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ABSTRACT
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Development of Acaricide Resistance and Cross-Resistance in
Tetranychus urticae (Acarina: Tetranychidae)

€ & ¥-F H#H W
Sang Soo Kim! and Seung Chan Lee?

These studies were conducted to investigate the development of chemical resistance in two-
spotted spider mite (Tetranychus urticae Koch) through single selection for a given period
of time with five acaricides including carbophenothion and ethion of organo-phosphate com-
pound, dicofol of organo-chlorine compound, cyhexatin of organo-tin compound, biphenthrin of
synthetic pyrethroid compound; and to examine cross-resistance among the acaricides to the
selected populations. The development of chemical resistance of two-spotted spider mite was
greatly varied under single selection of the each five acaricides. The carbophenothion- and
the ethion-populations at the 22nd and the 24th selected generations showed 156- and 64,1-
fold resistant levels, respectively, as compared with the susceptible population. However, the
dicofol population at the 28th selected generation exhibited 39.7-fold resistant level, and the
biphenthrin population at the 24th selected generation revealed 25.2-fold resistant level, wh-
ile the cyhexatin population at the 20th selected generation showed 13-fold resistant level.
The carbophenothion-selected population showed high cross-resistance to ethion, and low cro-
ss~resistance to dicofol and biphenthrin. The ethion-selected population revealed also high
cross-resistance to carbophenothion. The dicofol- or the biphenthrin-selected populations, how-
ever, exhibited moderate cross-resistance to carbophenothion and ethion. Meantime, the
cyhexatin-selected population showed high cross-resistance to ethion and carbophenothion.

KEY WORDS Tetranychus urticae, chemical resistance, single selection, cross-resistance
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viel thzoha #i45 (Teppson et al. 1962) 5 v}
Az, Aol 7 $olx parathiong ¥ %
T QbR AR Ragiel AEEER dico-
folsoz RRBEARRS 39 474 HEm
EHETE K 493 2R A&l #iE
(Hansen et al. 1963, Watson et al. 1963)= 1
o} & BEAES N SN fFE Wikl BR
3tx] & A—R#Y b FEIE ok 1k
BRyRMol 18 BAIE AN E ENEHM
¢ veE A4E o LBRBRE BT
o Qo] & MERe s HmEET Ak Aol
Lo, Al3}-2-oll(Panonychus ulmi koch), Zk=}<}h
Sl (T. Kanzawai kishida)E 9 ZolHFoA =
B wt BRE R T RIEHEY B
Blo] #&E (Asquith 1962, Hansen et al. 1963,
Osakabe 1973, Kuwahara 1977, Kuwahara et
al. 1983)5 glor, 53] Hufo] gt F-Fof
(P. citri McGregor)ell A &= Hilgsme wikst
AE A ZFL R/H#HY & A= w2 X
S, FREREAGdE & K¥EY TIEK
e deli gl o, FRERRE WKE A
ol F—R#ol okl HEmA o BEH
RRIEMECl #EE o ok whebA EERIEHR
SR SR BRE e AF B
o] o EbUNEEES BANEEY B
Zgdo. X RBRPRE —BEFRANA %ol &
AAAY B Atz Je 92 REHS
BB 2 471 {LBHRHAA 3 H
EmES A9l BEEgtez RRWRE K
fEdte] 7+ Bimm o] Wy AKEEY ER
TR\ HE 2 BEE ®HIA BT
Ak FREET BEAEMEY HRBEE
(F2)W & : 852-1503-008-2) 0.2 BT H —IB &
£

