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SystemicToxicity of Spinosadto the GreenhouseWhite�y
Trialeurodesvaporariorumand to the Cotton Leaf Worm

Spodopteralittoralis

ThomasVanLeeuwen,1;� MarcVandeVeire,1 WannesDermauw1

andLuc Tirry1

Whenspinosadwasadministeredat thestembaseof tomatoplantsgrown in rockwool, the
main substrateusedin greenhousesin northernEurope,it was taken up by the roots and
transportedto the leaves. Laboratorytoxicity experimentsshowedthatsystemicallyapplied
spinosad,at dosesas low as 2 mg active ingredientper plant, gave excellent control of
nymphsof thegreenhousewhite�y Trialeurodesvaporariorum, but waslesstoxic to adults.
The toxicity of spinosadon Homopterahasnot beendocumentedyet anda dose-response
relationshipwasestablished.The persistenceof toxicity wasat least22 daysfor white�y
nymphs.A dose-responserelationshipof systemicallyappliedspinosadwasalsodetermined
on third-instarlarvaeof thecottonleaf worm Spodoptera littoralis; a doseof 5 mg perplant
consistentlykilled all larvae.Thepersistenceof systemicallyappliedspinosadreachedup to
45 daysafter treatment.Systemicallyappliedspinosadwasharmlessto the parasiticwasp
Encarsia formosa.
KEY WORDS:Spinosad;systemic;toxicity; Trialeurodes;Spodoptera; Encarsia.

INTRODUCTION

The useof spinosadas a sprayapplicationin protectedcrops is increasingrapidly
thanksto its excellent toxicity to many insectordersand its new modeof action. Due
to the selective action on target pestsand its negligible effect on predatoryinsectsand
mites,it seemsto bevaluablefor IPM programmes.Systemicapplicationof spinosadcould
improveits selectivity for insectssuchasparasiticwaspsthathaveprovento besusceptible
to spinosadintoxication.

Spinosadis a new insectcontrol agentthat is derived from a fermentationproductof
a naturallyoccurringsoil actinomycete,Saccharopolyspora spinosaMertz & Yao(14). It
comprisesamixtureof spinosynsA andD andis thecommonnameof theactiveingredient
that is presentin TracerNaturalyte,SuccesNaturalyte,SpinTor NaturalyteandConserve
insectcontrol products(all trademarksof Dow AgroSciences).Spinosadhastwo unique
modesof action: it actsprimarily on the insect's nervoussystemby depolarizingneurons
at the nicotinic acetylcholinereceptor, but also exhibits activity at the GABA receptor
(7). The activity spectrumincludesspeciesof several insectorders:Coleoptera,Diptera,
Hymenoptera,Isoptera,Lepidopteraand Thysanoptera(2,11). Becauseof its selective
actionon targetpests,spinosadshouldbevaluablefor theconservationof predatoryinsect
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and mite populations,althoughsomespecies,especiallythe hymenopteranparasitoids,
are susceptibleto spinosadintoxication (16). Spinosadis known to exert exceptional
activity onseveralcaterpillarspecies,includingtheEgyptiancottonleafwormSpodoptera
littoralis (2), but no reportsof spinosadtoxicity on the greenhousewhite�y Trialeurodes
vaporariorumhavebeenpublished.

Reportsof Dow AgroSciencesmention limited root uptake and sometranslaminar
activity of spinosad(10). Becauserockwool (or stonewool) is now the main plant
growth substrateusedfor glasshousevegetablesin northernEurope,preliminary tests
were conductedto assessthe possiblesystemicityof spinosadin this substrate.To our
surprise,spinosadproved to exhibit excellent control of white�y nymphswhen applied
to the rootsof tomatoplantsgrown in rockwool. Consequently, dose-responserelations
of systemicallyappliedspinosadwere investigatedand the persistenceof toxicity was
evaluatedin laboratoryexperiments. S. littoralis, a known target pestof spinosad,was
includedin the investigationof systemicity. We alsostudiedthe potentialsideeffectsof
systemicallyappliedspinosadon a commonwhite�y biocontrolagent,theparasiticwasp
Encarsia formosa. Finally, the advantagesand possiblepitfalls of systemicallyapplied
spinosadwere consideredin the context of resistancemanagementand integratedpest
management.

