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Effects of Five VegetableOils on the SweetpotatoWhitefly
Bemisia tabaci

Annie Fenigstein,Miriam Eliyahu! S.Gan-Mo# andD. Veieros*!

The effectsof five economicallyimportantvegetable(seed)oils, peanutcottonseedcastor
soybeanandsunflaver, on adultandimmaturestagesof the sweetpotatavhitefly (Bemisia
tabaci (Gennadius)Hemiptera:Aleyrodidae])werestudiedin thelaboratory Irrespectve of
origin, oil residuesadsimilar effectsonimmaturestagesandadultmortality, andon settling
and oviposition deterrence.Trendsfor 5-h settling, 24-h oviposition and 24-h survial of
adultsontreatecblantsweresimilarfor oils appliedatthesameconcentratiomange.Settling
deterrencavasstrongenoughto causeadultdeathdueto stanationor dehydratiorunderno-
choiceconditions,and causedyreatemmortality thandirect physicaltoxicity; similar results
wereobtainedvhenadultsurvival onoil residuesvascomparedo survival of stanedadults.
Adults recorered when transferredfrom oil-treatedto untreatedplants. All oils produced
similar effectswhensprayedon immatures;the egg andfourth instar (pupa)werethe most
tolerantstagesTheoil concentratiomequiredfor significanteffectsonwhitefly mortalityand
behaior wasrelatively high (>0.3%) comparedwith publishedefficagy datafor synthetic
pesticides and varied to someextent with oil origin. All testedoils were active asdirect
andresiduallarvicides. Peanubil wasthe mosteffective for all testedeffects, followed by
cottonseeail, whichwassignificantlylesseffective thanpeanu&andcastoroils whenapplied
directly to eggs. Only by this latter parametevas castoroil moreeffective thancottonseed
oil andsimilarto peanubil. As directspraydo larvae,soybeanandsunflaver oils resembled
castoroils, but their residuesverelesseffective againstall stages.

KEY WORDS:Vegetableoils; seedoils; residualactivity; Bemisia tabaci; repelleny; spray
actiity.

INTRODUCTION

Apart from theirimportantrole in humannutrition, vegetable(seed)oils are usedfor
several nonfood industrial applicationssuch as animal feeds, fatty acids, soap, paints,
varnishes printing inks, glazing compoundsplasticsand resins,lubricantsand greases
(1,22). Theagri-chemicalndustryincreasinglyemploys vegetableoils asinertingredients
in pesticideformulationsmainly to enhanceenetratiorof herbicidesor insecticideg7,26)
into theleafinterior. Vegetableoils arealsowell known ascontrolagenty10), especially
againststored-producpests(9,11) but also againstfoliar pestssuchas mitesand scales
(14,16), aphidsand whiteflies (2-6,13,18,24). As agricultural pesticides vegetableoils
possesssereral desirableproperties. Like other spray oils (13), thereis little risk of
arthropodesistanceandevenlessrisk of inducingcross-resistande otherpesticide410).
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Vegetableoils are considerecernvironmentallyfriendly chemicalsand,asan agricultural
pesticidethey poselittle dangerto the healthof theuseror to theconsumenf agricultural
products(8). Therefore vegetableoil formulationsusuallyconformto ary regulatoryand
legislative constraintsthat restrictthe developmentof otherinsecticidetypes. Moreover,
insecticidalvegetableoil formulationscanbe manuficturedn mosttargetcountriespften
with local oil species.

Neverthelessthe useof vegetableoils for agriculturalpestmanagemenis still very
limited, probably due to the inconsistentand sometimesinadequateperformanceof
the oils and their occasionaltendeng to causephytotoxicity (3,4). In this regard it
is notavorthy that the composition, physico-chemicaproperties,and susceptibility to
undego autooxidatve deterioratiorof vegetableoils vary with oil origin (1,22).

Herein,we reporttheresultsof laboratoryexperimentgo determinethe effectsof five
economicallyimportantvegetableoils on the behaior and mortality of the sweetpotato
whitefly (Bemisia tabaci (GennadiusjHemiptera:Aleyrodidae])

MATERIALS AND METHODS

The oils usedwere castoroil (USP Grade),cottonseeail (density(d) = 0.92g/ml),
peanutoil (d = 0.96 g/ml), soybeanoil (d = 0.92 g/ml) and sunflaver oil (d = 0.9
g/ml). All oils were obtainedfrom Sigmalsrael, Rehovot, Israeland the emulsifierwas
Tween-80(SigmaUltra),also obtainedfrom Sigmalsrael. Oil emulsionswere prepared
by intensiely stirring (15 min) solutionsof 6.7% Tween-80in oil with 0.1% Tween-80in
deonizedwater Ethanol(absolute analyticalreagentwaspurchasedrom Bio Lab Ltd.,
Jerusalemisrael. PottedcottonseedlinggGossypiumhirsutumL., cv. ‘AcalaSJ-2")grown
in the greenhousevithout insecticidetreatmentssened both for rearingand bioassays.
Sweetpotatovhiteflies were taken from greenhouseoloniesreplenishedannually with
field collectedsamples.

