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Resistanceao Bifenthrin and ResistancaVlechanismsof
Differ ent Strains of the Two-SpottedSpider Mite
(Tetranydus urticae) from Turk ey

RecepAy ‘*andM. Oktay Gurkar?

Nine different strains of the two-spottedspider mite Tetranydus urticae Koch (Acari:
Tetrarychidae)were collectedon cotton from Adana, Antalya, Izmir, Manisaand Urfa in
Turkey. Their responseso bifenthrin were investigated using corventional bioassayand
biochemicalassaysLCso andLCqyo valuesof bifenthrinweredeterminedor all strainsby
usinga residualbioassaywith a petri dish—spraytower. Resistanceatiosweredetermined
by comparingthe sampleswith a standardsusceptiblestrain, GSS.The resistanceatios of
thestrainsrangedrom < 1 to 669—fold(atLCso). Of theinvestigated eld strainsonly three
(two from Adanaandonefrom Urfa) wereresistanto bifenthrin. Therewasa correlation
betweenresteras@nzymeactivity andbifenthrinresistanceaccordingto polyacrylamidegel
electrophoresiandmicrotiter plateassaysn thethreeresistanstrains.

KEY WORDS:Tetranydusurticae two-spottedspidermite; resistancebifenthrin;esterase;
cotton.

INTRODUCTION

The two-spottedspider mite, Tetranydus urticae Koch (Acari: Tetrarychidae), a
worldwide pestof mary plantspeciesafterhaving beenexposedo mary insecticidesand
acaricidedor mary yearshasdevelopedresistanceo a large variety of compoundg21).
This resistancanay develop quickly becauseof the mite's numerousannualgenerations
andthe highfrequeng of sprayapplicationslnsteadof usingintegratedpestmanagement
for controlling pestsin cotton areas, Turkish producersprefer to use broad-spectrum
insecticideghatareeffective againstall pests.Suchinsecticidesywhenusedagainstmajor
pestseliminatethemaswell astheir naturalenemiesAs aresult,secondarnpestssuchas
two-spottedspidermitesbecamea major problemin cotton-graving areas.The evolution
of resistancelepend®n gene o0 w amongpopulationghatcolonizedifferenthabitatsin a
givenarea(21).

Excessie use of broad-spectrunpesticideswith the same mechanismof action
promoteghe developmentf pestresistancen rapidly reproducingspeciessuchasspider
mitesandaphids. It hasoften beenreportedthat T. urticae developedresistanceéo mary
insecticideg9,12,14,20)makingit imperatie to choosesuitableandeffective methoddor
monitoringthe developmentf pestresistance.

The petri dish bioassaymethodwas initially usedby Dennely et al. (4) to monitor
spidermite resistanceéo miticides. Whenusingthis method pesticideresiduegetaintheir
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persistenceanadwantageover othermethoddecause¢hedishescanbepreparedandstored
for future use.For example,propagite residuesappliedby the Pottertower canremainas
effective asfreshly sprayeddishesfor 30 d whenstoredat4 C (12).

Bifenthrin is a broad-spectrunand contact-toxicitypyrethroid effective asan insecti-
cide andacaricide. Bifenthrin hasbeenregisteredandusedin Turkey againstsuchpests
asthe tobaccowhite y (Bemisiatabaci (Gennadius))cotton spidermites (Tetranydus
cinnabarinusBoisd., T. urticae Koch), cotton jassid (Empoascadecipiens(Paoli)) and
cotton bollworm (Heliothis armigera Hubner) attackingcotton since 1988 (1). Besides
bifenthrinandotherpyrethroids,anumberof organophosphatandcarbamatemsecticides
have beenregisteredandusedin cotton elds for mary yearsin Turkey.

Reducedsusceptibilityto bifenthrinin the two-spottedspidermite wasdeterminedy
usingthe petri dish assay We alsousedelectrophoresiand microtiter platetotal esterase
methodgo determinegeneticdifferencesamongtwo-spottedspidermite populationsand
to detectdifferencesn esteras@atternsdbetweerstrainsthatweresusceptibleor resistant
to bifenthrin.

MATERIALS AND METHODS

Mite strains Adult spidermite femaleswerecollectedon cottonplantsgrowing at nine
locationsin Turkey duringthe summerf 1998-9%nda standardusceptiblestrain(GSS)
obtainedfrom the RothamstedExperimentalStation(England)(Table1). All strainswere
kept on bean(Phaseolusvulgaris L.) leavesin a growth roomat25 2 C anda 16L:8D
photoperiod.

