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A Review of Acaricide Resistance Mechanism and Bioassay Method for
Management of Two-Spotted Spider Mite, 7etranychus urticaeKoch
(Acari: Tetranychidae)
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ABSTRACT: Two spotted spider mite (Tetranychus urticae) is a pest that causes damage to 250 plants and over 1,400 species. It rapidly
develops resistance to acaricides due to its high reproductive capacity, inbreeding, asexual reproduction, and short life cycle, resulting
in frequent occurrences per year. Resistance mechanisms include inhibition of AChE, sodium channel modulator, glutamate-gated
chloride channels allosteric, mite growth inhibitors, inhibitors of acetyl CoA carboxylase, inhibition of mitochondrial ATP synthase,
inhibition of mitochondrial complex I, II, III, and electron transport. The mechanism of action varies depending on acaricides used.
making it necessary to confirm the appropriate treatment when spraying chemicals. Toxicity bioassay methods to evaluate the develop-
ment of acaricide resistance include slide dip, leaf dip, leaf disc, topical application, vial leaf dip, and spray potter tower. Recently,
molecular diagnostic methods have also been developed, but these methods do not depend on the pest species or developmental stage.
Since accuracy varies depending on acaricide, it is essential to find the method that best suits your field. To effectively manage resistant
two spotted spider mites, acaricides with a low risk of resistance development can be used. Additionally, biological control methods
utilizing natural enemies like Phytoseiulus persimilis and Neoseiulus californicus are suggested. Eco-friendly approaches, including the use
of plant extracts and essential oils such as neem and pyrethrum, are also recommended. It is essential to explore various factors for
integrated management to reduce the reliance on chemical applications.
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Fig. 1. Shipping amounts of insecticides to control of major insect
pests in Korea. Source: Korea Crop Protection Association, 2022.

and Nauen, 2015).

S=2E R TS 2022 59k E (Korea Crop Protection
Association, 2022)0] w2 =] ZHEH S A| AR AA|
6,400} ¢, A=A 6,500 o7 e glom, siFHR
Hi AGE77F13%2] 86621 ¢, -5-ollFF 9%<1 594912, L]
10%, R 1%, 285 8%, S 5%, edAlF
4% ol oejof x|, v FFpy, IHutE] 5ol 2t
7}3% A% 2FA|SKFig. 1). 3] Huro]Sofi= 2507} 1,400
o Fo| AEFol 7IFAlER dHA Jlem(Migeon et al.,
2010), Hdl2HE 5 29| AAREEel HsiE 71wzl
FQ Fo 2 4 A i Lindquist et al., 1996). E3E, 2022
Wi 3ol WAIE Hsl Tl 9 770 F52) Sl 280
o] Az oA 5599, Atojofteu]etl ot b3t
50919, 2u] 2| Ao F=S1A| 7} 459991 A r=o|m, Z1 £]9]
opAte et 2 W /ebpBiA], oA T VA, H &R
o] = i }3HA]| 5o Tl = Qlek(Table 1).

sofol digh a5 A Wele e sl s =
o=t Aok, ey woFe] H-8ut @82 A3 e
= zdfjste] 2= Akl S 71 o A o] WA Aks
E(LCso)ake 7MAIEe] AR A=s ehsh=t] AR-EH,
95% A= kS ARt A EI ] W7} 7hsstaL, A
I, S 752 Hlaol e AR 7 4= ItHMiller et
al., 2010). 7L S| A Huro|-S-o(Tetranychus urticae)= 44|
Aol thsl #33go] w=A Wdsl=t|(Van Leeuwen et al,,
2008), YRl & =2 A, 3] wull, A, B
712 A7 847 @7 wj o]t Van Leeuwen et al., 2009).
20209 AR HloEH|o] o)A LE 7l (Adesanya et
al,, 2021) A2E H A o= 7|5H Al o sl
Hlsl WA o Fa4dwor H 9671 0= wiFEiol
9771 th&- 0.2 ot AR o] Ak & = Stk A 712ke.

Z+ AChE inhibitor 31%, MET inhibitor 25%, Abamectin

Table. 1. A list of major sales acaricide for controlling spider mites in 2022 in Korea

Acaricides (Common name) IRAC code Active Ingredient (%) Total volume (Kg/L) Total value (KRW) Launch year in Korea

Abamectin 1.8% EC 6 1.8
Acequinocyl 15% SC 20b 15
Spiromesifen 20% SC 23 20
Cyenopyrafen 25% SC 25a 25
Pyflubumide 10% SC 25b 10
Acynonapyr 20% DC 33 20
Acynonapyr 20% SC 33 20

117,129 5,558,130,698 1995
69,755 3,353,567,300 1999
42,755 4,567,816,611 2005
42,173 5,068,810,760 2009
27,278 3,254,488,400 2020
21,113 2,576,183,933 2021
28,722 3,582,643,140 2021

