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Abstract Causing significant economic losses globally, the diamondback moth, Plutella xylostella, is a
major pest of cruciferous crops.. Various chemical insecticides have been widely used to manage P. xylostella
populations. Currently, frequent applications of insecticide are necessary due to the rapid reproductive rate of
P. xylostella (9~12 generations per year). The frequency of insecticide use has subsequently led to the
development of insecticide resistance both domestically and internationally. This study aimed to determine
regional pesticide resistance patterns and develop effective and economic control strategies for P. xylostella
management in Korea. While previous research focused on the Gyeonggi and Yeongnam regions, this study
collected population samples from the Gangwon, Chungcheong, and Honam regions to evaluate resistance
levels to etofenprox and methoxyfenozide, the two commonly used insecticides for P. xylostella. In Gangwon,
resistance ratios to etofenprox were particularly high, with a 303.8-fold (CEI 7.8) increase in Chuncheon and
60.7-fold (CEI 4.5) increase in Inje, indicating a high level of resistance. Methoxyfenozide resistance ratios
were 71.4-fold (CEI 2.5) in Chuncheon, indicating a possible onset of resistance. In Chungcheong, Goesan
exhibited significantly high etofenprox resistance at 230.7-fold (CEI 27.3), indicating significant resistance.
Although resistance to etofenprox was also observed in Daejeon with resistance ratios of 15.8-fold (CEI 1.4),
the level was considered cautionary. In Honam, resistance ratios to etofenprox were significantly higher in
both Wanju and Jinan, reaching 192.7-fold (CEI 25.6) and 21.0-fold (CEI 14.1), respectively. Furthermore,
high levels of resistance to methoxyfenozide were observed in Wanju, with resistance ratios of 98.7-fold (CEI
5.2). The results of our study demonstrated, albeit with varying degrees of resistance across insecticides and
locales, the development of insecticide resistance in diamondback moth populations from three regions,.
These findings underscore the need for effective resistance management strategies to ensure sustainable crop
production.
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WSS (Plutella xylostella L.y B\F(Brassica rapa
L), 7, Fl, A 22 RSk 2= 7 B T
ANE F= YR NFCZE UH| S (Lepidoptera) Hrdat
(Yponomeutoidea)ol] £3h= sl Folt}, vjFELh-e HAA)
Ao FXslA glom, T, vl=, Holze7tE £
807i= oldellA wal7t BarE v JTk(Li et al, 2016,
Machekano et al., 2017; Philips et al., 2014; Talekar and
Griggs, 1986). HFEUHEe] HA8ES 5 ©AlA &
et B@717F 2&7E A2lFe] gor F7)d wet 444
ol & Ao] EAolt}, 1852 FE Y9 FHESE
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I 5ol 9L v]XZ(Kim et al., 2000), A|A] Aol A7+
409 G o] AAA &4e Ysle JoE By o
AtHKim and Lee, 1991).

A AR wiFEibdoel o FaE oWetr] ¢lg
A7 ] H8-L 40~509& o] AEHth(Zalucki et al.,
2012). A7+ 9~12Mt] 9] B WM UGFE S A2
Qe et Ao frosljor ke tiEsF o= 1953
d DDTl| 8l % A=A A o] BEE 3(Ankersmit,
1953), f7121 A9} 71ad] o] EA (Noppun et al., 1983), 32|
22ol=A|(Hama, 1987), 2374344 (insect growth
regulator, IGR) Al%5(Perng et al., 1988)° 3] #3tAo]
BN, WA Y g daEo] ofgf =Fo] BAH
v} 9ltk(Banazeer et al., 2022). ¥t olug} m|AYE Fokel
Bacillus thuringiensis (Bt)7(Song, 1991; Tabashnik et al.,
1990)ll thalX = #&2do] Harsd uf Slof, sy %

Table 1. Site of Pultella xylostella collection

AEA 7L G2 AZASIA AL Sl

U A= tiEEA Y wlFEud RAEeA Bl <
Aol tigk AgA @eo] 41.3v(Song, 1991), F7]¢1A
3.3~61.18), FHAZ0|=A] 7.2~141.7H), §-719 44 10.5~
33.38) A=Al AgAJo] st Ao ZAES I (Lee et
al., 1993), ©]% ZhahH|o] EA(Cho et al., 2001), BtAl(Kim
et al., 2010) <A ek AA wao] B H ALk E3t 7
7], A Aol o] FAR o] FoZ] AFA| §Fl st
v o] oiek wiEEube] A wdel dis] AR
AJTHKim et al., 2023).

o213l vjFEpdte] A=Al M U AstA &

&AL, F2 A= il BT W ELEe) A

ko

E

Ay T AEE ASHoE 2ASt] wjFFupel
Aol A opAlE Addsty A 2 7FsAdE A
L

g AAATE ARE AFste Aot ol AtelMe
=0 i A 5 A7, 9 o B9 ujSE A
o thate] B3I (Kim et al., 2023), & AFolxe 7
A%, T4, 3 A9 I A2 v AR el 24
g ujEEp shA el tiate] SRR A5 AEE 9t
ofatitt. webx] =l wiFELE AR ddel] i o
TE B v @A wiFEte Aelsked 7124