2L I B 3

A Aol HHY A doldl= Bl BH
H Aol el REMRMoE 19865 KM
el Adad F99 F3ldA R
KEEE T (85 X 85 cm)] 4~574 9] potel]l o &
K% A #358 7 FF(Phaseolus vulg-
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aris) A RAESEA A LET SHE #
Fagch o= AT BFRIMA = water ba-
rrierd REIFS Sl EERI MRS BA
< atgkeh BEY FHEEE 25 + 3°CE #itl
stglon, B4 A5E FIAstH id 16
18 pefflo 2 WESIATh HRABEAT AR
%49l carbophenothion®} ethion, H#ERR
dicofol, #HHE%$Ra cyhexatin 232 HK
pyrethroid%<¢l biphenthring 58l gtk o
5 pummiel {LBARE, —Bg, LBE, Y
e 2 mamd-e Table 16 FRd nie} o
o, HENAS FE ERLS

kel o ERERMS d2A $AE
5 BuEmE SRt KRS FES C

& W LCops.usfl W WAREez RE
pRbEol EEAG s, EHrkol ®Akgd =t
BEES 29 /1A BRE BRESIS Bk
Bim kEES FES A slide diptkg o] &34
g A LC.fEE F3tz, RIHRKES
LCsfEe} #Hbste] 2 Rt BHEBMEEE
g - HEter s

RREEE Fo17] A%t 2V)7 FFT
RS A8 A EEE 3ov-ely 3REo= 3
god, o 527 FZF AHFEE 80%
2 2AF desiccatore] go] EE 25~30°CH
BRAA 2447 B3 F BREES FEY O3
probit®4 (Finney 1971) & 4 A 35k & R#f
o Hate HATH 3KE oA HEBBREE &
Batgch, TXREMAH AR A @AREREL
2 kel BEIA 4L RERE RIS
slide diptk o2 ‘AT o= Az &L
A A—dlger, EFERS FED &
LC:ofEE F3ld 2+ MikRiEr Rugmiztel &
RS B BES  HE - BRI
olwl zt B o] WkRMol AT LC.fE7 5
f& o) Aold TREMM) BRI Aoz 33
o}

BR Y EER

HERKRO 2l EintkEE
5/ Bz Aol Sl REMARMS
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Table 1. Acaricides used in single selection on susceptible strain of T. urticae

Chemical group Common name Chemical name %a.l. Trade name
Organophosphate Carbophenothion ~ S-4-chlorophenylthiomethyl O, O- 25 Trithion

" diethylphos-phorodithioate

Ethion 0,0, 0, O’-tetraethyl-S, S’-methylene 25

bis(phos-phoro dithioate)

Organo-chlorine Dicofol 2, i, 2-trichloro-1, 1-bis(4~chlorophenyl) 35 Kelthane
. ethanol -

Organo-tin Cyhexatin Tricyclohexylhydroxys-tannane 25 Plictran
Synthetic pyrethroid  Biphenthrin 2-methylbiphenyl-3-ylmethyl(Z)- 2 Talster

(1RS, 3RS)-3-(2-chloro-3. 3, 3-
trifluoroprop-1-enyl)-2, 2-dimethylcy-
clopropanecarboxylate

Table 2. Development of ressitance in 7. urticae under single selection by several acaricides

No. of

Equation for

.. . . * LCs in Resistant
Acaricide Population generations probit regres. 80 0 :
selected line(Y) % a.l. ratio
Carbophenothion Selected 22 3.94 + 2.0 X 3.28961 156.0
Susceptible — 6.71 + 1.02X 0.02109 1
Ethion Selected 24 5.86 + 1.75X 0.32419 64.1
Susceptible — 7.62 + 1.14X 0. 00506 1
Dicofol Selected 28 8.08 + 3.42X 0. 12501 39.7
Susceptible — 10.43 + 2.17X 0.00315 1
Biphenthrin Selected 24 7.53 + 1.72X 0.03407 25.2
Susceptible — 10.24 + 1.83X 0. 00135 1
Cyhexatin Sselected 20 9.00 4+ 2.02X 0. 01057 13.0
Susceptible — 20.44 + 5.00X 0. 00082 1

MM RREASI KN RE 2Es AT 2
3} (Table 2), g {LBHORM BB o
2 Z2E gy 2EMeE FL K¥EY K
yitkol FHEEE A

Carbophenothion®} ethione & 22itft9} 24
R WL RS A 156f9F 64 1f52A
e L KEoE Eiitko]l FREHJAEH, F
3] carbophenothion-& ethionfik /it B o} Wik
347t ARLAE EHEme IR K
oz #Bd AL A—R# FHAAE &
vhet EHERBEKRA 2R A4S ¢ T 3
At

