this has not yet

occurredit is likely to happen quite soon if this insecticide continues

to be used (Dyte, 1970)

Pyrethroids, which possess repellent characteristics useful in in-

dustrial treatnents, have been used for nanv years to control stored-

product insects. Bronophos and iodofenphos have been shown to be the

effective substitutes for nalathion (Green et al., 1970; l{atters, 1970)"

Pyrethroid compounds, bioallethrin and s-bioallethrin, rvhich possess

inproved biological activitv' r{ere anong the nost effective to control

pests (Briggs et al., lg74; Rauch and Lhoste,1974)' There is' hol-

ever, no adequate infornation availabte on the persistence of these

insecticides on rvood surfaces. Further investigation on the persistence

of these alternative conporurds on surface treatment is needed'

Information provided bv this investigation' as fa1. as the persis-

tence and effectiveness of these insecticides are concerned, flâY stl.ggest

the substitution of one compouncì olf another for the control of a certain

l::1:

¡l:j'
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species or group of species of stored-product insects' lhis may tesuTt

in more effective and economicaL control 0n certain structutal sutfaces'

The resul ts of this inve stígation wiLl also províde informatíon

onthetypeofstructuraLsulfaceofatreatedgtanaty,eLevatoror

warehouse,thatfavotsmaximumpersistenceofagiveninsecticide

agaínst a certain species. However, more ínvestigation of these con-

pounds is needed for other structural surfaces, such as concrete and

metaL,tnatareconmonlyusedinnanypernanent-twestorages.

I

l

¡

:

i_r----:. -ir.



CHAPTER II

REVIEI4I OF TTE LITERATURE

Persistenc-e_on Structural Surfaces of Organophosphorus Insecticides,

Bronophos, Iodofenphos, and Mal.athion Against Stored-Product llsects

Ihe persistence and effectiveness of gta|n protectants aTe

governed by many factors. Llnder a wide range of environnental conditions

where grain protectants are applied, the effects of gtaín rnoisture and

tenperature are well known, but other variable factors are not so well

understood (Uinett , L974) "

In farn buildings or warehourses, environnental teÍlPerature and

the type of surface on which an insecticide is applied will affect the

persistence and effectiveness of insecticide deposits. Concrete and

other alkaline surfaces, which comrnonly conprise the interior surfaces

of storage buildings, often reduce the toxicity of insecticides. Mala-

thion, although highly effective against ¡nany species of stored-Product

insects, loses its toxicity alnost inmediately on concrete surfaces

(Parkin, 1966; Lemon, 1967). However, lfatters (1970) sholed that mala-

thion nay not break doln on concrete floors inpregnated with grain dust

in a terminal elevator as rapidly as on fresh concrete prepared in the
)

laboratory. Cogburn (1972) also reported that at 1.26 g/n-, nalathion

was ovelf 90 percent effective for 2 weeks and at 2.5 g/nz it was over

95 percent effective for 5 tveeks against T.

Gulf of l.lexico port tvarehouse.

Nalathion appears to be stable on surfaces that are near neutral.

High mortalities of I. confusum r,¡ere obtained for 16 weeks on filter

papers treated tvith ¡nalathion at 0.75 g/nz (Lenon, 1967). Sirnilarly' at a

rate of 0.86 g/m2, it was proved to be persistent on filter paper for 16

5

confusum on conctete floors in a
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rnonths agaínst the granary weevíL, Sitophilus granaríus (L.)' T. castaneun

and 0. surinanensis (Parkín and Scott, L960). Parkin (7966) found that

malathíon appLíeð on wood and sackin¡ at 0.43 g/nz persisted for 2'4 nonths.

The residual effectivenss of maLathion was much reduced by high

gtaín noisture and storage temPeTatures (Wattets, 1.959, Strong and Sbur,

1960) " Watters (1959) found that maLathion applied at 2 ppm to wheat of

lS.5% moisture content hras as effectíve as when appLíed at L6 ppm on wheat

of 15.5% moisture content against C. ferrugineus, and maLathion at 16 ppm

on wheat of Lgeo moisture content was ineffective against this insect. The

residual effectiveness of nalathion applied to wheat at 10 pp¡n was higher

at lg"C than 50oC, and it remained effective against insect infestations

for at least 12 nonths when storage temperature was not higher than 15.6oC

and the ¡noisture content of wheat did not exceed L4% at this dosage (Strong

and Sbur, 1960)

In evaLuation studies, malathion, being the principal contact

insecticide for the control of stored-product insects, is often used as the

standard compognd for assessment of new candidates under test. The develop-

nent of insecticide resistance in stored-product insects has Limited the

effectiveness of nalathion at the most useful stored-product insecticide

(Parkin et al.,1962; LaHue, 1969 a, bi D)"te, 1970; Watters' 1973).

Bronophos, although less effective than fenitrothion and nalathion

against TliÞslilm spp. and sitophilus spp. when applied topically or

adnixed on wheat (Lenon, 1967), is of considerable interest as a grain

protectant due to its stability under conditions of high alkatinity" It

could be suitable for treating concrete surfaces on which rnalathion

breaks down verl' rapidly (Parkin, 1966; Lemon, 1,967). Good control was
,)

obtained by using brornophos l.¡atel dispersible powder, applied at 0.54g/m-



to an infestecl wooden floor in a farm bui'l.ding agaínst S. gr'¿na'ríus; O.

g_q444en_!iå; the waste grain beetle, Alphítonhagus bifasciatus; and

Cryptolestes spp. Protection Tasted at Least 46 weeks except for T. Cast

aneum when only 54 petcent ki71 occurred at L0 weeks after tTeatment

(TyLer et a7. , 1969; Hope et a'!.. , L970)

The efficacy of bromophos as a pTotectant of bagged wheat. anð

barLey was proved, when applied as trater-based emulsion at 24 ppm, to

be fulLy effective against g. surinamensis fot 36 weeks and agaínst 1.

granarius for 24 weeks. Tt was indicated that 9.3 ppm of bronophos rvill

likely provide adequate control of q. surinamensis for up to 12 months

(Green et a!., LITO). At 0.5 g/mz, bronophos sprayed on bags or on

hessian sheets, which covered the stack of bagged maíze, gave less effec-

tive protection than that obtained with the routine lindane and nalathion

sprayings against the tropical warehouse moth, Þhestia cautella lValker

in Malarvi (Schulten , L973)

Bromophos is relatively stable on danp grain. At 16.5 percent

moisture content, the residual life of bronophos is longer than that of

rnalathion and fenitrothion (Ror.rlands , 1967)

Although bronophos is a useful insecticide for the protection of

grain, its slorv action detracts fron its Dotential value as a treatment

for high alkalinity prenises and as a treatnent for infested grain and

clean grain. Bromophos is considered to be a possible alternative to

¡nalathion as a grain pÌotectant only if insect resistance to malathion

becomes a problern and there is no better alternative (Green s! al.,

1970; Lemon 1967). Dyte and Rorvlands (1968) fourcl that the nalathion

resistant strain of I- castaneul:l fron Nigeria had no closs-tolerance to

bronophos.
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Iodofenphos is currently one of the new organophosphorus ínsec-

ticides of potentiall.y high ínrportance for stored graín protectíon. It

was proved to be ¡nore toxic to T. castaneum adults than malathion (Blackman,

1969) , and more effective agaínst the lndían-meaL rnoth, Pl.odia í"t.r-

punctella (Hübner), larvae than malathion and Garðona (McDonald. and Speirs,

L97l)rwhen applied topicaLLy. Tt was also reported to be more toxic to

the black carpet beetle, Attagenus Piceus (0livier), but less toxic to

T. confgsun than malathion. In a prelirnínary assessment on filter paper

(Gradidge, 1970), it was generally more effective than malathion when

applied as an enulsion at 0.8 g/^2 to various surfaces including brick,

concrete, asbestos and galvanized ¡netal of a clean rnodern granary which

was lightly infested with O. surinanensis (Gradridge et al., 1970)"

Although 10 parts per million of iodofenphos gave couplete pro-

tection of bagged wheat and barley for about 20 weeks against both 0"

surinamensis and S. granarius (Kane et al., 1973),'iodofenphos sprayed

directly at 0.5 g/nz on bags or hessian sheets which covered stacks of

bagged naize did not seem to be very effective against E. cautella in

Irfalawi (Schulten, 7973). Green (f973) reported that iodofenphos gave

as good control as nalathion both in laboratory and field trials when

applied either as an ad¡nixture or as a surface treatment to unshelled

groundnuts against a lindane-resistant Gambian strain, the groundnut

bruchid, Caryedon serratus (Olivier). Both compounds appear to be

satisfactory replacenents for lindane.

In several incidences frorn both laboÌ'atory and field experinents

iodofenphos has proved to be nore effective and has persisted longer than

rnalathion against nost of the stored grain insects. In particular,



lrJilkin et al. (1'973 a, b) demonsttated

than that of na'l.athíon when aoolieð to

surinamensis which is the specíes nost

Rowlands (1968)

I

its effectiveness was Tonger

warm and noíst wheat azainst O.

susceptible to møLathíon An

also demonstrated that the mala-

fron Nigeria had no cross-toLerance

experiment by DYte and

thion resistant strain

to iodofenphos.

of T. castaneun

Persistence on Structural Surfaces of Pyrethroid Insect

rins -Pi 1 butoxide. S-bioallethrin, and Bioethanomethrin

Asainst Stored- Product Insects

Natural pyrethrins are valued for their renarkably lethal action

against a wide range of insect species (Gnadinger, 1936-1945). The

insecticide activity of the pyrethrins is enhanced by the addition of

less expensive conpounds called synergists rvhich suppress detoxification

of pyrethrins and enable then to persist longer in the insect (Casida,

1970; Yamamota, Ig73). Pyrethroids vary greatly in the extent to which

they are synergized. Allethrin, bioallethrin, s-bioallethrin, md

tetranethrin are much rnore effective when synergized by piperonyl buto-

xide (Lloyd et al., 1970; Lloyd, 1973; Davies , 1974) " Although tetrame-

thrin was rnuch less toxic than pyrethrins against both I. castaneum and

S. granarius, in conbination rvith the synergist, piperonyl butoxide"

tetramethrin tvas slightly more toxic than oyrethrins plus piperonyl

butoxide against T. castaneum (Llo1'd et al " , 1970) " Piperonyl butoxide

has received extensive use as a synergist in fornulation rvith ÞYTethroids'

The conmercial fornulations nost rviclel¡' accepted for treatments against

stored-product insects contain Pyrethrins synergizecl r'¡ith piUeronyl

butoxide in a l:10 ratio (Gillenrr'ater and Burden, 1973).
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Pyrethrins plus píperonyl butoxide are used as a surface spTay

applied over the top of bulk-stored peanuts, to the outside sutface of

stocked bagged peanuts, and to burlap bags contaíning dried citrus pulp

anima¡ feeð to prevent ínfestatíons of stored-product insects (Anonymous,

1966; Luadani et aL., 1959) . Vlatters (1961) found that a deposit of

0.05 g pyrethrins and 0.5 g piperonyl butoxíde p"" 
^2 

applied as a spTay

on the cor¡ntry warehouse floor gave good control of the haíry spider

. beetle, Ptinus villiger (Reitter) , for 4 to 6 weeks. Plywood floor

targets and groved plywood waIL targets remained effective for 11 months

against C. ferrugineus r+hen pyrethrins plus piperonyl butoxide (1:10),

at 240 g/I,000 t3, *"t" applied as a fog in an enpty grain bin (lrlatters,

rs68)

Ttre persistence of pyrethrins has been shown to be inferior to

resnethrin as a surface treatment against adult nosquitoes (Hadaway et aI-,

lgTO). However, the formulations of synergized oyrethrins used for surface

treatmentsshould be applied to produce a deposit of about 0.05 g of pyr-

ethrins and 0.5 g of piperonyl butoxide per square neter of the surface

(Gillenrvater and Burden, 1973).

The value of repellency versus toxicity for protecting flour in

paper bags treated rvith synergized pyrethrins rvas demonstrated by Laudani

and Davis (1955). Further studies by Davis and Laudani (1956) and

Highland et al. (1964, 1966) led to developnent of an insect-resistant

treatment (IRT) for nultirr'all paper bags. The IRT rvas also orovecl to

be safe and effective for raisins packaged in 2-1b bags ancl a use label

for this tleatnent has been approved (Yarineton, 1972). Similarly,

pyrethrins and piperon¡'l butoxide are incorÞorated into the adhesive

layer of a bag r.Jater-ptoofed rn,ith cell.ophane laninated r,¡ith 0-0005 inch-thick



11

polyethylene, at concentrations of 0.054 g/nz and 0.54 g/nz, Tespect-

íve7y. The treatedbags complete'Ly orotected raisins and mixed fruit

for at Least 6 months in areas with high infestation of Otyzaephílus

spp., Tribolium spp., the maize weevil, sítophilus zeamais (Mots.)'
EE

P. interpunctella, and three species of the dermestid beetles , Ttogoderma

glabrum, T. inclusum.and T. variable (Anonymous, L97S). HoweveT, most

of the researchers agree that the toxic effectsof pyrethroids are lost

rapidly when applied to stored grain, whereas the repellent actions

rernain the primary factor for insect protection fron 6 to 12 nonths

(Harein and Las Casas, 1974).

Allethrin, resnethrin, and tetramethrin are the najor synthetiô

pyrethroids presently available commercially (Head, 1973) that could be

blended with natural pyrethrins. These are all esters of chrysanthenic

and pyrethric acid that may be in the (t)-cis, trans isomer such as

allethrin, resmethrin, pyremethrin etc. or for inproved biological

activity, (+)-trans structure, such as bioallethrin, S-bioallethrin,

bioresmethrin etc. (Elliott et al. , L967; Davies, 1974)

The allethrolonyl chrysanthenates, allethrin, bioallethrin and

S-bioallethrin, are particularly suitable for nosquito coils used in

Japan and Southeast Asia and because of their heat stability they are

rvell dispersed in the snoke during the burning of coils (Nishizarva, 1971;

Rauch and Lhost, 1974). S-bioallethrin r\'as the rnost effective (Rauch

and lhoste, 1974). Bioallethrin is 1.5 and 2 tines more toxic to S"

granarius and T. castaneun thrn allethrin respectively, whether syn-

ergizecl or not (Lloyd et al., 1970; Llo¡'d, 1973). Hol.eveI., allethrin

and bioallethrin rvere inferior to naturaÌ p¡'rethrins, especially rvhen

uns¡nergi:ed (Llo1'd, f975).