£ Agst] flste] = A

M=

HEBLL HE L AS

0%
It

B 999 wF Fu9 7t he] Az A5
2002 75 A9 FA, A4, B4, 20 3%, A,
A, e A, 9, 2] W Al
CH(Table 1). 1] AA2] f4] B F4E 092 W
7] 9)8ke] zhzke] ol A0 (30 x 30 x 60 cm)ol] HjZE
FEQERNF, ool g 471402 FHshach. &
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Collection sites

Coordinate Collection date

Laboratory susceptible strain
GangWon Chuncheon
Inje
Hoengseong
ChungCheong Cheongyang
Goesan
Daejeon
HoNam Jangseong
Wanju

Jinan

37°50'42"N 127°41'33"E 22.07.15
37°57'41"N 128°04'22"E 22.11.04
37°26'50"N 128°04'40"E 23.10.23
36°2522"N 126°56'06"E 23.06.05
36°46'22"N 127°42"21"E 22.08.04
36°22'04"N 127°21'15"E 22.11.23
37°50'42"N 127°41'33"E 22.12.16
37°57'41"N 128°04'22"E 22.12.16
37°26'50"N 128°04'40"E 23.06.09
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EE 25+ 2°C, HUEE 50~60%, BFE7 16L:8D Z71ol|A]
ol ARtk ARl AFEE 4 AHAlES Weka
A et Ao 104 o AFAl
=2ATIA @A FARS AHAIE S1E (F)EHEelL=
@ FoAD)elM 159 ol AFAlol =3 A71A] AL 7
o AR A S28 B ol A3S FAs

=
Apol] ARE-3H AFAlE wiFoll TE 5o AREIL 9)
= WFE WAlE ASA] 5 Insecticide Resistance
Action Committee (IRAC)SIA] A|A|&F A|E ol webr
1470e] TS 41 Adtste] 2 5 ARS-Fo] B Al
8§55 ABHE AEsdth. oHAl=  PyrethroidsAl 1%
(etofenprox), SpinosynsAl 15:(spinetoram), Avermectins?|
1% (emamectin  benzoate), Pyrroles”l 15 (chlorfenapyr),
DiacylhydrazinesZll 1% (methoxyfenozide), Oxadiazines”| 1
% (indoxacarb), DiamidesAl 13(cyantraniliprole), Meta-
diamides” 1 (fluxametamide)s A8}t 2+ kA f
4%, A, FHAF=(ppm) 2 AE 59 FH= Table 2

s} 7},

‘IRAC SUSCEPRIBILITY TEST METHOD 018 u}
A3 A H (leaf dipping methodyS 71%2 3t Aol B
Al #ste] st Wi dHAE 6 cmys 7 F
TO] AA] &ellof 3027F A & 3AI7F B9 S8k
Petri dish (Cat. No. 10090, SPL Life Sciences, Korea)l
o} 32 (Filter-paper No. 1, ADVANTEC Group, Japan)S
Z3 w5 225 A e SRTE AL F, 29

o ofolel] GHAT WZAL L) A FHF jFEL

AN chet YEHT
FEubge] AESYARETHEE  IRACIA  AIQME
=
] o

1

H XY HiFEHY JiAZe AEH MEd 2UEE 309

238 H5S 10vRY oMoz JEsAT JE &
25 25+ 2°C, AEE 50~60%, HZ7 16L:8D 714
BHSAL A RARs 72A7F Fo s,
methoxyfenozide= IRACOIA IGRZ HE-FEo] A gA A
A 58 9l 7120 12047 Foll AReE AL oF
25 A

of

SAME H MY vl

AP BERAIARE & (LCsg) AHE2 Abbotte] 345 mHe
BAAEES 2F=3F 3 (Abbott, 1925), SPSS (version 13.0,
SPSS, USA)E ©]-&3 probit ¥41-2 4331 th(Finney,
1971). B3 A A2 LCsy w5 78k A4 24 7N
At S29] LCso 3 Bl st kel A4dH](RRy, resistance
ratioys A=t 22| wiFEEud A Aol g
oHAE 282 AAsE] Sl WA & A4 (Control efficacy
index, CE)E ©]8-3}=H], LCy #s A 7 w52
wro] FABAL 2 A Hlael A AR A= H]
o] ARgSFAT
2% Y 0@
Hd N g7t ' M

APy FF2 vmst) I8 a5y AR Wbt Be
st} wEhA Kim et al. (2023)004 243 AR AT
S1z WAl 820 A=A A W7 A, Al S29)
LCs, A2 etofenprox 0.224 ppm, spinetoram 0.006 ppm,
emamectin benzoate 0.010 ppm, chlorfenapyr 0.831 ppm,
methoxyfenozide 0.060 ppm, indoxacarb 0.012 ppm,
cyantraniliprole 0.003 ppm, Z2]3L fluxametamide 0.004
ppm O Z WA 1ol Hlgte] As] vHA vkttt 7)A]
= S tiEe] AFAlel def A9E ARG =L

Table 2. Characteristics of the used insecticide against P. xylostella in this study

Insecticide Chemical class Al Formulation Recommended IRACb) mpde O.f
(%) concentration (ppm) action classification

Etofenprox Pyrethroids 20 EC? 100 3a
Spinetoram Spinosyns 5 wGY 25 5

Emamectin benzoate Avermectins 2.15 EC 10.8 6

Chlorfenapyr Pyrroles 10 Sce 50 13a
Methoxyfenozide Diacylhydrazines 21 SC 105 18
Indoxacarb Oxadiazines 5 SC 50 22a
Cyantraniliprole Diamides 5 EC 25 28
Fluxametamide Meta-diamides EC 45 30