Source: Korea Crop Protection Association, 2022
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Jakubowska et al. (2022)=2022¢ A& AAX|AH = A%}
ol ez AbulAle] tha, 14709} Bekgo 2 RSty
t}. o] 172
quinolones (acequinocyl), carbzinates (bifenazate), tetrazines
(clofentezine), tetronic acids (spirodiclofen) 522 U=o] %]
o}, Soflo] B4k 7| Zo0] Yely] 7k wla)E ws))
of 2] 9] W GA| B oAl E AL E A4S 5 of 2] Al
o Zatsr] el ofA] Aol 4A| WAtk stk
(Jakubowska et al. 2022). Table 2+= A|G7FA] HI1H kA
ot Ak 712k ogle) B3 R915 Lrehil Aock. Target
physiology 2 X nerve muscleo] bifenthrin, fenpropathrin,

2 macrocyclic lactone (abamectin, milbemectin),

abamectin, milbemectin, amitraz, fluxametamide, acynonapyr

o] Qlom, growth & developmento]] etoxazole, hexythizox,
flufenoxuron, spirodiclofen®| )37, respiration®]] azoxyclotin,
propargite, chlorfenapyr, acequinocyl, bifenazate, fenazaquin,
fenpyroximate, pyridaben, cyenopyrafen, cyflumethofen, py-
flubumide 5-¢] ¢J+=1) nerve muscle % fluxamtamid, acy-
nonapyr-= o} 712] #8}4do] B i1E|o] Q1%| &I Table 2). T
7, Table 20 ©J5} o] 5 obAlo] chal a4 Holi= Sol
2 Huto|-g-ol\(Tetranychus urticae), A8}to]-3-of2o|(T. cina-
batinus), T. okinawanus, A 3-3-\(Panonychus ulmi), 280
(P. citri), Oligonychus coffeae, -3l F(Brevipalpus yothersi)
o] tf8l] AeAJo] Harkle] 9l o, E3] Fulo]-Sofji= fluxa-
mtamid, acynonapyrg A| 2|3t 9] AFH HE Ao s
AR}Ado] gl Ao prekc)

Apullo] cha 8714 B BN 417
2, 350 7 s 4= 9tk Al7 o= AChE A3}, sodium chan-
nel modulator, glutamagated chloride channels allosteric, octo-

pamine receptor agonist2 U-s 4~ 1.0, A2} H-2-2 mite

, A A} a

[e]

growth inhibitors, inhibitors of acetyl CoA carboxylase = L}
t}. $8.9 &= inhibitors of mitochondrial ATP synthase, un-
couplers of oxidative phosphorylation, mitochondrial complex
I, I, 11, electron transport inhibitors2 W 4= 1 th(Khajehali
et al., 2021).

Table 2. List of chemical acaricides which have resistance against two spotted spider mite, Tetranychus urticae

IRAC  Targeted

Active

Year of AI Resistance

code” physiology Mode of action Subgroup ingredient (AI) Introduction®  issue References
Ay and Giirkan, 2005;
. . Herron et al., 2001;
34 Nerve & Sodium channel Pyrethroid Bifenthrin 1986 Yes Van Leeuwen et al., 2005, 2010a;
muscle modulators yrethroids Van Leeuwen and Tirry, 2007
. Kwon et al., 2010b;
3A Fenpropathrin 1980 Yes Van Leeuwen et al., 2010a
Clark et al., 1995; Ferreira et al., 2015;
Kwon et al., 2010c; Lee et al., 2003;
Gluta.mate-gated Avermectins Abamectin 1985 Yes Papapostolou et al., 2021;
Nerve & chloride channel Sato et al., 2005; Tirello et al., 2012;
muscle allosteric Xue et al.. 2020
modulators L 1., 2003; Ni , 1.,2010
. . . . ee et al., ; Nicastro et al., ;
6 Milbemycins ~ Milbemectin 1991 Yes Xue et al., 2020
Asahara et al., 2008;
10A . Hexythiazox =~ Hexythiazox 1985 Yes Herron and Rophail, 1993;
Growth& Mite growth Hu et al., 2010; Tirello et al., 2012
inhibitors affecting
Development CHS1 Asahara et al., 2008; Lee et al., 2003;
10B Etoxazole Etoxazole 1998 Yes Papapostolou et al., 2021;

Uesugi et al., 2002
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Table 2. Continued