Bioassayprocedures For residuetests,the oils were appliedasaqueousmulsionsor
in absoluteethanolsolution, to potted cotton plants with five to seven matureleaves.
Six replicate plants were sprayedto runoff with a chromatographicsprayer(Kontes,
LanghornePA, USA) andkeptundercontrolledconditionsof temperaturg¢26+2°C) and
photoperiod16:8,L:D).

Adult femaleB. tabaci were caughtwith an aspiratorandtransferrecto clip-on leaf
cagegtransparenplastic[polystyrenelcylinders,20 mm diam, 70 mm height). The leaf
cages,eachcontaininga known numberof females(20-40), were attachedo the lower
sidesof leaves?2 daysafter spraying. Settlingand mortality of adultswererecordedafter
various intervals, and eggs laid on the surfaceswere countedafter 24—-27 h. Settling
deterrencevasexpresseasthe Settling Ratio (SRt=T/C, whereT andC arethepercentages
of adultswhich settledon treatmentandcontrol,respectiely, aftert h).

Theimpactof oil residuesnthemortality of immaturestagesvasmeasuredby caging
femaleson treatedfoliage for 24 h, 5 dayspost-spray At this point the effectiveness
of oil residuesasoviposition deterrenteasedr was negligible. Survival of immature
stagesvasdeterminecdby countingthe numberof eggslaid andthe numberof larvaethat
subsequentlypupated. Mortality was correctedfor the untreatedcontrol using Abbott’s
formula.

For spray-inducednortality tests,the leaf cagesgachcontaininga known numberof
females(20—40),wereattachedo the lower sidesof leavesfor 24 h. Femalesverethen
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removed and the eggs on eachleaf were counted. The seedlingswerethen held in the
controlled-temperatureoom and the developmentof variouslife stageswas determined
with abinocularmicroscopeor amagnifyingglass.Thevariousstagesveresprayedunder
ahoodandtheplantswerereturnedo thecontrolled-temperatun@om. Percensurvival of
eachdevelopmenttagewasdeterminedaccordingto the numberof live pupaeandempty
puparia.

All experimentswere replicatedsix times, and resultsanalyzedwith Fishers least
significantdifferencetest(20).

RESULTS

Residuef the five oils testedinfluencedfeedingand oviposition behavior of adult
B. tabaci, and causedadult mortality (Figs. 1-6, Table 1). Spraysappliedto immature
stagescausedmortality (Table2). Figurel comparegpercentsurvival of adultsafter24 h
exposureo 2-day-oldfoliar residue®f vegetableoils of differenttypesandconcentrations.
A decreasén survival percentagevasobsenedfor concentrationsiigherthan0.1%w/w.
The residuesof peanutand cottonseeails followed by castoroil werethe mostactive.
However, even for theseoil specieshigherconcentrationsvererequiredfor total or near
total mortality (6% survival was obsened for 3% w/w castoroil residues).Soybeanoil
depositswerelessactive (14% survival for the sameconcentratiorand depositage)and
sunflaver oil hadtheleasteffect (33%survival).

Figure2 compareshe SR of Bemisia on differentoil residuesafter5 h exposure SRy,
wasaffectedby thetypeandconcentratiorof oil (Fig. 2). Thetrendsweresimilarto those
found for adult mortality after 24 h exposureto deposits(Fig. 1). Thus, SRy, < 100%
was obsenred for oil concentrations>0.3%, whereasresiduesof 1-3% oils of all types
preventedmostadultsfrom settling (44 > SR;, 4>0) until they died. Likewise, peanut
and cottonseedil residuesverethe mosteffective settlingdeterrent{SR;;, = 0 and5%
respectiely, on 3%-oil residuesollowedby castor(16%), soybean(23%) andsunflover
(44%)oils. It is notavorthy thaton untreatectottonleaves, half of the adultssettledafter
5 h exposureperiod (49.9+3.1%) (mean+ SEM for 6200 femalesin 34 experiments),
comparedvith 69.3+ 2.3%after24h.