: -1:
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Since bioethanomethrin and S-bíoallethrin ate relatively new,

there is no informatíon avai'tah'l,e on the persistence of thesc corpounds

on any structural surface against stoted-ptoduct insects . ,ror"u"r, bíoe-

thanomethrin, the ethanochrysanthemate Rtl 11 679, is nore le-

thal than bioresnethrin and it is less pol ar than nost of the other

highly LethaL pyrethroids, epoxidatíon sti11. produces a good knockdown

ageît, which also retains sone killing action (Briggs et aL., 1974).



CHAPTIIR I T I

T,ÍATERIALS AND }4ETTIODS

1. MATERIALS

The present study was undertaken at the Research Station, Canada

Department of Agriculture, Winnipeg, Manitoba'

Experimental Insects

Five species of stored-products of the order coleoPtera; the

confused flour beetle, Tribolium confusum (Jacquelin du Val.), Tene-

brionidae; the red flour beetle, Tribolium castaneurn (Herbst), Tene-

brionidae; the saw-toothed grain beetle, Oryzaephilus surinarnensis

(linnaeus), silvanidae; the nerchant grain beetle, oryzaephilus nercator

(Fauvel), Silvanidae; and the rusty grain beetle, Cryptolestes ferrugineus

(Stephens),Cucujidae;wereselectedforthetestinsects'

Biolosv of ExPerimental Insects

The confused flour beetle and red flour beetle

The adults of T. confusurn and T. castaneun are flat, about 3

to 4 nm long, and reddish-brorsn. ïhey are distinguished by the follorving i''.',.-,:'.,..,,
f-t :,'.: :.:.t, i .

'.t ... : _ : . : : 
_.

characteristics (Figure 1.a, b) (cotton and lvilbur, 1974).

l5
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Figure !. Insects used in insecticidal petsístence and effectiness

on wood surfaces.

(a) The coirfused flour beetle, Tribolium confusun

(Jacquelin du Val. ), (Tenebrionidae, Coleoptera) -

(b) Ttre red flour beetle, Trilq4l¡m castaneun

(Herbst), ffenebrionidae, Coleptera) .
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(c) The saw-toothed grain beetle, Oryzaeohí|us

surinarnensis (Linnaeus), (Silvanidac, Coleo tera).

(d) The merchant grain beetle, Oryzaephilus

(Fauvel), (Silvanidae, Coleoptera).

mercator

(e) The rusty grain beetle,

ferrugineus (Stenhens),

Crfptolestes

(Cucuj idae, Coleoptera) "
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!, confusurn T. castaneun

a) Slightly larger than, 3.5nn a) Slíghtly s¡naller than, 3.3rrn

b) Antennae graðua77y enlargeð b) Antennae with the last three

toward the típ segments abtuptly enlarged

c) Eyes snaller c) EYes latger

d) Underneath, the vridth of each d) Underneath, the width of each

eye is about 1/3 the distance eye is equal to the distance

separating then seqarating then

e) lrrings not functional e) Wings functional

These species are serious pests of flour and other preoared cereal

products. They live in grain storagesand are particularly abundant in

dead flour stock and nutritious foods in protected places throughout

nills and cereal processing plants (Cotton , Lg63; Cotton and lt¡ilbur, L974) "

Fenales of these species lay up to 400 or ¡nore eggs loosely on flour

or on grain kernels. The larvae are yellorvish and feed extensively on

flour and or on the germ of rvheat kernels. The development period from

egg to adult nay be as short as 4 rveeks under favorable environmental

conditions (Cotton, 1963; hlatters, 1967). The length of the developrnental

period varies rvidel¡ depending on tenperatures, type of food, available

¡noisture and other factors. The optinum teÍtpelature conditions for the

rapid development of T. castaneum fron egg to adult , in 20 days,

h'as bettveen 35o and 37.59C at above 70e" R.H" At 70eo R.H'

and 22"C development from egg to adutt took 75 days (Howe, 1956b) "

In general, T. castaneum develops more rapidly than T. confustrm

' and has higher fecundity. The det'elopnental period for the ttvo species

hrere equal at ternperatures betr.'een 25" and 27"C, depenclin.q on humidity.

At lorser tenpeïatures, T. confustun developed faster than at higher
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tenperatures (llowe , '1.960).

T. confusurn and T. castaneum occur togethet in hot and ðry

climates (over 22"C and less than 60e" ?..11. ) or in hot and danp c7ímates

(over 22"C anð 7Oe" R.H.). In Canaða, T. confusurn is the major specíes

since the climatic conditions are moderate (less than 22oC and .ovet 55eo

R.H.) (Freeman, 1962). However, a survey of these insect species in

the Prairie Provinces of Canada was made by Lisconb e and l{atters (1962) ,

showed that T. confusum and T. castaneum were present in 4 percent and'

25 percent, respectively, of gtanaries examined. Sinha (1971) also

listed T. castaneurn to be one of the three chief insects that cause

heating in bulk grain storage in Canada.

The saw-toothed grain beetle aljl ggrchant grain beetle

O. surinamensis and O. mercator have similar habits. The

adults of both species are small, 2.4-3"5 nm long, slender, flat, red-

dish brorrrn to dark brown beetle rvith six sat,¡toothed-like projections on

each side of the pronotum (Cotton and l'lilbur, 1974) (Figure t. c, d)"

It h¡rs been clearly established in cross-breeding experinents, by Howe

(1g56 a) that they are distinct species. The two species can be separated

by the relative length of the temple and the vertical dianeter of the eye

(Howe, 1956 a; Loschiavo and Snith, 1970) and by the nale genitalia (Horve,

1956 a).

O. surinarnensis infests both stored grain and processed cereal

products. 9.. mercator has become firml¡' established as a household pest

of processed cereal products especiall¡' those of high oil content, but it

has not been reported fron stored grain in Canada (Liscornbe and hratters,

1962; Loschiavo and Smith, 1970).

The beetles live from 6 to t0 months. The fenaleslay frorn 50 to
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300 eggs. The tíme requíred for ðevelopment ftom egg to adult may vaTy

from 20 to 75 ðays dependíng on food, temperature and telative humidity.

Lowering the temperature and humidity slows TarváI development. The optimum

ternperature for 0. surinamensís was about 30-35oC and that for O. mercator

about 3O-32.5oC (Howe, L956a)

GeneraLly, these two species feed outside the kernels, though

individual snalLlarvae do penetrate the germ coveríng and develop in the

enbryo and renain as t'hidden infestationil during their developlnental

period. More progeny htere developed in rice (Turney ' 1957) and other

grains (Cotton and l¡Iilbur, L974) when both the noisture content and the

amount of cracked grain kernels were increased. O. surinamensis was

reported to be one of the chief insects that cause heating in bulk grain

storage in Canada (Sinha, 197L).

The rusty grain beetle-

9. ferrugineus does the. ¡nost damage to farm-stored grain in lfiestern

Canada. The adult insect is a flat, reddish-brotrn beetle, about 2 rnm

long, which makes it the smallest of the major grain-danaging insects

(Fig" 1.e). The females lay eggs under the outer layer of the kernel or

in the surface cracks. T?re larvae tunnel r¡nder the gern covering where they

feed on the grain r¡ntil they nature and pupate. Developrnent from egg to

adult takes from 24 to 98 da¡'s, depending nainly on temperature. The

optimum environrnental conditiors for the development of C. ferrugineus was

from 34 to 38oC and 75eo R.H. or higher, Populations increased more

rapidly in rr,hole rye and rr'heat grain than in the sane matetials rvhèn

they were coarsely growrd (Rilett, 1949; Cotton and ltrilbur, 1974).

C. fgrnrsineus is coldhard¡' and is mainly found in stored grain

in Canada; 36 percent of farm granaries tvere found to be infested in the

Prairie Provinces of Canada (Liscombe and t{atters, 1962). It tvas reported



to be the chief insect that causes heating in bulk g,rain storage (Sinha,

1971) .

Source and Culturing of Test Insects

Four to five hundred adults of each species used in the tests,

were obtained from standard laboratory cultures of the CereaT Ciop Pro-

tection Section, Research Station, Canada Department of Agriculture,

Winnipeg. These insect stocks have been maintained at this laboratory

for many years. No strain had any history of exposure to ínsecticide.

All insect cultures hrere reared in constant temperature cabinets

(Figure 2) which for T. castaneum 
"rrd 

g. ferrugineus were rnaintained at

30"C and 70eo R.H.; !. confusum, 0. surinamensis, and 9. rnercator were

u¡aintained at 27.5"C and 70eo R.H.

The cultures were kept in 2.6-Liter (T28 fI oz) jars covered with

filter papers. The filter paper was sealed at the top of the jar with

wax to prevent the infestation by stored-grain mites. The food nedia

on which the test insects were cultured are illustrated in Table I"

In order to obtain adults of known-age in insect cultures, 400-

500 adults of each species were added to fresh culture nedia in glass

jars. After a 3 to 4 day egg-taying period, the adults $reÌe rernoved by

means of sifting fron the culture media; and a new generation was obtained

fron the hatched eggs in approximately four rveeks for all insect species,

except C. ferrugineus rvhich required a longer period of development (about

six weeks) to conplete a generation.

Since the test insects had different periods of development, the

experiments rvere s¡'nchroni:ed to eoincide rvith the required age of each

test insect.

l9
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Fígure 2. A constant temperature and

used in laboratory rearing

insects"

hunidity cabinet

of stored-product
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Experinental Insecticídes

Narnes and sgurces of inseiÍicides

Malathion 83.6% wfv emulsífíable concentrate (cythion, Gtaín

Protectant Grade) , and malathion 25e" w/w wettable powder vrere sunplied

by Cyanamid of Canada Ltd., llontreal. Bromophos 40eo w/v enulsífiabLe

concentrate (Nexion EC 40) was supplied by Green Cross Insecticides,

Winnipeg. Iodofenphos 2Oeo w/v emulsif.iable concentrate (Nuvanol N 20)

was supplied by Clba-Geigy Canada Ltd., Montreal. Pyrethrins 6eo wfv

and piperonyl butoxide 60% w/v emulsifiable concentrate (Evercide 66 EC) '
S-bioallethrin 90% technical grade, and bioethanomethrin 80% technical

grade (RU 1I 679) were supplied by Mclaughlin, Gormley and King, Minneapolis,

Minnesota

The chenical names of the organophosphorus insecticides, malathion,

bronophos, iodofenohos; and the pyrethroid insecticides, pyrethrins-

piperonyl butoxide (1:10), S-bioallethrin, bioethanomethrin, are as

follols:

Malathion 0;O-dinethyl S-1,2-di(ethoxycarbonyl) ethyl
phosphorodithioate .

Bronophos 0- (4-brono- 2 , S-dich lorophenyl) 0, 0-dimethyl
phosphorothioate.

Iodofenphos 0-(2,S-dichlore-{- iodophenyl) 0,O-dinethyl
phosphorothioate.

Pyrethrins-piperonyl butoxide (1 : 10)

Pyr-ethrins Cinerolene Ì esters of mono- and di-chrysan-
þrethroleneJ themrrm carboxylic acid.

Piperonl'l Butyl carbitol 6-propylpiperonyl ether; -o'-2-
Buioxide (2-n-Butox)'ethox.Y) - ethoxy- 4 ,5-nethyl ene-di oxy-

2-propy I to luene .

S-bioallethrin d-trans chr¡'santhemummonocarborylic acid ester
f,¡ffi- s 1 l¡'t -d-h1' dro xy5 +n e th) I - 2 - c ¡'s 1 op en t en - I - on e'



Bioethanonethrin ð-trans ethano chrysanthemate of (5 benzyl.-S-furyl)
ãrñonol.

Organophosphorus llsesticide Formulations Used in ltlood Surface Experíments

The following formulatíons were evaluated: malathion emulsifiable

concentrate (EC) 83.6eo, bromophos emulsifiable concentTate (EC) 40%, and

iodofenphos enulsifiabTe concentrate (EC) 20%" These formulations were

diluted with distílled water to provide a deposit of 0.5, 1.0 and 2.5 g

active ingredient of each insecticide per square rneter when applied to

test surfaces at the rate of 0.05 liters per square meter.

Pyrethroid Insecticide Forrnulation: U*d in lVood Surface Experinents

Ttre following formulations were evalu¿ted: pyrethrins-piperonyl

butoxide emulsifiable concentrate (EC), 6% pyrethrins and 60% oiperonyl

butoxide; S-bioallethrin 90% oil-emulsion; and bioethanomethrin 80% oi1

emulsion" These formulations v¡ere diluted $rith Shell-Risella 17 oiI, a

non-volatile solvent, to provide a deposit of 0.5, 1.0 and 2.5 g active

ingredient of each insecticide per square meter when applied to test

surfaces at the rate of 0.05 liters per square neter.

Experi¡nentalflurface s

It¡ood sheets, original 4r x 8, x1.r.rr, good one side, fir plywood,

were obtained fron a local source. The sheets h'ere cut into square

panels which measured 30.5 cn x 50.5 crn comDrising a total area of
?2-930.25 cn- (r ft-)"

7,3
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1r. METHODS

The amount of inseeticide'deposited on a taTget from a spTayeT

is less than the amount applied because of spray droplet scatter at the

boundary of a square area of the target sutface. Losses caused by dropLet

scatter at the períphery of the target during the application of insect-

ieíde suspensions, emulsions, and oi1 emulsions were calculateð, by Parkin

(f 966), Lemon (1967) , arrd Watters and Grussendorf (1969) . ltratters and

Grussendorf (1969) found that the amount of Shell Risella L7 oi1 applied

with an ai-r-brush on Whatman no. 1 filter Paper taTgets was about

gZ ! I.L% of the total applied. Thus, it was possible to increase the

volume applied to compensate for the knolrn amount that would fail to be

deposited on the target

Schedule for treatrnents

The various concentrations of each insecticide were applied on

the target surfaces with a Pasche air brush (Figure 3), H-5 typte nozzle,

at a consranr pressure of 0.70 kg/cn? ¡rO fb/inz) for insecticide water-

base emulsions, Ðd 1.75 kg/on' (rt. tA/inz) for insecticide oil enulsions.