MATERIALS AND METHODS

Chemicalsand substrate Formulatedspinosad,TracerNaturalyte(480 g active ingre-
dient (a.i.) l � 1 (suspensionconcentrate)wasobtainedfrom DowAgroSciencesBelgium.
Grodanrockwoolsubstrateblocks(6.5� 6.5� 7.5cm)werepurchasedfrom HortiplanNV
(St. Katelijne-Waver, Belgium). Rockwool is a mineralwool manufacturedfrom volcanic
basaltrock,comprisedof 95%poresand5%solidsin theform of �bers. Fertilizersolutions
(2 g l � 1, pH 7.0)werepreparedwith Alkrisal Special(NPK 17-6-10+ 4 MgO) (Schering
AG).Blackearth(StructuralProfessional,pH 5.0–6.5,20%organicmatter)waspurchased
from SnebboutNV (Belgium).

Insects Thegreenhousewhite�y , T. vaporariorum, wascollectedthroughaspirationfrom
a continuousculture,rearedon tobaccoplantsin an experimentalgreenhouse(22–35� C;
16:8L:D) at theFacultyof Bio-ScienceEngineering,GhentUniversity.

TheEgyptiancottonleaf worm S.littoralis, originally suppliedby Ciba-Geigy, Basel,
Switzerland,wasrearedcontinuouslyin the laboratoryon anarti�cial diet modi�ed from
PoitoutandBues(6). E. formosawaspswerepurchasedfrom BiobestBiological Systems
NV, Westerlo,Belgium.

Initial and residual systemic toxicity on nymphs and adults of T. vaporariorum
Shootsof tomato plants (15 cm tall) (Solanumlycopersicon L. `Moneymaker') were
graftedinto pots(250ml) with blackearthor rockwool blocks,placedseparatelyin plastic
containers,and allowed to grow and develop roots in a growth chamberat 26� 0.5� C;
60% r.h.; 16:8 L:D photoperiod,until they reacheda heightof 30–50cm (typically after
4 to 5 weeks). The two substrateswerekept moist by applyingAlkrisal solutionduring
developmentandtestingprocedures.In the�rst experiment,solutionscontainingdifferent
amountsof spinosad,rangingfrom 0.5 to 20 mg a.i. 80 ml� 1 wereadministeredat the
stembaseof theplantsgrown in rockwool. A singledoseof 40 mg a.i. 80 ml� 1 spinosad
wasusedfor plantsgrown in blackearth. Exactly80 ml solutionwasappliedto thepots
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or rockwool blocksto obtainahomogeneousdistributionof thecompoundin thesubstrate.
Deionizedwater was usedas a control treatment. Immediatelyafter the administration
of spinosad,plantswereinfectedwith adult white�ies (50–80per plant). Fourteendays
afterthetreatment,threecomplex leavesperplantweresampledandmortality of white�y
nymphswasscored.

In a secondexperiment,tomatoplantsof 1.2m heightgrown in rockwool weretreated
with 10 mg a.i. 80 ml� 1 andinfectedasdescribedabove. Deionizedwaterwasusedasa
control treatment.Mortality of white�y nymphsin treatedandcontrol plantswasscored
after 14 dayson threecomplex leaves per plant. To study the persistenceof spinosad
toxicity, thesameplantswerere-infested18daysaftertreatment(DAT) asdescribedabove.
Mortality of nymphswasscoredin threetop leaves,14 daysafter infection. Mortalities
werecorrectedfor controlmortalityusingAbbott's formula(1).