TABLE 1. Collectionsite anddateof Tetranydus urticae populationstestedfor their responseo
bifenthrinandtheir esterasactivity

Strainname Collectionsite Collectiondate
GSS RothamstedExperimentaStation(England) 2.VIIL.98
DEN C. U. A. F. PlantProtectionDept.,experimental eld 14.1X.98
TIM C. Agricultural Researchnstitute,production eld 14.1X.98
PAM Adana,CottonResearchnstitute,production eld 15.1X.98
FET Antalya, Fethiyecotton eld 20.1X.98
SER Antalya, Serikcotton eld 19.VI.99
URF Urfacotton eld 2.1X.99
TIR Izmir, Tire cotton eld 5.VIII.99
SEL Izmir, Selaik cotton eld 5.VI11.99
MAN Manisa,Harmandalcotton eld 6.VIII.99

Bioassay Theeffectsof bifenthrinweretestedusingthe methodsof Kabir andChapman
(13)andCamposetal. (3). In eachof thefollowing experimentstechnicalgradebifenthrin
(95% pure,BayerTurk A.S) wasdissolhedin a mixture of acetoneandwatercontaining
0.02% Triton X-100 at a ratio of 1:1. This mixture was appliedto the internal surfaces
of the lids and basesof 50-mm-diamplastic petri dishesand allowed to dry for 30 min
at25 2 C. Oneml of spraysuspensiomwas sprayedon eachoccasiononto every base
andlid pair, usinga Potterspraytower (BurkardManufacturingCo. Ltd., Rickmanswerth,
Herts.,UK) at 10 atm pressureand3 secsettlingtime. Preliminarytestswereconducted
beforeeachexperimentto determinethe rangeof concentrationshat would produce5—
95% mortality. All experimentswere conductedn threereplicatesof a seven- or eight-
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concentratiordesign(plus waterincluding 0.02% Triton X-100 only, as control) with a
samplesize of 617-840mites. Adult femalemites(25—-35)weretransferredo eachdish
usinga ne hairbrush.Thedisheswerethenclosed sealedwvith para Im to preventescape
of mites,andplacedin agronthroom(16L:8Dat25 2 C).All experimentsvereassessed
after24 h; mortality, de ned asthelack of movementwhenproddedwasassessedisually
with theaid of a stereomicroscope.

Statistical analysis All datafrom eachconcentration—mortalitgxperimentwerepooled
andsubjectedo probit analysis.LCsy andLCgg valueswith their 95% con dencelevel
(CL) andslopes S.E.of theregressiorwereestimatedisingthecomputeiprogramPOLO
(16). Dose-responseurveswereplottedusingpercentagenortality ratesandthelog of the
dosageby Microsoft Excel.

Biochemicalassays

Electrophoesis: Vertical slab polyacrylamidegel electrophoresisvas performed
following the proceduresy Walker (22) and Goka and Takafuji (6). The gelswere 1
mmthickand80mm 80 mmin area.Acrylamideconcentrationsvere7.5%in separating
gelsand 3.5% in stackinggels. Adult female mites were homogenizedndividually in
10 | of 32% (w/v) sucrosewith 0.1% Triton X-100 in microtiter platesby a multiple-
homogenizef17). Electrophoresisvascarriedout at a constantcurrentof 25 mA/gel at
5-8 Cfor 1.5h. Esterasavasstainedby placingthe gelsfor 1 h in 0.4 (w/v) fastblue
BB saltafterincubatingthemfor 30 min in a0.02%(w/v) solutionof -naphttyl acetaten
0.2M phosphatéuffer (pH 6.5), which containedl% acetoneAll stainingreactionsvere
stoppedy placingthegelin 7.5%aceticacid. The experimentsvererepeatedt leastten
timesfor eachpopulation.

Microtiter plate assay: Total esteraseactiity was determinedby following the
procedure®f Devonshireetal. (5) andA.S. Velioglu (1999, Ph.D. dissertation Ankara
Univ., Turkey). Eachmite femalewashomogenizedn 50 | phosphateffiton (20 mM
phosphatéuffer, pH 7, containingl% Triton X-100)in separatsvells of amicrotiterplate.
All mitesand12 controls(without mites)in eachplatewerehomogenizedimultaneously
usinga multiple-homogenizedesignedor at-bottom microtiter plates,andleft at room
temperaturefor at least15 min to ensuresufcient tissuesolubilization. At least48
individualswereusedfrom eachpopulation.