YA.L: Active ingredient

YTRAC: Insecticide Resistance Action Committee
9EC: Emulsifiable

YWG: Water dispersible franule

9SC: Suspension concentrate
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LCs #tol Hee 497F SlolA Al s28 A3 = A g&S AAstaat AdE S2 WA LCy whs
A AR Akella, o] AT S2E o]&ste] A3t Ag-3te] WA & 31 4%(Control efficacy index, CEIE 4t
A Bd A=E A ESSHH(Table 3) (Kim et al., 2023). 2 =319t

ERAE At $2 AR LCs, 3 A9 AR
«1 LCsy %62 Hlagh 741 A 3/3H] (RRy, resistance ratio) Hf = ZLbEr0) CHBH K| 38 K&t FI}
st Qg sslnh. 39, 54, S99 Asel o S 51 A F 29, 33, 39 V) DY el A2

Table 3. Compare of LCs, (ppm) values to each insecticide after treatment for 3 days with susceptible P. xylostella S1 and S2
population (Methoxyfenozide, values after 5 days of treatment)

S1 S2
Insecticide LCs (ppm) LCs (ppm) LCsp (ppm)
(95%CL)™ (95%CL) (95%CL)
Etofenrox 102.592 0.224 4.849
p (71.993~126.818) (0.113~0.378) (2.652~11.665)
Soinetoram 0.224 0.006 0.095
P (0.158~0.314) (0.0006~0.015) (0.051~0.258)
Emamectin benzoate 0.312 0.010 0.131
(0.263~0.382) (0.004~0.017) (0.075~0.318)
Chiorfenany 2758 0.831 10.744
Py (2.043~3.642) (0.543~1.237) (6.291~22.537)
. 9.372 0.060 6.520
Methoxyfenozide (6.943~12.549) (0.011~0.157) (2.876~24.427)
Indoxacarb 0.230 0.012 0.191
(0.149~0.341) (0.001~0.030) (0.102~0.516)
- 0317 0.003 0.366
Cyantraniliprole (0.216~0.455) (0.0001~0.011) (0.151~1.275)
. 2491 0.004 0.148
Fluxametamide (1.852~3.294) (0.00007~0.16) (0.060~0.414)

%81 LCs and S2 LCs, data is quoted from Kim et al. (2023)’s paper.
®CL: Confidential limits

Table 4. LCs, and LCy, values to each insecticide with Chuncheon population P xylostella after treatment for 3 days
(Methoxyfenozide, values after 5 days of treatment)

Insecticide LCso (ppm) (95%CL)" LCy (ppm) (95%CL) Slope + SE RRs,” CEI?
Etofenprox (46.9(?38;015132.449) (358.72 21327’%27'995) 12070185 3038 78
Spinetoram (0'2209'3;%?475) (1.6321.51:788) 1.411+0.149 553 0.1
Emamectin benzoate (0.0(5)(')0‘(9)?133) (0.539-(171(.)96 1 1.234+0.132 9.0 0.1
Chlorfenapyr .5 13 76:;433 1 (20.221'5762.903) 1.310+0.145 44 0.7
Methoxyfenozide @. 434 32547 51 (94. 032“5?1',220;9.2 89) 0.720 + 0.094 71.4 2.5
Indoxacarb (0.5;)1'%351 94) (4.38?1;9?37. 129) 1.387+0.143 69.3 0.1
Cyantraniliprole (©. 1‘?5{%?291) (0.83] 6.2~92?390) 1.604 +0.177 68.7 0.1
Fluxametamide a .5223'233(.)243) (13.0%1)259.969) 1.284+£0.135 555.0 0.5

9CL: Confidential limits
PRRj,: Resistance ratio = LCs, value of a field strain/LCs, of LCs, value of laboratory strain
9CEI: Control efficacy index = LCy, value of a field strain/Recommended concentration



O\J
o
Ot
oz

=2
o

31

v 3= AR oA v FEpS 2R st FAg & JRA etofenprox 60.79), spinetoram 18.89l], emamectin benzoate
Ho 7 AEHAS APt Ad =4 NALY A% 6.741, chlorfenapyr 238}, methoxyfenozide 9.39l], indoxacarb

J¥]= etofenprox 303.88), spinetoram 55.34l], emamectin
benzoate 9.0Hl, chlorfenapyr 4.48), methoxyfenozide 71.44l,
indoxacarb 69.34ll, cyantraniliprole 68.79)], fluxametamide
555.080 =2 ygkom ) etofenproxell X H|w2 =2 CEI %

[ R A T

(7.8) ETH(Table 4). 7FLH QA AL A3 dHl=

Table 5. LCs, and LCy, values to each insecticide with Inje p
values after 5 days of treatment)

36.84l, cyantraniliprole 54.09), fluxametamide 125.59]%
gkor, etofenproxoll Al HIwA & LCy 74(448.820
ppm)3} CEI 2}(4.5)2 B3I th(Table 5). 244 A a2
AU = etofenprox 4.08H, spinetoram 48.08), emamectin
benzoate 2.24l], chlorfenapyr 0.19)], methoxyfenozide 6.4,

opulation P. xylostella after treatment for 3 days (Methoxyfenozide,

Insecticide LCso (ppm) (95%CL)” LCy (ppm) (95%CL) Slope + SE RRs,” CEI?