IRAC  Targeted Mode of action Suberou Active Year of Al Resistance References
code”  physiology group ingredient (AI) Introduction®  issue
Inhibitors of Oreanofin
12B  Respiration mitochondrial g . Azocyclotin 1978 Yes Van Leeuwen et al., 2005
miticides
ATP synthase
Inhibitors of
12C  Respiration mitochondrial Propargite Propargite 1964 Yes Chapman and Penman, 1984;
Keena and Granett, 1990
ATP synthase
Uncquplc?rs of Herron et al., 2004;
oxidative Nicastro et al., 2013;
13 Respiration ‘l/’il;ocsi[i):;ﬁr}t/ilzg(;r; Pyrroles Chlorfenapyr 1996 Yes Uesugi et al., 2002;
P . Van Leeuwen et al., 2005
the proton gradient
Inhibitors of chitin
Growth & biosynthesis Benzoylureas  Flufenoxuron 1989 Yes Tirello et al., 2012
Development :
affecting CHS1
19 Nerve & Octop amm§ Amitraz Amitraz 1971 Yes Van Leeuwen et al., 2005; 2010a
muscle receptor agonists
Nig;chlzzdﬁ‘fl Choi et al., 2020;
20B  Respiration p Acequinocyl  Acequinocyl 1999 Yes Fotoukkiaii et al., 2020;
electron transport
. . Lee et al., 2003
inhibitors - Qo site
N([:nghl(;ndlr;? ! Fotoukkiaii et al., 2020;
20D  Respiration plex Bifenazate Bifenazate 1999 Yes Lee et al., 2003;
electron transport
L. . Van Leeuwen et al., 2010a
inhibitors - Qo site
. Devine et al., 2001;
21A Fenazaquin 1992 Yes Van Leeuwen et al., 2010a
Devine et al., 2001; Kim et al., 2004;
Papapostolou et al., 2021;
21A Fenpyroximate 1991 Yes Stumpf and Nauen, 2001;
Tirello et al., 2012;
. . Van Leeuwen et al., 2010a
Mitochondrial METI . o
Respiration complex I electron acaricides and Devineetal., 2001; Khalighi et al., 2016;
transport inhibitors  insecticides . Papapostolou et al., 2021;
21A Pyridaben 1990 Yes Stumpf and Nauen, 2001;
Sugimoto and Osakabe, 2014;
Van Leeuwen et al., 2010a
Demaeght et al., 2013;
Devine etal., 2001; Tirello et al., 2012;
21A Tebufenpyrad 1992 Yes Stumpf and Nauen, 2001
Van Leeuwen et al., 2010a
23 Growth & Inhibitors of acetyl Tetron%c an_d Spirodiclofen 2003 Yes
Devel CoA carboxyl Tetramic acid )
23 evelopment  CoA carboxylase derivatives Spiromesifen 2005 Yes  Al-Lalaetal., 2012; Inak et al., 2022a
Khalighi et al., 2016;
Maeoka and Osakabe, 2021;
Mitochondrial Cyenopyrafen 2009 Yes Njiru et al., 2022;
2SA  Respiration complex I beta-Ketonitrile Papapostolou et al., 2021;
p electron transport  derivatives Sugimoto and Osakabe, 2014
inhibitors Inak et al., 2022b; Khalighi et al.,
Cyflumetofen 2007 Yes 2016; Papapostolou et al., 2021;

Pavlidi et al., 2017
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Table 2. Continued

IRAC  Targeted

Active

Year of AI Resistance

code”  physiology Mode of action Subgroup ingredient (AI) Introduction”  issue G R
Mitochondrial
. lex 11 o . Maeoka and Osakabe, 2021;
25B  Respiration compex Carboxanilides Pyflubumide 2015 Yes aco a“an sakabe
electron transport Njiru et al., 2022
inhibitors
Nerve & GABA-gated~ L .
30 channel allosteric Meta-diamides Fluxametamide 2020 NA
muscle
modulators
Calcium-activated
Nerve &  potassium channel
A A 2021 A
33 muscle (KCa2) cynonapyr cynonapyr 0 N
modulators

Source: 1) https://irac-online.org/mode-of-action/ Mode of action classification, 2) The Global Crop Protection Market, Chapter 5 Products

2020, Agbioinvestor 2020

o] Lol ALE-E]= AChE A AH|A1= Q7] 1A ==
malathion, chlorpyrifos, diazinon, parathion, 7}H}H|o|EA| =
= N-methyl cabamic acid 2] ester aldicarb, methomyl, demeton-
S-methyl 0] Qlt}h. AChE A= 714 ARbAQl A3 712
O 24|, AChE+= gt 417 M|zl A th- 417 Al 22 2f=0] A
GE= e gRms] fl8l S48 AL SollAl opAlEEd
o] el = ol Zasith. AChES] 2482 Apckst oAl
gEdo] F24E o] A% Ao Stk Kwon et al,, 2010a).
AChE®] A3 15t tholobAle= /g ZiAltoll Al AChE ¥
=7} 3A AT = 2% 2] B 31 (Smissaert, 1964) 3, 57|
A} 7R U E Ao it A3 d o] AChES] -2 ¥sk= Q1
off WAst WA UERdtial 2 E Qe (Van
Leeuwen et al., 2009; 2010b). whehx] 5L AefAol| A F A%
O] FA| ARS-S BABHA| AL Qi

EZH AChES] {4k ARE 5 7Hi(two gene copy)E =75t
© B 1% T 2Y T wticae Al 52 AChE §-449] Tl
ARE(single copy)Z E-3-3ITHGrbid et al., 2011). =Fujof| A &
gfo]g-ofjof| Tzt monocrotopos A&Hd Etol-5-o 2] AChES}
LR BAZE l=dl, 3719 HEdRo|l7h Hofgith o]
G228S, A391T, F439W O 2 G228S2} F439W = & EHH 0|
= A399T¢} 2] =& Hlrof =g3FX] a1 monocrotophos
A SolollA] ESlp<ol] mEshA] Ut o o= A
B3 MAlE o1ds] SHRolE 7HAIA] @2 oE FAE
FAE 4= ths A ofn|stn S| BARE oY &
Aol FEFFOZH EAO|Z IRk A& EEfsl A 4= Q)
= 439 &S o E AT A1 4= Qlch(Kwon et

al., 2010a).