Dicofol & 28iitf Rkl A 39. 7f%, biph-
enthring 24{t% Wikl Al 25. 2659 EHitkol
55585 o], carbophenothione]y} ethion® L
PEESE KEEol tedbd AR A FBRE
=38 cyhexatine 20f:A% kol Al 13659 HEi
teo] FBE R, ol HHY 58 RERF

Ag e KBS Z Eyidkol Emd Zolth

oo} H{IE #FE =4 Hansen® (1963)L A%
o] S-o & HHHRe parathionoe 2 10#AR,

malathiono 2 114 #ikdt &F 247 51 165,
26. 8f% 9] EHitkol FBEN o, HRERR
dicofol 2 12ff% MWkT R 1 3159 Ehitkol
FEE Az gEdded, oHE HReE &
=tg20]] A 9] carbophenothion, ethion 2 dicofol
kel =HE EHRERE Has BUR A¢e
2 EHEEEe R RURKL A—R
Fol A = i ot FEED 2R A #
BE F dgch =3 Sl Fo BHREAURE
HEEE RigHc ot dage #4% (Jeppson et
al. 1962) 8 Yubd o 2 HEMRE EHHRE
#E7L w2y dicofold A$& FEEEs &
w3lohE #14 (Osakabe 1973, Cranham & He-
lle 1985, Kono 1987b) 52 A& HBERS B
Ao ¥ o kM & EAMTEY &
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BtEE olE & A AK pyrethroid® bi-
phenthrin® H#4%4% cyhexatin® A 7%
o o2 el vl s FREMRC] Fot e &
w ol o] EPTHERE BAHS HERHT #i
gov, & RBERZ ¥ o biphenthring dico-
fol #AFRHS EHHREE KEEd Lhggsid B
Wit ol w8 |idkol k4 A Eins o
carbophenothion# ethion& & & dicofol® =
R HE o 2183 BEHE 43
o}, 38l cyhexatine] gleolA& gl REHF
k] v)dte A4 F& K#oz IEHK
o] @n=o FBHE ofF T EHE AA

g

Hoyt% (1985)& @Bl A 2 Rigge] &
AER BiitEE kgL RRE A83txn
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cyhexatin®] EHHRE HEL o AS7AA
o ERBEAEGE 2y 7] #EFEHS Y
Rl gl oba Sl E v ARBEEYS —F3e A
o2 QAo 2 v HE T4 o R
B o EEHEC #idk (Lee ez al. 1986)
g ouk Qlen, 53§ FF3e] 93 (1989. 3. 20)
oA cyhexatinF3tA4| 7 BEEFH TAZE 1991
d 1095H AL FEoz AAFFHJU2ER
REER AR ok 7IE REHY TH
HHS HKe] EgH

ERERM

ARIBEHMES KB R, carbophenothion 221i:
X KER-S F—RHFERQ] ethionel] o) 3te
128f%5 2 FES TXESME Vb = dicofol

Table 3. LC,, values of carbophenothion-selected and susceptible populations of T'. urticae to
other acaricides, and their comparison with susceptible population

- ; Equation for probit LCs, in Resistant
Acaricide Population regres, line(Y) %3;.i. ratio”
Carbophenothion Selected 3.94 + 2.05X 3.28961 156.0

Susceptible 6.71 + 1.02X 0. 02109 1
Ethion Selected 5.26 + 1.40X 0.64761 128.0
Susceptible 7.62 + 1. 14X 0. 00506 1
Cicofol Selected 9.02 + 2.48X 0.02396 7.6
Susceptible 10.43 + 2.17X 0.00315 1
Biphenthrin Selected 10.41 + 2.56X 0.00776 5.7
Susceptible 10.24 + 1.83X 0.00135 1
Cyhexatin Selected 10.35 + 2.02X 0. 00221 2.7
Susceptible 20.44 + 5.00X 0. 00082 1

* Comparison of carbophenothion-selected and susceptible populations.