To studythe effect of systemicallyadministeredspinosadon adult white�ies, tomato
plants(30–50cm in height)grown in rockwool were treatedat the stembasewith 2, 5
and 10 mg a.i. 80 ml� 1 as describedpreviously. One DAT, 30 adult white�ies (1–2
daysold) were put on a tomatoleaf, which was isolatedin a `drum' cell (diam 9 cm;
height3 cm; eight gauze-coveredventilationholes)(16) without detachingthe leaf from
the plant. Mortality of the adultswas checked 7 DAT. Deionizedwater was usedas a
controltreatment.All experimentswererepeatedat leastthreetimes.

Initial and residual systemictoxicity on larvae of S. littoralis Tomatoplants(30–50
cm height)weregrown in rockwool andtreatedwith spinosadasdescribedabove. A dose
rangingfrom 0.3to 5 mg80ml� 1 wasappliedat thestembaseof plants.Deionizedwater
wasusedasa control treatment.Five DAT, the leavesof eachplant werecollectedand
placedseparatelyin plastic containers(diam 9 cm; height6 cm), after which ten third-
instar larvaewereplacedin the container. The containerwascoveredwith nylon gauze
andplacedin aninsectgrowth chamberat26� 0.5� C; 60%r.h.;16:8L:D. Thelarvaewere
fed leavesfrom treatedplantsfor threeconsecutivedays.Subsequently, they werefedwith
leavesof non-treatedplants.Mortality wascheckedthroughout6 daysof feeding.To test
thepersistenceof systemicactivity, rockwool-grown tomatoplantsweretreatedwith 5 mg
a.i. perblock,asdescribedabove. Tomatoleaveswerecollected2, 4, 20,30 and45 DAT.
Third-instarlarvaeof S. littoralis werefed for threeconsecutive dayson leavescollected
from treatedplants,after which they werefed on leavesof non-treatedplants. Mortality
waschecked throughout6 daysof feeding. All experimentswererepeatedat leastthree
times.

Effects of spinosadon the non-target organism E. formosa A doseof 5, 10, 20 or
40 mg a.i. spinosadwas administeredat the stembaseof tomatoplants(30–50cm in
height) grown in rockwool as describedpreviously. To test the effects on E. formosa,
leavesweredetachedfrom plants7 DAT andplacedin a small testcontainer(15) together
with tenadult E. formosa(0–1 dayold). Waspswerefed with a dropletof honey during
theexperimentationperiod.Mortality wasscoredafter5 daysof exposure.Theexperiment
wasrepeatedfour times.

RESULTS

Toxicity of systemically applied spinosad on T. vaporariorum The initial systemic
toxicity of spinosadon white�y nymphson tomatoesgrown in rockwool is presentedin
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Figure1. Egghatchwasnormal,exceeding95%in thetreatmentsandcontrols.Spinosad
washighly effectivefor thecontrolof nymphs.Dosesaslow as1 mga.i. perplantprovided
excellent protectionagainstwhite�y infestation. However, good control seemedto be
limited to the rockwool substrate,sincea doseof 40 mg a.i. per plant grown in black
earthresultedin only 40%� 13%(SEM)mortality.

TABLE 1. Systemictoxicity to adultsof the greenhousewhite�y Trialeurodesvaporariorum, of
spinosadappliedto therootsof tomatoplants(30–50cm) grown in rockwool

Systemicdose
(mga.i. spinosad)

% Mortality (� SEM)z

0 12.2� 2.9a
2 54.6� 4.6b
5 73.1� 0.6b

10 96.4� 3.6b
z Treatmentsfollowedby thesameletterdonotdiffer signi�cantly (t-test,P=0.05).

