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Theeffectsof five economicallyimportantvegetable(seed)oils, peanut,cottonseed,castor,
soybeanandsunflower, on adult andimmaturestagesof the sweetpotatowhitefly (Bemisia
tabaci (Gennadius)[Hemiptera:Aleyrodidae])werestudiedin thelaboratory. Irrespective of
origin, oil residueshadsimilareffectson immaturestagesandadultmortality, andonsettling
andoviposition deterrence.Trendsfor 5-h settling, 24-h oviposition and24-h survival of
adultsontreatedplantsweresimilar for oils appliedat thesameconcentrationrange.Settling
deterrencewasstrongenoughto causeadultdeathdueto starvationor dehydrationunderno-
choiceconditions,andcausedgreatermortality thandirectphysicaltoxicity; similar results
wereobtainedwhenadultsurvival onoil residueswascomparedto survival of starvedadults.
Adults recoveredwhen transferredfrom oil-treatedto untreatedplants. All oils produced
similar effectswhensprayedon immatures;the egg andfourth instar(pupa)werethe most
tolerantstages.Theoil concentrationrequiredfor significanteffectsonwhitefly mortalityand
behavior wasrelatively high ( � 0.3%)comparedwith publishedefficacy datafor synthetic
pesticides,andvaried to someextent with oil origin. All testedoils wereactive asdirect
andresiduallarvicides. Peanutoil wasthemosteffective for all testedeffects,followedby
cottonseedoil, whichwassignificantlylesseffectivethanpeanutandcastoroils whenapplied
directly to eggs. Only by this latterparameterwascastoroil moreeffective thancottonseed
oil andsimilar to peanutoil. As directspraysto larvae,soybeanandsunfloweroils resembled
castoroils, but their residueswerelesseffective againstall stages.
KEY WORDS:Vegetableoils; seedoils; residualactivity; Bemisia tabaci; repellency; spray
activity.

INTRODUCTION

Apart from their importantrole in humannutrition, vegetable(seed)oils areusedfor
several nonfood industrial applicationssuch as animal feeds, fatty acids, soap,paints,
varnishes,printing inks, glazing compounds,plasticsand resins,lubricantsand greases
(1,22).Theagri-chemicalindustryincreasinglyemploysvegetableoils asinert ingredients
in pesticideformulationsmainly to enhancepenetrationof herbicidesor insecticides(7,26)
into theleaf interior. Vegetableoils arealsowell known ascontrolagents(10),especially
againststored-productpests(9,11) but alsoagainstfoliar pestssuchasmitesandscales
(14,16), aphidsand whiteflies (2-6,13,18,24). As agriculturalpesticides,vegetableoils
possessseveral desirableproperties. Like other spray oils (13), there is little risk of
arthropodresistance,andevenlessrisk of inducingcross-resistanceto otherpesticides(10).
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Vegetableoils areconsideredenvironmentallyfriendly chemicalsand,asan agricultural
pesticide,they poselittle dangerto thehealthof theuseror to theconsumerof agricultural
products(8). Therefore,vegetableoil formulationsusuallyconformto any regulatoryand
legislative constraintsthat restrict the developmentof other insecticidetypes. Moreover,
insecticidalvegetableoil formulationscanbemanufacturedin mosttargetcountries,often
with local oil species.

Nevertheless,the useof vegetableoils for agriculturalpestmanagementis still very
limited, probably due to the inconsistentand sometimesinadequateperformanceof
the oils and their occasionaltendency to causephytotoxicity (3,4). In this regard it
is noteworthy that the composition,physico-chemicalproperties,and susceptibility to
undergoautooxidativedeteriorationof vegetableoils varywith oil origin (1,22).

Herein,we reporttheresultsof laboratoryexperimentsto determinetheeffectsof five
economicallyimportantvegetableoils on the behavior andmortality of the sweetpotato
whitefly (Bemisia tabaci (Gennadius)[Hemiptera:Aleyrodidae])

MATERIALS AND METHODS

The oils usedwerecastoroil (USPGrade),cottonseedoil (density(d) = 0.92g/ml),
peanutoil (d = 0.96 g/ml), soybeanoil (d = 0.92 g/ml) and sunflower oil (d = 0.9
g/ml). All oils wereobtainedfrom SigmaIsrael,Rehovot, Israelandthe emulsifierwas
Tween-80(SigmaUltra),alsoobtainedfrom SigmaIsrael. Oil emulsionswereprepared
by intensively stirring (15 min) solutionsof 6.7%Tween-80in oil with 0.1%Tween-80in
deonizedwater. Ethanol(absolute,analyticalreagent)waspurchasedfrom Bio Lab Ltd.,
Jerusalem,Israel.Pottedcottonseedlings(Gossypium hirsutum L., cv. ‘AcalaSJ-2’)grown
in the greenhousewithout insecticidetreatments,served both for rearingandbioassays.
Sweetpotatowhiteflies were taken from greenhousecoloniesreplenishedannuallywith
field collectedsamples.