T2 #dAd9] 712 microsomal monooxygenaseo]|
O3t g A7 rES|LE AFSlof| o8 i H tH(Van Leeuwen and
Tirry, 2007) Z | A2 0] = 9] target site?] Voltage-gated sodium
channel (VGSC)= A=W} 25 1 9]2] A4} Hutol] F32]
ol kS stof A|auks 7= A UEF o9 o]Fof o
sk Stk o ok dhEolti(Dong, 2007). ©] VGSC+
DDT % ujg|Azo| =9 Z2h-2 A4 0] =9 Ao|c). )X
Z0|E= VGSCE| 223t AJeiS HAgsto] AJ&52191 A7 &
32 Yoy|a A Alto] o]24 sHH(Van Leeuwen et al.,
2009). Fetol-g-ofl o] ulE| Az o] =of gk A7/ F-= cyto-
chrome-450 3 7123 Ao ~eebAlo] OJgF that s Z71ek
o] It Ay and Giirkan, 2005; Van Leeuwen and Tirry,
2007). =35} glutathione S-transferase= #| 4] T3 of| o]
5} (Vontas et al., 2001) <7} mono-oxygenase 24 = A3}
A AlZ-of| A LJeRdTtH(Van Leeuwen et al., 2005). Tsagkarakou
et al. (2009)= AFH 2 A7} Floci) 2 BHFl VGSCE] 1116
AF]ellA F15381 |gho] “ssiolla Aoz Esof
DNA 7]9ke] 252 71e 7ide 4= Q& 102 1Al

Glutamate-gated chloride channel (GluCl)-2 Cys-loop ligand-
gated chloride channe (CysLGCC)9] ¢Fo]2 FExlA LAY =
SR, o] vf BhE o] ' E pH 24 B gz Hkga e v
OFSt 7]°5& 383t Dermauw et al. 2012). o] 2jd &5
dsto] 3i5-9] vhH] 9 APY-S el k= abamectin it} -2 A%
A9] kA Alo]|Eo|t} AR|%E-2] GluCl-E avemectin macro-
cyclic lactone chemical group®] 2] B 9|2 A th2 L3523}
o] gutolSooll Al 6712] o4 THI(GIuCl 1-6)7} Bl
E K (Dermauw et al. 2012). Abamectin-2 GluCl2] ZZA]

ofw BN
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chlerofenapyr (Sato et al., 2005), E]7]o| A chloropyrlfos, pro-
pargite, clofentezine, fenpyroximate©]] tf3] x| A3 S B
S tH(Yorulmaz and Ay, 2009). AbamectinS 3 E¢1H o7} &

Q7|12 55k hE Kol Al WAEA) Sk A9 o]
BEa) 547} 7 7|2 S Qlrk she] chefet 714to] e
© AJAFSICK Shin et al., 2021).

Etoxazol, clofentezine, hexiziazox 52 7|4 A5}t
o i} =S ol AMA o) ethoxazole?] EA R 2
chitin synthesis 1 gene (CHS 1)©| ¥rA%=¢, CHS 1& 7|¥l
R21o] 22 A of] o dl= 23l et vl R 2 (Van Leeuwen et
al., 2012), CHS 1 S-H=}of| A 11017F E<IHo)7}| o5 2FA| 9|
YL TN 7= Ao 2 U F i Demaeght et al., 2014).

Mitochondrial complex electron transport (MET)+= ATP &
4= JHRt: nEEE o AL +HMET) AlA]E 715
Aot 4-87) Afole] ARAe] A ol Eeele) A0
A7t R ShelEch o] 3bge] Faoli Ak HekE £3st
© 4719 HEE ERAIIV) 2 3 E m =2 A A
S(MET) Ak&0] Qlth o] 52 5| I (NADH: 8] Fl+= A1}
FhA a2, FHA 11 (SAIH 0| E B fa), E3HA] 1A=
=5 bel EHA) W A VA EAF C AFeka )= fena-
zaquin, fenpyroximate, pyridaben, tebufenpyrad (EA 1),
cyflumetofen, cyenopyrafen, pyflubumide (&3] 1I), acequi-
nocyl, bifenzate, fluacrypyrim (£ I11) 5 B2 4] A7} o]
719 3= (Van Leeuwen et al., 2008; Van Nieuwenhuyse
et al., 2009), propargite, diafenthiuron> ATP $HA1-S 215
AlB}7| = gt (Adesanya et al., 2021).

Acetyl coenzyme A carboxylase (ACCase)2 T F-2-2] Z] @
Azl A AT A4 thAle] 53t A 51, of 7] A 0}
AIE-CoAQ 7t2EASLE Flsto] A4t ) a7t 5
714|921 malonyl-CoAE AJAJSl=U|, biotin carboxylase (BC)
@} carboxytranferase (CT) 7142 & 71X 3L Q1]
o] HelofA Y= EA ofu|iAto] ThE ofu|l Al & %
ghel= S ol of Qs A3 do] W=t 5, obn|=At
st ofsf AFA7E Sl F-eloll Betsto] A2 oAt
5o A o] W EH K Tong, 2005).