Etofenprox (8.15153:5295?409) (165.6341@'28322.21 8) 0.844+£0.113 60.7 4.5
Spinetoram (0.09061103.1 40) (0‘2;) Si(())26 44) 2.319+0.293 18.8 0.0
Emamectin benzoate (0'025'(1%7097) (0.3303'53170 A1) 1.415+£0.157 6.7 0.1
Chlorfenapyr (12 1163(;%0 ) (19.72369;31?)77.078) 0.974+£0.108 23 0.8
Methoxyfenozide 0.3 50 65~?)683 0) . 60%3%,989) 1.244 +0.139 9.3 0.1
Indoxacarb (0.23;1‘(‘)2.638) 23 2on ) 13870147 368 0.1
Cyantraniliprole ©.1 10 11?)223 5) (0.781 i2~723.538) 1.433 +0.161 54.0 0.1
Fluxametamide 0.502 3138 1.611+0.172 125.5 0.1

(0.354~0.709)

(2.019~5.747)

9CL: Confidential limits

PRRs,: Resistance ratio = LCs, value of a field strain/LCs, of LCs, value of laboratory strain
CEI: Control efficacy index = LCy, value of a field strain/Recommended concentration

Table 6. LCs, and LCy, values to each insecticide with Hoengseong population P xylostella after treatment for 3 days

(Methoxyfenozide, values after 5 days of treatment)

Insecticide LCso (ppm) (95%CL)? LCs (ppm) (95%CL) Slope + SE RRs» CEI?
Etofenprox (0.22%3(;?894) (205 stQ%Z;QM) 0.779 £0.120 4.0 0.4
Spinetoram (0'120&%?501) (2'9053'1)1913'721) 1.027 £0.152 48.0 0.2
Emamectin benzoate (0'0(;)2'(1%2'070) 0.7 11253‘8 413) 0.699 £0.141 22 0.1
Chlorfenapyr (0_0(?5%72 4 (18 o8 430) 0.754+0.016 0.1 0.1
Methoxyfenozide (0_02(;{?017) a1 .7%25;322.726) 0.711+0.132 6.4 0.2
Indoxacarb (0.086(1%(_)140) (1.90§)f2712.608) 0.522+0.136 1.6 0.1
Cyantraniliprole 02 50 5145067 5) @. 6293}827 17) 1.291 +0.171 146.6 0.2
Fluxametamide 0445 10022 0.947+0.143 111.2 0.2

(0.175~0.822)

(5.567~23.858)

9CL: Confidential limits

PRRj,: Resistance ratio = LCs, value of a field strain/LCs, of LCs, value of laboratory strain
9CEI: Control efficacy index = LCy, value of a field strain/Recommended concentration
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indoxacarb 1.6W]2 UEISITE  cyantraniliprole 146.64],
fluxametamide 111202 H]w& =A Yetoy CED
0.5 oJ3t= B vl kg 7has Aol UEA dTh
(Table 6).

38 A YolX= A8 7} etofenprox 2.44, emamectin
benzoate 4.2¥l, chlorfenapyr 0.19)], methoxyfenozide 2.49Y,

indoxacarb 0.58], fluxametamide 16.8812 YERITEH

Spinetoram 43.68)], cyantraniliprole 101.74] 2 H]w4 =7
Uebow CEPL 0.5 olatz s veht A3k 3Ee
A=A =TthTable 7). 388 FrtllMe Addul7t
etofenprox 230.79l, spinetoram 57.3#ll, emamectin benzoate
13.49, chlorfenapyr 2.49, methoxyfenozide 20.08Y,
indoxacarb 91.14), cyantraniliprole 129.74l, fluxametamide
174.581 2 U0 | etofenproxl| A Hlw& =& CEI %<l

Table 7. LCs, and LCy, values to each insecticide with Cheongyang population P xylostella after treatment for 3 days

(Methoxyfenozide, values after 5 days of treatment)

Insecticide LCso (ppm) (95%CL)” LCy (ppm) (95%CL) Slope + SE RRs," CEI?
Etofenprox 01 2()65~21§188) (10, 5%2‘322370) 0.808+0.139 24 02
Spinetoram 01 e " (1.933%27?177) 1.175+0.183 1536 01
Emamectin benzoate (0'0&%5] 30) G 0;331 57 577 0.568 +0.112 42 0.7
Chlorfenapyr (0'082'(1%?27 6) ( 4.811(};2‘112.69 4) 0.571 +0.126 0.1 0.2
Methoxyfenozide (0'082'14(‘5773) (39.1 6122~21',55105 4.365) 0.438 +0.107 24 1.2
Indoxacarb (0.0(?(')(1%%73) (0.0£é§52§778) 0.592£0.199 0.5 0.0
Cyantraniliprole (0.1(?9'3%?599) (6.30162;23?5 18) 0.799 +0.120 101.7 0.5
Fluxametamide 0.067 1.965 0.208 +10.351 16.8 0.0

(0.004~0.209)

(0.933~5.052)

3CL: Confidential limits

YRRj,: Resistance ratio = LCsx, value of a field strain/LCs, of LCs, value of laboratory strain
9ICEI: Control efficacy index = LCy, value of a field strain/Recommended concentration

