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Resistanceto Bifenthrin and ResistanceMechanismsof
Differ ent Strains of the Two-SpottedSpider Mite

(Tetranychusurticae) fr om Turk ey

RecepAy� ;1 andM. OktayGürkan2

Nine different strains of the two-spottedspider mite Tetranychus urticae Koch (Acari:
Tetranychidae)werecollectedon cotton from Adana,Antalya, Izmir, ManisaandUrfa in
Turkey. Their responsesto bifenthrin were investigatedusing conventionalbioassayand
biochemicalassays.LC50 andLC90 valuesof bifenthrinweredeterminedfor all strainsby
usinga residualbioassaywith a petri dish–spraytower. Resistanceratiosweredetermined
by comparingthe sampleswith a standardsusceptiblestrain,GSS.The resistanceratiosof
thestrainsrangedfrom < 1 to 669–fold(atLC50 ). Of theinvestigated�eld strains,only three
(two from Adanaandonefrom Urfa) wereresistantto bifenthrin. Therewasa correlation
betweenesteraseenzymeactivity andbifenthrin resistanceaccordingto polyacrylamidegel
electrophoresisandmicrotiterplateassaysin thethreeresistantstrains.
KEY WORDS:Tetranychusurticae; two-spottedspidermite; resistance;bifenthrin;esterase;
cotton.

INTRODUCTION

The two-spottedspider mite, Tetranychus urticae Koch (Acari: Tetranychidae), a
worldwidepestof many plantspecies,afterhaving beenexposedto many insecticidesand
acaricidesfor many yearshasdevelopedresistanceto a large varietyof compounds(21).
This resistancemay develop quickly becauseof the mite's numerousannualgenerations
andthehigh frequency of sprayapplications.Insteadof usingintegratedpestmanagement
for controlling pestsin cotton areas,Turkish producersprefer to use broad-spectrum
insecticidesthatareeffectiveagainstall pests.Suchinsecticides,whenusedagainstmajor
pests,eliminatethemaswell astheir naturalenemies.As a result,secondarypestssuchas
two-spottedspidermitesbecamea majorproblemin cotton-growing areas.Theevolution
of resistancedependson gene�o w amongpopulationsthatcolonizedifferenthabitatsin a
givenarea(21).

Excessive use of broad-spectrumpesticideswith the same mechanismof action
promotesthedevelopmentof pestresistancein rapidly reproducingspecies,suchasspider
mitesandaphids.It hasoftenbeenreportedthatT. urticaedevelopedresistanceto many
insecticides(9,12,14,20),makingit imperativeto choosesuitableandeffectivemethodsfor
monitoringthedevelopmentof pestresistance.

The petri dish bioassaymethodwas initially usedby Dennehy et al. (4) to monitor
spidermite resistanceto miticides.Whenusingthismethod,pesticideresiduesretaintheir
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persistence,anadvantageoverothermethodsbecausethedishescanbepreparedandstored
for futureuse.For example,propargite residuesappliedby thePottertower canremainas
effectiveasfreshlysprayeddishesfor 30d whenstoredat 4� C (12).

Bifenthrin is a broad-spectrumandcontact-toxicitypyrethroideffective asan insecti-
cide andacaricide.Bifenthrin hasbeenregisteredandusedin Turkey againstsuchpests
as the tobaccowhite�y (Bemisiatabaci (Gennadius)),cotton spidermites (Tetranychus
cinnabarinusBoisd., T. urticae Koch), cotton jassid (Empoascadecipiens(Paoli)) and
cotton bollworm (Heliothis armigera Hubner)attackingcotton since1988 (1). Besides
bifenthrinandotherpyrethroids,anumberof organophosphateandcarbamatesinsecticides
havebeenregisteredandusedin cotton�elds for many yearsin Turkey.

Reducedsusceptibilityto bifenthrin in thetwo-spottedspidermite wasdeterminedby
usingthepetri dishassay. We alsousedelectrophoresisandmicrotiterplatetotal esterase
methodsto determinegeneticdifferencesamongtwo-spottedspidermite populationsand
to detectdifferencesin esterasepatternsbetweenstrainsthatweresusceptibleor resistant
to bifenthrin.

MATERIALS AND METHODS

Mite strains Adult spidermite femaleswerecollectedon cottonplantsgrowing at nine
locationsin Turkey duringthesummerof 1998–99andastandardsusceptiblestrain(GSS)
obtainedfrom theRothamstedExperimentalStation(England)(Table1). All strainswere
kept on bean(Phaseolusvulgaris L.) leavesin a growth room at 25� 2� C anda 16L:8D
photoperiod.