Spiromesifen®} spirotetramat-> AJ 213} Algto]] Jafke
o) ol Sofoll Al CYP392E102] Thakeit ¢lptslo] glo
(Demaeght et al., 2013), o]&= o] P450 -3-Z#}7} spirodiclofen
A S HUE[SH] QIR EAREAIZ AR E 5 QS-S Ho

O =1
T
™
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Zthal H ko] QltiAdesanya et al. (2021).

I%EHOF f& .
H2 slide dip, leaf dlp, leaf disc, toplcal apphcatlon,
spray, vial leaf dip¥] 5-©| QJch(Fig. 2).

Slide dip-> Voss (1961)°]l &J8l] 25 Al=%]l=d| e
o] E &eto|=of Zo|aL HithEof G E 5Eo] EoA =5
so] B4 ofAjof 527t YA F oflE Fol eFd =z A ASH
of gixAolE o] HatshH A SreE 2ET o] RS o]

saol A= o]F|R|A] grof 7HEE Ag-grol Zpol7k LA
g TRlolE o] W AL e 71 2 AR E A Al ek
=7 o] It Rincén et al., 2019). Busvine (1980)2 -2 A}
M gkl SEfo|=8 ARGt Ao WSk slide
dip2 A SolFo] e PRz g2toto] leaf dip] T
A B3It o] & =X 2] W(topical application) T} T}
A LG o] utol gofel Tt ARG 2o
%ict. 234} Dennehy et al. (1983)+= residual bioassay 7} 544
ull, slid dipo] 5. 78| 2 #&Ad o] YEfLY, residual e 7 7]A)
o] AJabg F7he] sk upo] B 4= QIrka ko] o] njRe] A=
& A=A Rol thek A7) ehef siAlch. 3T oFAI AR 7]
2ol disl] A7gshe 71H = o] 'UAds) 21 It Hemingway,

1998). BEA Y ALEA) S0 45§ Apole] BALE ek
OR ANHOE HF UL 23 Bl 3-5AFL 43

3t} 13y Martinez-Huasanche et al. (2021)= AH|A|9] &
57} eafalaL wok A17] uhiol leaf disk S WA slo] 4417) o]
Yol 542 7
fenpropathrin, propylene glycol monolaurater= 7|5-8}A|qt
bifenazate = o]tk 11 810} oF] ZRol| wkel RAG o)

27 0|54 4= 918 AABSTh
Leaf disc¥-2 3, 41, H5ol 5 Tt T7 A& AR
Fop glow 271w depska HEshe AR theks &
OF. w3k 4 A8 919 2, B S ARSI
917 A7k QPSR A17) Fol ALty o el 71
A= 5T Sole] BEolE o WS mels W
leaf discHH-2 725+t Bostanian et al., 2009). 92 A2
BT ST GAS 916 EATS ST petri dish F4G T
DEE

A7l 571553 I5 WAE sl

7¥skct. o] WHH-S abamectin, acequinocyl,

ol
332

U o o>
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Fig. 2. Several bioassay methods with spider mite for detection of resistance to acaricides.

ufo} 42 Hhglo], o] WIS o] g1 99 Bk S HAIA
7 Alglo] 7Psat] Barh MEA el ok i AL 7
sjehz o) olrk.

Knight et al. (1990)2 4152] FHfo]g-of, Afkg-offof chgh
abamectin B, fenbutatin oxide, hexythiazox AF1|A|o]] that A
P HUEPS SR AEHE SR leaf disk A T of =
20| 2] b2 ANAE 5ol ZIAIZIH, AITES 484171 o]
zAfalolof @HHE B2} Hsstckan shaket, olAke A
ATAS0] A4l Sofe] gHelo] gz RS A 710
2 AF31(Flexner et al., 1988), Aro} Qli= S0l 7} A o= o &= 7
o] 718 4= lofoF BT} Fak AT Welty et al, 1987)
A3hiet.

Welty et al. (1987)= ARzkg-ol o] -9 7154 AQ] cyhe-
xatin®] #3Hd Ao 4| 72A|7F2] open-leaf residual bioassay
7}2447t9] slide dip}2.th B WIZIS}A|TE ALA] A o] A= slide
dip©] leaf residual 2t} ©] H|S=3t AutE A=t} AA| 239

LR W, 27, 2 o, 27719 S Sol A5 el
P E 5 YOn WY BAE Y Felsp I oG
ofEl S ARSILEA AR thel Aok Aol wet g
W A e Bk 4 lofok ek sk