Table 8. LCs, and LCy, values to each insecticide with Goesan population P. xylostella after treatment for 3 days (Methoxyfenozide,

values after 5 days of treatment)

Insecticide LCs, (ppm) (95%CL)” LCy (ppm) (95%CL) Slope + SE RR,” CEI®
Etofenprox 53 1%1']658;‘.002) ( 608,820 15.607.76 o 0740121 2307 273
Spinetoram (0‘2_%35(‘)%49]) a. 672 1'633893) 1.448 £0.150 57.3 0.1
Emamectin benzoate (0'0;) 113)419 5) 0.7 41 623?320) 1.344 £0.138 13.4 0.1
Chlorfenapyr (1. 4019.93?78 5) (8. 6219331537 6) 1.548 +0.163 24 0.3
Methoxyfenozide (0.5 517'192?309) a 6.0;35);113;599.80 4) 0.840 £ 0.101 20.0 0.4
Indoxacarb (0.7711'2913.53 o “. 63Z)ff§_806) 1.571+0.162 911 0.1
Cyantraniliprole (02 g33j)95 60) @1 g;i?@ I 1.344 +£0.141 129.7 0.1
Fluxametamide 0.698 6758 1300+0.135 1745 02

(0.471~1.014)

(4.156~13.083)

“CL: Confidential limits

PRRs,: Resistance ratio = LCs, value of a field strain/LCs, of LCs, value of laboratory strain
CEI: Control efficacy index = LCy, value of a field strain/Recommended concentration
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27.3°] YERTE. Cyantraniliprole?}t fluxametamide= #|3}
Qu)= ¥ A =90 CEl} 0.2 o|8l2 @A JeRt A
g o] A=A =Th(Table 8). T8¢ WA=
Z&HdH] 7} etofenprox 15.84l, spinetoram 22.24H, emamectin
benzoate 8.04l, chlorfenapyr 2.08l, methoxyfenozide 3.98),
indoxacarb 27.84l], cyantraniliprole 62.79)], fluxametamide
545902 YERSIL, 2 F etofenprox®] CEIZ} 1 o) e}

H XY HiFEHY JiAZe AEH MEd 2UEE 313

L ofAl] ARGl 5|7} & 8 slTH(Table 9).

S A elM= A34dM) 7} etofenprox 23.38H, spinetoram
1839, emamectin benzoate 9.54l, chlorfenapyr 2.49Y,
methoxyfenozide 13.94l], indoxacarb 31.14l], cyantraniliprole
60.081, fluxametamide 53.081 2 e}, 25 CElZ} 1 9]
sk2 ERIETH(Table 10). T $FollA= Agdul7t
etofenprox 192.74l], spinetoram 12.28}, emamectin benzoate

Table 9. LCs, and LCy, values to each insecticide with Daejeon population P. xylostella after treatment for 3 days of treatment

(Methoxyfenozide, values after 5 days of treatment)

Insecticide LCso (ppm) (95%CL)? LCy (ppm) (95%CL) Slope + SE RR,” CEI?
Etofenprox (2'0939';5532) 611) (58_3‘2313'2316. S0 0.809 +0.099 158 14
Spinetoram (o.ogé]jfl 4 o 4203‘6:;?197) 1.868 +0.231 22 0.0
Emamectin benzoate (0.0 ;) 6(1%01 12) 03 ? 1.412)%839) 1.662 +0.185 8.0 0.0
Chlorfenapyr a .071 46N325 461) (13‘22136;6592. 154) 1.104 £ 0.200 2.0 0.5
Methoxyfenozide .1 2092%437 4) a ‘933 6.3~57(.)379) 1.109 £ 0.144 39 0.0
Indoxacarb 02 60 ii%)%387) (0.5 é) 422102 44) 3.826 +0.080 27.8 0.0
Cyantraniliprole ©.1 3? 315(;)82 60) (0. 630 (.)9~31§620) 1.840+0.214 62.7 0.0
Fluxametamide 0.218 0.653 2.683 +0.357 54.5 0.0

(0.163~0.285)

(0.478~1.031)

3CL: Confidential limits
YRRj,: Resistance ratio = LCsx, value of a field strain/LCs, of LCs, value of laboratory strain
9CEI: Control efficacy index = LCy, value of a field strain/Recommended concentration

Table 10. LCs, and LCy, values to each insecticide with Jangseong population P xylostella after treatment for 3 days
(Methoxyfenozide, values after 5 days of treatment)

Insecticide LCs (ppm) (95%CL)? LCy (ppm) (95%CL) Slope + SE RR;,” CEI?

Etofenprox (3_3056{27?698) 29 D 6 6 112940130 233 0.7
Spinetoram (0.053'110(.)1 ) 02 sy 6 2556+0326 183 0.0
Emamectin benzoate (0.0 60 5(1%51 37) 0.4 287:25 407) 1.433 £0.153 9.5 0.1
Chlorfenapyr a .3725'(1%?93]) (]2’12121“?23.740) 1.271£0.135 24 0.4
Methoxyfenozide (©. 520 6213]32 59) (6.4 6130;8272“1003) 1.149 £ 0.122 13.9 0.1
Indoxacarb (02;)933)3 493) 08 4132341 63) 2.520+0.395 31.1 0.0
Cyantraniliprole ©.1 20 11%82 61) 0.9 41é5~127887) 1.384+0.150 60.0 0.1
Fluxametamide 0.212 0452 3.898 +0.631 53.0 0.0

