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SystemicToxicity of Spinosadto the GreenhouséNhite y
Trialeurodesvaporariorumand to the Cotton Leaf Worm
Spodopterdittoralis

ThomasVanLeeuwen' MarcVandeVeire! WanneDermauw
andLuc Tirry*

Whenspinosadvasadministeredat the stembaseof tomatoplantsgrovn in rockwool, the
main substrateusedin greenhouse northernEurope,it was taken up by the roots and
transportedo the leaves. Laboratorytoxicity experimentsshaved thatsystemicallyapplied
spinosad,at dosesas low as 2 mg active ingredientper plant, gave excellent control of
nymphsof the greenhouse&vhite y Trialeurodesvapomriorum, but waslesstoxic to adults.
Thetoxicity of spinosadon Homopterahasnot beendocumented/et anda dose-response
relationshipwas established.The persistencef toxicity was at least22 daysfor white y
nymphs.A dose-responselationshipof systemicallyappliedspinosadvasalsodetermined
on third-instarlarvaeof the cottonleaf worm Spodoptea littor alis; a doseof 5 mg perplant
consistentlykilled all larvae. The persistencef systemicallyappliedspinosadeachedip to
45 daysafter treatment. Systemicallyappliedspinosadvas harmlesgo the parasiticwasp
Encarsiaformosa
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INTRODUCTION

The use of spinosadas a spray applicationin protectedcropsis increasingrapidly
thanksto its excellenttoxicity to mary insectordersandits new modeof action. Due
to the selectve action on tamget pestsand its negligible effect on predatoryinsectsand
mites,it seemdo bevaluablefor IPM programmesSystemicapplicationof spinosadould
improveits selectvity for insectssuchasparasiticvaspsthathave provento be susceptible
to spinosadntoxication.

Spinosads a new insectcontrol agentthatis derived from a fermentationproductof
a naturallyoccurringsoil actinomyceteSacharopolyspoa spinosaMertz & Yao(14). It
compriseamixtureof spinosyn®A andD andis thecommonnameof theactiveingredient
thatis presentn TracerNaturalyte,SuccesNaturalyte,SpinTor Naturalyteand Consere
insectcontrol products(all trademarksf Dow AgroSciences). Spinosachastwo unique
modesof action: it actsprimarily on the insects nenoussystemby depolarizingneurons
at the nicotinic acetylcholinereceptor but also exhibits actvity at the GABA receptor
(7). Theactiity spectrumincludesspecief several insectorders: ColeopteraDiptera,
Hymenopteralsoptera,Lepidopteraand Thysanopterd2,11). Becauseof its selectve
actionontargetpests spinosadhouldbe valuablefor the conserationof predatoryinsect
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and mite populations,althoughsomespecies,especiallythe hymenopterarparasitoids,
are susceptibleto spinosadintoxication (16). Spinosadis known to exert exceptional
activity on severalcaterpillarspeciesincludingthe Egyptiancottonleaf worm Spodoptes

littoralis (2), but no reportsof spinosadoxicity on the greenhous&vhite y Trialeurodes
vaporariorum have beenpublished.

Reportsof Dow AgroSciencesmentionlimited root uptake and sometranslaminar
activity of spinosad(10). Becauserockwool (or stonevool) is now the main plant
growth substrateusedfor glasshousevegetablesin northernEurope, preliminary tests
were conductedto assesshe possiblesystemicityof spinosadn this substrate. To our
surprise,spinosadproved to exhibit excellent control of white y nymphswhen applied
to the roots of tomatoplantsgrown in rockwool. Consequentlydose-responseelations
of systemicallyapplied spinosadwere investigatedand the persistenceof toxicity was
evaluatedin laboratoryexperiments. S. littoralis, a known target pestof spinosadwas
includedin the investigationof systemicity We also studiedthe potentialside effects of
systemicallyappliedspinosacdbn a commonwhite y biocontrolagent,the parasiticwasp
Encarsia formosa Finally, the advantagesand possiblepitfalls of systemicallyapplied
spinosadwere consideredn the context of resistancananagemenand integratedpest
management.

