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ABSTRACT : Development of 3,700 folds resistance to etoxazole was found in the population of
twospotted spider mite, Tetranychus urticae, collected from rose greenhouses in Buyo, Chungnam
Provience in August 2000. This population was selected for 3 yr with etoxazole to get 5,000,000 folds
increase in resistance as compared to susceptible (S) strain. The etoxazole resistance was stablized for
16 months under the condition of no acaricide application. Inheritance and cross resistance in
etoxazole to some acaricides of the etoxazole resistance strain (R) were investigated. There were
differences of susceptibility in the etoxazole concentration-mortality relationships between F,, F,
progenies obtained from reciprocal cross with the S and R strains (R¢ XS4, Sg XRy). Degrees of
dominance were 0.98 and 0.98 in F, and F, progenies of R XS4, and -0.97 and -0.68 in F, and F,
progenies of S¢ X Ry, respectively. Inheritance in F, and F, progenies of Re XS, were complete
dominant. However F; and F, progenies of S¢ X Ry were incomplete recessive. These results suggest
that inheritance of etoxazole resistance is controlled by a complete dominance. The R strain exhibited
cross resistance to acequinocyl and emamectin benzoates in adult females, and milbemectin, amitraz
and pyridaben in eggs. However they showed negatively correlated cross-resistance to bifenazate, a
carbazate acaricide. These results may indicate bifenazate could be useful for the control of etoxazole
resistant 7. urticae population.
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Table 1. Etoxazole susceptibility of resistance (R), original Buyo
(OB) and susceptible (S) of T. urticae strains

Strain LCs, (ppm)(95% CL™) Resistance ratio (RR)®
R > 5,000 > 5,000,000
OoBY 3.7(1.1-6.3) 3,700
S 0.0011 (0.0008-0.0014) 1

2 95% Confidence limits
® Resistance ratio = LCs, of R strain or F, or F./LCs; of S strain
9 Original Buyo strain
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Fig. 1. Change in etoxazole susceptibility of eggs in reverse
selection of etoxazole resistant strain of 7. urticae.
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Table 2. Inheritance of etoxazole resistance in T. urticae eggs

Strain & LC Slope 2) b)
Cross n (ppéf) +SE RR DD
S strain 943  0.0011 1.2%0.12 1 -
R strain 2061 >5,000 - >5,000,000 -
F,(SgXRy) 997 0.0014 0.8+5.30 1.3 -0.97
F; (Rg XS4) 1869 4447 0.3+5.40 4,042,727 098

F,(Sg xRy) 1912 0.013 0.6+4.83 11.8 —0.68
F,(ReX8,) 998 4297 0.5x0.11 3,906,363  0.98

* Resistance ratio = LCs; of R strain or F, or F»/1.Cy of S strain
® Degree of dominance

Etoxazole X{&td o] fHtAl

A5 A1 5o HE etoxazole®] LCsy (ppm)gta &
o dsiA 0.0011ppmolAA7E AT S
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H]E= 5,000,0008] o)A} s}l T(Table 1), A3 =
ARz IAFHAKFig. 1). 0|3 A 5& AM4-3}
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== 747 —0977 —-0.682 EAGA o))k 18
v} Rg XS4 9] smuljellA] oA F 3} F,o] A gHAdn]=
ZvZ+ >4,042,72790€F > 3,906,3630 0]g] 31, A==
Zrz} 0983 0.98= HH9-Adelqlct SAEH RAE
2 Az efel gt FiAldjel FAldfe] ko] etoxa-
zoleol &t logs=-AbrEA N AM(Fig. 1), Sg XRy
9] F,3 F,o] 3|AZAAo] #ApAZoz 7lgolx 3l
o] dAolRIL, Ry XS, 9] Fy, K9] 3AAAL A8}
Aoz A9A gle] $AAYE ¢ 4 U Etoxa-
zoleX| 34 Autolg-of o] fAkAlS mulrtrlel| of
gt ofA) ZhpAdol 2 xleo]lE Rolm, Aul-f-A A
FABRGE AR F gEH oz fAEY 4AE-
A9e o 4 gJodch. T} Kobayashi et al. (2001)
2 ctoxazoleol] W& Auto]-g-of ] A gAdo] A HA
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Fig. 2. Concentration mortality lines to etoxazole in F, and F,
eggs from the crosses between the resistance and susceptible
strains of T. urticae.
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FEE Agsk 42 o 5 Yk o9} fAKE A
ol s A Martinson et al. (1991)-2- dicofol *]3}A]
o] of]xZelME E4x--AIQl vhdHel Av] Aol
N dsaole o

Bl AR FAPNE ARY) BLEEE =
e 2T 229 shioleh AF7AA B A
Al Al gL FASFH o] HEFHS 2™, chlo-
rdimeform (Kuwahara, 1977), benzomate, amitraz
(Inoue, 1984), binapacryl (Cranham, 1982), tetradifon
(Cranham, 1982; Park et al., 1996), dicofol (Overmeer
and Van Zon, 1973; Kim et al., 1995), hexythiazox
(Yamamoto et al., 1995), tebufenpyrad, fenpyroximate,
pyridaben (Goka, 1998) 5-0] W .171%glc}.