(0.173~0.247) (0.377~0.608)

ICL: Confidential limits
YRRj,: Resistance ratio = LCsx, value of a field strain/LCs, of LCs, value of laboratory strain
9CEI: Control efficacy index = LCy, value of a field strain/Recommended concentration
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Table 11. LCs, and LCy, values to each insecticide with Wanju population P. xylostella after treatment for 3 days (Methoxyfenozide,

values after 5 days of treatment)

Insecticide LCs (ppm) (95%CL)” LCy (ppm) (95%CL) Slope = SE RRs,"” CEI”?
Etofenprox e sonle " © STE1206.53 o 0730124 1927 256
Spinetoram (0.0&(13)3.1 07) 03 50 15~7111 64) 1.435+0.184 12.2 0.0
Emamectin benzoate (0'23 433)950 4) @ 5;369"‘302) 1.155+0.122 33.9 0.4
Chlorfenapyr (1 '031853?332) a1 .7(2)234(1)31.064) 1.155+0.122 1.9 0.4
Methoxyfenozide 32 155.212{).650) (163.7??5;15,21331.805) 0.652+£0.093 98.7 52
Indoxacarb o o " (5_282'3?52. 635) 1384+0.144 829 02
Cyantraniliprole 0425 0021 ) ( ao 5 125340130 2103 03
Fluxametamide 0.615 2290 224420302 1538 0.1

(0.456~0.828)

(1.570~4.058)

9CL: Confidential limits

PRRs,: Resistance ratio = LCs, value of a field strain/LCs, of LCs, value of laboratory strain

CEI: Control efficacy index = LCy, value of a field strain/Recommended concentration

Table 12. LCs, and LC,, values to each insecticide with Jinan population P. xylostella after treatment for 3 days (Methoxyfenozide,

values after 5 days of treatment)

Insecticide LCs (ppm) (95%CL)? LCy (ppm) (95%CL) Slope + SE RRs,” CEI?
Etofenprox (1.464;;6193172) (370.4;’;816(')};293.875) 0.518 £0.095 21.0 14.1
Spinetoram (0.087{%?1 " (0‘971 o 6 0.832+0.169 932 0.1
Emamectin benzoate (0.0(())2'(3)(.)622) (0. 4707.9~923.639) 0.760 £ 0.153 2.1 0.1
Chlorfenapyr (2.073 1 1306 49) (21‘7?5'376 ]1 015) 1.215+0.129 3.8 0.7
Methoxyfenozide (0.24(1)9.§117690) (5. 43?):‘773 666) 0.823+£0.133 13.6 0.3
Indoxacarb (0'0(())(')(1%7079) 0.2 11:1(4)5580) 0.560 +0.172 0.6 0.0
Cyantraniliprole (0. 0(())(')(115079) 0.5 11&3317128) 0.654 £0.166 0.4 0.1
Fluxametamide 0935 10.742 120040.154 2338 02

(0.539~1.449)

(6.495~21.907)

3CL: Confidential limits

YRRs,: Resistance ratio = LCs, value of a field strain/LCs, of LCs, value of laboratory strain

9CEI: Control efficacy index = LCy, value of a field strain/Recommended concentration

3398, chlorfenapyr 1.9¥], methoxyfenozide 98.751,
indoxacarb 82.94l], cyantraniliprole 210.34l], fluxametamide
153.800 2 YER, I 5 CEPF 24 W& etofenproxs
25.6, methoxyfenozide® 5.2% A Ao 9|7} Q14
TH(Table 11). 3 9t 7/NA|Ee] A&AdH|= etofenprox
21.08), spinetoram 93.29], emamectin benzoate 2.1},
chlorfenapyr 3.88, methoxyfenozide 13.6Hl, indoxacarb

O6HH cyantraniliprole 0.49)], fluxametamide 233.84]2 U}
ko, etofenproxl Al Hlxd =& CEI #(14.1)2 RE3th
(Table 12).

Hi = ELHEOl CHE AXE XEd "ot
Pyrethroids 71521 etofenproxi= 217454 2|3k Na*
T2 NHE Asfst] AAAGS wEATE ZeR &



d8, &Y. 29 A9 HiFEHY Mz dEM Med ZUEE

& R 29 sodium F
e drHem %mm }_xgs}oq sodium channel
o] A8t WsAA 25 AAXE Y S Wellshes 384
(Pauron et al., 1989; Soderlund et al., 2002). =
HFE1hde] etofenprox A@d A Ao AT
A= LCy 7H0] 1123 ppm, A3IH|7} 112802 1}
B} W2 0] A o] BarE Itk (Jeong et al., 2017).
= A71e} 99 Ad AANAZ AT AT =
Zko] 5.229~10.002 ppm_:i' H %] 28 gho] Usgke
U ARIE Hass ol HlawE A 32 ghe] A=
so} A wdAge gl 2o® Ry vh AtkKim
et al., 2023). 3FA|FF 2 AAA = etofenprox®] &4
7b A, 73, 573, 3] BE AYelA thE kAo H]
ato] w2 7] AP S HIATE 2 FolAE LCy el
7+ £ 784.720 ppm T H4H 2,733.569 ppm, &
T = 2,557.903 ppm 1;% 1,406.119 ppm°.2 =A|
Uepdetl, o8 F ¥EFOE vhe CEVF &3 7.8,
AF27.3, 45 25.6, ZJOJ 1412 Yeht =& 5] A
Ao R AREHT. 283 A A AAALE LCy
ol 448.820 ppmO = BRIFAN 77 AT o] A
2gu)7t 60.780, CEIZ}F 4.52 YeR} A3 wddo] o4
Hch 234 A #aHAdn] 15.88), CEZF 142 Ve A
g Wy FodA 2 AdE )

