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Laboratory Tests to Determine the Intrinsic Toxicity of
Four Fungicides and Two Insecticides to the Predacious

Mite Agistemusfleschneri

N.J.BostanianandN. Larocque
�

Laboratorytestsshowed that trifloxystrobin (Flint R
�

50WG),myclobutanil (Nova R
�

40WP),
flusilazole (NustarR

�
50DF) and kresoxim-methyl (SovranR

�
50WG) were harmlessto

adult mites anddid not affect adverselythe reproductive capacityof Agistemusfleschneri
(Summers)(Acari: Stigmaeidae).Amongtheinsecticidesevaluated,by thesametechnique,�

-cyhalothrin(WarriorT R
�

12%)andimidacloprid(Admire R
�

24%)werealsonon-toxic.
KEY WORDS:Trifloxystrobin; myclobutanil; flusilazole;kresoxim-methyl;

�
-cyhalothrin;

imidacloprid;toxicity; Agistemusfleschneri.

INTRODUCTION

Severalreportshave indicatedthatstigmaeidmitescontributeto thebiologicalcontrol
of phytophagousmitesin orchards(2,6,13-15,20,21).

In integratedpestmanagementprograms,it is essentialthatpesticidesthatareeffective
againsttarget speciesareat the sametime relatively harmlessto non-targetparasiticand
predatoryarthropods.In appleorchards,thegreatestimpactof pesticideson non-targetsis
in summer, becausemostof the non-targetarthropodswill reachmaximumabundanceat
that time (4,10). In Wooster, Ohio (USA), sulphurappliedthreetimesto controlpowdery
mildew in an orchardwas shown to be incompatiblewith the biological control of the
Europeanred mite Panonychus ulmi (Koch) by Zetzellia mali (Ewing) and Agistemus
fleschneri (Summers)(13). Nelsonet al. (19) reportedthe toxicity of 20 insecticidesand
five fungicides,usedin Michiganappleorchards,to A. fleschneri. In appleorchardsunder
a ‘supervisedchemicalcontrol’ program,in Verona,Italy, the fungicidesmancozeband
metiramweretoxic to Amblyseiusandersoni(Chant)andthis toxicity led to P. ulmi (Koch)
outbreaks(12). Croft (9) andBostanianet al. (5) reportedthat the responseof a non-
targetarthropodto the toxic actionof a pesticidevariedfrom onelocality to anotherand
postulatedthat this may be a consequenceof the way the pesticidemay have beenused
in the past. Consequently, the intrinsic toxicity of pesticidesto biocontrolagentsshould
be establishedbefore,or at the latestassoonas, thesepesticidesbecomecommercially
available. Our study was plannedto establishthe intrinsic toxicity of four fungicides
and two insecticidesto field-collectedA. fleschneri prior to the widespreaduseof these
pesticidesin appleorchards.
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MATERIALS AND METHODS

Field collection Femalesof Agistemusfleschneri (Summers)(Acari: Stigmaeidae)were
collectedfrom a commercialorchardat St. Alexandre,Quebec,Canada,from earlyJune
to theendof September1999. Throughoutthestudy, leaveswith miteswerepickedfrom
appletreesandwithin 30 min broughtto the laboratoryin paperbagsplacedin a cooler.
Noneof thepesticidesevaluatedin this studyhadever beenusedin this orchard.Thelow
rateof reproductionamongA. fleschneri rearedin the laboratoryand the large numbers
requiredfor this studyforcedusto abandontheuseof laboratory-rearedmites.

Toxicity to females The standardslide-dipmethod(1) wasusedto assessthe toxicity
of the variouspesticides.Thirty femalesfor eachconcentrationwere transferredwith a
fine camel-hairbrushto double-sidedtape(48 mm � 4 m, Cantech,R