The volune of solutions required to give a uniforn distribution of insect-

icide solutions on wood, after several tests, t{as found to be 5 nI per

total area of 930.25 cm2.

One test surface of each wood panel tvas sprayed with 5 nl of each

concentration of each insecticide rvater-base emulsion and oil enulsion to
t

obtain an initial deposit of 0.5, 1.0 and 2.5 g/m'(Figure 4).

During application, test surfaces r{ere sprayed wtder the fune hood.

Control surfaces r{e}e spra¡.ed prior to the insecticide treatnents with

distilled rvater for tests rvith the insecticide rùater-base enulsion, and

with Shell Risella t7 oil for tests rvith the insecticide oil enulsion.



2S

Fígure 3. Pasche air brush sprayer, H-S type nozzle,

for appLying insecticide on fLr plywood surfaces.

Figure 4. Fir plywood surface was sprayed with Pasche

air brush sprayer t¡nder air pressure in fune

hood.
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The sprayeT Teseryoir was washed with acetone aftet applyíng each

concentrat.íon of each insectícide. T1ne sqTay took 40 seconds to apply

the insecticide water-base emulsion to each sutface (I3O.ZS øn21, anó 70

seconds to apply the ínsectícide oi1 emulsion.

Each experíment surface was repLícated 4 times

The code designatíons of test surfaces were narked on each surface

before application. Storage took place in horizonta1- shelves (Figure 5)

for wood surfaces tteated wíth insecticide vtater-base emulsion, and in

vertical racks (Figure 6) for wood surfaces treated with insectícide oi1-

enulsion in separate roons. Both rooms were maintained at 25 + 2"C and

30 t 50% R.H. In the storage room with horizontal shelves, one side of

the shelves ulas covered with plastic sheet to act as a barrier to prevent

the spread of particles to other parts of the roon which night be caused

by air turbulence. The appropriate control surfaces were kept apart fron

the insecticide treated surfaces

Bigassay of Test Surfaces

According to Iordanou (1968) the difference in ¡nortality of insects

either starved or not starved prior to exposure to a chemical, was less

than one percent when both insects exposed to the same dosage of the same

chemical under the sane environmental conditions. Therefore, all the test

insects used in these experiments were starved for 4-5 hours prior to e4p-

osure. This starvation period appeared to be the most suitable and con-

venient for the testing schedules.

Exposure of test insects to tr'ood surfaces treated rvith o

phosphorus insecticides

The initial and residual

assessed by' bioassa¡' tvith adults

effectiveness of

of T. confustrm,

each insecticide

T. castaneum, O.

was

sttrin-
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Figure S. A horizontal sheTf used to store wood

surfaces treated with organophosphorus insecticides

Figure 6. Vertical racks used to store wood surfaces

treated with pyrethroid insecticides"
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amensis, O. mercator and C. fetrugllteus at L, 4, 8, 16, 32, 52 and 80

weeks after tTeatment. Five groups of 20 adults of each species were

confinecl on each lest surface. One group of each species were exposed

fot 3, 5, 8, L6 and 24 hours.

Exposure of test insects to wood surfaces treated with Þvrethroid

insecticides

The initi aL and resídua1 effectiveness of each insecticide was

assessed at L, 4, 8, 16 and 32 weeks after treatment, with adults of

the same species and age which came from the sane stock culture as those

used to test the residual effectiveness of organophosphorus compounds applied

on wood surfaces. Five groups of each species were exposed for 5 hours.

Conditions during exposure to test surfaces

Two-to-four week old adults of all test insects obtained from

i standard laboratory cultures were counted randonly, without sexing, into 
I

batches of twenty. After a stalvation period of 5 hours, the insects

were confined in copper rings, 5"2 cm in diameter and 3 cn high (Figure

T) " The lower part of each ring was coated with fluon, polytetrafluor-

oethylene dispersion, to prevent the insects fron clinbing and escaping

from the barrier ring. The bioassay of insects was rnade in the laboratory

at 25 t 2oC'and 50 t l0% R.H., in darkness, to avoid increased activity

of the exposed insects which could affect the degree of poisoning.

i

Conditions after exposure to test surfaces

After the required periods of eì?osule, the treated insects tvere

¡emoved fron the test surfaces with an aspirator by ¡neans of vacuun

(Figure 8). Each lot of treated insects rvas placed in clean plastic 
:

vials, 2.4 cn in dianeter and 5 cm high, containing 5 g of crushed rvheat. 
,
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Fígute 7. Test insects were confined on test surface fot a

required period of exPosure.

Figure 8. ,"ra irrr"cts were removed fron test surface after

a required period of exposure by means of vacuun'
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The víals were stored at 27 .5"C and 70e" R.H. for 3 days prior to

assessíng nortality.

Assessment of MortaLity

For assessing the effectíveness of the insecticides against the

insect species , examínation for mortalíty were made 3 days aft'et

renoval from the treated surfaces. Test insects were classified as

dead, noribund (knocked down) or aLive by the rnethod used by Parkin

(1966). They were recorded as noribund (knocked down), or the onset

of patalysis, if their locomotory movenents clearly lacked coordination

or if they Layed on their backs and were unable to regain their norrnal

positíons. Death was deternined by lack of spontaneous movement and

by failure to respond to slight pressure from mechanical, heat or light

stirnulation. The occasional control death was corîected by Abbottrs

formula.

ti:::.:
. .'. ' ' '. :



CHAPTER IV

RESULTS

L. PERSISTENCE ON STRUCTURAL SURFACES OF ORGANOPHOSPHORUS INSECTICIDES

IN THE CONTROL OF FIVE SPECIES OF STORED-PRODUCT INSECTS

The persistence of deposits of bromophos, iodofenophos and nalathion

applíed as water-base emulsions on fir plywood surfaces vras assessed at

L, 4, 8, 16, 32, 52 and 80 weeks after treatnent. The surfaces were

bioassayed with adults of I. corulust¡n, T. castaneum, O. surinamensis,

9_. nercatoj and 9_. ferrugineus. Mortality determinations were made

after exposure periods of 3" 5, 8, 16 and 24 hours.

The nortalities of each species at the three dosage deposits, are

corrected for control deaths, and shown graphically in Fig. 9-13.

Results of the tests on fir plywood surfaces for the longer exposure

period treatmenLs (16 and 24 hours) indicate that very high nortalities

of all species were obtained by all of the three insecticides for the full

duration of the experiment (Tables 2, 3,41 8, 9, 13, 14r 18, 19, 23,24,

28,29). Only the results for the exposu¡e period of 5 hours wele

selected for statistical analysis (Tables 6, 11, 16, 2I,26). The results

for the 3, 8, 16 and 24 hour exposure hrere considered to be sufficiently

clear without the need for analysis.

(a) Persistence and Effectiveness of t

Insecticides Against Five Species of Stored-Product Insects

Persistence of bronophos on fir pl)"r.rood surfaces

Table 2, Fig. 9c, Fig. lOc, Fig.11c, Fig. 12c and Fig. lSc sunmarize

the percent nortality obtained rvith bromophos against five species of test

5r
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insect aftet exposure períods of 3, 5, 8, 76 and 24 hours. A'fter 1,6 weeks,

bronophos appliecl at 2.5 g/^2, provided complete control of all species

exposed on surfaces for 31 5r 8, L6 anð 24 hours. Aftet 52 weeks, onTy

at an exposure petioð of 24 hours, bronophos applied at 2.5 g/mz, provided

conplete mortality agaínst all species but ít was not adequate to control

T. confusum and T. castaneun at the exposure periods of 5, 8, and 16 hours"

At an exposure period of 3 hours, bromoDhos at this deposit was not

effective against any species of test insect except C. ferrugineus.
aAt a deposit of 1.0 g/^', bromophos gave high toxicíty against all

sþecies exposed on surfaces for 24 hours af.ter 52 weeks of treatment. For expo-

sure periods of 8 and 16 hours, this dosage was not adequate to kill any insect

species after 52 weeks except C. ferrugineus; and for exposure periods of

3 and 5 hours, bromophos provided adequate mortality agaínst all species

at 16 vreeks except r. confusum and l. castaneum. Bronophos at this

concentration gave only 41 and I}eo mortality against T. confusum and

T. castaneum, respectively, after exposure on surfaces for 3 hr at 4 wk

after treatment; and provided 54 and 59eo mortality against these insects,

respectively, after exposure on surfaces for 5 hr at I week after treatnent"

At a deposit of 0.5 g/n2, bromoÞhos gave effective control against

O. surinamensis, 9. nercator and 9. ferrigineus exposed on surfaces for 24

hours at 52 weeks after treatment. Bromophos seemed to be nore effective

against 0. surinamensis, O. rnercator and 9. ferrugineus than T. confusum
.,

atrd I. castaneun. At a dosage of 0.5 g/n', it provided adequate control

against 9. surinanensis,0. net'cator and C. ferrugineus at 16 tveeks after

tTeatnent t*'hen exposed on surfaces for 5, 8, and 16 hours. Although

bromophos applied at 0.5 g/*2 tùas not full¡'effective against T. confusum

T. castanetm, 0. surinamensis and 0. mercatoÌ exposed on surfaces for
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3 hours at 1 week after treatment, it g,ave complete conttol of

C. fettugineus up to I weeks aftet tteatment.

Persiglelce. of_íodofenphos on fir plywood surfaces

Table 3, Fíg. 9b, Fig. L}b, Fíg. llb, FiE. LZb and Fig. LSb

surn¡narize the resul ts obtained with íodofenphos for the five species of

test insect aftet exposure periods of 3,5, 8, L6 and 24 hours. After

52 weeks, iodofenphos applíed at 2.5 g/nz, províded complete control of

all species at all exposure periods.

At 1. O g/^2, iodofenphos gave adequate control agaínstall species

of test insects at aLl exposure periods for up to 52 weeks after tneat-

ment except for T. confusun and T. castaneum, all of which survived

exposure periods of 3 and 5 hours.

The results indicate that iodofenphos required longer exposure

periods at 0.5 g/^2 to kill all species of test insects.

The results also indicate that of the three compounds iodofenphos

wai the nost effective against Oryzaephilus spp. and E ferrusineus.

At a deposit of 0"5 g/nz, it persisted against three species for 52

weeks after exposure for 24 hours" Iodofenphos also persisted for 16

weeks against O. surinamensis, O. nercator and C. ferrugineus after

exposure for 5 and 8 hours, but r.Jas not effective against T. confusum

and T. castaneum" Adequate control of C. ferrugineus tvas obtained

at 52 rveeks when exposed for 5 and 8 hours. For exPosure periods of

3 hours, 0.5 g/m?, produced high mortalities against T. confusum,

T. castaneum,, 9. surinanensis and O. melcatol at I rveeks after treatment,

and persisted for at least 16 rveeks against C. ferrugineus at the sane

dosage.
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Persistence of malathion on fir plywood surfaces

Table 4, Fig. 9a, Fig. LÙa, Fí9. 1,7a, Fí9. l2a and Fig. 13a

sumrnari ze the results obtaíneð with malathíon for the five species of

test insects after exposure periods of 3,5, 8, '1,6 and 24 hours. At

52 weeks , malathion applieð at 2.5 g/^2, gave complete mortaLíty of aLI

species at all exposure periods.

At 1.0 g/^2, malathion provided corrplete controL against aIL

species at 52 weeks after treatment when exposed on surfaces fot 24 hours

For an exposure period of 16 hours, its toxicity started to decline

against T. confusum and !. castaneum at 52 weeks after treatnent but

it remained toxic against O. surinamgnsis, 0. mercalor and C. ferrugineus

at this dosage. At this dosage, nalathion also provided conplete control

of all species exposed on surfaces for 3, 5, and 8 hours for at least

16 lreeks after treatment. However, at 52 weeks, malathíon at 1.0 g/mzu

was ineffective against 0. surinamensis, O. mercatol and C. ferrugineus

exposed on surfaces for 3, 5 and 8 hours.

At 52 weeks, malathion applied at 0.5 g/^2, persisted against

all species exposed on surfaces for 24 hours" Very few of any species

were killed at this concentration at 52 weeks after treatment at exDosure

periods of 3, 5, 8 and 16 hours except for 0" surinarnensis at an exposure

period of 16 hours.

(b) Susceptibilit)¡ of Each Insect Species to Each Insecticide

The relative toxicity of.bronnophos, iodofenphos and nalathion ,.,irl

to the different species is presented in Fig-s. 9-13. Hottever, the

results of tneir toxicit¡, to each species and each exposure period have

also been illustrated in Tab1es 5-29 as follores: Tables 5-9 for T. confusum

Tables 10-1J for T. castaneün; Tables 15-19 for 0. surinamensis; Tables ::
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20-24 for O. mercatorl and TabTes 25-29 fot C. ferrugíneus,

Relatí ve susceptíbi7it of L.

malathlon

TabLes 5-9 and Fig. 9 show

T. confusum to each insecticiðe at

to bromo iodofen s and

the reLative susceqtlbiTitY of

exposure periods of 3, 5, 8; 16 and

24 hours"

Table 6 shows the percent mortal ity of the different insecticides

against f,. confusum exposed on surfaces for 5 hours. There were sufficient

differences in response to different insecticides of this species. The

relative toxicity of bromophos, iodofenphos and nalathion at different

dosages and different ages of deposit to T. confusum. is presented in

this table"

The orders of toxicity of the different anounts of deposit and

different ages of deposit of insecticides to I. confusr:rn exposed on

surfaces for 5 hours vÍere as follows. At a deposit of 0.5 g/^2, malathion >

iodofenphos > bromophos; at 1.0 g/^2, iodofenphos = malathion > bromophos;

)at 2.5 g/m", iodofenphos = malathion > bromophos; and atl v¡eek after

treatment, malathion = iodofenphos > bronophos; at 4 weeks, nalathion =

iodofenphos > bromophos; at I weeks, nalathion = iodofenphos > bronophos;

at 16 weeks, malathion > iodofenphos > blomophos', at 52 weeks, nalathion =

iodofenphos > bromophos

Malathion rvas decidedly the nost toxic insecticide against

T. confusum follorved by iodofenphos rthile blornophos trtas the least toxic

among the three insecticides tested.
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TabTe l¡ shows sígnificant díffetences in toxicity among i"he

thtee arnot¡nts of deposit of each conpound.