MATERIALS AND METHODS

Chemicalsand substrate Formulatedspinosad,TracerNaturalyte(480 g active ingre-
dient(a.i.) | ! (suspensioroncentratejvas obtainedfrom DowAgroScienceselgium.
Grodanrockwool substratélocks(6.5 6.5 7.5cm)werepurchasedrom HortiplanNV
(St. Katelijne-Waver, Belgium). Rockwool is a mineralwool manugcturedrom volcanic
basaltrock,comprisedf 95%poresand5% solidsin theform of bers. Fertilizersolutions
(2g! 1, pH 7.0)werepreparedvith Alkrisal Special(NPK 17-6-10+ 4 MgO) (Schering
AG). Black earth(StructuralProfessionalpH 5.0—6.5,20% organicmatter)waspurchased
from SnebboutNV (Belgium).

Insects Thegreenhouswhite y, T. vaporariorum, wascollectedthroughaspiratiorfrom
a continuousculture, rearedon tobaccoplantsin an experimentalgreenhous¢22—-35 C;
16:8L:D) atthe Faculty of Bio-ScienceEngineeringGhentUniversity.

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

Initial and residual systemic toxicity on nymphs and adults of T. vaporariorum
Shootsof tomato plants (15 cm tall) (Solanumlycopesicon L. "Moneymaler') were
graftedinto pots(250ml) with blackearthor rockwool blocks,placedseparatelyn plastic
containers,and allowed to grow and develop rootsin a growth chamberat 26 0.5 C;
60%r.h.; 16:8 L:D photoperioduntil they reacheda heightof 30-50cm (typically after
4 to 5 weeks). The two substratesvere kept moist by applying Alkrisal solutionduring
developmentandtestingprocedureslin the rst experiment,solutionscontainingdifferent
amountsof spinosadrangingfrom 0.5to 20 mg a.i. 80 ml * were administerecht the
stembaseof the plantsgrown in rockwool. A singledoseof 40 mga.i. 80ml ! spinosad
wasusedfor plantsgrown in black earth. Exactly 80 ml solutionwasappliedto the pots
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or rockwool blocksto obtainahomogeneoudistribution of the compoundn thesubstrate.
Deionizedwater was usedas a control treatment. Immediatelyafter the administration
of spinosadplantswere infectedwith adultwhite ies (50-80per plant). Fourteendays
afterthetreatmentthreecomplex leavesper plantweresampledandmortality of white y
nymphswasscored.

In asecondexperimenttomatoplantsof 1.2 m heightgrown in rockwool weretreated
with 10mg a.i. 80 ml ! andinfectedasdescribedabore. Deionizedwaterwasusedasa
control treatment.Mortality of white y nymphsin treatedand control plantswasscored
after 14 dayson three complex leaves per plant. To study the persistencenf spinosad
toxicity, thesameplantswerere-infestedL8 daysaftertreatmen{DAT) asdescribedbove.
Mortality of nymphswasscoredin threetop leaves, 14 daysafter infection. Mortalities
werecorrectedor controlmortality usingAbbott's formula(1).

To studythe effect of systemicallyadministeredspinosacon 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 ! asdescribedpreviously. 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-cweredventilationholes)(16) without detachingthe leaf from
the plant. Mortality of the adultswas checled 7 DAT. Deionizedwater was usedas a
controltreatmentAll experimentsvererepeatedtleastthreetimes.

Initial and residual systemictoxicity on larvae of S. littoralis Tomatoplants(30-50
cm height)weregrown in rockwool andtreatedwith spinosadasdescribedabove. A dose
rangingfrom 0.3to 5mg80ml ! wasappliedatthe stembaseof plants.Deionizedwater
was usedas a control treatment. Five DAT, the leaves of eachplant were collectedand
placedseparatelyin plastic containergdiam 9 cm; height6 cm), after which ten third-

instarlarvae were placedin the container The containerwas coveredwith nylon gauze
andplacedin aninsectgrownth chambeat26 0.5 C; 60%r.h.;16:8L:D. Thelarvaewere
fedleavesfrom treatedplantsfor threeconsecutie days.Subsequentlthey werefed with

leavesof non-treateglants. Mortality waschecledthroughouts daysof feeding. To test
the persistencef systemicactiity, rockwool-gronvn tomatoplantsweretreatedwith 5 mg

a.i. perblock, asdescribedabore. Tomatoleaveswerecollected?, 4, 20, 30 and45 DAT.

Third-instarlarvaeof S. littoralis werefed for threeconsecutie dayson leavescollected
from treatedplants,after which they werefed on leavesof non-treatecplants. Mortality

was checled throughout6 daysof feeding. All experimentswererepeatecht leastthree
times.