TABLE 2. Toxicity to the cotton leaf worm Spodoptera littoralis at differentdaysafter treatment
(DAT), of 5 mg a.i. spinosadappliedsystemicallyat the stembaseof tomatoplants(30–50cm)
grown in rockwool

Daysof larval
feeding

% Mortality (� SEM)

2 DAT 4 DAT 20DAT 30DAT 45DAT
1 0 0 36.7� 5.8 3.3 � 5.8 13.3� 11.5
2 16.7� 20.8 30.0� 10.0 63.3� 15.3 43.3� 15.3 43.3� 15.3
3 53.3� 37.9 86.7� 5.8 100 96.7� 5.8 96.7� 5.8
4 86.7� 5.8 100 100 100
5 90.0� 0.0
6 90.0� 0.0

TABLE 3. Toxicity of systemicallyappliedspinosadto theparasiticwaspEncarsia formosa,scored
aspercentmortality 7 daysaftertreatment

Systemicdose
(mga.i. spinosad)

% Mortality (� SEM)z

40 17.5� 2.5
20 12.5� 4.8
10 15.0� 2.9
5 7.5� 7.5
0 17.5� 6.3

z No signi�cant differencebetweentreatments(t-test,P=0.005)

Whenspinosadwasappliedat thestembaseof largetomatoplants(1.2–1.4m) grown
in rockwool, excellentcontrol of nymphswasfoundwith a doseof 10 mg a.i. perplant,
resultingin 98%� 6%(SEM)mortality. Spinosadremainedtoxic to newly hatchednymphs
up to 22DAT (100%mortality).

The initial systemictoxicity of spinosadon adult white�ies is presentedin Table 1.
Spinosadwastoxic to adultwhite�ies, althoughat a high doseof 10 mg a.i. perplantnot

Phytoparasitica34:1,2006 105



all insectswerekilled. All treatmentsweresigni�cantly differentfrom thecontrol (t-test,
P=0.05).No signi�cant differenceswerefoundbetweentreatments.

Fig. 1. Systemictoxicity to nymphs of the greenhousewhite�y Trialeurodesvaporariorum, of
differentdosesof spinosadappliedat thestembaseof tomatoplants(40–50cm) grown in rockwool
(errorbars= SEM).

Fig. 2. Systemictoxicity to third-instar larvae of the cotton leaf worm Spodoptera littoralis, of
differentdosesof spinosadappliedat thestembaseof tomatoplants(40–50cm)grown in rockwool;
datarecorded3 and6 daysafterfeeding(errorbars= SEM).

Toxicity of systemicallyapplied spinosadon S. littoralis The initial systemictoxicity
of spinosadon third-instarlarvaeof S. littoralis is presentedin Figure2. A doseof 5 mg
a.i. spinosadwassuf�cient to kill all insectswithin 6 days.Affectedlarvaestoppedfeeding
within 24h andshowedseveresymptomsof poisoning.
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Thepersistenceof spinosadtoxicity to S.littoralis larvaeis presentedin Table2. Plants
treatedwith 5 mg a.i. spinosadremainedtoxic for a long time; at 45 DAT, therewas
still 100%control. Mortality afteronly 2 daysof consecutive feedingwasclearlyhighest
20 DAT, and this could be an indicationthat the spinosadleaf concentrationreachedits
maximumat this point.

Non-target effects of spinosad on E. formosa and M. caliginosus The effect of
systemicallyappliedspinosadonthenon-targetbene�cialorganismE. formosais presented
in Table3. Mortality of E. formosawaspsafter 7 daysof exposureto leavescontaining
different amountsof spinosad,was not signi�cantly different from the control (t-test,
P=0.05). Consequently, systemicallyappliedspinosaddid not negatively affect adultsof
E. formosa.