Bronophos z 2.5 g/*2 > 7.0 g/nz > 0.5 g/nz

Iodofenphos z 2.5 g/r2 > 1.0 g/n2 > 0.5 g/nz

VzaLathíon z 2,5 g/rîr2 > 1.0 g/^2 = 0.5 g/nZ

Relative susceptibíIity of T. castaneum to bromophos, iodofenphos and

malathion

Tables 10-14 and Fig. 10 show the relative susceptibility of

'i T" çagtanerlrn to insecticides at the exposure periods of 3,5, 8, 16 and

24 hours.

Table 11 shows the percent mortality of the different insecticides

against T. castanetJn exposed on surfaces for 5 hours. There were

significant differences in response to different insecticides of this

I species. The relative toxicity of bronophos, iodofenphos and nalathion :

, at the different amounts of deposit and different ages of deposit to

The orders of toxicity of the different anounts of deposit and

,i ifferent ages of deposit of insecticides to I. castaneum exposed on .',',

:):l. rurfaces for 5 hours r{ere as follorvs: at a deposit of 0.5 g/m', nalathion > 
,l;,,,,.,,

.')
iodofenphos > brornophos; at 1.0 g/n', nalathio¡r = iodofenphos > bromophos;

at 2.5 g/^2, nalathion = iodofenphos > bromophos; and at 1 tveek after

,, treatnent, malathion = iodofenphos = bromophosi at 4 tveeks, malathion > 
j:,.:,_::,

i'.'.,
iodofenphos > brornophos; at I rreeks, malathion = iodofenphos > bromophos;

at 16 rveeks, malathion > iodofenphos > brornophos; at 52 weeks, nalathion =

iodofenphos > bronophos.

In general, sirnilal pattet'ns of insecticide effectivetìess h'el'e
l

obtained at the three dosages for this species as for T. confusum. Tlius :
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nalathion was the most effectíve agaínst T. castaneum followed by

iodofenphos and bromophos was the \east effective cornpound.

Table 11 also shows signifícant differences in toxicity a'rong

the three amounts of deposit of each conpound.

Bromophos z 2.5 g/^2 > 1.0 E/m2 , 0.s g/n2

Iodofenphos z 2.5 g/^2 > 1.0 E/n2 , 0.5 g/nz

Malarhion z 2.5 g/^2 > 1.0 E/n2 , 0.5 g/n2

Relative susceptibility of-O. s¡¡ri¡anensiS to bromophos, iodofenphos and

¡nalathion

Tables 15-19 and Fig. 11 show the relative susceptibility of

O. surinarnensis to insecticides at exposure periods of 3, 5, 8' 16 and

24 hours.

Table 16 shows the percent nortality of tne áifferent insecticides

against 0. surinagensis exposed on surfaces for 5 hours. There were

significant differences in resoonse to different insecticides of this

species. The relative toxicity of brornophos, iodofenphos and nalathion

at the different arnounts of deposit and different ages of deposit to

O. sufinamensis is presented in this table.

The orders of toxicity of the different amounts of deposit and

different ages of deposit of insecticides to 0. surinamensis exposed on sur-

fsces for 5 hours r{ere as follorr¡s: at a deposit of 0.5 g/t2, malathion >

ioclofenphos > brornophos; at 1.0 g/^2, iodofenphos > nalathion > bronophos;

tat 2.5 g/n', nalathion = iodofenphos > bromophos; and at l tveek after

tteatnent, nalathion = iodofenphos = brornophos; at 4 weeks, malathion =

ioclofenphos = bromophos; at I rr'eeks, nalathion = iodofenphos > bronophos;

at 16 rr'eeks, nalathion > iodofenphos = bro¡nophos; at 52 t'leeks,

iodofenphos > malathion > bronopltos.



T
he

 p
er

ce
nt

 m
or

ta
lit

y
th

re
e 

or
ga

no
ph

os
ph

or
us

In
se

ct
ic

id
e

' 
T

A
B

LE
 1

5

of
 0

. 
su

rin
am

en
si

s 
be

et
le

in
îe

cî
ïff

i!ã
T

its
 

on

A
m

ol
g!

 o
f 

dg
po

si
ts

, 
0.

5 
g/

n2

. 
B

ro
m

op
ho

s

Io
do

fe
np

ho
s

M
al

at
hi

on

A
m

ou
nt

 o
f 

de
po

si
t, 

1.
0 

g/
n2

B
ro

m
op

ho
s

Io
do

fe
np

ho
s

M
al

at
hi

on

fu
no

un
t 
of

 d
ep

os
it,

 2
.5

 g
/g

1

B
ro

m
op

ho
s

Io
do

fe
np

ho
s

M
al

.a
th

io
n

P
er

ce
nt

 r
no

rt
al

ity
 a

fte
r 

ag
e 

of
 d

ep
os

it 
(r

ve
ek

s)

af
te

r 
ex

po
su

re
 f

or
 3

 h
ou

rs
 t

o
fir

 
pl

yw
oo

d 
su

rf
ac

es
.

69 95 10
0

15 56

10
0

96 10
0

10
0

5

10
0

10
0

l6

62 10
0

10
0

10
0

10
0

10
0

5 0

72

c?

86

10
0

10
0

10
0

10
0

10
0

0 0 0

69 10
0

10
0

10
0

10
0

10
0

0

39 30

10
0

10
0

10
0

36

10
0

10
0

vi o\



T
he

 p
er

ce
nt

 m
or

ta
lit

y 
of

 0
. 

su
rin

an
en

si
s 

be
et

le
 a

fte
r 

ex
po

su
re

 f
or

 5
 h

ou
rs

 to
 th

re
e

or
ga

no
ph

os
ph

or
us

 
in

se
ct

ic
id

e 
de

po
si

ts
 o

n 
fir

 p
ly

w
oo

d 
su

rf
ac

es
.

In
se

ct
ic

id
e

A
m

om
t 
of

 d
ep

os
it,

 0
.5

 g
/n

z

B
ro

no
ph

os

Io
do

fe
np

ho
s

M
al

at
hi

on

A
¡n

ou
nt

 o
f 

de
po

si
t;

T
A

B
LE

 1
6

P
er

ce
nt

 r
no

rt
aL

ity
 a

fte
r 

ag
e 

of
 d

ep
os

it 
lrv

ee
ks

)1
/ 
I 

S
.E

.

97 10
0

10
0

L'
o 

e/
^

B
ro

m
op

ho
s

Io
do

fe
np

ho
s

M
al

at
hi

on

A
m

ou
nt

 o
f 

de
po

si
t, 

2.
5 

g/
^2

1 I 1 2

z.
sa

Z
/

0a 0a

B
ro

m
op

ho
s

Io
do

fe
np

ho
s

M
al

at
hi

on

10
0

10
0

10
0

'M
ea

n 
of

 4
 r

ep
lic

at
es

2C
om

m
on

 le
tte

r 
fo

lio
w

in
g 

co
lu

¡n
n

84 99 10
0

;0
 

a

+
0 

a

+
 0

. 
a

in
se

ct
ic

id
es

 a
t 

th
e 

sa
m

e 
am

ou
nt

S
.E

.-
st

ar
¡d

ar
d 

er
ro

r 
of

 r
ep

lic
at

e

I : +

I 
1.

 4
3a

1.
 2

5b

0b

10
0

10
0

10
0

10
0

10
0

10
0

49 10
0

10
0

+
0 

a

+
0 

a

+
0 

a

+
0a +
0a +
0a

: I :

l. 
25

a

0b 0b

16

10
0

10
0

1.
00

99 10
0

10
0

35
:

so
I

99
+

+
0a

+
0a +
0a

1 : +

in
di

ca
te

s 
no

 s
ig

ni
fic

an
t 

di
ffe

re
nc

e'
:a

t 
S

t 
le

ve
l b

et
w

ee
n

of
 d

ep
os

it"
Ín

ea
n.

13
. 

38
a

7.
07

b

1.
25

c

1.
 2

5a

0a 0a

q?

99 10
0

10
0

10
0

10
0

10
0

0 l+ l+

+
0 

a

+
0 

a

+
0 

a

I : :

L.
 2

5a

0a 0a

'a
l. 

?5
a

1.
 2

5a

10
0

10
0

10
0

2+ 66
 1

30
:

+
0a

+
0a

+
0a

l. 
4{

a

25
.0

{b

14
.7

2c

41 99 10
0

: : :

10
. 

68
a

1.
2s

b

0b

tjl \¡

;ti



T
A

B
IE

 1
7

T
he

 p
er

ce
nt

 n
or

ta
i.i

ty
 o

f 
0.

 s
ur

in
an

en
si

s 
be

et
le

th
re

e 
o¡

ga
no

ph
os

ph
or

us
 
in

se
ct

ic
id

e 
de

po
si

ts
 o

n

In
se

ct
ic

id
e

A
no

un
t 
of

 d
ep

os
its

, 
0.

5 
g/

nz

B
ro

m
op

ho
s

Io
do

fe
np

ho
s

M
al

at
hi

on

. 
Æ

no
un

t 
of

 d
ep

os
it,

B
ro

m
op

ho
s

Io
do

fe
np

ho
s

M
al

at
hi

on

A
m

ou
nt

 o
f 

de
po

si
t, 

2,
5 

gl
rlÍ

P
er

ce
nt

 n
or

ta
lit

y 
af

te
r 

ag
e 

of
 d

ep
os

it 
(r

ve
ek

s)

af
te

r 
ex

po
su

re
 f

or
 I

 h
ou

rs
 t

o
fir

 o
ly

w
oo

d 
su

rf
ac

es
.

L,
O

 E
lm

ã

10
0

10
0

10
0

B
ro

m
op

ho
s

Io
do

fe
np

ho
s

M
al

at
hi

on

70 10
0

10
0

10
0

r0
0

10
0

99 r0
0

10
0

16

10
0

10
0

10
0

10
0

10
0

10
0

74 85

10
0

52

10
0

10
0

10
0

10
,0

10
0

10
0

I
29

2

96 10
0

10
0

10
0

.1
00 10
0

30

10
0 79

10
0

10
0

10
0

10
0

r0
0

10
0

t.r
r

C
a



T
A

B
LE

 1
8

T
he

 p
er

ce
nt

 m
or

ta
lit

y 
of

 0
" 

su
rin

am
en

si
s 

be
et

le
th

re
e 

or
ga

no
ph

os
ph

or
us

 
in

îe
c@

.ts
 

on

In
se

ct
ic

id
e

A
¡n

ou
nt

 o
f 

de
po

:it
s,

 0
.5

 g
/m

2

B
ro

rn
op

ho
s

Io
do

fe
np

ho
s

M
al

at
hi

on

A
m

ou
nt

 o
f 

de
po

si
t, 

1.
.0

 g
/m

2

B
ro

m
op

ho
s

Io
do

fe
np

ho
s

M
al

 a
th

io
n

ftn
ou

nt
 o

f 
de

po
si

t, 
2.

6 
e/

nZ

P
er

ce
nt

 n
or

ta
lit

y 
af

te
r 

ag
e 

of
 d

ep
os

it 
(r

ve
ek

s)

af
te

r 
ex

po
su

re
 fo

r 
16

 h
ou

rs
fir

 
pl

yw
oo

d 
su

rf
ac

es
.

10
0

10
0

10
0

B
ro

m
op

ho
s

Io
do

fe
np

ho
s

M
al

.a
th

io
n

10
0

10
0

10
0

10
0

10
0

10
0

to

10
0

r0
0

10
0

l6

10
0

10
0

10
0

10
0

10
0

10
0

10
0

10
0

10
0

52

10
0

10
0

10
0

10
0

I0
0

10
0

5

95 54

10
0

10
0

10
0

10
0

10
0

10
0

56

10
0

10
0

10
0

10
0

10
0

10
0

10
0

r0
0

vl ro



T
A

B
T

E
 1

9

T
he

 p
er

ce
nt

 n
or

ta
lit

y 
of

 ¡
Q

-.
 s

ur
in

an
en

si
s 

be
et

le
th

re
e 

or
ga

no
ph

os
ph

or
us

 
in

se
ct

ic
id

e 
de

po
si

ts
 o

n

In
se

ct
ic

id
e

A
m

ou
nt

 o
f 

de
po

si
ts

, 
0.

 S
 e

/^
2

. 
B

ro
m

op
ho

s

Io
do

fe
np

ho
s

M
al

at
hi

on

A
no

un
t 
of

 d
ep

os
it,

 1
..0

 g
/m

2

B
ro

m
op

ho
s

Io
do

fe
np

ho
s

Ila
la

th
io

n

ftn
ou

nt
 o

f 
de

po
si

t, 
2,

6 
gl

m
?

P
er

ce
nt

 n
or

ta
lit

y 
af

te
r 

ag
e 

of
 d

ep
os

it 
(r

ve
ek

s)

a,
fte

r 
ex

po
su

re
 f

or
 2

4 
ho

ur
s 

to
fir

 
pl

yw
oo

d 
su

rf
ac

es
.

10
0

10
0

10
0

B
ro

m
op

ho
s

Io
do

fe
np

ho
s

M
al

at
hi

on

10
0

10
0

10
0

10
0

10
0

10
0

10
0

10
0

10
0

16

10
0

10
0

10
0

10
0

10
0

10
0

10
0

10
0

10
0

s2

10
0

10
0

10
0

10
0

10
0

10
0

r0
0

10
0

10
0

10
0

10
0

10
0

10
0

10
0

10
0

10
0

r0
0

10
0

Ìo
o

10
0

10
0

10
0

10
0

10
0

q\



67

Therewas no significant ðifference in persistence and toxicíty

between iodofenphos and malathion, The results índicatc that iodofenphos

and malathion were equalTy effective agaínst 0. surinamensís whí1e

bronophos was the Teast toxic anong the thtee insecticides tested.

TabTe 16 also shows signi ficant differences in toxicity among

the three anounts of deposit of each cornoound.