Pree et al. (2000)2 ARgof 2] =4S Tl A 28517
213]) petri dish&} leaf dip2 =35} 12 AU o]| A= leaf disko]] Z]
25}17] I3t potter spray tower BH-S ARE-5HE-2- ), leaf disk
H U= petri dishH o] EA4]0] =0} pyridaben?] 739 petri dish

oA 100% AH]8-S Hol= Al s T (active ingredient)= 5

mg, leaf disk:= 15 mg 2 2 petri disht{ o] o] 2FA|| 7| A2
AL Frlshe WHo 2 A E ]tk I8} abamectin
mg #1212 leaf disko]l 4] 98~100%2] AHH] E77} LFEREX
petri dishof| 4= ThRt Ag-a-0] Ay ey 543371
o7 FHEA| h Ao ® & FEHHS A9 F,
W 850l T, sis-ol W dAME R th=A Frtsljof 3
o 4= Qlck

Nauen et al. (2001) F=to]-g-of o} ARtkg-off F-5-0f Tzt
Aed AU O sprayHes 351 =tl thedRt Al 4
v A of| A&7 15 shckar 81Tk 124 Kim and Lee (1992)-&
A AeHd e B =/d Aol A slide dip©] leaf dipo|ut
leaf disc}Lt} ¥o|7} 231 A7} . omf A2 o] 7hdkst
237 ol sl of 2 AlE-S FAloll A2l 7hssh, A
T 20E FLsHA FAAZIH 71FAEe] e okl 8191
o}, v S RA S AUEE wou ] FYulgel &
Il AjZte] o] Ei= T o] Qlrkal st slide dip¥He =4
Ao g 7%t v} Qlth Kabir et al. (1993)= Felo|-g-oj<}
ARtRg-ofol] el 67HA] A=A R AlRollAl, e - eE Al
7o) LCspoll F2 =LA F=4, slide dip} petri disht-2 24
AIZE, leaf disci= 48A]7F0] AgeE A|7tole} shGict oFAE R
+= petri dish residue-potter tower method-2 propargitejl+<= %
W3}R| 9k fenbutatin oxideol = AW3}A] ¢kow| T3t slide dip
2 72 2FA|?] fenbutatin oxide2] S=SHA|(WP)E L} Af<=3
I(SC)ell thall HL e o kil shof ofA| 57 Al ofl whet

el 2ot A 4= a2 AARSIIT B5H] leaf dipH

oY o XN
o rE 2 oo o

ftjo

X
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& AE WA =8 7hE A7 A ASaS S8t o
22 =7 SUEA] o 71 E4AEHA] ¢
a}4] petri dish']0] leaf disct]-S |3} 2= 9]0
AR Aol ARG SARE ATHE AT Pree et
al., 1989). 2L} Ahn et al. (1992)2 BE ) =] wo] &a}
o=y} wo|7} o} AnjA] A YO Sk vl 9)
7% 3ot

Dennehy et al. (1993):= FHlo] &l 55702 A5}
918l mho] A2 A RS ARESEe] 25112 2] FofE X5 e o
A A2 w3l o WolZo]al ofAof 302 F9F Ht the, A
2E SolE M2 ol Hof ol 588 HrIsto] 7]E 4t
A=A O] g2 A8 probit 412 712717} Lk
Al o 2A Ureh Al =7t erhar gk vk Qlek o] 'R =4
o WEAL 322 ofA| B ARG 7hs s Adjol A oz
ARG o ARE- 73 O 8 2SR

Wang et al. (2015)-2 vial-leaf dipping (VLD) ®'H-S- 11915}
A=t], 2 ml vfo]a 2 YAEZ] 7] HH O} Iem leaf disco]] AHH]
AE 242 395kl LCsoS H7Hs1= o VLDHo] 7]&9]
slide dip2.t} X WIgFskaL Whs 7ko] 2ol 7} glar sa; #|%¢
7 A7ollA = A7 Apol7t - vrebdtiar skilh. 3t slide
dip& 78 Al B2 9] 7iA|eF <do] Faskal, AlZto] Eo]
A= S A 580 Yo, leaf dip2 2o 7} Al €h&510]
Aol o7} Wt 81t T3tk residual contact vial (RCV)
S A PR 47 shARE WSS Ths s A4S
o) g7k ojgirhi shiet. webd VLD7H 7|20 ke e
o 471 22 4 gl W) go] A7) SI A S HEES
FA0] SRR VLDE M2 e AE AHHoR 2Hs)
et

2| Toll= 28412 DNA 9714 QoflA] 11 ste] PCRE 7]
2R A S A A e g 2gske At
hsict DNA 9] -4 7] %2 quantitative sequencing (QS),
PASA, bi-PASA, SSCP, SISAR 5] single nucleotide poly-
morphism & SIS u A7k} W8-S £ 4= 9Tk stk
(Kwon et al., 2004). Lee et al. (2011)= kA A& Hrro|-g-
o} €] mitochondrial cytochrome b (cyth) A = Ho]el G126S
£ 2RI5kaL G126S7} A& A o] 7} bifenzate SFA| A& HHt
ol golo] §-8-at AT B} 7|2 o] 48 4 9lowd, Ak
2] quantitative sequencing (QS)2} PCR amplification of speci-
fic alleles (PASA)o| A G125S FHEAHo|E 2 EX|ctal 2
T8tk