TABLE 1. Collectionsite anddateof Tetranychusurticae populationstestedfor their responseto
bifenthrinandtheiresteraseactivity

Strainname Collectionsite Collectiondate
GSS RothamstedExperimentalStation(England) 2.VIII.98
DEN Ç. U. A. F. PlantProtectionDept.,experimental�eld 14.IX.98
TIM Ç. AgriculturalResearchInstitute,production�eld 14.IX.98
PAM Adana,CottonResearchInstitute,production�eld 15.IX.98
FET Antalya,Fethiyecotton�eld 20.IX.98
SER Antalya,Serikcotton�eld 19.VII.99
URF Urfa cotton�eld 2.IX.99
TIR Izmir, Tire cotton�eld 5.VIII.99
SEL Izmir, Selçuk cotton�eld 5.VIII.99
MAN Manisa,Harmandal�cotton�eld 6.VIII.99

Bioassay Theeffectsof bifenthrinweretestedusingthemethodsof Kabir andChapman
(13)andCamposetal. (3). In eachof thefollowing experiments,technicalgradebifenthrin
(95% pure,BayerTurk A.Ş) wasdissolved in a mixture of acetoneandwatercontaining
0.02%Triton X-100 at a ratio of 1:1. This mixture wasappliedto the internalsurfaces
of the lids andbasesof 50-mm-diamplasticpetri dishesandallowed to dry for 30 min
at 25� 2� C. Oneml of spraysuspensionwassprayedon eachoccasiononto every base
andlid pair, usingaPotterspraytower (BurkardManufacturingCo. Ltd., Rickmansworth,
Herts.,UK) at 10 atmpressureand3 secsettlingtime. Preliminarytestswereconducted
beforeeachexperimentto determinethe rangeof concentrationsthat would produce5–
95% mortality. All experimentswereconductedin threereplicatesof a seven- or eight-
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concentrationdesign(plus water including 0.02%Triton X-100 only, ascontrol) with a
samplesizeof 617–840mites. Adult femalemites(25–35)weretransferredto eachdish
usinga�ne hairbrush.Thedisheswerethenclosed,sealedwith para�lm to preventescape
of mites,andplacedin agrowth room(16L:8Dat25� 2� C).All experimentswereassessed
after24h; mortality, de�nedasthelackof movementwhenprodded,wasassessedvisually
with theaid of a stereomicroscope.

Statistical analysis All datafrom eachconcentration–mortalityexperimentwerepooled
andsubjectedto probit analysis.LC50 andLC90 valueswith their 95% con�dencelevel
(CL) andslopes� S.E.of theregressionwereestimatedusingthecomputerprogramPOLO
(16). Dose-responsecurveswereplottedusingpercentagemortality ratesandthelog of the
dosageby MicrosoftExcel.

Biochemicalassays
Electrophoresis: Vertical slab polyacrylamidegel electrophoresiswas performed

following the proceduresby Walker (22) and Goka and Takafuji (6). The gels were 1
mmthick and80mm� 80mmin area.Acrylamideconcentrationswere7.5%in separating
gels and 3.5% in stackinggels. Adult femalemites were homogenizedindividually in
10 � l of 32% (w/v) sucrosewith 0.1% Triton X-100 in microtiter platesby a multiple-
homogenizer(17). Electrophoresiswascarriedout at a constantcurrentof 25 mA/gel at
5–8� C for � 1.5 h. Esterasewasstainedby placingthegelsfor 1 h in 0.4 (w/v) fastblue
BB saltafterincubatingthemfor 30min in a0.02%(w/v) solutionof � -naphthyl acetatein
0.2M phosphatebuffer (pH 6.5),whichcontained1%acetone.All stainingreactionswere
stoppedby placingthegel in 7.5%aceticacid. Theexperimentswererepeatedat leastten
timesfor eachpopulation.

Microtiter plate assay: Total esteraseactivity was determinedby following the
proceduresof Devonshireet al. (5) andA.S. Velio�glu (1999,Ph.D.dissertation,Ankara
Univ., Turkey). Eachmite femalewashomogenizedin 50 � l phosphate/Triton (20 mM
phosphatebuffer, pH 7,containing1%Triton X-100)in separatewellsof amicrotiterplate.
All mitesand12controls(withoutmites)in eachplatewerehomogenizedsimultaneously,
usinga multiple-homogenizerdesignedfor �at-bottom microtiterplates,andleft at room
temperaturefor at least 15 min to ensuresuf�cient tissuesolubilization. At least 48
individualswereusedfrom eachpopulation.