Georghiou and Talyor (1976)= Uubx o2 *3kA
wadert pAle] NG wmhaw, A Ao
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A S EAA e 1 BEs] FE5k] 3t
o Qv A&avl] X HE=E B3 FPAJ HFE
7} o] Foj Kok & Hoz A7

w &

Table 33} 7ro] Al Al Eo) 3t etoxazole#] 341
A 5-2] A gAdu]7t 5,000,000u] o]l o] AFol =
3 8% AmjAY A F-5E PEZ] AIge
Table 33 2o} wAATY WAL Aol o
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Table 3. Cross resistance of etoxazole resistant (R) and susceptible (S) strains of T. urticae to acaricides

47

LCq, (ppm) (95% CL™)
Acaricide Stage tested % PP RR”
R strain S strain
. EY 11.0 (8.7-13.5) 10.7 (9.3-12.1) 1.0
Abamectin A® 0.10 (0.09-0.12) 0.07 (0.06-0.08) 1.4
Aceauinocy] E 4.0 (3.4-4.4) 1.9 (1.6-2.3) 2.1
quinocy A 29.1 (27.8-30.7) 2.8(2.5-3.1) 10.4
Amitrar E 11.6 (9.4-14.0) 0.79 (0.66-0.93) 146
A - 26.7 (22.4-31.4) -
o E 4.5(2.9-5.4) 6.9 (5.4-8.6) 0.65
Bifenazate A 0.12 (0.01-0.15) 1.2(1.0-1.3) 0.1
Emamectin benzoate E 0.50 (0.38-0.64) 6.1 (4.9-7.6) 0.08
A 0.56 (0.51-0.62) 0.04 (0.02-0.06) 14.0
. . E 0.52 (0.45-0.64) 0.01 (0.008-0.014) 52.0
Milbecmectin A 0.15 (0.11-0.18) 0.14 (0.12-0.18) 1.1
. E 1.7 (1.4-2.0) 0.18 (0.12-0.26) 9.4
Pyridaben A > 2,000 >2.000 -
Soirodiclofen E 0.43 (0.35-0.52) 0.09 (0.07-0.13) 4.8
p A 35.5(29.3-42.7) 42.0 (34.9-49.8) 0.85

2 95% Confidence limits; ® Resistance ratio=L.Cy, of R strain/L.Cs, of S strain: © Eggs;  Adult females

A7 o7l N 5 ol ge] ge vEhl AE etoxa-
zole}t wAAEA o] 9l oAl dkuvt 3 ¥4
FIAAGYE 05 o|ske] ghoz stgon vma
A 8FAl-e 0.6-4.9AF0]2] oz 3}g v Takahashi,
1979). Etoxazole *|3}Ad Al E-2] AlZel| &k acequi-
nocylZ} emamectin benzoate2] &Av|= 42 104
v &} 14.08) o] 32, &kol] o) &t amitraz, pyridaben?] #]3}
el 2 14608k 949 mAAZYE vepd
o}l Milbemectin2- o)) djsjr 52vl= 7[R =2
BAAGAE dephgon A AAA L=
v mAA A JePE & Adel| AHE-E etoxa-
zole A A 52| |7} o] A Le]7] wfFel A
A ol =z AeielM eln] wAA AL el
ofAlol] wiElAM 3ol LHHAYE = UNTHE
A& WA & AT etoxazole X A A Foll
A olE A9 AmE Aok oF & o]} Aba-
mectin?} spirodiclofen-2 v wx}A A& e g2,
amitrazi= Aol disiA Algt Z]sEAdE veh e
TAA G 75 AR $ dd A A
Hutol o ] wAA Al A7 AFZ, Kim and
Lee (1989)% carbophenothion #1314 Al %-¢] ethionol],
ethion %] 3}4) 7] E-o] carbophenothionel], cyhexatin#} &}
A} A B-0] ethiond} carbophenothionel] X}#|3}A]-&
Vel gdvlar sbed o, dicofol *]3FAJ A E-0] amitraz
¢} acrinathrin @ bifenthrind(Kim et al., 1995),

tetradifon #]3}AJ 4] %] clofentezine®} benzoximate
2 chlorfensonell(Park et al., 1996) Hal|lA ¥ wx}
A5e el gleka sk

ABIAA AL el I BS FhbAlol
A9l bifenazate?} AJ3=ol] ofsA] 0.1¥]¢] 1, emamec-
tin benzoate:= <ol =&iA] 0.08w)S el gk
22 etoxazolee]l AL Hol FrldMe olE
ofAlE Iz AzInpy FgFoz HuolgelE
BT 4 91 Aok Dicofol A4 Hute] ool
8 Al= azocyclotind} fenbutatin oxide (Kim er al.,
1994) @ chlorpyrifos (Linda ef al., 1991)e] <JA}Zha
A5 e elglohs st} Park et al. (1996)2
tetradifone)] A34e] Aubo]gohe] o) HsAE
fenazaquin, pyridaben, flufenoxuron, tebufenpyrad,
fenothiocarb %], Kim and Lee (1989)-2 biphenthrin
Z8}A A Bol] tlaj A cyhexatina} dicofole] B]w}A
gA191¢ M sl =3 Kono (1985)% dicofol #
FAA B tisir &IQlE AMWAlE prothiophos,
binapacryl, BPMCe|™, ¢]& <A & dicofol 84
Hutol Lol o] HIAE 3t A A =AM THsAE
AJAFERSI

ol el ANE FFsled & uff, AutolZofel gk
etoxazole®] At W2 wgrow, xgride] <M
Az 19 47147 A9 W3} 9lc) =31 etoxazole
A A HAIARE SRR dFdF o8
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Aoz FAEE Aol doz A wold
etoxazole A& 7}z Hufo]-Fo s aEHo=z ut
Alstz Ao BAg 93]7] s e 272kl
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