Bromophos z 2.5 g/^2 > 1.0 E/nz s o.s g/nz

Iodofenphos: 2.5 g/nz > 1.0 g/nz > 0.s g/n2

Malathion z 2.5 g/^2 > 1.0 g/n2 > o.s g/n2

Relative susceptibility of -Q. ¡erc¿íor to bronophos, iodofenphos and

nalathion

Tables 20-24 and Fig. 12 show the relative susceptibility of 
l

9.. mercator to insecticides at the exposure periods of 3, 5, 8, 16 and

24 hours.

Table 21 shows the percent mortality of the different insecticides
,

against 0. nercatof exposed on surfaces for 5 hours. There were signi- 1

ficant differences in response to different insecticides of this species"

The relative toxicity of bronophos, iodofenphos and nalathion at the ..,',-',',''

., -

different amounts of deposit and different ages of deposit to 0. nercator -,,', ,'.
-: 

- 
l.-: .:

is presented in this table.

The orders of toxicit;* of different amounts of deposit and

different ages of deposit of insecticides to -Q. nercator exoosed on 
r,t ,,,,,,.,) ..'.:.:..:..

surfaces for 5 hours were as follorvs: at a deposit of 0.5 g/m-, :-
)

¡nalathion = iodofenphos > bromophos; at 1.0 g/n-, iodofenphos > rnalathion

bronophos; at 2.5 g/t2, nalathion = iodofenphos > bromophos; and at I tveek

after treatnent, malathion = iodofenphos > bromophos; at 4 weeks,



T
A

B
T

E
 2

0

T
he

 p
er

ce
nt

 n
or

ta
lit

y 
gf

 0
. 

rn
er

ca
to

r 
be

et
le

 a
fte

r 
ex

po
su

re
 f

or
 3

 h
ou

rs
 t

o
th

re
e 

or
ga

no
ph

os
ph

or
us

 
in

se
ct

ic
id

e 
de

po
si

ts
 o

n 
fir

 p
ly

w
oo

d 
su

rf
ac

es
.

In
se

ct
ic

id
e

A
m

ou
nt

 o
f 

de
po

si
ts

, 
0.

 S
 i,

/n
z

B
ro

m
op

ho
s

Io
do

fe
np

ho
s

M
al

at
hi

on

, 
A

m
ou

nt
 o

f 
de

po
si

t,

P
er

ce
nt

 m
or

ta
lit

y 
af

te
r 

ag
e 

of
 d

eo
os

it 
(w

ee
ks

)

B
ro

m
op

ho
s

Io
do

fe
np

ho
s

M
al

at
hi

on

A
no

un
t 
of

 d
ep

os
it.

t.o
 g

ln
?

60 90 10
0

B
ro

m
op

ho
s

Io
do

fe
np

ho
s

M
al

.a
th

io
n

67 94 10
0

2.
8 

gl
n2

95 10
0

10
0

16

10
0

10
0

16

96 10
0

10
0

96 10
0

10
0

52

27 16 95

81 10
0

i.0
0

10
0.

10
0

10
0.

0 0 0

66 r0
0

10
0

10
0

10
0

10
0

0 44 22

10
0

10
0

10
0

?6 91 10
0

o\ ¡.
..)



T
he

 p
er

ce
nt

 n
or

ta
tit

y
th

re
e 

or
ga

no
ph

os
ph

or
us

In
se

ct
ic

id
e

T
A

B
LE

of
 -

0.
 m

er
ca

to
r 

be
et

le
in

se
ct

ic
id

e 
de

po
si

ts

.)
fu

no
un

t 
of

 d
ep

os
it,

 0
.5

 E
/n

-

B
ro

m
op

ho
s

Io
do

fe
np

ho
s

M
al

at
hi

on

.A
no

un
t 

of
 d

ep
os

it;

P
er

ce
nt

 n
or

ta
lit

y 
af

te
r 

ag
e 

of
 d

ep
os

it 
(r

ve
ek

s)
1/

 t
 S

.r
.

B
ro

m
op

ho
s

Io
do

fe
np

ho
s

M
al

at
hi

on

A
m

ou
nt

 o
f 

de
po

si
t,

2T af
te

r 
ex

po
su

re
 fo

r 
5 

ho
ur

s
on

 fi
r 

pl
yw

oo
d 

su
rf

ac
es

.

1

87
 +

 4
,7

9a

99
 +

 L
,Z

S
a

10
0+

0 
a

t
1,

0 
g/

n-

2/
 

lo
o

10
0

10
0

10
0 

+

10
0 

+

10
0 

+

2,
5 

g/
nz

B
ro

m
op

ho
s

Io
do

fe
np

ho
s

M
al

at
hi

on

'M
ea

n 
of

 4
 r

ep
lic

at
es

'C
om

m
on

 le
tte

r 
fo

llo
w

in
g 

io
lu

m
n

in
se

ct
ic

id
es

 a
t 

th
e 

sa
m

e 
an

ou
nt

S
.E

"-
st

an
da

rd
 e

rr
or

 o
f 

re
pl

ic
at

e

10
a

t0
a

t0
a

0a 0a 0a

to

62 10
0

10
0

10
0

10
0

10
0

10
0

10
0

10
0

I + :

+
0 

a

+
0 

a

+
0 

a

4.
33

a

0b 0b

t0
a 

99
 I

t0
.a

 
10

0g
t0

a 
10

0+

16

66
:

7s
t

10
0 

!

10
0

10
0

10
0

1;
 2

5a

0a 0a

t0
.a

t0
a

10
a

6.
25

a

4.
 0

8a

0b

in
di

ca
te

s 
no

 s
ig

ni
fic

an
t 

di
ffe

re
nc

e'
:a

t 
5t

 le
ve

l b
et

w
ee

n
of

 d
ep

os
it.

m
ea

n"

52

10
0 

r
10

0 
.t

10
0 

t

85

10
0

10
0

0 6+ 0

t t t

I 
1.

 7
3a

0b 0b

0a 0a 0a

a

3.
 l4

a a

10
0

10
0

10
0

0

62 T
7

t0
a

t0
a

t0
a

é

2r
.6

5b

14
. 

2 
lc

l + L

67 10
0

10
0

: : +

21
. 

36
a

0b 0b

o\ (¡
¡



T
A

B
T

E

T
he

 p
er

ce
nt

 n
or

ta
lit

y 
of

¡[
. 

m
er

ca
to

r 
be

et
le

th
re

e 
or

ga
no

ph
os

ph
or

us
 
in

se
ct

ic
id

e 
de

po
si

ts

In
se

ct
ic

id
e.

A
m

ou
nt

 o
f 

de
po

si
ts

, 
0.

5 
g/

m
2

B
ro

m
op

ho
s

Io
do

fe
np

ho
s

M
al

 a
th

i o
n

A
no

un
t 
of

 d
ep

os
it,

B
ro

m
op

ho
s

Io
do

fe
np

ho
s

. 
M

aL
at

hi
on

A
m

ou
nt

 o
f 

de
po

si
t,

22 af
te

r 
ex

po
su

re
 f

or
 8

 h
ou

rs
on

 fi
r 

pl
yw

oo
d 

su
rf

ac
es

.

P
er

ce
nt

 r
no

rt
aL

ity
 a

fte
r 

ag
e 

of
 d

ep
os

it 
(r

ve
ek

s)

t.o
 e

ln
?

10
0

10
0

10
0

B
ro

m
op

ho
s

Io
do

fe
np

ho
s

M
al

at
hi

on

z.
s 

E
ln

Z

99 10
0

10
0

to

10
0

10
0

10
0

97 10
0

10
0

16

10
0

10
0 99

10
0

10
0

10
0

99 95 10
0

52

10
0

10
0

10
0

10
0

10
0

10
0

2 3t 1

10
0

10
0

10
0

10
0

10
0

10
0

T
7

10
0 94

10
0

10
0

10
0

96 r9
0

10
0

(¡ 5



T
A

B
LE

T
he

 p
er

ce
nt

 n
or

ta
l.i

ty
 o

f 
!. 

rn
er

ca
to

r 
be

et
Le

th
re

e 
or

ga
no

ph
os

ph
or

us
 in

se
ct

ic
id

e 
de

po
si

ts

In
se

ct
ic

id
e

A
m

ou
nt

 o
f 

de
po

si
ts

, 
0.

5 
s/

n2

. 
B

ro
m

op
ho

s

Io
do

fe
np

ho
s

M
al

at
hi

on

A
m

ou
nt

 o
f 

de
po

si
t,

B
ro

m
op

ho
s

Io
do

fe
np

ho
s

M
al

at
hi

on

A
m

ou
nt

 o
f 

de
rlo

si
t,

P
er

ce
nt

 n
or

ta
lit

y 
af

te
r 

ag
e 

of
 d

ep
os

it 
(r

ve
ek

s)

23 af
te

r 
ex

po
su

re
 f

or
 1

6 
ho

ur
s 

to
on

 fi
r 

pl
yw

oo
d 

su
rf

ac
es

.

l.o
 s

ln
?

10
0

10
0

10
0

B
ro

m
op

ho
s

Io
do

fe
np

ho
s

M
al

.a
th

io
n

2.
6 

sl
n2

10
0

10
0

10
0

10
0

10
0

10
0

10
0

10
0

10
0

16

10
0

10
0

i0
0

10
0

10
0

10
0

99 10
0

10
0

52

10
0

10
0

10
0

10
0

10
0

10
0

6

99

7

10
0

10
0

10
0

10
0

10
0

10
0

39

10
0

10
0

10
0

10
0

10
0

10
0

r0
0

10
0

o\ tjr



T
A

B
LE

T
he

 p
er

ce
nt

 m
or

ta
Li

ty
 o

f1
Q

, 
m

er
ca

to
r 

be
et

le
th

re
e 

or
ga

no
ph

os
ph

or
us

 
in

se
ct

ic
id

e 
de

po
si

ts

In
se

ct
ic

id
e

A
¡n

ot
rr

t 
of

 d
ep

os
its

, 
0.

 S
 e

/n
z

B
ro

m
op

ho
s

Io
do

fe
np

ho
s

M
al

at
hi

on

. 
A

m
ou

nt
 o

f 
cl

ep
os

it,
 L

.0
 g

/m
2

B
ro

m
op

ho
s

Io
do

fe
np

ho
s

M
al

at
hi

on

A
¡n

ou
nt

 o
f 

de
po

si
t,

24 af
te

r 
ex

po
su

re
on

 fi
r 

pl
yw

oo
d

P
er

ce
nt

 m
or

ta
lit

y 
af

te
r 

ag
e 

of
 d

ep
os

it 
(r

ve
ek

s)

10
0

10
0

10
0

B
ro

m
op

ho
s

Io
do

fe
np

ho
s

M
al

at
hi

on

fo
r 

24
 h

ou
rs

 t
o

su
rf

ac
es

.

2,
6 

el
m

2

10
0

10
0

10
0

10
0

10
0

10
0

10
0

10
0

10
0

16

10
0

10
Q

10
0

10
0

10
0

10
0

10
0

10
0

10
0

c?

10
9

10
0

10
0

10
0

10
0

10
0

10
0

10
0

10
0

10
0

r0
0

10
0

L0
0

10
0

10
0

10
0

10
0

10
0

io
o

10
0

10
0

10
0

10
0

10
0

o\ c\



67

mal.athíon = iodofenphos = bromophos; at 8 weeks , malathion =

iodofenphos > bromophos, at 16 weeks, nalathion > iodofenphos> bromophos;

at 52 weeks, iodofenphos > nalathion > bronophos.

There was no significant difference in persistence ancl toxicity

between iodofenphos and nalathíon. Iodofenphos was equalLy effective

as that of malathion against g. nercator while brornophos was the Teast

toxic among the three insecticides tested.

Table 21 also shows significant dífferences in toxicíty among

the three amounts of deposit of each cornpound.

Bronophos z 2.5 g/^2 > 1.0 g/n2 > 0.s g/nz

rodofenphos ; 2.s e/^2 > 1.0 g/n2 > 0.5 e/nz

Matathion z 2.5 e/^2 > 1.0 g/m2 = 0.5 e/n2

Relative susceptibility ofJL fe¡¡¿gi¡gLlE to bronophos, iodofenphos and

ì utalathion

Tables 25-29 and Fig. t3 show the relative susceptibility of

C. ferrugineus to insecticides at exposure periods of 3, 5, 8, 16 and

24 hours

' Table 26 shor+s the percent mortality of the different insecticides

against C. ferrugineus exposed on surfaces for 5 hours. There were

significant differences in response to different insecticides of this

species. The relative toxicitl' of bromoÞhos, iodofenphos and malathion

at the different amounts of deposit and different ages of deposit to

C. ferrugineus is presented in this table.

The orders of toxicit¡' of the diffet'ent amounts of deposit and

different ages of deposit of insecticides to C. ferrugineus exposed on

surfaces for 5 hours r!¡ere as follor,¡s: at a deposit of 0.5 g/*2,.
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iodofenphos > brornophos = maTathioni at L.0 g/^2, ioðofenphos >

bronoohos = malathioni at 7.0 g/a2 , io<1of enphos > bronrophos = maTathioni
)at 2,5 g/n", iodofenphos o bromophos = mal,athi.on. At 7, 4, and 8 weeks

after tTeatment, al all deposíts, iodofenphos = brornophos = malathion; at 76

weeks, at I.0 and 2.5 g/nz, ío<lofenphos = bromophos = rnalathion but at 0.5
)

g/m", iodofenphos ) bromophos > malathion; and at 52 weeks, íoclofenphos pro-

duced SLeo mortality bu1- malathion and bromophos were completely ineffective.

Although iodofenphos seens tp be the nost effective against

C. ferrugineus at aL1 dosages, therewereno sigaificant differences

among these three insecticides.

Table 26 a1-so shows significant differences in toxicity anong

the three amounts of deposit of each compound.

Bromophos z 2.s g/^2 > 1.0 g/n2 > o.s g/nz

rodofenphos : 2.5 g/^2 > 1.0 g/nz > 0.s g/nz

Malathion z 2.s e/^2 > 1.0 E/nz s o.s g/n2

(c) Evaluation of Extended Age of Deposit of

0rganophosphorus Insecticides on lVo_od Surfaces Against

Five Species of Stored-Product Insects.