The assaywas startedby addingfastblue RR saltin 0.2 M buffer (200 |; stain-
substratesolution), using an eight-channemicropipette. Stain-substratsolutionswere
preparedasfollows: 0.030g fastblue saltwassolubilizedin 50 ml phosphatéuffer and
thenaddedo 500 | -naphtlyl acetatd100mM). Assayswvereperformedusingakinetic
microtiter plate reader(Anthos Labtec Instruments,Salzturg, Austria) that affords 37
absorbanceeadingqat450nm) automaticallyin the rst 15 min of thereaction.Esterase
actiity of themitesin eachwell wasdeterminedn controlreactionsn which the average
activity of the control wells was subtracted. Esteraseactiity of eachpopulationwas
plotted usingthe averageesteraseactiity of individual mitesfrom the samepopulation,
by Microsoft Excel.

RESULTS

Nine eld-collected strainsandonesusceptibld GSS)strainweretestedfor bifenthrin
resistanceduring the 1998—99cotton seasons.The LCsy andLCqyq valuesrangedfrom
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13.96t010,802mg! ! andfrom29.77to 14,216mgl !, respectiely (Table2). According
to the LCsq values two strains(FET andMAN) weresusceptible, ve strains(SEL, TIM,
SER,TIR andDEN) had 1.28-to 3.15-foldresistanceandtwo strains(PAM and URF)
were extremelyresistant(564- and 669-fold resistancerespectiely) to bifenthrin, when
comparedvith the GSSstrain. Also accordingto LCgg values,all strainswerede ned as
resistanto bifenthrin; six strains(MAN, FET, SEL, TIM, SERandTIR) exhibited 1.36-
to 3.35-fold resistancepne strain (DEN) exhibited 11.69-foldresistanceandtwo strains
(URF and PAM) were extremely resistant(478- and 462-fold resistancerespectiely).
Thedifferencesn the mortality responsesf the bifenthrin-susceptibland-resistanmite
strainsin petri dishesare shovn in Figurel. POLO testsfor similarity betweenslopes
of MAN andFET, SEL andTIM strainswere acceptedjndicating signi cant similarity.
However, other strainswere rejected— indicating signi cant differences. The distance
betweertheaverageresponseurvesfor susceptiblendextremelyresistanstrainss much
greaterthanthe distancebetweerthe susceptiblestrainandstrainsshaving a low level of
resistance.

TABLE 2. Concentration-responggatafor Tetranydus urticae to bifenthrin (a.i.) including a
laboratorysusceptiblestrain(GSS)andvariouspopulationscollectedfrom cotton elds

Strain 2 Slope S.E. XZ (df, LCso (mgl I) LCgo (mgl T)  AccordingAccording
n-2) 0.95%CLY 0.95%CLY to to
LCso LCo0
RF* RF
GSS 640 4.82 0.73 5.39(5) 16.14 29.77 - -
(12.17-18.81)  (25.75-38.38)
MAN 640 2.78 0.42 6.04(5) 13.96 40.33 <1 1.36
(8.25-18.16)  (31.79-62.39)
FET 640 3.03 0.30 4.47(5) 15.84 41.98 <1 1.41
(13.58-17.99)  (36.04-51.36)
SEL 640 3.99 0.49 5.44(5) 20.65 43.27 1.28 1.45
(16.84-23.83)  (36.38-57.95)
TIM 720 4.30 0.68 19.24 24.33 48.35 1.51 1.62
(6) (9.71-31.53)  (37.40-117.09)
SER 640 2.15 0.34 0.92(5) 25.21 99.62 1.56 3.35
(20.05-30.44)  (71.93-177.46)
TIR 720 6.46 1.33 8.74(6) 43.14 68.13 2.67 2.29
(31.33-48.96)  (58.60-111.17)
DEN 720 153 0.31 2.97(6) 50.86 348.07 3.15 11.69
(39.05-68.50)  (188.44-
1,372.31)
URF 640 6.63 0.86 1.59(5) 9,107 14,216 564 478
(8,499-9,645)  (13,001-
16,333)
PAM 640 12.21 2.12 1.56(5) 10,802 13,754 669 462
(10,383- (12,864-
11,212) 15,628)

Zn, numberof mitesin experiment.

Y CL, con dencelevel.

X Resistanceractor (RF) = LCso or LCgo of the eld-collected strain divided by the LCsp or LCgg of the
susceptiblestrain.