Effects of spinosadon the non-target organism E. formosa A doseof 5, 10, 20 or

40 mg a.i. spinosadwas administerecat the stembaseof tomato plants(30-50cm in

height) growvn in rockwool as describedpreviously. To testthe effectson E. formosa

leavesweredetachedrom plants7 DAT andplacedin a smalltestcontainer(15) together
with tenadult E. formosa(0-1 day old). Waspswerefed with a dropletof honey during

theexperimentatiorperiod. Mortality wasscoredafter5 daysof exposure.Theexperiment
wasrepeatedour times.

RESULTS

Toxicity of systemically applied spinosadon T. vaporariorum The initial systemic
toxicity of spinosadon white y nymphson tomatoesgrown in rockwool is presentedn
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Figurel. Egghatchwasnormal,exceedingd5%in the treatment@ndcontrols. Spinosad
washighly effective for thecontrolof nymphs.Dosesaslow as1 mga.i. perplantprovided
excellent protectionagainstwhite y infestation. However, good control seemedo be
limited to the rockwool substratesincea doseof 40 mg a.i. per plant grown in black
earthresultedn only 40% 13% (SEM)mortality.

TABLE 1. Systemictoxicity to adultsof the greenhousevhite y Trialeurodesvapomriorum, of
spinosadappliedto therootsof tomatoplants(30-50cm) grown in rockwool

Systemicdose % Mortality ( SEMY
(mga.i. spinosad)
0

12.2 2.9a
2 54.6 4.6b
5 73.1 0.6b
10 96.4 3.6b

“Treatmentdollowed by the samédetterdo not differ signi cantly (t-test,P=0.05).

TABLE 2. Toxicity to the cottonleaf worm Spodoptea littor alis at differentdaysafter treatment
(DAT), of 5 mg a.i. spinosadappliedsystemicallyat the stembaseof tomatoplants(30-50cm)
grown in rockwool

Daysof larval % Mortality ( SEM)
feeding

2 DAT 4 DAT 20DAT 30DAT 45DAT
1 0 0 36.7 5.8 33 538 13.3 115
2 16.7 20.8 30.0 10.0 63.3 15.3 43.3 153 43.3 153
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 systemicallyappliedspinosado the parasiticwaspEncarsia formosa,scored
aspercentmortality 7 daysaftertreatment

Systemiadose % Mortality (  SEMY
(mga.i. spinosad)

40 175 2.5

20 125 4.8

10 15.0 2.9

5 75 7.5

0 175 6.3

ZNo signi cant differencebetweertreatmentgt-test,P=0.005)

Whenspinosadvasappliedat the stembaseof large tomatoplants(1.2—1.4m) grown
in rockwool, excellentcontrol of nymphswasfoundwith a doseof 10 mg a.i. perplant,
resultingin 98% 6% (SEM) mortality. Spinosademainedoxic to newly hatchechymphs
upto 22 DAT (100%mortality).

The initial systemictoxicity of spinosadon adult white ies is presentedn Table 1.
Spinosadvastoxic to adultwhite ies, althoughat a high doseof 10 mg a.i. perplantnot
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all insectswerekilled. All treatmentsveresigni cantly differentfrom the control (t-test,
P=0.05).No signi cant differencesverefound betweertreatments.

Fig. 1. Systemictoxicity to nymphsof the greenhousevhite y Trialeurodesvapoiriorum, of
differentdosesof spinosacdhppliedat the stembaseof tomatoplants(40—-50cm) grown in rockwool
(errorbars= SEM).

Fig. 2. Systemictoxicity to third-instarlarvae of the cotton leaf worm Spodoptea littoralis, of
differentdosesf spinosadappliedat the stembaseof tomatoplants(40—50cm) grown in rockwool;
datarecorded3 and6 daysafterfeeding(errorbars= SEM).

Toxicity of systemicallyapplied spinosadon S. littoralis Theinitial systemictoxicity
of spinosadn third-instarlarvaeof S.littoralis is presentedn Figure2. A doseof 5 mg
a.i. spinosadvassufcient tokill all insectawithin 6 days.Affectedlarvaestoppedeeding
within 24 h andshoved severesymptomsof poisoning.
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Thepersistencef spinosadoxicity to S.littoralis larvaeis presentedh Table2. Plants
treatedwith 5 mg a.i. spinosadremainedtoxic for a long time; at 45 DAT, therewas
still 100%control. Mortality after only 2 daysof consecutie feedingwasclearly highest
20 DAT, andthis could be anindicationthat the spinosadeaf concentratiorreachedts
maximumat this point.