Table 4, LC,, values of ethion-selected and susceptible populations of T. urticae to other
acaricides, and their comparison with susceptible population

- . Equation for probit LC;, in Resistant
Acaricide Population regres. line(Y) % ;.i. ratio®
Etion Selected 5.86 + 1.75X 0.32419 64.1

Susceptible 7.62 + 1.14X 0. 00506 1
Carbophenothion Selected 4.49 + 3.71X 1. 37077 65.0
Susceptible 6.71 + 1.02X 0. 02109 1
Dicofol Selected 10.15 + 2.76X 0.01372 4.4
Susceptible 10.43 + 2.17X 0.00315 1
Biphenthrin Selected 10.79 + 2.55X 0.00541 4.0
Susceptible 10.24 + 1.83X 0.00135 1
Cyhexatin Selected 10.44 + 2.09X 0.00249 3.1
Susceptible 20.44 + 5.00X 0. 00082 1

* Comparison of ethion-selected and susceptible populations.
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5} biphenthrine] W& E 22 7. 6859} 5. 74% 2 F A= (Table 3).
2 g2 k#EY wREHMS Rgod, cyhexa- Ethion 24#:48 #WAREL FH—RFKEHA
tindl ;A= 2. 7EEA THREHHKS BE carbophenothionel] )3l 65224 ethion %Ik

Table 5. LC,, values of dicofol-selected and susceptible populations of T. urticae to other
acaricides, and their comparison with susceptible population

s : Equation for probit LC;, in Resistant
Acaricide Population regres. line(Y) %soa. 1. ratio®
Dicofol Selected 8.08 + 3.42X 0. 12501 39.7

Susceptible 10.43 + 2.17X 0.00315 1
-Carbophenothion Selected 6.15 + 2.65X 0. 36811 17.5
Susceptible 6.71 + 1.02X 0.02109 1
Ethion Selected 8.21 + 2.47X 0.04981 9.8
Susceptible 7.62 + 1.14X 0. 00506 1
Biphenthrin Selected 9.90 + 2.10X 0. 00469 3.5
Susceptible 10.24 + 1.83X 0.00135 1
Cyhexatin Selected 11.53 + 2.33X 0.00158 1.9
Susceptible 20.44 + 5.00X 0. 00082 1

* Comparison of dicofol-selected and susceptible populations.

Table 6. LC;, values of cyhexatin-selected and susceptible populations of T. urticae to other

acaricides, and their comparison with susceptible population

.. . Equation for probit LC;, in Resistant
Acaricide Population regres. line(Y) % ‘a.i. ratio®
Cyhexatin Selected 9.00 + 2.02X 0.01057 13.0

Susceptible 20.44 + 5.00X 0. 00082 1
Ethion Selected 6.78 + 1.91X 0. 11603 22.9
Susceptible 7.62 + 1.14X 0. 00506 1
Carbophenothion Selected 5.87 + 2.51X 0.45138 21.4
Susceptible 6.71 + 1.02X 0.02109 1
Biphenthrin Selected 10.84 + 2.33X 0.00312 2.3
Susceptible 10.24 + 1.83X 0.00135 1
Dicofol Selected 9.30 + 1.97X 0. 00653 2.1
Susceptible 10.43 + 2.17X 0. 00315 1

? Comparison of cyhexatin-selected and susceptible populations.

Table 7. LC,, values of biphenthrin-selected and susceptible populations of

other acaricides, and their comparison with susceptible population

T. urticae to

- . «Equation for probit LC,, in Resistant
Acaricide Population regres. line(Y) A i, ratio®
Biphenthrin Selected 7.53 + 1.72X 0. 03407 25.2

Susceptible 10.24 + 1.83X 0.00135 1
Ethion Selected 7.99 + 2.84X 0. 08839 17.5
Susceptible 7.62 + 1.14X 0. 00506 1
Carbophenothion Selected 6.04 4+ 1.82X 0. 26804 12.7
Susceptible 6.71 + 1.02X 0.02109 1
Cyhexatin Selected. 10.71 + 1.99X 0.00135 1.7
Susceptible 20.44 + 5.00X 0. 00082 1
Dicofol Selectec] 10.45 + 2.27X 0. 00400 1.3
Susceptible 10.43 + 2.17X 0. 00315 1

* Comparison of biphenthrin-selected and susceptible populations.
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fBRsrre] EyimgEE KES A & TF
9] TRIEHIMS 1909, dicofol?} biphenth-
rino] d3ld = 27 4 4f%SF 46524 B
i 565 ol A& TREMMY BBz o
o ERNES M YeEvte Aoz AR
fEEmE wof 443 2% mE Jeids] A
Toll 58 RWEHNHEY TRE KAEEHE &5
9 sgire] BEEE s, cyhexatine] A& 3.1
2 TREM%E BET T 2= (Table 4).