In spite of the high mortalities still being affected by all

insecticides at 52 rveeks when test species rr'ere exposed for 24 hours

(Table 9, 14, 19,24,29), the surfaces rçere used for additional exposures

of furtìrer batches of insects after 80 weeks. The resulting percentage

nortalities aÌe sunnari¿ed in Table 50.
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TABLE 30

The percent mortality of five species of stored-product insects after
exDosure fot 24 hours to bromophos, iodofenphos ancl malathíona deposíts
on fír plywooð surfaces rvhich were used once prevíously at 52 weeks.

Speci es

Percent mortality at age of dcposít of 80 weeks

bromophos iodofenphos naLathion

)
Amount of deposit, 0.5 g/n-

T. confusun 0
î. ffirn o
õ'. lffiiis 2e
õ'. mã-rcatoi- 49
d. ffi-eus 29

.,
Anggnjr of deposit, 1.0 g/n"

T. confusum 0
L castaneuÍr 7
õ-. ffiiñãnsis 76
O. mercator 100

I
4

70
47
70

100
97

100

t0
83
95
51
19

100
100

27
87

100
95
55C. ferrugineus 100

)
Anor:nt of deposit, 2.5 g/m-

T. confusurn
l. castaneum

4
27

100 100
100
100õ. ffiIiffisis 100

õ'. ¡nercator 100
C. ferrugineus 100

tttortatity deterninations were nade at 80 weeks after treatment.
Each value is the average of 4 replicates.

100
r00

100
100
100
100
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?. PERSISTENCE ON STRUCTURAL SURFACES OF PYRET}IROID INSECTICTDES

IN TTIE CONTROL OF FIVE SPECTES OF STORED-PRODUCT INSECTS

The relatíve toxicíties of the three pyrethToid insecticídes to

five stored-product insects are shown in histograms (Figs. 74-16). The

mortalíties virere determíned at L, 4, 8, L6 and 32 weeks after.tTeatment;

in most compourds tested vety Little nortality occurred after 16 weeks.

Tables 3I-33 give the percent mortaLity after each species was

exposed for 5 hours on surfaces treated with pyrethroids.

(a) Persistence and Effectiveness of the Three Pyrethroid Insecticides

Against Five Species of Stored-Product Insects

Persistence of pyrethrins-piperonyl butoxide (1:10) on fir olywood surfaces

The results indicated that the residual effectiveness of this

treatnentagainst all species on fir plywood surfaces did not last longer

than 8 weeks (Fig. 1{ Table 31) " A very low rnortality was obtained

with all species at aII dosages applied. C. ferrugineus was the only

species susceptible to this synergized pyrethrins. At a

concentration as high as Z.S g/nz, only 69 percent mortality was obtained

against this insect at 4 weeks. Holever, pyrethrins-oiperonyl butoxide

(1:10) was pïoved to be more effective than S-bioallethrin against

C. ferrugineus but less effective than bioethanomethrin (P < 0-05).

Persistence of S-bioallethrin on fir pl)nvood surfaces

Fig. f5 and Table 32 shorv that S-bioallethrin tvas the nost
)

effective conpound tested against Tribolium spp" At 2.5 g/m-, it provided

effective control of I. castaneun up to 16 rveeks. Holever, deposits of
')

0.5 and 1.0 g/m'were ineffective against 0. surinamensis,0. mercator

and C. ferrugineus, erposed on sulfaces for 5 hours.
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Figure 14. Relative susceptibíIíty of five stored-produce species

exposed for 5 hours to oil enulsion deposits of pyrethrins-

piperonyl butoxide (1:10) on fir plywood surfaces at differ-

ent tines after treatment.
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TAP,LE 3L

The percent mortality of five,species of stored-product
expoiure for 5 hours on pyrethrins-piperonyT butoxí<lea
on fir plywoocl surfaces.
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Figure 15. Relative susceptibílity of five stored-product species

exposed for 5 hours to oil emulsion deposits of

S-bioallethrin on fir plywood surfaces at different

tinres after treatment.
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TABLE 32

The percent mortalíty of five .species
exposure for 5 hours on S-bioallethrin

of stored-procluct insects aftero deposíts on fir plywood surfaces,

Percent mortality afler age of deposit (weeks)

Species 3216

Arnount of deposit, 0.5 g/n2

T" confusun

T. castaneurn

O. surinarnensis

O; mercator

T. confusun

T. castaneum

sur]-namensls

confustun

castaneum

sur].namens]-s

mercator

ferrugineus

O. ¡nercator 2

C. ferrugineus 4

Anount of deposit, 2.5 g/m2
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Figure 16. Relative susceptibíLity of five stored-product species

exposed for 5 hours to oil enulsion deposits of

bioethanomethrin on fir plywood surfaces at different

tines after tleatment.

' ''.'.:
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The percent morlaLity
exposure for 5 hours

TAP,LE 33

of five,specíes of
on bioethanomethrina

stored-product ínsecß after
deposiæ on fít plywood surfaces.
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Persistence of bj oethanonethrin on fír plywood surfaces

T. col_fusum is the only species resistant to bioethanonethrin

(Fig. 76,Table 33). It hað Low toxicLty against this specíes 1 week after

tTeatment However, at 2.5 g/^2, it petsistecl for I weeks against

T. castaneum, O. surinamensisr 0. mercator and C. ferrugineus, after an

exposure period of 5 hours.

(b) Susceptibility of Each Insect Species to Each Insecticide

The relative toxicity of pyrethrins-piperonyl butoxide,

S -bioallethrin and bioethanonethrin to the different species is

surnmarized in Figs. 14-15. However, the results of their toxicity to

each species at the same exposure period (5 hours) have also been

illustrated in Tables 34-38"

Relative susceptibility of I. co¡tfi.rs¡¡m to pyrethrins-piperonyl butoxide,

S-bioallethrin and bioethanonethrin

Table 34 shows the relative susceptibility of I. confusum to each

insecticide at exposure period of 5 hours. The results indicate that

there rvere some significant differences in response of this species to

different insecticides. The relative toxicity of pyrethrins-piperonyl

butoxide, S-bioallethrin and bioethanomethrin at different amounts of

deposit and different ages of deposit to I. confusum is shorsn in this

tab 1e "

The orders of toxicit¡' of the different anounts of deposit and

different ages of deposit of insecticides to L. confi¡sun exposed on surfaces
2for 5 hours rseÌe as follorvs. At a deposit of 0.5 g/n-, pyrethrins-

piperon¡'l butoxide = S-bioallethlin = bioethanomethrin; at 1.0 g/t2,

S-bioallethrin > p¡'rethrins-piperon¡'1 butoxide = bioethanomethrin; at
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2
2.5 g/n', S-bíoalLethrin > pyrethrins-oiperonyl butoxide =

bioethanomethrin; and at 1 week after treatment, S-bíoallethrin >

bioethanomethrin > pyrelhrins-piperonyl butoxide; at 4 weeks,

S-bioallethrin = pyrethrins-piperonyl butoxíde > bioethanomethtín', at

8 weeks, pyrethrins-piperonyl butoxide = S-bioethanomethrin, py,TethTíns-

píperonyl butoxide > bioethanomethrin, S-bíoalLethrin = bíoethanomethrin;

at 16 and 32 weeks, aII conpounds were completely ineffective.

S-bioallethrin was the nost effective insecticide against'

' T" confusum while pyrethrins-piperonyl butoxide and bioethanomethrin were

ineffective.

Table 34 also shows significant differences in toxicity anong the

three anounts of deposit of each corrpound.

Pyrethrins-piperonyl butoxide ; 2.5 g/^2 > 1.0 g/m2 = 0.s g/nz

S-bioallethrin : 2.5 g/^2 > 1.0 g/m2 > 0.s g/n2

Bioethanomethrin z 2.s g/^2 > 1.0 g/m2 = o.s g/nz

Relative susceptibility of 9. casil¡¡er¡¡u. to pyrethrins-piperonyl butoxide,

S-bioal lethrin and bioethanonethrin

Table 35 shows the relative susceptibility of !. castaneum to

each insecticide at an exposure period of 5 hours. The results indicate

that there were significant differences in response of different

insecticides to tl'ris species. The relative toxicity of pyrethrins-

piperonyl butoxide, S-bioallethrin and bioethanomethrin at different

anounts of deposit and different ages of deposit to T. castaneum is shotsn :: 'ir'

in this table.

The orders oftoxicit¡' of the different anounts of deposit and

different ages of deposit to I. castaneur exposed on surfaces for 5 hours
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vrere as follows z at a deposit of 0.5 g/r2, S-bioallethrin >

bioethanomethrin = pyreth'rins-píperonyT butoxicle; at 7.0 and 2.5 g/nz,

S-bioallethrin > bioethanonethrin > pyrethrins-piperonyl butoxíde ; and

at 7, 4, and 8 weeks after tTeatment, at aL1 deposits, S-bioallethrin >

bioethanomethrin but pyrethrins-pioeronyl butoxide vras not effective

at aL7; at L6 weeks, only S-bioallethrin provided 77eo mortality but its

effectiveness declíned at 32 weeks, and bioethanonethrin and pyrethrins-

piperonyl butoxide were conpLeteLy ineffective.

S-bioallethrin was the nost effective conpound against T. castaneum

followed by bioethanomethrin while pyrethrins-piperonyl butoxide was

ineffective.

Table 35 also shows significant differences in toxicity among

the three amounts of deposit of each conpound.

.,
Pyrethrins-piperonyl butoxide z 2"5 E/m' = 1.0 g/n

S-bioallethrin z 2.5 g/mz > L.0 g/n

Bioethanomethrin : 2.5 g/nz > 1.0 g/n

2

2

2

2

2

2

= 0.5 g/n

> 0.5 g/n

> 0.5 g/n

Relative susceptibility of Q. sgli¡angs-Lå to pyrethrins-piperonyl butoxide,

S-bioallethrin and bioethanomethrin

Table 36 shorvs the relative susceptibility of 0.. surinamensis

to each insecticide at exposure period of 5 hours. The results indicate

that there were significant differences in response of this species

to different insecticides. The relative toxicity of pyrethrins-

piperonyl butoxide, S-bioallethrin and bioethanornethrin at different

anounts of deposit and clifferent ages of deposit to -q. surinanensis is

presented in this table
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The orders of toxicíty of the ðífferent amounts of deposit ancl

different ages of deposit to 0. surinamensís ex¡rosed on surfaces for

5 hours were as follows i at deposíts of 0.5, 'J,.0 and 2.5 g/nz,

bioethanomethrín produced 27eo mortality at 1 week , 50eo nortaTíty at 4 weeks,

and 37eo mortalíty at I weeks, respeclívely, but its toxicíty declineð at

4 weeks, 8 weeks and L6 weeks after tTeatment, respectively; pyrethrins-

piperonyl butoxide and S-bioallethrin were ineffective at these dosages

against this insect.

Bioethanomethrin was shown to be the only effective compound

against 0. !lqlng4g!!le among the insecticides tested.

Table 36 also shows significant differences in toxicity among

the three arnounts of deposit of each compound.

Pyrethrins-piperonyl butoxide z 2.5 g/^2 = t.0 g/n2 = O.S g/m2

S-bioallethrin z 2"5 g/n2 > t.0 g/n2 = 0.5 g,/m2

Bioethanomethrin : 2.5 E/^2 , t.0 g/nz > 0.s g/nz

Relative susceptibility of Q. nercator to pyteth"its-pip"totyl b

S-bioallethrin and bioethanomethrin

Table 37 shor.¡s the relative susceptibility of q. mercator 
,,,,

-'.:..:

to each insecticide at an exposure period of 5 hours" The results .,::':

indicate that there rìrere significant differences in response to different

insecticides of this species. The relative toxicity of Pyrethrins-

piperonyl butoxide, S-bioallethrin and bioethanomethrin at different '.
't"it '

deposits and different ages of deposit to 0. mercator is presented in

this table.

The orders of toxicit¡' of the diffet'ent amounts of deposit and

different ages of deposit to -Q. nercatol erposed on surfaces for 5 hours ,: :
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, ' '.: 
.: ::

were as follows i at cleposíts of 0.5r 1.0 and 2.5 g/nz, there were

significant differences between bioethanomethrin and S-bíoalTethrin and

pytethtíns-piperonyl butoxide at ages of deposit up to 8, 76 and 24 weeks,

respectiveLy aftet tTeatment, However, at 2.5 g/^2, pytethtins-píperonyl

butoxide produced 24eo mortaLity L week after treatment, while S-bioallethrin , ,,,,'-,'

was ineffective.

Bioethanonethrin was shown to be the only effective compound agaínst

O. mercator anong insecticides tested. .., ¡.. .,,.,,

Table s7 arso shols significant differences in toxicity anong the "":.' "".'i'

i::':':: :: :"

three aÌnounts of deposit of each cornpound,, ¡:"::'':'::ì':"

Pyrethrins-piperonyl butoxide z 2.5 g/n2 > t.0 g/n2 = 0.5 g/m2

S-bioallethrin z 2.5 g/n2 > I.O g/n? = 0.5 g/m2

Bioethanonethrin ; 2.5 g/n2 > 1.0 e/n2 = 0.5 g/m2

Relative susceptibility of e. ferIggl¡eus to p

S-bioal lethrin and bioethanomethrin.

Table 38 shows the relative susceptibility of q. ferrugineus

to each insecticide at exposure period of 5 hours" The results indicate

that there were significant differences in response to different insecticides

of this species. The relative toxicity of pyrethrins-piperonyl butoxide,

S-bioallethrin, and bioethanonethrin at different anounts of denosit and

different ages of deposit to g. ferrugineus is presented in this table"

The orders of toxicity of the different amounts of deposit and

different ages of deposit to g. Srrrtrginer¡s exposed on surfaces for

5 hours l{ere as follorvs: at a deposit of 0.5 g/*2, bioethanontethrin >

S-bioallethrin = pyrethrins-piperon¡'1 butoxide; at 1.0 and 2.5 g/nz

bioethanomethrin>pyrethrins-piperon¡'lbutoxide>s-bioallethrin;andat
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1 and 4 weeks after tTeatment, bíoethanomethrin > Pyrethrins-piperonyl

butoxide > S-bíoalTethrin;at 8 weeks, bioethanomethtin > S-bioallethrin >

pytethrins -p iperony 1 butoxi de .

Bioethanomethrin was the most effective insecticide against

C. ferrugineus followed by pyrethrins-oiperonyL butoxide while

S-bioallethrin was the Teast effective.