Spinosyns Al%E%] spinetoramS EFHAFS Saccaro-
polyspora spinosa’t 273 3H= spinosynsil|A A== =2
S ol &S AFAR LFANAEAY AHE T ERfjshe
Yselol e Ed 4~8-A(nicotinic acetylcholine receptors,
nAChR)2} GABA 8315 %327 g3l AA S
-3k} (Shimokawatoko et al., 2012; Sparks et al., 2020).
=W 7471, 9 BHelA spinetoramel] &k wiFEFLPY A3
A A7llA] LCsy 0] 0.141~0.363 ppmoZ Aol W
H Ae QAtHKim et al., 2023). ¥ 172] Spinetoram
o] A3 BW7F A3, LCs #6 0.073°0.559 ppm, LCy 7L
& 0.350~5.093 ppme] 2, CEI} 1 °]&t2 veht} sig o
Al Ao 7Fsd o= wetEr)

Emamectin benzoater= B2 Streptomyces aver-
mitilis MA-4680 (NRRL 8165) #+llA] #-2]%¥ macrocyclic
lactone 2EF% avermectin A|Ee] Sho]ti(Jasson and
Dybas, 1998). o]= 417 A3 7919 GABA &A1 v
© z8)Eo] ol AT B ATt CI o)L A=
S TNA BT TS zHsie] vHIE st
S T ARHOEE AAl ol2A gt
(Jasson et al., 1997). = A& Aol 27N A el A
LCso %t 0.8~1.2 ppm, A&43H] 0.1~1.48] 2 A do] wht
31K @& Aoz BH Hf 3lthk(Jeong et al., 2017). 3t
77), @ BeHE LCs 7] 0.036~1.268 ppmO.= A

>
*“ﬁ
E
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A e Ao gitka B EATHKim et al., 2023).
B ATHE LCy S 00200339 ppm, LCyp 742
0.473~7.517 ppme] 3, CEI} 1 o]8k2 Ljeh} 79, %%,
St AYoA Aol HHE AL jle Ao A
=3

Pyrroles 71531 chlorfenapyr= PIEFZE=E|ol]  ATP
(adenosine triphosphate) A 5 Ak QlAilkstE Wl
o ATP RS wWellate] Al EZ7]57gol ol 1ol mhE 3
%9 A5 §9stth(Raghavendra et al., 2011). %71, %
& AAGME LCy FHol 1.577-2.997 ppm, A3H7}
0.02~2.8481 = kot 7+=A AAITEe] LCs, 7ol 0.831
ppmoi H A =7 vob 23S 7HA| AL dokal BarE
v} o} B HAfo| = chlorfenapyrgl A Hrt A,
LCy 7S 0.065-3.644 ppm, LCyp ZHS 3.873~39357 ppm
O yepsth BlaA LCy #tol =71 VFERA ekl
o et a5l A3 WSt o4l EY, CEDF 1
olgto| B R 3| oA AR 7Fedt A= dAdtET 1
AU Fo| 5 2k AEe Ao vt dokar Azbe

Diacylhydrazines 715-2] methoxyfenozide= 1996131 7
ahy]o), 234424 A (insect growth regulator, IGR)Z &
93 2E 8 (ecdysone receptor)el]l Z-g-ste] 2H8-3}eq,
W f5] HIAERD g E frieste] X|Abe] o]E2A] st
= AFARE A oA WHE slF A 5HOE AL
€53 9lth(Smagghe et al., 2003). 7371, G AHdA =
A AT A LCy ol 2.274~7.643 ppm, A13/dH]
37.90~367.28M 2 YERTE 53] 737] Aee| oF, £,
A A9 T =2 Azt BaE up ok
(Kim et al., 2023). Methoxyfenozide®] &4 H7} A},
LCyy ZHS 0.234~5.920 ppm©.2 LFERET. 1.Cyp ZES 5,964~
545.589 ppmo. 2 H|W A EA YERTE S dFo4] A
Y] 9878, CEIE 522 Ueh) kg dd xgo
2 g aga Al F2-A ARduls 714,
CEL= 2.5% Yeht A f%“é = g P e KRR 1 o) =

Oxadiazines AZ2] Indoxacarbe 7|24, 7o E
A, S AR o= Aol el A3Hdo] waE sfFo
WA S s HxE 443 pyrazoline type] THMcCann
et al., 2001; Tomlin, 2003). ©]+= sodium channelsg XF&t
ato] sletils o] Ags Wt 2ENAAE wEgo s
W oAFE Al o]EA sk AFAlOltH(Wing et al,
2000). = wiFEple] AR AellA AGNAEY
LCs #t°] 0.8~1.4 ppm©.2 UeRt FF, e, 75, afd,
AT Aelr= Aol wadalA] 2 0= HiES
Th(Jeong et al., 2017). 2|3l 7718} G AGolx <] A
P4 A= LCy ol 0515 1.034 ppmoE frALSH
AHNE Bou, APdule 771 A9 ] oAFe &2, I
Aol sl o} ol A] oF SOHH ez yeht S 4%
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o] Aol gty By® ub JATHKim et al,
2023). ¥ Ao)A Indoxacarbe] AdA HrF Az} LCs,
e ok AxES FARH 0.006~1.093 ppm= YERSEDL,
LCs, Z5& 0.720~8.392 ppmo©] 2L, CEIZ} 1 o]&tZ veht
A, 24, 3 AddM e Aol TdE A9 Qe
Aoz e