Dicofol 28ftt{Q#gik{E8##F-< carbopheriothion
3} ethione] H3te] 77k 17.5(%9F 9.8f5%
B TRESM-S Feided, ol T #HR
= carbophenothion®} ethiono 2 #rkdt HiE
ol dicofol S MEIAS e ZLEPHE K
B pegrdtebd AdE 2 K#EY TREHR
#:-8 v}elR o), biphenthrind} cyhexatin
of digids 42 3.5 1Loffe FETREH
#& Jet ok (Table 5). =8 i cyhexatin
2014 vk EREEE-S ethion®} carbophenothion
of wisted 22, 9f%9} 21. 4f% 2 cyhexatin®] K
Mg 44 2 K¥oz bt BEY
AREHES Vel g 2} biphenthrins} dico-
folol A= 2.3 59} 2. 2 A FEREH
& b Ak (Table 6).

=3} biphenthrin 24{itf% #PkEBEEES ethi-
on3} carbophenothiond] 3] 27 17.5(%%}
12. 752 hEY BREHMES FeEAAE o
7 %% carbophenothion® ethione 2 #ik3dt
{888l biphenthring BB =9 TX
U Kt tdohd 433 ¥ KBl
o, cyhexatin® dicofole] W&A&= 44 1.7
5o} L3f%2 FERREHMS B (Table 7).

9o e HAMBMABERES HEoE ¥ 4
Bagm o) KKK BEREHS Fastd 2
=, carbophenothions} ethion ¥k EEES &
el B e EYitkE vHeb 2 dicofole]
Bt & 2 K TIEMAKES 2 i,
dicofol kAR 9 F FEER BuEm
of Walel shiES RREHEE e
Hansen¥% (1963)< H##M 2 Wik EEF>
F—R# 3Emo A3 RWESKS e
dicofol g | % ¥ HEMERR BEASAE oHF
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Be k#Eo 2 TRELMES LYo, WHE
dicofol YRikfEMEEE-S ARl W3t ZHEE
o EHuEEe o & FHE TEHAK
o] vtehudthn L.

ol & A ABY KR EH =4 dicofoliy
ykE#8PE-S  carbophenothion®} ethionel] + &}
shpEe AEHHS e BES ERE Y
AR gy e s —3se Aol =
L2 T HEBR RWA #WIKREESE diphenthrin
WARS elA=, HHE B ot
(Musca domestica L.} & pyrethroidBiel 32
RiEfiko] etz #4% (Farnham & Sawi-
cki 1976)9 u+ =, Croft%(1982)F &K
pyrethroid® sttt E4 A &N (Amblyseius fa-
llacis Garman): H#%%R< azinphos-methyl
of & k¥ TREHKEE Yehittz 1A
=dl, AHutolgolo] Aol HHBBEA WKR
#i-> biphenthrino] =i&] @& K¥ ZIEHR
¥ e MERKS e es, ol ¥l
biphenthrin #7k % #£-& carbophenothion®} eth-
ionoll W& FHES RTIEMMAEE B FA49
dicofols} F H#BAIZES] A BFR FLEHS
o 7&9 ¥iReE #L APt 2z
dicofol #ykR# = biphenthrin AR
AR Emlel sl IR RigHitEel ek
28]} Chadwick% (1977), Prasittisuk®} Bus-
Vine(1977)7"\: DDT #E41tt %7 (Aedes aegypti
L.)7} &8 pyrethroid#le] wH3slted ZRIEHMHE
£ 3d= &gz, Crofts(1982)2 AR pyr-
ethroid® #EHik ZTA AL (A. fallacis)?}t
DDTel ¥& K¥9 ZUESMHEE e itz #
E3 & AB HRYe HKHR=H, olv F
AR oz e do] 2z 7 REWHE &
% $#7t &R pyrethroid®e] A gt ZfEo
72A ¢ow =3k DDT# dicofole] [@—3 A
WE M At s WRER Z AR (FA
W] ZREGO XA 29 ZE KR
et Aez Azde. @ cyhexatind o
& HElel o3 WAl FEERERES 2
ol Aoz #s At cyhexatin  HIAFRH
& ethion®} carbophenothione] 3le] = i
o EiiHBEL Y o] & K¥oz FIEHN
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ol vebt EHHSE A