TABLE 1. Mortality andoviposition of Bemisia tabaci adultson 1.5%-oiltreatedcottonfoliage,and
aftertransferto non-treatedseedlings

Treatment Transfer Number % Mortality aftertheindicated Ovipositior?
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 1l.1a® 2.8 96"
Cottonseeail no 235 8.2a 19.3a 78a 0.57 19a
yes 184 8.8a 23.5a 1.0b* 34 117a*
Castoroll no 193 3.0a 9.0a 75a 11 38a
yes 199 2.5a 9.8a 0.0b® 3.7 127b®

*Femalesvereexposedcontinuouslyfor 24 h to the samecottonseedling.

YFor thesametreatmentaindexposure valuesfollowed by the saméetterdo not differ significantly; FisherLSD
test,P=0.05.

Z Adults exposedfor 5 h to treatedor to control seedlingsandthentransferredo non-treategeedlings.
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TABLE 2. Effect of oil type on percentsurvival of immatureBemisia tabaci sprayedas 3% oil
aqueougmulsions

Treatment Percensurvival
Egg Ist larval in-  2ndlarval in-  3rd larval in-  4th larval in-

star star star star
Control 100a 100a 100a 100a 100a
Sunflaver oil 94 ab 9.1b 6.0b 27b 94 ab
Soybeanoil 99a 4.5c 2.7cd 22b 99a
Castoroil 19c 7.9c 4.1bc 1l4c 19c
Cottonseeail 83b 4.5c 1.4d 9.4d 83b
Peanubil 20c 4.0c 0.8d 1lcd 20c

“For thesamdife stageyvaluesfollowed by acommonletterdo notdiffer significantly;FisherLSD test,P=0.05.

SURVIVAL (%)

0.1 ‘
03 ™ -
1 3\*\&?;__;--' - Cottan

OIL CONCN. Psanut OIL TYPE
(%)

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 days post-spray For the
sameconcentrationparsmarked 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 affected by oil type and
concentrationThe adultswereexposedfor 5 h to cottonseedling® dayspost-spray For the same
concentrationbarsmarked by acommonletterdo not differ significantly;FisherLSD test,P=0.05.

Fig. 3. Relative ovipositionfor Bemisia tabaci adultson oil-treatedleavesasaffectedby oil typeand
concentrationThe adultswereexposedfor 24 h to cottonseedling® dayspost-sprayFor the same
concentrationbarsmarked by acommonletterdo not differ significantly;FisherLSD test,P=0.05.
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Fig. 4. Residualeffectsof castorandcottonseeails on Bemisia tabaci adultsafter 24 h exposure
intervals. The adultswere exposedto cottonseedlings?2 dayspost-spray a: Effects of exposure
time on survival of adultssubjectedo stanation,treatedanduntreateccottonfoliage. b: Effectsof

exposuretime on settlingof adultson oil-treatedanduntreatecdcottonfoliage. c: 24 h ovipositionon

oil-treatedanduntreatectottonfoliage. BarsindicateS.E.;FisherLSD test,P=0.05.
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The reductionin adult settling was accompaniecby a correspondingdecreasan
oviposition (Fig. 3). For example,no ovipositionwasobsenedon residuesf 3% peanut,
cottonsee@ndcastoroil sprayswhereagesiduef 3% sogybeanandsunflaver oil sprays
reducedoviposition by 23% and 43%, respectiely. The relationshipbetweensettling
deterrenceand mortality is also seenin a comparisonof effects of exposureperiod on
survival and settling of adultson oil-treatedleaves with survival of adults subjectedto
stanation (Fig. 4). The survival curvesof staned adultsand of thoseexposedto castor
oil residueswere similar, both shaving higher survival (for 2—-8 h exposures)than on
cottonseedil residues(Fig. 4a). On the other hand, settling percentagegamongthe
living adults)on cottonsee@ndcastoroil residuesveresimilar duringthefirst 2-8h, and
bothweresignificantlylowerthanon the untreatedcontrol (Fig. 4b). Fecundityof females
that did settleon castoroil-treatedleaves was similar to that obsened for the untreated
control,andsignificantlyhigherthanfor femalesin the cottonseeail treatmen{Fig. 4c).
Thesetwo oils appearto actassettlingdeterrentdut cottonseeail residuescausedaster
kill thanstanation alone. However, adultsexposedfor 5 h to eithercottonseedr castor
oil residuesecoveredafterthey weretransferredo untreatedoliage (Table 1). Percent
survival andfecundity of the transferrecadultswereno lower thanthoseof the untreated
control.