Bioassayprocedures For residuetests,the oils wereappliedasaqueousemulsions,or
in absoluteethanolsolution, to potted cotton plants with five to seven matureleaves.
Six replicate plants were sprayedto runoff with a chromatographicsprayer(Kontes,
Langhorne,PA, USA) andkeptundercontrolledconditionsof temperature(26� 2	 C) and
photoperiod(16:8,L:D).

Adult femaleB. tabaci werecaughtwith an aspiratorand transferredto clip-on leaf
cages(transparentplastic[polystyrene]cylinders,20 mm diam,70 mm height). The leaf
cages,eachcontaininga known numberof females(20–40),wereattachedto the lower
sidesof leaves2 daysafterspraying.Settlingandmortality of adultswererecordedafter
various intervals, and eggs laid on the surfaceswere countedafter 24–27 h. Settling
deterrencewasexpressedastheSettlingRatio(SRt=T/C, whereT andC arethepercentages
of adultswhich settledon treatmentandcontrol,respectively, aftert h).

Theimpactof oil residuesonthemortalityof immaturestageswasmeasuredby caging
femaleson treatedfoliage for 24 h, 5 dayspost-spray. At this point the effectiveness
of oil residuesasoviposition deterrentsceasedor wasnegligible. Survival of immature
stageswasdeterminedby countingthenumberof eggslaid andthenumberof larvaethat
subsequentlypupated. Mortality was correctedfor the untreatedcontrol usingAbbott’s
formula.

For spray-inducedmortality tests,the leaf cages,eachcontaininga known numberof
females(20–40),wereattachedto the lower sidesof leavesfor 24 h. Femaleswerethen
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removed and the eggs on eachleaf were counted. The seedlingswere then held in the
controlled-temperatureroom andthe developmentof variouslife stageswasdetermined
with abinocularmicroscopeor amagnifyingglass.Thevariousstagesweresprayedunder
ahoodandtheplantswerereturnedto thecontrolled-temperatureroom.Percentsurvival of
eachdevelopmentstagewasdeterminedaccordingto thenumberof live pupaeandempty
puparia.

All experimentswere replicatedsix times, and resultsanalyzedwith Fisher’s least
significantdifferencetest(20).

RESULTS

Residuesof the five oils testedinfluencedfeedingandoviposition behavior of adult
B. tabaci, andcausedadult mortality (Figs. 1-6, Table1). Spraysappliedto immature
stagescausedmortality (Table2). Figure1 comparespercentsurvival of adultsafter24 h
exposureto 2-day-oldfoliar residuesof vegetableoils of differenttypesandconcentrations.
A decreasein survival percentagewasobservedfor concentrationshigherthan0.1%w/w.
The residuesof peanutandcottonseedoils followed by castoroil were the mostactive.
However, even for theseoil specieshigherconcentrationswererequiredfor total or near
total mortality (6% survival wasobserved for 3% w/w castoroil residues).Soybeanoil
depositswere lessactive (14% survival for the sameconcentrationanddepositage)and
sunfloweroil hadtheleasteffect (33%survival).

Figure2 comparestheSRof Bemisia ondifferentoil residuesafter5 h exposure.SR
��
wasaffectedby thetypeandconcentrationof oil (Fig. 2). Thetrendsweresimilar to those
found for adult mortality after 24 h exposureto deposits(Fig. 1). Thus,SR
�� < 100%
wasobserved for oil concentrations
 0.3%, whereasresiduesof 1–3% oils of all types
preventedmostadultsfrom settling(44 
 SR
�� 4 
 0) until they died. Likewise, peanut
andcottonseedoil residueswerethe mosteffective settlingdeterrents(SR
�� = 0 and5%
respectively, on 3%-oil residues)followedby castor(16%),soybean(23%)andsunflower
(44%)oils. It is noteworthy thaton untreatedcottonleaves,half of theadultssettledafter
5 h exposureperiod (49.9� 3.1%) (mean � SEM for 6200 femalesin 34 experiments),
comparedwith 69.3 � 2.3%after24 h.