The assaywas startedby adding fast blue RR salt in 0.2 M buffer (200 � l; stain-
substratesolution), using an eight-channelmicropipette. Stain-substratesolutionswere
preparedasfollows: 0.030g fastbluesaltwassolubilizedin 50 ml phosphatebuffer and
thenaddedto 500� l � -naphthyl acetate(100mM). Assayswereperformedusingakinetic
microtiter plate reader(Anthos Labtec Instruments,Salzburg, Austria) that affords 37
absorbancereadings(at 450nm) automaticallyin the�rst 15 min of thereaction.Esterase
activity of themitesin eachwell wasdeterminedin controlreactionsin which theaverage
activity of the control wells was subtracted. Esteraseactivity of eachpopulationwas
plottedusingthe averageesteraseactivity of individual mitesfrom the samepopulation,
by MicrosoftExcel.

RESULTS

Nine �eld-collectedstrainsandonesusceptible(GSS)strainweretestedfor bifenthrin
resistanceduring the 1998–99cottonseasons.The LC50 andLC90 valuesrangedfrom
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13.96to 10,802mgl � 1 andfrom29.77to 14,216mgl � 1, respectively (Table2). According
to theLC50 values,two strains(FET andMAN) weresusceptible,� ve strains(SEL,TIM,
SER,TIR andDEN) had1.28- to 3.15-fold resistance,andtwo strains(PAM andURF)
wereextremelyresistant(564- and669-fold resistance,respectively) to bifenthrin, when
comparedwith theGSSstrain. Also accordingto LC90 values,all strainswerede�ned as
resistantto bifenthrin; six strains(MAN, FET, SEL, TIM, SERandTIR) exhibited1.36-
to 3.35-foldresistance,onestrain(DEN) exhibited11.69-foldresistance,andtwo strains
(URF and PAM) were extremely resistant(478- and 462-fold resistance,respectively).
Thedifferencesin themortality responsesof thebifenthrin-susceptibleand-resistantmite
strainsin petri dishesareshown in Figure1. POLO testsfor similarity betweenslopes
of MAN andFET, SEL andTIM strainswereaccepted,indicatingsigni�cant similarity.
However, other strainswere rejected– indicating signi�cant differences. The distance
betweentheaverageresponsecurvesfor susceptibleandextremelyresistantstrainsis much
greaterthanthedistancebetweenthesusceptiblestrainandstrainsshowing a low level of
resistance.

TABLE 2. Concentration-responsedata for Tetranychus urticae to bifenthrin (a.i.) including a
laboratorysusceptiblestrain(GSS)andvariouspopulationscollectedfrom cotton�elds

Strain nz Slope� S.E. X2 (df,
n-2)

LC50 (mg l � 1 )
0.95%CLy

LC90 (mg l � 1 )
0.95%CLy

According
to
LC50
RFx

According
to
LC90
RFx

GSS 640 4.82� 0.73 5.39(5) 16.14
(12.17-18.81)

29.77
(25.75-38.38)

- -

MAN 640 2.78� 0.42 6.04(5) 13.96
(8.25-18.16)

40.33
(31.79-62.39)

< 1 1.36

FET 640 3.03� 0.30 4.47(5) 15.84
(13.58-17.99)

41.98
(36.04-51.36)

< 1 1.41

SEL 640 3.99� 0.49 5.44(5) 20.65
(16.84-23.83)

43.27
(36.38-57.95)

1.28 1.45

TIM 720 4.30� 0.68 19.24
(6)

24.33
(9.71-31.53)

48.35
(37.40-117.09)

1.51 1.62

SER 640 2.15� 0.34 0.92(5) 25.21
(20.05-30.44)

99.62
(71.93-177.46)

1.56 3.35

TIR 720 6.46� 1.33 8.74(6) 43.14
(31.33-48.96)

68.13
(58.60-111.17)

2.67 2.29

DEN 720 1.53� 0.31 2.97(6) 50.86
(39.05-68.59)

348.07
(188.44-
1,372.31)

3.15 11.69

URF 640 6.63� 0.86 1.59(5) 9,107
(8,499-9,645)

14,216
(13,001-
16,333)

564 478

PAM 640 12.21� 2.12 1.56(5) 10,802
(10,383-
11,212)

13,754
(12,864-
15,628)

669 462

z n, numberof mitesin experiment.
y CL, con�dencelevel.
x ResistanceFactor (RF) = LC50 or LC90 of the �eld-collected strain divided by the LC50 or LC90 of the
susceptiblestrain.