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

Finally, it is notavorthy that residuesof oil emulsions(containingsurfactant)and of
ethanolsolution(surfactant-freeshavedsimilar behaioral andtoxicologicalactiities on
adults,asshown in Figure5. The five testedvegetableoils shoved alsodirect (Table 2)
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andresidual(Fig. 6) effectsonimmatureB. tabaci. The poteny of direct spraysvaried
with life cycle stageand oil type (Table 2). For all oils, the egg was the mosttolerant
immaturestageto direct sprays,followed — in order of increasingsensitvity — by pupa,
third-, first- andsecond-instalarvae. Cottonseedndpeanutil spraysweresignificantly
more effective againstlarvae thanthe other oils, which did not differ significantly from
eachother

A notablystrongovicidal effectwasobsenedfor castorandpeanubils. Theproportion
of eggsthatdevelopedinto adultsonresiduef thesenils ws 22—-26%(peanubil) and29—
37%(castemil), for the3%and1%treatmentsiespectiely (Fig. 6). Theotheroils shaved
little ovicidal actiity. In fact,eggssurvived 3% spraysof eithersoybeanor sunflover oils
andtheir percentsurvival did notdiffer significantlyfrom thatof the control (Table2).

It shouldbe mentionedhatfor peanutandcastoroil, the residualactiity tests(Fig. 6)
reflectedthe effect of the 5-6-day-oldoil residueson the egg stage but it may have been
the 12-day-oldresiduesvhich wereeffective duringthe sensitve hatchingphase.

Fig. 6. Effectsof oil type and concentratioron the emepgenceof Bemisia tabaci adultsdeveloped
from eggslaid on cottonseedlingsprayedwith 3% oil emulsions.Adults wereallowedto oviposit
for 5 dayspost-spray For the sameconcentrationbarsmarked by a commonletter do not differ
significantly;FisherLSD test,P=0.05.

DISCUSSION

Theoils studiedareof majorcommerciaimportanceandrepresentifferentcomposi-
tion groups.Traditionally, vegetableoils areclassifiedaccordingo thecompositiorof their
triglyceridicfraction,which determineso alargeextentthe physico-chemicahatureof the
wholeoil, especiallyin its purifiedgrade(1,22,25).For example,sunflover (highlinoleic)
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andsoybean(mediumlinoleic) oils areproneto rapid autooxidationwhich corvertsthem
to semi-solidor solid polymer films (23). Cotton (palmitic) and peanutoils (oleic) are
considerednorestable whereasastoroil (ricinoleic) is characterizedby uniquephysical
propertiesand high resistanceo atmosphericoxidation. However, the oils had similar
effectsfor all of the parameterstudied. Surfactants,suchasthosepresentin sprayoil

formulations,areknown, whenappliedalone,to have effectson whitefliessimilar to those
of vegetableoils (3,5,6,11,18,19,2,23). However, in our experimentghe effectsof theoil

residuesveresimilarin thepresencdi.e., in emulsionspr absencéin ethanolicsolutions)
of the surfactant. All oils actedaslarvicideswhen sprayeddirectly on insects. The egg
andfourth instarwerethe mosttolerantstagesn our testsandthesestageshave alsobeen
reportedto be the leastsusceptibleto mineral oil, soap(15), toxins and insectgrowth

regulators(12,17).

For all the testedparameterspeanutoil was the most effective productevaluated.
Cottonseedil was the secondmost effective, but was significantly less effective than
peanutor castoroils whensprayedon eggs. Only by this parameterwas castoroil more
effectivethancottonseeail andsimilarto peanubil. As larvicides,soybeanandsunflover
oils resembleatastoroil but the effect of their spraydepositsonimmaturesandadultswas
less.

Correlationof the relative effectivenessof the oils with their physico-chemicaprop-
erties(1,22)indicateda generatendeny of decreasedctivity with higheriodine number
or with higherdegreeof unsaturation.Castoroil, which hasexceptionallyhigh viscosity
surfacetensionandpolarity, essentiallyfits this tendeng, althoughits low iodine number
would suggeshigheractivity.

The effectsof the foliar residuesof vegetableoils on B. tabaci adultssuggestedhat
adultmortality wasduemainly to stanationor dehydration Adults areonly slightly or not
affectedby physicaltoxicity (10) of vegetableoil residues.

After beingtransferredo untreatedlants,the repelledadultssurvived andoviposited
normally. Vegetableoils, like mineraloils (21), areconsideredontact-efective (10) which
accountdor thehigh dependencef their controlefficacy on spraycoverage For vegetable
oils, this relianceon spraycoveragemay also be explainedby their repellentproperties.
Dependingon the degreeof coverage,vegetableoil residuescan either repeladultsand
preventoviposition,or directthe adultsthatcanovipositto oil-free sites.
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