Biochemicalassays
Electophoesis: Up to ve esterasédands(Est-1to Est-5) were detectedin the T.
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Fig. 1. Log concentration—mortalityegressiorfor alaboratorysusceptiblédGSS)and eld-collected
strainsof Tetranycusurticae testedwith bifenthrin.

urticae strains(Fig. 2), andtheir numberand densitiesvaried accordingto the strains.
Five esterasdvandsware detectedn the DEN, TIR, SEL andURF strains(Est 1-5), four
esterasédandsin the TIM, FET and SER strains(Est 1-4), three esteraséandsin the
GSSstrain (Est 1-3), two esteraséandsin the PAM strain (Est-1and Est-4), and only
oneesterasdandin the MAN strain(Est-1). The Est-4bandof the PAM, DEN andURF
strainsshaved extremelyintensie bandingpatterns.The TIM, FET, TIR, SEL andSER
hadalight densityEst-4bandandno Est-4bandwasdetectedn theGSSandMAN strains.
Microtiter plate assay: Total esterasactiity with -naphtlyl acetatevashighestin
thePAM, URFandDEN samplegFig. 3), followedby theTIM, MAN, SER,SELandTIR
samplesThelowestactvity wasdetectedn the GSSsamples.
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Fig. 2. Esteraseonesn differentTetranyhusurticae strains(1, DEN; 2, TIM; 3, PAM; 4, FET, 5,
GSS;6, TIR; 7, SEL; 8, MAN; 9, URF; 10, SER)*Est-4

DISCUSSION

Accordingto theLCsg valuestheMAN, FET, SELandTIM strainsshavedalmostthe
samdevel of susceptibilityto the broadspectruminsecticide- bifenthrin,whereagshe SER
andTIR strainsdisplayedlow resistanceo it. The DEN strainwasheterogenicbecause
it hada very low log concentration—mortalitglopevalue. A cleardecreasén the slope
is an indicationthat resistancéhasbegunto develop and indicatesthat the populationis
heterogenid11). The URF andPAM strainswere homogenicand extremelyresistanto
bifenthrin. Selectiorpressurdor resistancés generallyhighdueto thefrequentapplication
of pesticidesBifenthrin wasusedintensvely 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, resistanceo bifenthrin increasedprogressiely
both in level (from 1.2- to 109-fold at LCsp) and alundance(from 20% to 90% of the
strains)in threeseasongndwaslinkedto eld controlfailuresin Australia(10). Dueto
thefactthat mostorganophosphatesnd pyrethroidsusedagainstthe mite werealsoused
againstothercottonpests,T. urticae wasstrongly selectedor resistancdy theincreased
applicationof thesepesticideg8).

In electrophoresisissayresults,Est-4 bandswere stainedvery dark in the extremely
bifenthrin-resistanstrainsPAM and URF and the moderatelyresistantstrain DEN. But
Est-4 alsoshaved light bandsin the slightly resistantstrainsTIM, TIR, SEL, SER,and
in the susceptible=ET strain. Furthermorethe Est-4bandcould not be detectedn the
GSSstrain. However, in the othersusceptiblestrain— MAN, the Est-4bandswerebarely
stained— accordingto its LCso values. In the microtiter method,esterasectivity was
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Fig. 3. Total esterasectiity [optical density(O.D.)/sec]in a laboratory(GSS)andvarious eld-
collectedstrainsof Tetranydusurticae

highestfor the PAM, URF andDEN strains.The highestesterasactiity wasdetectedn
the bifenthrin-resistanstrain PAM, followed by otherresistantstrains— URF and DEN.
The lowestesterasactivity wasdetectedn the susceptiblestrain, GSS.However, in the
otherstrains therelationshipbetweerresistanceo bifenthrinandesterasactivity wasnot
clear

The increasen esteraseactivity could resultfrom using variouscorventionalinsec-
ticides, including organophosphateand pyrethroids. A positive relationshipbetween
esteraseactvity and resistanceo organophosphat@nsecticideswas obsered in aphids
(2,18,19),horn ies (7) andKanzava spidermite (15). However, it wasrecentlyreported
thatgeneraksteraseactiity of T. urticaestrainwasincreasedn responseo bifenthrinand

-chalothrinbut no signi cant changen generaksterasactiity wasobseredin response

to dimethoateexposure(23). This shavs thatincreasedesteraseactiity of T. urticaeis
associateavith exposureto pyrethroidsratherthanto useof organophosphates.

Accordingto our results,therewas a positive relationshipbetweengeneralesterase
actvity and high resistanceto bifenthrin, but this relationshipwas not clear for low
resistancdo bifenthrinin Tetranydusurticae In conclusion,basedon these ndings,

we suggesthatgeneralkesterasemayplay arole in conferringresistanceo pyrethroidsin
two-spottedspidermites.
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