Non-target effects of spinosad on E. formosa and M. caliginosus The effect of

systemicallyappliedspinosadnthenon-tagetbene cial organisE. 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). Consequentlysystemicallyappliedspinosaddid not negatively affect adultsof

E.formosa

DISCUSSION

The systemictoxicity of spinosado the greenhous&hite y T. vaporariorumandthe
Egyptiancottonleaf worm S.littoralis is outstandingon tomatoplantsgrown in rockwool
blocks. In particular white y nymphsare extremely sensitve, sincea doseof 1 mg a.i.
per plantresultedin 99.7%mortality. The persistensystemictoxicity on nymphswasat
least22 days. Larvaeof S.littoralis appearedo be lesssensitve thanwhite y nymphs,
althoughthey areoneof themajortargetpestsof spinosadn foliar applications However,
they werepersistenthkilled with adoseof 5 mga.i. perplant,even45 DAT.

Rootuptale of spinosadseemedo be limited to the rockwool substraten this study
sincefar lower control percentagewereachievedwith blackearth.Soil sorptionprobably
contributesto lower systemicity It waspreviously shavn thatstrongsorptionof spinosad
occurson ne-texturedsoil with higherorganicmattercontent(12). Systemicitymight be
directly relatedto the cationexchangecapacityof the substrate.

Spinosadoxicity in tomatoplantsgrown in rockwool was highly persistentjn clear
contrastto foliar applicationswherespinosads readily dissipatedrom the plantsurface
by photolysis(5,12). The high spinosadbersistencés probablydueto continuousuptale
of spinosadnto the roots. Spinosads highly resistanto hydrolysisat variouspH levels
in aquaticconditions(8), andthe rockwool probablyprotectsit from photolysis.Bacterial
breakdevn mightalsobelessimportantin rockwool in comparisorwith “living soil' such
asblack earth. Spinosadccanthusstay available for uptale over along period, providing
long-lastingcontrol.

The ratesof spinosadappliedfor controlling pestsby foliar applicationon different
cropsrangefrom 50to 300g ha ! (13). Fromthedensityof tomatoculturein greenhouses
(typically 30,000plantsha 1), it canbe estimatedhat with the currentlyapproed rates
this correspondgo 1 and 10 mg a.i. spinosadper plant. In particular 10 mg a.i. per
plant would provide excellentcontrol of T. vapormriorum andS. littoralis after systemic
application,f it couldbeadministeredn suchaway thatplantshadthetime to absorhi.

Systemicuseof spinosadcould have importantconsequencef®r resistancananage-
mentandintegratedpestmanagementBene cial insectsthatdo notfeedon plantswould
be even less affected by spinosad,which is especiallyinterestingas regardsthe more
sensitve hymenopteranaiVe have demonstratethatsystemicallyappliedspinosads safe
for adult E. formosa However, the effect of long-lastingactiity in plant tissueshould
be evaluatedon populationsof differentbiological control agents. Also, the presenceof

Phytopaasitica34:1,2006 107



spinosadn pollenandnectarshouldbe determinedsincebumblebeesrefrequentlyused
in pollinationof greenhoustomatoes.

Therateat which pestsdevelopresistanceo pesticidess, amongotherfactors linked
to exposuretime, andchemicalswith high persistencerovide longerselectionperiodsin
the eld (3). Theapplicationrate of spinosadnustbe high enoughto kill all genotypes.
Spinosadesistancéasalreadybeenreportedn eld populationof Plutellaxylostellaand
Liriomyzatrifolii (4,9,17).Systemicapplicationof 10 mga.i. spinosadlid notbring about
completecontrol of adultwhite ies in this study andthe selectionof adultscouldleadto
alossof theexcellentactivity on nymphs.In addition,if systemicuseof spinosadedto a
slowly decreasingoncentratiorof spinosadn plants,selectingconcentrationsvould vary
continuouslyandprovide anidealbasisfor selectiorfor resistanceThewholecomple of
speciesn acertaincropis simultaneouslyselectedn systemicapplicationssincethereis
no meando includetemporalrelaxationof selectionpressure.

In conclusion,the resultsof this study highlight the systemicpropertiesof spinosad
andits possibleapplicationfor the control of S.littoralis andT. vaporariorum. However,
anin-depthstudyis necessaryo gathermoredataon systemicpropertiesjn combination
with anevaluationin the eld.
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