&
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OFA|| A &4 2] (Insecticide Resistance Management, IRM)
8 el W B £.88 5 4 ol 9elel A1
47, oA W73, AakAlo] A717) A A
Sl obAlell As] 1B RS Aol T AR A%

zsto] B A5 FA, 54 US| v A,
502 ofFollA] 71 2T AL ThE AE] oy
L A o]thZhao et al., 2010). LI AMZ Heko 7k
ARte]] A gz 0= RE7EA] oFAllof A%
oHof| Th § AR of| = o2 oAl E A sk Aotk
2 WAto] A(mosaic) A 2Lt B3|, BAlo] A 2= &
WA sl F7HA] o] o] AFAIE A& thE Aol
RAOR, 53 8 T ThE 57 22 JiAIl
oL 2| oA ThE oAl Aatsh= Ao ® A
WApAR0] gl A 27] Helo] &
thRoush, 1989; Zhu et al., 2016). 2L} mzjo]
A o] TN o)/e] A5AN7 L 3 Aleholl Aol A
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EH| B2 AEA|S] 74l 25]2 A5HE 4= glo, mAjo]a
WAL EARER T $4) g S 7hAE 4 ek o}

©](Zhao et al., 2010), o] Wjo]] thgt A&} =0)= 51 o]
o] Aof g Aot
eI E ol e Bk

3 A7) S, AR
OFE uPA O & 2] Fe] thal

O
=2
Soge 7] ] E2 §

7Rl ]2 517
9 $Jo] or], B AHL ARt 0 Tl ket 4
B WAL 23 glo] A5 AL W olRshe o] =g

A

o] ¥7] gj:Zzo|tHZhu et al., 2016). EZF H A ]85+ =4
A7} 2= o] 8=, o]2]-g-ofk(Phytoseiidae)®] 20|
2]-S-ol(Phytoseiulus persimilis)?} AP2ro]2]-3-o (Neoseiulus
californicus)7} 4] -Solfl 7 Ao o]F F2 W2 ¥
A1 WAR 157 M) ot ig-o] 7] ufstolciHoy,
2011). 7 G4 A8l 425 47H 434 Solol o
T FUTALAN At A A s A0 melnh
(Rincon et al., 2019). Han et al. (2010)2 &2 ZAHEA G-
7} chlorfenapyr (A&4d4] > 9,140), fenpropathrin (#]&}H/dH|
94), pyridaben (A 3}4dH] > 390) 12|17 abamectin (*]3HJH|
85)°l #1333 Q1 Futol-g-of ol thal} =2 =2 Hol A M
Al ] & 4 & AR Bkl

AEFEET HAE A AMSske S E flsiA
o, AR, HERL, Al 52 SR 5] Aol Sl H ot

A2l Adolelgoflel AFAS Lheho] Ag 7Hs eS8l




3 v} QItiLee et al., 2019). Kim et al. (2009)-2 A|Z&=+3} HL
&ol Aylo]z-gofjof thal) w2 AF AT Kol X|qt o i
Aoz Fon, 4% Algae You d44& 552 %71
o iZoll A WAL Aol EaE FEES WA Akl 24
19 o] Fof A& S WAFStofof JIThal Halsto] AlZ3EEmS

147 S50 uel S4o] thEA| terde o 4 glck. w3

A fluacrypyrini} cyflumetofen©] FJHol]-g-off Zoke] A A ]
A 71 ol 2]g-ol et e A AR 7Fssttar 513i Tt Kim and Yoo
(2002)= 7= o]olg]golet 71me]ole]gof o] L7 5t &
of| FaFo] A& AH|A| 4%, A5A 2, A=t A4S A
t} Ahn et al. (2004)-& 2 g o] 2]-2-ofjof] T3l 4] acetylquinocyl,
bifenazate, fenbutatin oxide, spirodiclofen 5 AHH|A| 453} AF
A 5%, A=tA| 755 Adste] gn] Futol-gof o] Fokke
o 4 AFg 75 Sfekan Ssict.

Neem el AJzsof E3H Aeo]ef-gofl, Artolz]g<l,
Euseius alatus, Phytoseiulus macropilis 2} S 32| A4
© g A8715 FAK(Brito et al., 2006; Bernardi et al., 2013),
FoFo|g-3-o(Metaseiulus occidentalis)= AES 4= it
(Yanar, 2019)32 5101 4} 358 F52} 27 Alo]2] 54 o
2 3 abwjo} Fl 7 4R Aol