TABLE 1. Mortality andovipositionof Bemisia tabaci adultson1.5%-oil treatedcottonfoliage,and
aftertransferto non-treatedseedlings

Treatment Transfer Number % Mortality aftertheindicated Oviposition�
of adults exposurehours

2 4.5 24 Eggsper
female

%

Control no 210 0.0a� 0.0a 0.0a 2.9 100a
yes 197 0.0a 0.0a 1.1a� 2.8 96a�

Cottonseedoil no 235 8.2a 19.3a 78a 0.57 19a
yes 184 8.8a 23.5a 1.0b� 3.4 117a�

Castoroil no 193 3.0a 9.0a 75a 1.1 38a
yes 199 2.5a 9.8a 0.0b� 3.7 127b�

� Femaleswereexposedcontinuouslyfor 24h to thesamecottonseedling.
� For thesametreatmentandexposure,valuesfollowedby thesameletterdo not differ significantly;FisherLSD
test,P=0.05.
� Adults exposedfor 5 h to treatedor to controlseedlingsandthentransferredto non-treatedseedlings.
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TABLE 2. Effect of oil type on percentsurvival of immatureBemisia tabaci sprayedas 3% oil
aqueousemulsions

Treatment Percentsurvival�
Egg 1st larval in-

star
2nd larval in-
star

3rd larval in-
star

4th larval in-
star

Control 100a 100a 100a 100a 100a
Sunflower oil 94ab 9.1b 6.0b 27b 94ab
Soybeanoil 99a 4.5c 2.7cd 22b 99a
Castoroil 19c 7.9c 4.1bc 14c 19c
Cottonseedoil 83b 4.5c 1.4d 9.4d 83b
Peanutoil 20c 4.0c 0.8d 11cd 20c

� For thesamelife stage,valuesfollowedby acommonletterdonotdiffer significantly;FisherLSD test,P=0.05.

Fig. 1. Survival of Bemisia tabaci adults on oil-treated leaves as affected by oil type and
concentration.The adultswere exposedfor 24 h to cotton seedlings2 dayspost-spray. For the
sameconcentration,barsmarked by a commonletter do not differ significantly; FisherLSD test,
P=0.05.
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Fig. 2. Settling ratio for Bemisia tabaci adultson oil-treatedleaves as affectedby oil type and
concentration.Theadultswereexposedfor 5 h to cottonseedlings2 dayspost-spray. For thesame
concentration,barsmarkedby acommonletterdonotdiffer significantly;FisherLSD test,P=0.05.

Fig. 3. Relative ovipositionfor Bemisia tabaci adultsonoil-treatedleavesasaffectedby oil typeand
concentration.Theadultswereexposedfor 24 h to cottonseedlings2 dayspost-spray. For thesame
concentration,barsmarkedby acommonletterdonotdiffer significantly;FisherLSD test,P=0.05.
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Fig. 4. Residualeffectsof castorandcottonseedoils on Bemisia tabaci adultsafter � 24 h exposure
intervals. The adultswereexposedto cottonseedlings2 dayspost-spray. a: Effectsof exposure
time on survival of adultssubjectedto starvation,treatedanduntreatedcottonfoliage. b: Effectsof
exposuretimeonsettlingof adultsonoil-treatedanduntreatedcottonfoliage.c: 24h ovipositionon
oil-treatedanduntreatedcottonfoliage.BarsindicateS.E.;FisherLSD test,P=0.05.
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The reduction in adult settling was accompaniedby a correspondingdecreasein
oviposition(Fig. 3). For example,no ovipositionwasobservedon residuesof 3% peanut,
cottonseedandcastoroil sprays,whereasresiduesof 3%soybeanandsunfloweroil sprays
reducedoviposition by 23% and 43%, respectively. The relationshipbetweensettling
deterrenceand mortality is also seenin a comparisonof effects of exposureperiod on
survival and settling of adultson oil-treatedleaves with survival of adultssubjectedto
starvation (Fig. 4). The survival curvesof starved adultsandof thoseexposedto castor
oil residueswere similar, both showing higher survival (for 2–8 h exposures)than on
cottonseedoil residues(Fig. 4a). On the other hand,settling percentages(amongthe
living adults)on cottonseedandcastoroil residuesweresimilar duringthefirst 2–8h, and
bothweresignificantlylower thanon theuntreatedcontrol(Fig. 4b). Fecundityof females
that did settleon castoroil-treatedleaveswassimilar to that observed for the untreated
control,andsignificantlyhigherthanfor femalesin thecottonseedoil treatment(Fig. 4c).
Thesetwo oils appearto actassettlingdeterrentsbut cottonseedoil residuescausedfaster
kill thanstarvation alone. However, adultsexposedfor 5 h to eithercottonseedor castor
oil residuesrecoveredafter they weretransferredto untreatedfoliage (Table1). Percent
survival andfecundityof the transferredadultswereno lower thanthoseof theuntreated
control.

Fig. 5. Residualeffectsof ethanoland3% cottonseedoil in ethanol,on Bemisia tabaci adults,at
differentexposuretimes(2 dayspost-spray).a: Settlingon thecottonseedlingsprayedwith ethanol.
b: Mortality on the cottonseedlingsprayedwith 3% cottonseedoil in ethanol. c: Settlingon the
cottonseedlingsprayedwith 3% cottonseedoil in ethanol. No mortality of adultson the control;
FisherLSD test,P=0.05.