Diamides 75-2] cyantraniliprole 28712 -/ 5
28H(Mode of Action Group 28)° 43P ryanodine
receptors (RyRs)2] ZZHAZ &4 ITHIRAC, 2024). ©]
e 2% 259 RyRsoll APste] 25 Al ZUoA
Ca™e] WS sIgto 2N 259] wiH] g 2849}
728 35S Fasle] XAl o]2A FH(Cordova et al,
2006; Lahm et al., 2005, 2007; Sattelle et al., 2008). =U]
A= 20179 9¥ Ts)7}t WS E Jﬂzl— 7FE AE A
F, 739 AF A GolA wiFFpe] cyantranlhprole A
A AT A LCs FHol 0.002~0.95 ppml & LHe zho] &
A= Ro, B MAIFAE 1056819 =2 A 3gH| 7t
B EJTHCho et al,, 2018). 7], Gd AR AFolA
£ LCs %ol 0.343~0.674 ppmﬁi RO, F7=
o9} golo)lA] 1008] o]Ate] =& *3AIH|= B, E
3] ¢ Aot dFellAl= 138.00, 224.678] =2 A
FHE Hol Aol dddel Zog HIHE wb ok
(Kim et al., 2023). SR 2 Apore] 4, 4, 3¢
Ao M 9] cyantraniliprole?] A3 H7F A3} LCs T
0.015~0.631 ppm, LCo F- 0.936~12.263 ppm©lZ, CEI
7F 1 olat2 Yeht A3y dEE A9 gle ZeE 3
[Eezi=3

Meta-diamides Al1%5<] fluxametamide= 71¥9] diamide
AlA 7HEE AFAR ABAGEDANA gAA S
3= GABA(Gamma-aminobutyric acid)2] AE-< s}l
AATZTE St s3] /\-17(} /H/\] HAE = q.oo]:f‘f]-
A -Astels A FFs Fo 7‘]/\}01] ol2A dh= %
4712k 7 thJeschke, 2021; Quan et al., 2016; Umetsu
and Shirai, 2020). 7471, G HGolA 9] wjFE ) A
A AFolME LCs 70l 0.256~1.213 ppmOE LEFO L
7371 AAFeA A &gH7E 64.008], 7371 ELlelA = Hla
A w2 195250 Adu)7E maE wp ok 2] o
W AY Ao} AdTFellM = A3/ dH] 7T 89,508 2k 303.254)
2 234 wgo] B HYTHKIm et al, 2023). B A7)
A& fluxametamide®] A3 B7F A3}, LCsy 7+ 0.067~
2220 ppm®e =2 YEPEI, LCy #t2 0.452~22.099 ppmS
2 UERRT. HIAA LGy, #tol =4 YEREAIRE CEDE 19]
st= Ut A, 5%, 3 Al AgelX e Aol wd
HAgL gle A= JJH%%‘:}

Al FWol 5E itk iFEu AsAle 74 3
AL w7 F w ], S A A U, shihp 53 o

SA7F v A A4Fass 1] 93 gk 4R
FYallor she 22igt slFE 22 vlE SA 5] WA
SIEE TEE St} o|= | wjFFubie] AeAl T
zl:)\é /\154 7{‘4_ l-—_o /\1—7-Oo] L]—E]—‘/l- 740; Eo;}_
Endersby et al. (2008)S F& AR EE Ao thale] ]
G MARE AL AT AFE Bs uf Qi o= 2
Aggel A Uehd ASAlE dld A GoA 9] ARg-Rke]
B Al B 5 i

A A7l olM RRs CEIS] 7 A5e] A
3RS Bl ABA BAVE obd SHAA Al B
I v AL, T A BE A B S Hrishe
ol&3k= A|FolARh M E e g 7= &43_ 3l
g 5 Qlﬁ}(Kang et al., 2023). RRy,S o] H1 o=

2 g zto] F Juzk zlolE Hw Y Z*?%o}l,
CEL= a5l tlsh obA|e] T8-S st ofe] F ke
sl 2FAll thall Aol At WEAER] Hrkehe
FEUER Aol Agst 2oz HRlth wEha 9 At

7ol RRs# CEI 3t 749 Axw P4 IA&HA @=
E}JE 74& OH o}; 6]-1—4_
HH%“—%—\% Fo] &A% WAE et A= ohdst Wi
O F AlYE I QI3 A2 A8712ke] FAL A WA
o] &85 B3l EFHA wiFF g A B A A
oz JQsgh Aoz Azbet. ¥yt opz} AAl 55
ol AFH I = B AP B LS 4%}@1
To)] WE Aoy AEEE A3 oF4 Adlo
safeh, mEbA wiFEue] AeAl A3 e
£Ho2 RUHYSI 1 JRE ugo R wjFF
Al #Aelol] a4 HAME S & F UEE FT
6}711 ARE AL F gl ek 2AE)
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