HHS A8 v o) vje BHS hEA) ALgsjof sl
tll, den Belder et al. (2009)+=“gn] A of| A= FHo]g-off F35t
o] ATto| A 2l A o)e]-3-ol(Phytoseiulus persimilis)
@} Amblyseiues califonicus 7 Z2 FA] ol A= A o] 5oF
Tk ARgSh= AR Hutol-gofl o] HieE o WA f4] A1 4
Jorz Fort oA HAS o83 AEA HAIE 5171 flal
Aol FAE 913 2 wejrh Pasiriar Hasieith g7
of|A]+= abamectinil} fenpyroximate 2] A&} H]E0] 69%, 68.3%
TR &2} = 32ROl A & Q1 Neoseiulus californicus 2} A1 €Y
4 kA2l propagite AFGEHO 2H YufolSofe] AEE T
sy} 6uf) YA S-RA1Z 4= ) th(Iwassaki et al. (2015). T
%} Lilley and Campbell (1999)-2 dwarf hopo]| A+ A Hlo]-g-off
£ WAIsE7] $18ll clofenteziney} o] 2]-g-ofE A 2]sto] &
A B, 35oF U Wt o] W S 94 3 4 k. 17
L} tall hopol| A= 2| o]2]-&oll7} Z3Fs}#] 9kl (Hirschberger
and Krembheller, 1993), Typhlodromus pyri®} T. occidentalis7}
Askslc}al 319 cH(Pruszynski and Cone, 1972). thAl T, occi-
dentalis’= 3}l 2{H81A] Tt sto] 2ol et F3H
& flelixle HEe Ae/d ofAlel 2 Aol B adh Ao
t}. A oFA] AHto] A Bergeron and Schmidt-Jeffris (2020)

g

+= bifenthrine A %91 2| o|2]-2-ol|, Neoseiulus californicus,

N. fallaciso| T3l B44-& Bo]o] Huto|SojE wilalA] S5t
of AEfA o] Z] ¢k L cyflumethofen, bifenazate, acequino-
eyl Al oAl AL ZHsstekaL g vl ek, Ak Sol
o tia)] FAE AWst= 7 3t =.31|, Bergeron and
Schmidt-Jeffris (2021)-2 South Carolina &7| Huto]|-2-of 67}
ZWAEel thal oFA A1%HdE B 7Fska A bifenthrin, fenbutatin
oxide, abamectin #]&JA] o] 273 A ZeAlo] THAg o)
hexythiazox, etoxazole, acequinocyl, bifenazate, fenpyroximate,
spiromesifen, cyflumetofeni= #|3}4Jo] WAL ] o} =25t
% olrkan selA F9) A AL A4 X 2aE AE) A}
& Sofof grfar A QU

24 Alzoubi and Cobanoglu (2010)+= bifenthrina} 215
o]l & o]-&sto] 24 ] QolAufolA] Futo]golE A
31 oAl olL HARE Aelnct e UES 41411
4= ATkl shof ofA|A|R/do] Wol L& ofAlkE= x| olut
Aol Wt kaielol ALgE 4= 9le Ao wbEc
2= 22 Al AEEE QA7 dHbolgol= fAlol
e Aol 2 A3 Hol7|& 3it) Vassiliou and Kitsis
(2013)= Cyprus’d @] |, ErtE, F, 2olofA g Hut
ol-gof 7MAli-& Leaf disko= =4S HART A%
abamectin} acrinathrin®] thal] Aa4Jo] 7] jEo| AQ
H= oA AR ARAlsfioF ittar Hargk wt it

24
2 E

7137} wisleto] Azs)n WA Y Solis 25 WIS
S5I3 AltheiEo] sy Zo2 djiela iekXimenez-
Embun et al, 2017). 2 8] ool = hago] Z71at Aol
7] W] gofe] Al e Mo v Wagh A Holth
AAIA el T4 O 2 Q18] 1984 of] ZAJ % Insecticide Resistance
Action Committee (IRAC)7} 2FA|| A3 2] A& Aol
A gteto] H W wEsh= 7RO R S0 e 2,
oAl 21881, A ed we] 53] A A8 712of tiek &

5 X224 0 2 Gdstal QI Sparks et al., 2021). 52F2] #]
M A= 2HEE S SJAL F QL A7 A GAl 2

>~

o

‘80 o L
of Ao = sgrieiet Al oJs) sfasford TAIl A

ot} a5 AFHA Tl 37H] 7= Mol A] Q1A1S gljof 5}
=t vgkeha] A 2]o ojgh e Add, {IAG Aol ot
A ANA A A, B gl o A 1T, &3t
ofl oJgh chE 9] A8 o= ] Aeke ag o et
AEE mtefsto] 7hsdt v sfeka WlE E8she 2ot
(Georghiou, 1994).
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Ramasubramanian et al. (2005)-2 A A A T2l sl
H7HA] Aljke sttt #7149 RUEF o= A A=
£ SIS}, At EE vk st Aghgo] A7)
Egﬂﬂﬂ%8HUﬁ?ﬂP%ﬂﬂﬂﬂﬂﬂ“ﬂ“L°Wﬂ

o]:;(ﬂ‘_—_ A}

A
HEAE s A sl 7]‘i A %OP@l 5
7h ke WA|eE oA AR S AeR o R Heshe 4
9= QItK(Kim et al., 2023).

A AR Sl el w2 bR Aot A%
7Fe %t w9 ASA AEAIS HAs17] fitt AnlAle] &
2 AR P18l A o] FoF Ahe Stish A7) A

Qrele Hasehuial AeAlel BAeS A7 A7l Aol
(Han and Kim, 2012). 90 2 GHz} 22} o] FR| = S9o] & 4]
2191 7j40] EQlHlo] Sl Welo] HEAS £ A0 7]
it s Aol thak A 24 ZARE A5
of MakE A 0}04 35}3”‘4 ‘ﬂxl 2Fe o

ok
shsgne o)
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