Biochemicalassays
Electrophoresis: Up to � ve esterasebands(Est-1 to Est-5) were detectedin the T.
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Fig. 1. Log concentration–mortalityregressionfor a laboratorysusceptible(GSS)and�eld-collected
strainsof Tetranychusurticaetestedwith bifenthrin.

urticae strains(Fig. 2), and their numberand densitiesvaried accordingto the strains.
Five esterasebandswaredetectedin theDEN, TIR, SEL andURF strains(Est1-5), four
esterasebandsin the TIM, FET and SER strains(Est 1-4), threeesterasebandsin the
GSSstrain (Est 1-3), two esterasebandsin the PAM strain (Est-1andEst-4), andonly
oneesterasebandin theMAN strain(Est-1). TheEst-4bandof thePAM, DEN andURF
strainsshowedextremelyintensive bandingpatterns.TheTIM, FET, TIR, SEL andSER
hadalight densityEst-4bandandnoEst-4bandwasdetectedin theGSSandMAN strains.

Microtiter plate assay:Total esteraseactivity with � -naphthyl acetatewashighestin
thePAM, URFandDEN samples(Fig. 3), followedby theTIM, MAN, SER,SELandTIR
samples.Thelowestactivity wasdetectedin theGSSsamples.
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Fig. 2. Esterasezonesin differentTetranychusurticaestrains(1, DEN; 2, TIM; 3, PAM; 4, FET; 5,
GSS;6, TIR; 7, SEL;8, MAN; 9, URF;10,SER)*Est-4

DISCUSSION

Accordingto theLC50 values,theMAN, FET, SELandTIM strainsshowedalmostthe
samelevel of susceptibilityto thebroadspectruminsecticide– bifenthrin,whereastheSER
andTIR strainsdisplayedlow resistanceto it. The DEN strainwasheterogenic,because
it hada very low log concentration–mortalityslopevalue. A cleardecreasein the slope
is an indicationthat resistancehasbegun to develop andindicatesthat the populationis
heterogenic(11). The URF andPAM strainswerehomogenicandextremelyresistantto
bifenthrin.Selectionpressurefor resistanceisgenerallyhighdueto thefrequentapplication
of pesticides.Bifenthrin wasusedintensively in Turkey againstwhite�ies, bollwormsand
spidermites from the late 1980sto early 1990sunderthe commercialnameTalstarEC
100. After bifenthrin becameineffective for controlling pestsin the �eld, possiblydue
to resistancedevelopmentin the mid 1990s,its importationandusein Turkey hasbeen
stoppedsincethe year 2000. Similarly, resistanceto bifenthrin increasedprogressively
both in level (from 1.2- to 109-fold at LC50) and abundance(from 20% to 90% of the
strains)in threeseasonsandwaslinked to �eld control failuresin Australia(10). Due to
the fact thatmostorganophosphatesandpyrethroidsusedagainstthemite werealsoused
againstothercottonpests,T. urticaewasstronglyselectedfor resistanceby the increased
applicationof thesepesticides(8).

In electrophoresisassayresults,Est-4bandswerestainedvery dark in the extremely
bifenthrin-resistantstrainsPAM andURF and the moderatelyresistantstrainDEN. But
Est-4alsoshowed light bandsin the slightly resistantstrainsTIM, TIR, SEL, SER,and
in the susceptibleFET strain. Furthermore,the Est-4bandcould not be detectedin the
GSSstrain. However, in theothersusceptiblestrain– MAN, theEst-4bandswerebarely
stained– accordingto its LC50 values. In the microtiter method,esteraseactivity was
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Fig. 3. Total esteraseactivity [optical density(O.D.)/sec]in a laboratory(GSS)andvarious�eld-
collectedstrainsof Tetranychusurticae.

highestfor thePAM, URF andDEN strains.Thehighestesteraseactivity wasdetectedin
the bifenthrin-resistantstrainPAM, followed by otherresistantstrains– URF andDEN.
The lowestesteraseactivity wasdetectedin the susceptiblestrain,GSS.However, in the
otherstrains,therelationshipbetweenresistanceto bifenthrinandesteraseactivity wasnot
clear.

The increasein esteraseactivity could result from usingvariousconventionalinsec-
ticides, including organophosphatesand pyrethroids. A positive relationshipbetween
esteraseactivity and resistanceto organophosphateinsecticideswas observed in aphids
(2,18,19),horn �ies (7) andKanzawa spidermite (15). However, it wasrecentlyreported
thatgeneralesteraseactivity of T. urticaestrainwasincreasedin responseto bifenthrinand

 -chalothrinbut nosigni�cant changein generalesteraseactivity wasobservedin response
to dimethoateexposure(23). This shows that increasedesteraseactivity of T. urticae is
associatedwith exposureto pyrethroidsratherthanto useof organophosphates.

According to our results,therewas a positive relationshipbetweengeneralesterase
activity and high resistanceto bifenthrin, but this relationshipwas not clear for low
resistanceto bifenthrin in Tetranychus urticae. In conclusion,basedon these�ndings,
we suggestthatgeneralesterasesmayplaya role in conferringresistanceto pyrethroidsin
two-spottedspidermites.
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