Table 38 also shows significant differences in toxicity among the

three amounts of deposit of each compound.

)))
Pyrethrins-piperonyl butoxide: 2.5 g/n- > 1.0 E/m' ', 0.5 g/n-

t))
S-bioallethrin z 2.5 E/m' > 1.0 g/n' = 0.5 g/m-

')'r)Bioethanonethrin z 2"5 E/m' > 1.0 g/m' > 0.5 g/m'



CHAPTER V

DISCUSSION

L. PERSISTENCE ON STRUCTURAL SURFACES OF ORGANOPIIOSPHORUS

INSECTICIDES IN THE CONTROL OF FIVE SPECIES OF STORED-

PRODUCT INSECTS

(a) Persistence ql! Effectiveness of BromoÞhos, Iodofenphos,

and Malathion Against Five Spggies of Stored-Product Insects

Persistence of bronophos on fir plywood surfaces

The results, as summarized in Table 2, show the initial loss of effective-

ness of bromophos on surfaces to be more rapid than those of malathion and

iodofenphos against all species except C. ferrugineus. At a shorter

exposure period (3 hours), the toxicity of bronophos conpletely declined

against nost of the species tested at 4 weeks after treatnent. Sinilar

results were obtained by the persistence test on filter papers by Parkin

and Forster (1967). They found that bronophos showed a definite loss in

efficacy against S. granarius, T. castaneum and 0. surinarnensis after

a l-week storage test, whereas fenitrothion sholed a similar fall at the

4-week test.

There were significant differences in effectiveness at all dosages

appliedrbetleen bromophos and other insecticides tested against all

species at an el?osure period of 5 hours (P < 0.05) but there tttas no

significant difference betleen bromophos and nalathion against 
I

C. ferrugineus. Hor,¡ever, at a longer exoosute period (24 hours),bromophos

provided complete control against all species for at least 52 weeks after

treatnent, Ðd against both species of Ory:aephilus, and C. ferruginetts

for at least 80 weeks after treatment (Table 50). These results are in

95
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agreement with those of Green et a7. (7970) who found that bromophos

ki11s slowly so that treateð insects may ðisperse and oviposit before

they die. The reason for thís slow actíon may be due to a slow trans-

location of the toxicant in vívo or because an interval for more

extensive metabolism is required. Using topical application nethods

on I. castaneum beetles, Dyte and Rowlands (1970) found that bromoxon

was no rnore toxic than bromophos, whereasmalaoxon was rnore than three

times more toxic than nalathion and fenitroxon was about 1.5 times more

toxic than fenitrothion. Adult T. castaneum produced considerably more

internal oxons fron nalathion, than from bronophos. It is also possible

that one or nore netabolites beside the oxon contribute to the insecti-

cidal effect of bromophos (Rowlands 1966¡Dyte and Rolands 1968, 1970) "

This phenomenon may also occur in T. confusum. Lemon (1966, 1967)

reported that T. confusum tlas more resistant than T. castaneum to

brornophos. However, it may not occur it 9. surinamensis, 0. nercator ,

and C. ferrugineus since the results obtained from this study show that

T. con&rsum and T. castaneum h¡ere more resistant to bronophos than

these species. At 0.s g/nzn bromophos sprayed on bags or on hessian

sheets, which covered stacks of bagged maize, gave less effective pro-

tection than that obtained with lindane and nalathÍon applied routinely

against the tropical warehouse moth, Eplestia cautella ltralker, in Ntalarvi

(Schulten, 1973).

Tller et al. (1969) and Hope et al. (1970) reported that good

control was obtained rvith bromophos, rvater-dispersible polder, applied
t

at 0.54 g/m' to an infested tvooden-floor in a farn building against

[. granarius; 0. surinamensis; the lraste grain beetle, Alphitophagus
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bifaÍcíatus (Say)i and Cryptolestes spp, Protection Tasted at Teast

46 weeks after exposure petíoó of 3 hours except against T. castaneum

which resulted in only 54e" kill at 10 weeks after treatment. These

results are not in agreement with the results obtained in this study

possíbly because of the different formulation that was used. .Also, in

the test by Tyler et aL. (1969) and Hope et aL. (L970) the insecticide

was applied by notorizedknapsack sprayer to the ínternal surfaces of

the farm building. It is likely that this type of sPrayer might produce

uneven distribution of insecticide deposits on the surfaces.

The results obtained fron this study are in agreenent with

Lenon (1967) who emphasized that bromophos would be less important than

¡nalathion as a grain protectant as it is likely to be more expensive;

and Green et al. (1970) who concluded that bronophos nay be considered

to be a possible alternative to nalathion as a grain protectant only if

insect resistance to nalathion becones a problem and there is no better

alternative.

Persistence of iodofgrphoaon fir plyr,¡ood surfaces

The results, as sum¡narized in Table 3, and the observations rnade

during the experinents indicate that similar patterns to those of

bromophos were obtained with iodofenphos. Although, at 0 .5 g/^2,

iodofenphos $ras nore effective than bromophos against all species at

the exposure periods of 5 and 5 hours, it was less effective than

malathion against nost of the species tested except C. ferrugineus. At

the lon'est dosage and at shorter eryosure periods, iodofenphos was

found to be less effective than nalathion; this nay be due to its slotv

action rvhich,Rowlands (1.967, 1971) also fourd. He also reported that

ronnel, iodofenphos and fenitrothion folloled si¡nilar netabolic pathtr'ays
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of bromophos while naTathíon did not undergo this phenotnenon.

Iodofenphos tTeatments exhibited a greater resídual toxícity.
1

At l.O g/m', iodofenphos was more effective against alL species than

¡nalathion at any exposure períods up to 52 weeks after tTeatment. This

may be due to the fact that the slower breakdown of iodofenphos compared

with either ronnel or bronophos is possíbly due to the more electro-

positive nature of the I-substituent in the benzene ring structure

compared rvith Cl- or Br- (Rowlands , 1973). Blacknan (1969) reported

that iodofenphos was more toxic to l. castaneum adults than nalathion,

and McDonald and Speirs (1971) reported that it was more effective against

l" 4!glpg!gt"-Ug lawae than malathion and Gardona when applied

topically" It was also reported to be nore toxic to the black carpet

beetle, Attageng negatoma (F.), but less toxic to l. confusun than

malathion. Although Gradidge (1970) showeil that iodofenphos was less

toxic than nalathion against O. sullnanensis in a prelirninary assessment

on filter papers, it was generall-y more effective than malathion when applied

as an enulsion at 0.8 g/-2 to varíous surfaces againsÈ thÍs insect

(Gradridge et aI.,1970).Green (1973) reported that iodofenphos gave as

good control as malathion both in laboratory and field trials when

applied as either an adnixture or a surface treatment to unshelled groundnuts

against a lindane-resistant Ganbian strain, Caryedon serratus 01iv.

Both compounds appeal to be satisfactory replacements for lindane.

Iodofenphos h'as also proved to have a long residual life on

surfaces. The results, as shorvn in Table 50, shorvs that iodofenphos

applied at 1.0 and 2.5 g/nz on fir pl¡+,ood surfaces lasted for at least

80 weeks against all species tested after en exposttre period of 24 hours.
.)

At 1.0 g/n', it was nore toxic than nalathion against all species"
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Wilkin et a7. (1973a,b)

iodofenphos was Tonger

moist wheat against O.

tible to nalathion.

Persistence of malathion on fir plywood surfaces

Malathion renained effective longer than was expected fron this

study at storage and experinental temperatures of about 2S!2oC. These

temperatures may prolong the persistence and effectiveness of malathion

on fir plywood surfaces. Ihese results are in agreement with those

obtained ln the study nade by lordanou and Watters (1969). They

reported that malathion showed positive temperature coefficients against

five stored-product insects. It was highly effective against all

test species at 26-7"c and effectiveness wasreducedat 15'soc and 10oc'

Parkin (1966) for¡rd that nalathion applied on wood. and sacking at
)

0.43 g/m', persisted only for 2 to 4 nonths against T. gtaneum after

elposure for 3 and 6 days. Lemon (1967) reported that high nortalities

of I. confusum were obtained for 16 weeks after exposure for 6 days on

filter papers treated ar 0. lS g/n?. At a rate of 0. 86 g/nz, Parkin

and Scott (1960) found that rnalathion persisted on filter paper for

16 nonths against S. granarius, T. castaneum and 0. surinarnensis after

exposure for 6 days. Sloninski and Gojncrac (1972) also reported that

rnalathion applied at 1.0 g/^2 on plyrvood, persisted for 28 rveeks against

black carpet beetle larvae, Attagenus megatoma (F.), at an initial

exposure period of 4 days, with subsequent exDosure of 7 days, tvhereas

bonophos applied at the same Tate persisted for only 6 treeks.

The results, as sunmari:ed in Table 4, indicate that rnalathion

was highly persistent and toxic to all test species at all dosages used.

dernonstrateð that the

than that of maTathion

surinarnensís, which is

effectiveness of

when applied to warm and

the species most suscep-
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The're was on1.y a s7íght breakdown at 80 weeks for exposure períod of

24 hours. These results agree we7'1. wíth the findings of Parkin (7966),

Okwelogu (1968) , and Watters (L970) who repotteð that malathion was

stable on surf4ces that are near neutral in pH. ttlatters (1974) teported
)

that at L,5 g/m¿, maLathion applied on concrete floor of a bin containing

stored oats, showed complete mortaTíty against O. surinamensis exposed

on surfaces for 24 houts at LL nonths aftet tTeatment. Sinilar results

were obtained with T. confusum, exposed on surfaces for 48 hours at

74 months after treatrnent (l4latters , L970). The results indicate that

residual effectivenss of nalathion applied to the surfaces several

months previosuly is due to the neutral pH of the concrete floors

irrpregnated with grain dust (lt'atters, 1970, 1974). However, Cogburn

(1972) reported that at I.26 g/nz, malation was over 90% effective for

2 weeks and at Z.S g/n2, it was over 95% effective for 5 weeks against

T. confusum on concrete floors in a Gulf of Mexico port warehouse. The

difference in results may be attributed to the fact that the treated

floor may not have been fully inpregnated with dust, and therefore

would probably have a high pH.

According to results obtained in this study, T. confusum was

more resistant to nralathion than T. castaneurn, O. surinarnensis and

O. rnercator. Simil.æresults were obtained from both field trials by

lrlatters (1970 , 1974). Parkin (1966) reported that 0. surinamensis tr'as

more susceptible than l. castaneum to residues of nalathion. Lemon

(1966) obtained higher mortalities rvith T. castanetm than rvith

T. confusum in tests rvith malation applied topically. The difference

in susceptibility of these trvo species tr'as explained by the fact that

the insecr, áiff"t in size, T. confusum being 26 percent heavier than

T. castaneum. Sinilar results tvere obtained in the present study.
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Iordanou ancl l^latters (1969) also repotted that T. confusum was the

¡nost resistant species and C, ferrugíneus was the nost susceptíble to

maLathion.

(b) Species Susceptibí1íty to OrganoÌrhosphorus Insecticides
'..

In generaL, L. confusgm anð !-. castaneum were more : :

susceptible to nalathion than iodofenphos and bronophos (Fig. 10),
t

especialLy at 0.5 g/n'but there h'as no significant difference (P < 0.05)
) '.,.':

between the two species when exposed to iodofenphos at 1.0 and 2.5 g/m' 
...

for 5 hours. At 1.0 and Z,S g/nz, iodofenphos provided nore residual 
,,,,,.

protection than nalathion and bromophos agaínst these species. It

produced 100 and 97eo mortality to T. confugum and T.. castaneum,

respectively after eïposure for 24 hours, whereas nalathion v¡as only

27 and 87% effective against these species, respectively. These results 
i

agree with the results of Lemon (1966) who reported that T. confusum 
,

was nore susceptible to rnalathion than to bronophosrrvhen the insecti-

cides rvere applied topically. Iordanou and Watters (1969) found that
,

nalathion was more effective against T. confusum and T. castaneun than

bronophos at all temperatures. However, in field experinents' lVatters 1:.:

(1970) found that both conpounds were equally effective against 
,i,

T. cs¡nfusun exposed for 2 days on a concïete floor inpregnated rvith '::r:r

grain dust in a terminal elevator"

Iodofenphosì.Jasreportedtobe1esstoxictoT.@thÐ

rnalathion rr'hen applied topicall¡, (l,lcDonald and Speirs, 1971) but $¡as proved , ."::

to be rnore toxic to T. castaneun than malathion (Blacknan, 1969)

Q. ,surinamensis was highly susceptible to nalathion (Parkin,
,

1960; Green,.1969) and bronophos (Iordanou and l{atters, 1969). Although

iodofenphos t{as less toxic than malation against O. S$.A¡ngnsis. in a 
,
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preTiminary assessnent on f í7ter papers, at 0.s g/^2 , it was genetal1,y

rnore toxíc than mal.athion on bríck, concrete, asbestos and galvanized

metal (Graðidge, 1970; Gradidge g! ?1., 1970). The results obtaine<I

from this study indicate that at the three dosages tested, there was

no signifícant difference ín toxicity between malathion and iodofenphos

to O. surinarnensis exposed on surfaces for 5 hours. However, at 0.5
)

g/m', malathion was more effective than iodofenphos against O. surinamensis
)

and at 7.0 g/m' , ít was less effective than iodofenphos against this

species, whereas at 2.5 g/^2, both compounds were equally effective.

Wilkin et al. (L973a,b) demonstrated that iodofenphos lasted longer than

¡ralathion when applied to warn and moist wheat against 0. surinanensis

which is the species nost susceptible to nalathion.

Green et al. (1970) indicated that application of 9.3 ppm of

bromophos will likely provide adequate control of 0. surinamensis for

up to 12 nonths. However, Iordanou and Watters (1969) reported that

bromophos was less effective than nalathion at tenperatures of 10 to

26.5"C. These results are in agreement with the results obtained in

this study.

