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Resistant Development of Two-spotted Spider Mite, Tetranychus urticae
(Tetranychidae) under Alternate Selection of Acaricides

& % X-F H W
Sang Soo Kim' and Seung Chan Lee®

ABSTRACT These studies were conducted to investigate the development of chemical resistance in two-
spotted spider mite (Tetranychus urticae Koch) through alternate selection for a given period
of time with four acaricides including ethion of organophophorus compound, dicofo! of orga-
no-chlorine compound, cyhexatin of organo-tin compound, and biphenthrin of synthetic pyre-
throid compound; and to examine multiple-resistance among the acaricides to the selected
populations. The development levels of chemical resistance in the two-spotted spider mite
were greatly varied under alternate selection with the different chemical-group combination
of four acaricides. Resistant levels of the e:hion/dicofol-selecied population at 13th-13th
generation showed 49, 4-fold resistance to ethion and 18.1-fold to dicofol; the ethion/cyhexa-
tin-selected population at 9th-9th generation exhibited 28, 1-fcd to ethion and 5-fold to
cyhexatin; the ethion/biphenthrin-selectd population at 10th-10th generation revealed 39. 8-fold
to ethion and 19.2-fold to biphenthrin. However, the dicofol/cyhexatin-selected population
at 9th-9th generation showed 11.3-fold to dicofol and 4.9-fold to cyhexatin, and the dicofal/
biphenthrin-selected population at 12th-12th generation exhibited 11.2-fold to dicofol and 9.4~
fold to biphenthrin, while the cyhexatin/biphen:thrin-selected population at 9th-9th generation
revealed 3.7-fold to cyhexatin and 7.7-fold to biphenthrin. In cace of alternate selection, the
ethion/dicofol-selected population revealed moderate multiple-resisiance level to biphenthrin.
The ethion/cyhexatin-seiected and the ethion/biphenthrin-selected populations showed low
multiple-resistance level to biphenthrin and dicofol, respectively. However, the dicofol/cyhe-
xatin-selected, the dicofol/biphenthrin-selected and the cyhexatin/biphenthrin-selecied popu-
lations exhibited high multiple-resistance level to ethion.

KEY WORDS two-spotted spider mite, chemical resistance, alternate selection, multiple-
resistance
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Table 1. Acaricides used in alternate selection on susceptible strain of T. urticae

Chemical group Common name Chemical name % a.i. Trade name
Organo-phosphate Ethion 0,0,0",0’-tetraethy!-S, S’-methylene bis(phos- 25

phoro dithioate)
Organo-chlorine Dicofol 2,2, 2-trichloro-1, 1-bis(4-chlorophenyl!) ethanol 35 Kelthane
Organo-tin Cyhexatin  Tricyclohexylhydroxystannane 25  Plictran
Synthetic pyrethroid Biphenthrin 2-methylbiphenyl-3-ylmethyl(Z)-(1RS,3RS)-3- 2 Talster

(2-chloro-3, 3, 3-trifluoroprop-1-eny1)-2, 2-di-
methleyclopropanecarboxylate ’
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Rigksted BHNEE 25 Ak BEL &
R, 2& 479 mE@EHER, LCE ¥ Bk
e Table 2¢] FR= uiel 2.
Ethion/dicofol (Et/Dc) 3 H #ik B (13-13#4R
HWIK) L BEHiEH 7} ethionol A 49. 44%, dicofol
ol A 18. 1524 5 i) HAdtd ZF ¥
KHge] EHipe] F#E v, =3 ethion/cyhe-
xatin(Et/Cx) ZTH#EAB9-9#AR)F  ethion/
biphenthrin(Et/Bp) A5H fgrk B (10~1010) =
ethionoll Al 28, 1758} 39.8f%2 ¥& K¥ES K
Hitko] a4l o0, cyhexatin? biphenthrin
Az 58 19.2f%22 vF2 cyhexatinol vt
biphenthrin#ik & FEl vl 3t ¥ K¥9
EHbo] Bistgleh. ©he 2 2 dicofol/cyhexa-
tin(Dc/Cx) ZZHE MIkHE (9-914%), dicofol/bi-
phenthrin(Cc/Bp) 3T #ikH (12-12H#:4%) 2 di-
cofol] 7% 11.3f%s} 11.2f52 A9 7L K
o] EHitol Bigs o, Et/DeZE kel 9
& dicofolis#itk BmA#ed & 7k okt
=3 ol E F RHMAFN A cyhexatine] o
ol & 4.9%9 Eiitke]l FE= Et/Cxxh