o]2] 8 BH-e ethion®} carbophenothion i
it RHS cyhexatine 2 #HEstd e = 44
3. 15 2. 752 A & WRRHES o] ol
i KpEel el F7he) e vdEli e,
Hansen%(1963) ¢ & A #4=  dicofol® &
B ARG 22 HUG d= 9
2 RS AAE F e = EFolEa
vl B (Myzus persicae (Sulzer)) acephate®}:
oxydemeton-methyl& ks {EEEEY) cyper-
methring REI}AL = Y4 o L& k#Ee
2 TXEHHC) BRIAAR, TREHHK F
& BET RuAY B =T o= B
A3t Eifkol BES Pl vt 2RI
Adokz & #i4E(Choi & Kim 19862, b)5& 2
B ww Aol g8 ASoE WmhE L
BumEEal ok et Mgkl BAERSR] e i
Blel o & K¥ez BHHRES 1ed
Rt A=,

ATAAE A9 7ol 2 Bimme) K
gtk FERESIHS BB d3lq FR3A
A ut ok A 7tx] EASA o] & Hige] HEt
IEMESE Bl w8l A A 9= ok, weby
R BRAEHS LBRHRFHZ #ED K8
E& HM=E 3ho] HEZS mgich

HEER BHHEERAs AChEZ 9 ER
o] = (Smissaert 1964, Zahavi & Tahori 1970,
Kuwahara 1982), esterase® RgEslcl= #4;
{Oppenoorth 1985, Choi & Kim 1986a, b)7| &
Lo, & pyrethroid®le] o dled = esteraser}
mEFEAY FH 2tz #4% (Eldefrawi 1985)d
ub glol 7 R HEZNERE BEL
HEE FRABEAA Kbl Aoz A=,
Dicofol®] 7 & o] #BEIE KM EE st
£ breakdown enzyme®] ko] MR
A H =%tz #45 (Kono et al. 1981, Cran-
ham & Helle 1985)% u}l l&d] Hi%R =
T AR pyrethroid® ] EHEBESS L%
ol gl Aoz Beld. w2t XK HBAA H
B o} dicofole] MHARIEH S 2ol
dicofols} biphenthrinztol & R ikHttel +
Hus e #1649 #iffez #Esy] 2o

TFS LTS G A
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= BB AE 7 K HEMS feHsrte
2 Hopop & Aoz oAAAY. ©goZ cyhe-
xatin EHFIHBEL 2 = EINMRHES BREHFR
#kel ATPasef&Ettel £&7F dAwol #HEd
(Carbonaro et al. 1987) 8} Y &d], oS REE
o EHMBET BRAA FEZESM
BuE oz B

z.2] Y cyhexatin #ik>R#fio] carbophenoth-
ionz} ethiond] W4 ZHES TREHHEE
B A2 A2E FHEEHE BfgolRul, oF
AR ¢ dE #@el A o BEEAdME
o] & |7t MMM 2 Holof & A
7t

2y Y] EBETFF EEY ESES
ZEE T Aot #4E (Choi 1983)F 23 @
EHEBIE S RIGH S LRBOBES B3R o
BE RARHEI ol FolHk & Aoz 4244
=

=3 A& RABRA HEE RERE s
A= REH S B H3ld 339 Aoz,
Bumle fFRlET 2L LBHRMAAE %
ol vt 05 F e ez Hol gom
Bugmle] (LR EBE gk Fd st
of |t RBPEIL £ 080~ 2 o] Fojxof &
e s
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