The relative susceptibility of 0. nercator to the insecticides

tested was sinilaï to that obtained rr'ith O. surinanensis. Since

O. mercator is not an economically inportant pest in storages only a

few studies have been reported. 0. surinamensis was found to be rnore

susceptible to malathion and bromophos. The results obtained by

Iordanou and l{atters (1969) shorr'ed that this species rvas more suscep-

tible to ¡nalathio¡r than bromophos at all tempelatures tested" These

results are in agreenent rr¡ith the results obtained in this study. The

results, as s}ror'Tl in Table 21, indicate that, in general, iodofenphos

was eqtrall¡'as effective as nalathion and r{as more toxic than brolnophos
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against o. rnercator exposed on surfaces foT 5 hours (P < 0.05). 
^t

aLl. dosages, these three insectícídes were equal).y effectíve against

this,species affe'r exposurc for 24 hours at 8O weeks aftet tteatment.

Thís study showed that malathíon, bromoÞhos and iodofenphos, ín

general, were highly persistent against. O. mercator. Although there

were no signi ficant differences in the toxiclty of these conpounds

against C. ferrugingr:, the results, as shown in TabLe 26, indicate

that bronophos and nalathion were slightly less effective than iodofen-

phos against this insect elposed on surfaces for 5 hours (P < 0.05).

Sinilar results were obtained fron Tyler et aI. (1969) and Hope et al.

(1970) who reported results with bronophos water-dispersible powder,

applied at 0. S+ g/nz to an infested wooden-floor in a farm building

against Cryptolestes spp" Protection lasted at least 46 weeks after

the insects vlere exposed for 3 hours. Iordanou and ltlatters (1969)

also found that C. ferrugineus vras the most susceptible species to

malathion and bromophos; bronophos was more toxic than nalathion at

high ternperatures, whereas nalathion was more toxic than bronophos at

low tenperatures.

The orders of effectivenss of the three organophosphorus insecti-

cides against the follorving species (P < 0.05) after exposure for 5

hours at each amount of deposit are surnmarized as follows:
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PERSTSTENCE ON STRUCTURAL SURFACES OF TIIREE PYRETIIROID INSECTICIDES

IN ]'HE CONTROL OF FIVE SPECIES OF STORED-PRODUCT INSECTS

(a) P"ttitt""." ""¿ 
fff

Species of Stored-Product Insects

The results, as shown ín TabLes 3L, 32 and 33, indicate that

ín generaL, pyrethrins-piperonyl butoxide (1:10) was found to be the

Least effectíve conpound a¡nong 3 pyrethroids against most of the species

tested. S-bioallethrin was the nost effective insecticide agains.t

T" confusun and T. castaneun, whereas bioethanonethrin was the nost

effective cornpound against 0. sufinamensis, 0. nercator and 9. ferrugineus

(P < 0.0s) .

The ineffectiveness of pyrethrins-piperonyl butoxide (1:10), applied

as an oil spray to fir plywood surfaces, c ontrasts with the results of

$Jatters and Smallman (1953) who sholed that at a deposit of I.18 g/mz,

pyrethrins-piperonyl butoxide (1:10) applied as a spray gave good control

of the hairy spider beetle, Ptinus villiger (Reitter), for about 6 weeks.

Subsequently, IVatters (1961) found that at 0.54 e/n2, pyrethrins-piperonyl

butoxide (1:10) controlled this insect for bettveen 4 a¡rd 6 weeks" Parkin

(f966) showed that filter papers treated r.Iith 2. S7 g/nz pyrethrins-

piperonyl butoxide (1:f 0) h'ere toxic to 9. surinamens_is for 16 months"

This disagreement may be explained partly b1'the fact that the test by

Irlatters and Smallman (1955) and lVatters (1961) used a longer exposure

time than that reported in the test by Parkin (1966) tçhere the insects

vlere continuousl¡' exposed for 4 days"

The results, as shorrn in Fig. 15, correspond rvith the results of
)

Parkin (1966) rvho reported that at 2.57 g/m', p¡-rethrins-piperonyl butoxide

1:10), S-bioallethrin, anrl Bioethanomethrin Against Five
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(f:10) applíed on filter paoers were rnuch less toxic to S. gtanatius

and T. castanetm than C.fetrugíneus exposed on surfaces for 4 days.

According to fie results aTso obtaíned by this study, pyrethrins-

piperonyT butoxide (1:10) appTied as an oíL spray at 2.5 g/^2, produced

69eo mortalíty agaínst C. ferrugineus exposed on surfaces for S.hours at

4 weeks aîter treatment. Sinílar results were obtaíned by ttlatters (1968)

who reported that fir plywood panels treated with a pyrethTins-piperonyl

butoxide (1:10) oil spray at aTate of 1.3 g/^2, and stored for 2 nonths

in contact with grain were sti11 toxic to 9. ferrugingus. He also

reported that 0. LSro pfrethrins - L.27% piperonyl butoxide nixture aoplied

at L7.3 liters per 1000 13 ., a fog in enpty granary bin, rernained effec-

tive against C. ferrugineus exposed on treated pl¡uood and grooved ply-

wood surfaces for 24 hours at 11 ironths after treatment.

The results obtained from this study (Fig. 16) indicate that

the effectiveness of S-bioallethrin against Tribolium sPP., corresoonds

to the results of Lloyd (1975b) who reported that bioallethrin and

allethrin, the related compounds of S-bioallethrin, were slightly superior

to pyrethrins and were of sinilar toxicity to resnethrin where used

against T. ,castaneum rvithout synergist þ¿f h'êrê much inferior to pyrethrins

against !. granarius. The greater toxicity of the inrproved biological

activity, (*)-trans isorners comDared to the other constituents of allethrin

and resmethrin has been shorsn for several insect species (E1liott, 1971;

Elliott et 4. 1969). Nishizarva (1971), and Rauch and Lhoste (1974)

reported that allethrin, bioallethrin and S-bioallethrin are paÌticularly

suitable for nosquito coils used in Japan and Southeast Asia. Because

of their heat stability the¡' are rvell dispersed in the smoke during the

burning of the coils. S-bioallethrin nas the nost effective (Rauch and

Lhoste, 1974).
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The ineffectiveness of S-bíoal.lethrin agaínst O. surinamensis,

O. mereator anð C. ferrugineus, gbtained from this studY, maY ínrprove

if synergizeð with piperonyL butoxíde. LToyd et a7. (1970), LToyd

(L973a,b) and Davies (I97a) reported that S-bioaLLethrin was found to

be more effective when synergized, by piperonyl butoxide.

Briggs et aL. (L974) reported that bi.oethanomethrin, the

ethanochrysanthemate RU 11 679, is ¡nore 1etha1 than bioresmethrin

and is less polar than nost of the other highly lethal pyrethroids, the epoxida-

tion productstiLl produces a good knockdown agent, which also retains

sorne killing action. These reasons are in agreement with the results,

as shown in Table 17, obtained fron this study. Bioresnethrin appears

to be effective against a wide range of stored grain insects (Lloyd

L973a,b; Ardley 1974). Ardley (I974) found that bioresmethrin-piperonyl

butoxide gave more effective protection than pyrethrins-pioeronyl buto-

xide, resnethrin-piperonyl butoxide, bioresrnethrin-antioxidant and

nalathiorç against nost of the resistant and susceptible species of

stored grain insects except Triboliun spp" Lloyd (1973b) reoorted that the

greater toxicity of bioresmethrin over resmethrin against T. castaneum,

and susceptible and pyrethrin-resistant S. granarius, was much reduced

when these compounds tvere synergized r+ith piperonyl butoxide. The

persistence of resnethrin has been shown to be superior to pyrethrins as

a surface treatment (Hadarval' et 4.,1970). The results obtained from

this study, indicate that bioethanomethrin seems to follorr' sinilar patterns

of synergized bioresmethrin. According to the results obtained fro¡n

this study, bioethanonethrin shotved, in general, the nost plomising

conpound among insecticides tested against aIl species except Triboliun

spp. These results are in agreenent r.rith the resttlts obtained rvith
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bioresnethrín by Ardl'ey (1'974). However, there ís no aðequate

ínformatíon on bioethanonethrin and S-bioal.Tethrin whether synergized

oT not, to support the results from the p'resent stuðy, eínce these

two insecticides are relatively new.

(b) Species Susceptibility to Pyretlroid Insgctícides

The orders of effectiveness of the three pyrethroids

agaínst the following species, at the 5% Tevel of significance, after

exposure for 5 hours at each amount of deposit are surnmarized as follows:
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CHAPTER VI

SI.'MI"ÍARY

The relative persistence anð effectivenoss of several pyrethroíd

and organophosphorus insecticides applied at vatious dosages on fir

plywood surfaces were evaluated against five stored-product species exposed

for various periods. Surface tTeatment is commonly employed in the pre-

vention and protection of stored grain and foodstuffs. Besides tenperature

and relative hunidity, the nature of substrate and formulation applied,

the nethod of application, and type and pH of structural surface proved

to be fmportant facËors influencing the persistence and effectiveness of

insecti cides .

tlnder the conditions of these investigations the following results

were obtained:

1. Bromophos was the least effective insecticide among the com-

pounds tested. At all dosages, bromophos was less effective than iodofen-

phos and malathion against all species except C. ferrugineus exposed on

surfaces for 5 hours (P < 0"05). There rrlas no significant difference in

toxicity beuveen nalathion and bronophos against C. ferrugineus at all

dosages after exposure for 5 hou:sbut at 0.5 and t.O g/nz, bromophos was

less effective than iodofenphos (P < 0.05).

At an exposure period of 24 hours, bromophos provided complete

control against O. surinamensis_, O. nercatol'and C. ferrugineus at 80

weeks but was not toxic against Triboliun spp.

2" Iodofenphos, in general, tvas the nost effective aqainst

O. srltilernen!¡e, 0_. nercator and C. ferrugineus but tvas less toxic than

malathion against T. confustrm and T. castaneum aftel exposure for 5 hours

r08
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(p < 0.0s). At a depo sit of L.o g/n2, ioclofenphos was the rnost

effective against all specíes tested but at 0.5 g/nz, it was less toxic

than malation against all species except C. ferrugineus after exposure

for 5 hours i at 2.5 g/^2, iodofenphos was equal Ly effective as malathíon

against all species (P < 0.05).

Iodofenphos was the most persistent insecticide. At 1.0 g/^2,

it provided complete mortal ity agaínst aL1 species tested aftet exposure

for 24 hours at 80 weeks, whereas nalathion produced 27 and 83eo mo'ttality

against T. confusum and T. castaneum, respectively and at 0.5 E/nZ, it

was completely ineffective against Tribolium spp.

S. In general, nalathion was the nost effective insecticide

against ¡nost of the species except C. ferrugineus exposed on surfaces for

S hours. At a deposit of 0.5 g/^2, nalathion was the most effective con-

pound among insecticides tested; at 1" 0 g/^2, nalathion was less toxic

than iodofenphos against all species but was equally effective as iodofen-

phos against Tribolium spp.; at 2.5 g/^2, malathion and iodofenphos were

not significantly different against all species (P < 0.05).

At an exposure period of 24 hours, nalathion persisted for at

Least 80 weeks at all dosages against all species, except T. confusun

t
and C. ferrugineus at 0.5 g/*-.

4" T. confusum and T. castaneum were the nost susceptible species

to nalathion follor.red by iodofenphos whereas they were the least susceptible

species to bronophos. 0. surinamensis and 0. mercator were the most suscep-

tible species to malathion and iodofenphos but they tì¡ere the least susceptible

insects to bronophos. There r,ras no significant difference between the three

conpounds against C. Srriginetrs.
S. P¡'rethrins-piperon¡'1 butoxide (f:f0) tvas the least effective

conpouncl anìoìrg, the p1'rethroids tcsted (P < 0.05). It tvas ineffective
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a1ainst all species exposed on surfaces for 5 hours, except C. ferrigíneus

which at 2,5 g/^2, produce ð 69eo nortaLíty at 4 weeks after tTeatment.

6. S-bioallethrin was the most toxíc compounð against Triboliun

spp. (P < 0.05). At 2.5 g/^2, S-bioallethrin proviclecl 7Ie" mortaTity

agaínst T. ca:taneun exposed on surfaces for 5 hours at 76 weeks after

treatnent, but produced only 64% mortalíty ag,aínst T. confusum at 1 week.

S-bioallethrin was ineffective agaínst O. suriEnensis, O. rnercator and

C. ferrugineus

7. Bioethanomethrin h'as the most effective pyrethroid against

all species, except f. qgrr€g!]lq which was highly resistant to this

insecticide. At 2.5 g/^2, bioethanomethrin was 4L% effective against

I. castaneum, 57% against 9" tgfi"**it , 37% against 0. nercator, and

54% agaínst g. ferrugineus after exposure for 5 hours at 8, 16, 8, and

8 weeks after treatment, respectively.

8. T. confusum was the most resistant species to pyrethroids tested.

T. castaneum was highly resistant to pyrethrins-pioeronyl butoxide (1:10)

but waS highly susceptible to S-bioallethrin and bioethanomethrin. Both

Oryzaephilus spp. were highly susceptible to bioethanomethrin, especially

O. surinalrensis, but they were highly resistant tootherpyrethroids tested"

C. ferrugineus rrlas the least susceptible to all compounds, especially

bioethanonethrin follorved by pyrethrins-oiperonyl butoxide rvhile S-bio-

allethrin r{as the least effective.

Sone practical conclusions fron the results of these experiments

shol that malathion, rr'hich is an insecticide of lotv rnammaLion toxicity,

uray be reconmended r.rhen the treated surfaces are neat neutral pH, tvhen

long residual effectiveness is not required, md when several species of

stored-product insect are Dresent. ltlhen a longer residual life is
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Tequired, ioðofenphos which ís of lower ma¡nnalian toxicity than

malathion, frãy be considereð. When malathion-resistant specíes such

as T, castaneum occur or when C. ferrugineus alone is present, iodofen-

phos may be rnore appropriate than maTathion.

While both initial and resídual toxicities of iodofenphos

agaínst various species ate teadiLy apparent, further work is needed to

clarify the residual to.xic ity of this insecticide on various structural

surfaces, particularly highly alkaline surfaces. More work is also

required for the comparative residual toxicity of iodofenphos at various

temperatures "

It is of interest that bioethanonethrin has been proved to be a

very pro¡nising conpound against stored-product insects. Although nore

work needs to be done on the surface treatment as well as on the direct

treatment of this pyrethroid to stored grain and foodstuffs, there may

be a future role for this highly effective compound as a grain protectant.
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