Table 2, Development of resistance in 7. urticae under alternate selection by several acaricides

No. of Equation for .
Population Acaricide generations probit regres. LCs in % a.i. Rers;?itgnt
selected line(Y)

Ethicn/dicofol Ethion 13 6.58 + 2.63X 0.25011 49.4
Unselected 7.62 + 1.14X 0. 00506 1

Dicofol 13 8.61 + 2.91X 0.05717 18.1
Unselected 10.43 + 2.17X 0. 00315 1

Ethion/cyhexatin Ethion 9 6.85 + 2.19X 0. 14235 28.1
Unselected 7.62 + 1.14X 0. 00506 1

Cyhexatin 9 12.59 + 3.17X 0. 00405 5.0
Unselected 20.44 + 5.00X 0. 00082 1

Ethion/biphenthrin Ethion 10 6.44 + 2.07X 0.20129 39.8
Unselected 7.62 + 1. 14X 0. 00506 1

Biphenthrin 10 7.31 + 1.46X 0. 02592 19.2
Unselected 10.24 + 1.83X 0.00135 1

Dicofol/cyhexatin Dicofol 9 8.94 + 2.73X 0.03575 11.3
Unselected 10.43 + 2.17X 0.00315 1

Cyhexatin 9 11.43 + 2.68X 0. 00399 4.9
Unselected 20.44 + 5.00X 0. 00082 1

Dicofol/biphenthrin Dicofol 12 8.18 + 2.19X 0. 03532 11.2
Unselected 10.43 + 2.17X 0. 00315 1

Biphenthrin 12 11.92 + 3.65X 0.01272 9.4
Unselected 10.24 + 1.83X 0. 00135 1

Cyhexatin/biphenthrin Cyhexatin 9 13.76 + 3.48X 0. 00303 3.7
Unselected 20.44 + 5.00X 0. 00082 1

Biphenthrin 9 9.12 + 2.07X 0. 01035 7.7
Unselected 10.24 + 1.83X 0.00135 1
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Hite-2 v1eby ok biphenthrine] 3= 1.9
52 BWAEHH] FebbA gkt =3 Do/
Bp ZE #rkEol A = ethionol sl Al 12. 652
dicofol# biphenthrin®] EHiBEY+ &
Ko 2 Vel BEY HERS NS Rgovt
cyhexatine] W& A& 1.5652 FHEEHS
vt ot A Cx/Bp ZRH KRS ethione]
3t 23 242 cyhexatinz biphenthring #
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Table 3. Multiple resistance of the alternately selected populations of T, urticae with six

combinations of each two acaricides

. - Equation for probit LC,, in Resistance
Population Acaricide tested Tegres. line(Y) 0.1 (%) ratio
Et/Dc Biphenthrin 8.98 + 2.25X 0.01720 12.7

Cyhexatin 10.03 + 1.96X 0. 00271 3.3
Et/Cx Biphenthrin 8.25 + 1.63X 0.01031 7.6
Dicofol 6.45 + 0.80X 0. 01559 4.9
Et/Bp Dicofol 9.71 + 2.65X 0. 01659 5.3
Cyhexatin 9.40 + 1.73X 0. 00286 3.5
Dc/Cx Ethion 8.18 + 2.59X 0. 05879 11.6
Biphenthrin 9.72 + 1.82X 0. 00257 1.9
Dc/Bp Ethion . 10.25 + 4.39X 0. 06351 12.6
Cyhexatin 12.47 + 2.56X 0. 00119 1.5
Cx/Bp Ethion 6.85 + 2.19X 0.11738 23.2
Dicofol 9.87 + 2.14X 0. 00533 1.7
Susceptible Et_hion 7.62 + 1.14X 0. 00506 -
Dicofol 10.43 + 2.17X 0. 00315 —
C_yhexatm_ 20.44 + 5.00X 0. 00082 -
Biphenthrin 10.24 + 1.83X 0. 00135 —
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