�
CanadianTechnical

TapeLtd., Quebec,Canada)on microscopeslides. Theslidesweredippedin appropriate
concentrationsof thepesticidefor 5 secandair-dried for 30 min. They werethenplaced
on top of metalgratingsshapedlike tables(28 � 20 � 10 cm) andloweredinto plastic
containers(34 � 21 � 21 cm) of water;thedepthof thewaterwas5 cm. Thecoverof the
containerwasplaceddiagonallysoasto allow a certainamountof air exchangebetween
theinsideandtheoutsideof thecontainer. Thesetupwasthenplacedin agrowth chamber
at 21� C., 80% r.h. and 16:8 L:D. With this arrangementthe r.h. within the container
was � 93� 2%. Twenty-four hours following the applicationof pesticides,the treated
slideswere placedundera stereomicroscopeand deadmites were counted. Deathwas
determinedby theabsenceof appendagemovementswhenthemiteswereproddedwith a
camel-hairbrush.Percentmortality wascalculatedby probit analysis(18). In this series,
the experimentalunit for eachconcentrationconsistedof a slide treatedwith a particular
pesticide;it wasreplicatedthreetimes.

Reproductive capacity (ability to produce viable eggs) Freshfully expandedapple
leavesgrown in a growth chamberwereusedthroughoutthis seriesof tests. The blade
of eachleaf wascut to a rectangle(4 � 3 cm) and its axil was insertedin a small vial
containingwater. Thetop of thevial wassealedwith ParafilmR

�
(AmericanNationalCan,

Chicago,IL, USA) to reducewaterevaporation.A thin coatof insecttrappingadhesive
(The TanglefootCo., GrandRapids,MI, USA) was appliedat the point of insertionof
theaxil into thevial. Twentytwo-spottedspidermite (TetranychusurticaeKoch) females
were transferredonto eachleaf for oviposition. After 24 h, threeA. fleschneri females
wereintroducedontoeachleaf. Theinfestedleaves(prey � predator)weretreatedwith a
pesticideat differentconcentrationswith a thin layerchromatographysprayersetat 10.34
kPa (1.5 PSI) and allowed to dry at room temperature.Oncethe pesticideresiduehad
dried,thevialswith theleaveswereinsertedinto polystyreneracksthatheldthevialsatan
angleof 45� with thefloor. Theexperimentalsettingwasthenplacedin agrowth chamber
at 21� C, 80% r.h. and16:8 L:D. After 48 h of exposure,any T. urticae femalesthathad
not beenconsumedby A. fleschneri wereremoved,alongwith A. fleschneri females.The
predatoreggs were countedundera stereomicroscopeand kept in the growth chamber
until hatching. After 7 days,egg hatchwas recordedfor 3 daysand percentmortality
was calculatedby probit analysis(18). In this series,the experimentalunit for each
concentrationconsistedof five leavestreatedwith a particularpesticide;it wasreplicated
five times.
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Pesticides under evaluation The fungicideskresoxim-methyl(SovranR
�

50WG,BASF
Canada,Toronto, Ont., Canada),trifloxystrobin (Flint R

�
50WG, Bayer Inc., Etobicoke,

Ont.,Canada),flusilazole(NustarR
�

50DF, DuPontCanada,Mississauga,Ont.,Canada)and
myclobutanil (NovaR

�
40WP, Rohm& HaasCanada,Westhilll, Ont.,Canada)andthetwo

insecticides	 -cyhalothrin(WarriorT R
�

12%,SyngentaCropProtectionInc.,Guelph,Ont.,
Canada)and imidacloprid (Admire R

�
24%, Bayer Inc., Etobicoke, Ont., Canada),were

evaluatedfrom 4x to 1/8x in decreasinggeometricprogression.The letter x represented
the manufacturer’s recommendedconcentrationfor the pesticide(g a.i./l) (Table1). The
controlsthroughoutthis studyweretreatedwith tapwater.

RESULTS AND DISCUSSION

The data(Fig. 1 andTable1) reveal that noneof the four fungicidesevaluatedhad
any adverseeffects on adult A. fleschneri even when thesecompoundswere appliedat
four timestherecommendedconcentration.Theslopeswerenearzeroandevennegative
in somecases(Fig. 1 andTable1). Walker et al. (23) hadreportedno adverseeffects
of myclobutanil on Typhlodromuspyri Scheutenin New Zealand. Likewise, no effects
of myclobutanil on Amblyseiusfallacis (Garman)adultsandeggswerereported(8). In
greenhousestudies,the chemicallyrelatedflusilazolewasreportedto be slightly toxic to
theaphidendoparasiteAphidiusrhopalosiphiDeStefani-Perezon wheat(16).