Finally, it is noteworthy that residuesof oil emulsions(containingsurfactant)andof
ethanolsolution(surfactant-free)showedsimilarbehavioral andtoxicologicalactivitieson
adults,asshown in Figure5. The five testedvegetableoils showed alsodirect (Table2)
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andresidual(Fig. 6) effectson immatureB. tabaci. The potency of direct spraysvaried
with life cycle stageandoil type (Table 2). For all oils, the egg was the most tolerant
immaturestageto direct sprays,followed – in orderof increasingsensitivity – by pupa,
third-, first- andsecond-instarlarvae. Cottonseedandpeanutoil spraysweresignificantly
moreeffective againstlarvae than the otheroils, which did not differ significantly from
eachother.

A notablystrongovicidaleffectwasobservedfor castorandpeanutoils. Theproportion
of eggsthatdevelopedinto adultsonresiduesof theseoils ws22–26%(peanutoil) and29–
37%(casteroil), for the3%and1%treatments,respectively (Fig. 6). Theotheroils showed
little ovicidal activity. In fact,eggssurvived3% spraysof eithersoybeanor sunfloweroils
andtheir percentsurvival did notdiffer significantlyfrom thatof thecontrol(Table2).

It shouldbementionedthatfor peanutandcastoroil, theresidualactivity tests(Fig. 6)
reflectedtheeffect of the5–6-day-oldoil residueson theegg stage,but it mayhave been
the12-day-oldresidueswhich wereeffectiveduringthesensitivehatchingphase.

Fig. 6. Effectsof oil type andconcentrationon the emergenceof Bemisia tabaci adultsdeveloped
from eggslaid on cottonseedlingssprayedwith 3% oil emulsions.Adults wereallowedto oviposit
for 5 dayspost-spray. For the sameconcentration,barsmarked by a commonletter do not differ
significantly;FisherLSD test,P=0.05.

DISCUSSION

Theoils studiedareof majorcommercialimportanceandrepresentdifferentcomposi-
tion groups.Traditionally, vegetableoils areclassifiedaccordingto thecompositionof their
triglyceridic fraction,whichdeterminesto alargeextentthephysico-chemicalnatureof the
wholeoil, especiallyin its purifiedgrade(1,22,25).For example,sunflower (high linoleic)
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andsoybean(mediumlinoleic) oils areproneto rapidautooxidationwhich convertsthem
to semi-solidor solid polymer films (23). Cotton (palmitic) and peanutoils (oleic) are
consideredmorestable,whereascastoroil (ricinoleic) is characterizedby uniquephysical
propertiesand high resistanceto atmosphericoxidation. However, the oils had similar
effects for all of the parametersstudied. Surfactants,suchas thosepresentin sprayoil
formulations,areknown, whenappliedalone,to haveeffectsonwhitefliessimilar to those
of vegetableoils (3,5,6,11,18,19,21,23). However, in our experimentstheeffectsof theoil
residuesweresimilar in thepresence(i.e., in emulsions)or absence(in ethanolicsolutions)
of the surfactant. All oils actedaslarvicideswhensprayeddirectly on insects.The egg
andfourth instarwerethemosttolerantstagesin our testsandthesestageshave alsobeen
reportedto be the leastsusceptibleto mineral oil, soap(15), toxins and insectgrowth
regulators(12,17).

For all the testedparameters,peanutoil was the most effective productevaluated.
Cottonseedoil was the secondmost effective, but was significantly lesseffective than
peanutor castoroils whensprayedon eggs. Only by this parameter, wascastoroil more
effectivethancottonseedoil andsimilarto peanutoil. As larvicides,soybeanandsunflower
oils resembledcastoroil but theeffectof theirspraydepositson immaturesandadultswas
less.

Correlationof the relative effectivenessof the oils with their physico-chemicalprop-
erties(1,22)indicateda generaltendency of decreasedactivity with higheriodinenumber
or with higherdegreeof unsaturation.Castoroil, which hasexceptionallyhigh viscosity,
surfacetensionandpolarity, essentiallyfits this tendency, althoughits low iodinenumber
wouldsuggesthigheractivity.

The effectsof the foliar residuesof vegetableoils on B. tabaci adultssuggestedthat
adultmortalitywasduemainly to starvationor dehydration.Adultsareonly slightly or not
affectedby physicaltoxicity (10)of vegetableoil residues.

After beingtransferredto untreatedplants,therepelledadultssurvivedandoviposited
normally. Vegetableoils, likemineraloils (21),areconsideredcontact-effective(10)which
accountsfor thehighdependenceof theircontrolefficacy onspraycoverage.For vegetable
oils, this relianceon spraycoveragemay alsobe explainedby their repellentproperties.
Dependingon the degreeof coverage,vegetableoil residuescaneither repeladultsand
preventoviposition,or directtheadultsthatcanoviposit to oil-freesites.
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