DISCUSSION

Thesystemictoxicity of spinosadto thegreenhousewhite�y T. vaporariorumandthe
Egyptiancottonleaf worm S.littoralis is outstandingon tomatoplantsgrown in rockwool
blocks. In particular, white�y nymphsareextremelysensitive, sincea doseof 1 mg a.i.
perplant resultedin 99.7%mortality. Thepersistentsystemictoxicity on nymphswasat
least22 days. Larvaeof S. littoralis appearedto be lesssensitive thanwhite�y nymphs,
althoughthey areoneof themajortargetpestsof spinosadin foliar applications.However,
they werepersistentlykilled with a doseof 5 mga.i. perplant,even45DAT.

Rootuptake of spinosadseemedto be limited to the rockwool substratein this study,
sincefar lowercontrolpercentageswereachievedwith blackearth.Soil sorptionprobably
contributesto lower systemicity. It waspreviously shown thatstrongsorptionof spinosad
occurson �ne-texturedsoil with higherorganicmattercontent(12). Systemicitymight be
directly relatedto thecationexchangecapacityof thesubstrate.

Spinosadtoxicity in tomatoplantsgrown in rockwool washighly persistent,in clear
contrastto foliar applications,wherespinosadis readilydissipatedfrom theplantsurface
by photolysis(5,12). Thehigh spinosadpersistenceis probablydueto continuousuptake
of spinosadinto the roots. Spinosadis highly resistantto hydrolysisat variouspH levels
in aquaticconditions(8), andtherockwool probablyprotectsit from photolysis.Bacterial
breakdown might alsobelessimportantin rockwool in comparisonwith `living soil' such
asblackearth. Spinosadcanthusstayavailablefor uptake over a long period,providing
long-lastingcontrol.

The ratesof spinosadappliedfor controlling pestsby foliar applicationon different
cropsrangefrom 50to 300g ha� 1 (13). Fromthedensityof tomatoculturein greenhouses
(typically 30,000plantsha� 1), it canbe estimatedthat with the currentlyapprovedrates
this correspondsto 1 and 10 mg a.i. spinosadper plant. In particular, 10 mg a.i. per
plant would provide excellentcontrol of T. vaporariorum andS. littoralis after systemic
application,if it couldbeadministeredin sucha way thatplantshadthetime to absorbit.

Systemicuseof spinosadcould have importantconsequencesfor resistancemanage-
mentandintegratedpestmanagement.Bene�cial insectsthatdo not feedon plantswould
be even less affectedby spinosad,which is especiallyinterestingas regardsthe more
sensitivehymenopterans.We havedemonstratedthatsystemicallyappliedspinosadis safe
for adult E. formosa. However, the effect of long-lastingactivity in plant tissueshould
be evaluatedon populationsof differentbiological control agents.Also, the presenceof
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spinosadin pollenandnectarshouldbedetermined,sincebumblebeesarefrequentlyused
in pollinationof greenhousetomatoes.

Therateat which pestsdevelopresistanceto pesticidesis, amongotherfactors,linked
to exposuretime, andchemicalswith high persistenceprovide longerselectionperiodsin
the �eld (3). Theapplicationrateof spinosadmustbe high enoughto kill all genotypes.
Spinosadresistancehasalreadybeenreportedin �eld populationsof Plutellaxylostellaand
Liriomyzatrifolii (4,9,17).Systemicapplicationof 10mga.i. spinosaddid notbringabout
completecontrolof adultwhite�ies in this study, andtheselectionof adultscould leadto
a lossof theexcellentactivity on nymphs.In addition,if systemicuseof spinosadled to a
slowly decreasingconcentrationof spinosadin plants,selectingconcentrationswouldvary
continuously, andprovideanidealbasisfor selectionfor resistance.Thewholecomplex of
speciesin a certaincropis simultaneouslyselectedin systemicapplications,sincethereis
nomeansto includetemporalrelaxationof selectionpressure.

In conclusion,the resultsof this studyhighlight the systemicpropertiesof spinosad
andits possibleapplicationfor thecontrolof S.littoralis andT. vaporariorum. However,
anin-depthstudyis necessaryto gathermoredataon systemicproperties,in combination
with anevaluationin the�eld.
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