Thepresentdata(Fig. 1 andTable1) alsoreveal that imidaclopridand 	 -cyhalothrin
have no toxic effectson A. fleschneri adults.BostanianandRacette(7) hadfoundthat the
residualtoxicity of 	 -cyhalothrinto A. fallacis waslessthan50%10 daysafter treatment,
andtherapiddissipationof thispyrethroidwasanassetfor IPM programsin Quebecapple
orchards. On the other hand,earlier pyrethroidssuchas cypermethrin,fenvalerateand
deltamethrinhadcausedover 86% mortality to A. fallacis (3). As for imidacloprid, its
non-toxiceffect on Typhlodromuspyri Scheutenhadbeenreportedfrom appleorchards
in Germany, Italy andSpain(11), andon Neoseiuluslongispinosus(Evans)from apple
orchardsin SouthKorea(22). Figure2 andTable2 summarizethe effectsof thesesix
pesticideson the reproductive capacityof treatedfemalesandwe noteno adverseeffects
by any of theproducts.

When A. fleschneri is the only predatorof phytophagousmites in an orchard,then
the intrinsic harmlessnessof kresoxim-methyl,trifloxystrobin, flusilazole,myclobutanil,

	 -cyhalothrinandimidaclopridto adultsandtheir ability to lay viableeggs,suggeststhat
thesepesticidescanbe usedto manageotherpestsanddiseaseswithout interferingwith
thebiologicalcontrolprogramfor phytophagousmites.Nevertheless,restrictionsimposed
by themanufactureron thelabelshouldbeobserved. For example,theCanadianlabel for
kresoxim-methylstatesthatonly four treatmentsmay be madeper season,with no more
thantwo treatmentsin sequence.Furthermore,the last treatmentshouldnot bewithin 30
daysbeforeharvest.In thepresenceof otherpredaciousmitesadditionalrestrictionswould
be applicableto thesepesticides.Thus, 	 -cyhalothrinmay be usedpre-bloomonly if in
additionto A. fleschnerisubstantialnumbersof A. fallacisappearin July (7). Furthermore,
themanufacturer’s labelsfor 	 -cyhalothrinandimidaclopridin Canadarestricttheuseof
theseinsecticidesto a singletreatmentperseason.Moreover, neitherof theseinsecticides
shouldbe appliedwhen the treesare in bloom, or nearponds,lakes, streamsor rivers.
Finally, althoughmyclobutanilandkresoxim-methylhavebeenshown to beharmlessto A.
fallacis (17),possibletoxic effectsto A. fallacis of theremainingthreepesticidesinvolved
in this studyhavenot yetbeenestablished.
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Fig. 1. Acute toxic effectsof fungicides(flusilazole,myclobutanil, kresoxim-methylandtrifloxy-
strobin)andinsecticides(imidaclopridand

�
-cyhalothrin)onAgistemusfleschneriadults. Thedotted

linesrepresent50%mortality on theprobit scale.
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Fig. 2. Effectsof fungicides(flusilazole,myclobutanil, kresoxim-methyland trifloxystrobin) and
insecticides(imidaclopridand

�
-cyhalothrin)on theability of Agistemusfleschneriadults to produce

viableeggs.Thedottedlinesrepresent50%mortality on theprobit scale.
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In Quebec,biological control of phytophagousmites in appleorchardsis achieved
by the presenceof A. fallacis, A. fleschneri and Amblydromella caudiglans(Schuster).
In someorchardsall threepredatorsoccurconcurrentlywhereasin othersthey occurat
different timesof the season.Therearealsoorchardswhereonly oneor two speciesof
thesepredatorsarepresent.Furthermore,thepredaciousmite faunachangesqualitatively
from seasonto season(Bostanian,N.J. and Racette,G., unpublisheddata). Therefore,
the intrinsic toxicity of the pesticidesreportedin this studyto the threepredaciousmites
has to be documentedbefore thesepesticidescan be usedto manageother pestsand
diseasesacrossthe province without interfering with the biological control programfor
phytophagousmites.
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