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Abstract

Various chemical pesticides are used to control diamondback moths, Plutella xylostella,
which are agricultural pests that occur in cruciferous crops worldwide and cause economic
losses. However, due to pesticide misuse, resistance to P. xylostella is consistently reported
domestically and internationally. Therefore, we aimed to monitor and map regional
resistance to devise efficient and economical control methods for P. xylostella in Korea. This
study selected eight highly used insecticides among those registered against P. xylostella.
P. xylostella were collected from three cities in the Gyeonggi and Yeongnam Provinces to
evaluate insecticide resistance. As a result of experiments with populations collected from
Yeoju, Gyeonggi Province, resistance ratios were 114.88, 54.75, 119.00, and 64.00 times higher
than the susceptible population with methoxyfenozide, indoxacarb, cyantraniliprole, and
fluxametamide, respectively. The resistance ratios of the Yongin population in Gyeonggi
Province were 166.33 times with cyantraniliprole and 195.25 times with fluxametamide higher
than the susceptible population. The Pocheon population in Gyeonggi Province showed a
resistance ratio 283.23 times higher than methoxyfenozide. As a result of experiments with
populations collected from Gimhae and Sangju, Yeongnam Province, the resistance ratios
of the Gimhae population were 80.97, 138.00, and 89.50 times higher than the susceptible
population with methoxyfenozide, cyantraniliprole, and fluxametamide, respectively.
Meanwhile, the resistance ratios of the Sangju population were 85.83, 224.67, and 303.25
times higher than the susceptible population with methoxyfenozide, cyantraniliprole, and
fluxametamide, respectively. The Yeongnam Province Tongyeong population showed a
resistance ratio 367.28 times higher to methoxyfenozide.
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Insecticide resistance monitoring in Korean local populations of diamondback moth (Plutella xylostella) (1)

Introduction

B =S U (Plutella xylostella, diamondback moth)< B} =& (kimchi cabbage), F-(radish), 7| 2 (kale), E.Z=Z 2] (broccoli)
So] Arlet 2He-2 7hslishs 5 silZ o] thCouty et al., 2006). AAIAIA 0 &2 = syt Qe 2 F 5
oty z|of| A EAYSHH(Dosdall, 1994; Chapman et al., 2002; Uthamasamy et al., 2011; Wei et al., 2013; Perry et al.,
2019), A|A Aol A7t 40 - 50 El o] HAA SAS Ysl= A o2 BaE T 9lth(Furlong et al., 2013). =Ll
A HjZE UL o] 2 B3} 712of sk Z1 0 2 B %W QITHKim and Lee, 1991). BiEE1H0] 7]—8]]—‘—— o
S DAleIA BAYshH 7)o et 1932 T2 A9 s ds24]2 7lelishH 752 okl dBHS
stof Qlof] & Wol ZH=2] -2 7| shHA, ool 2F22] 54 7] & otAI7| 1L 5 &4S -%EH%]'
o] A2 Q1 wl3llE 7] X thKim et al., 2000; Jeon et al., 2005).

B EE S BAIH | gleto] B F7o) stelhd AFAlEo] S55 0] Jled, 77104 (Wang and Wu,
2012; Kim et al., 2017), T2 A Z 0] = A, &A% 3| Al|(insect growth regulator, IGR) A E-(Douris et al., 2016;
dos Santos Stecca et al., 2017), 23] =21 A](Zhao et al., 2006; Lima Neto et al., 2016), T o}Fo] =A|(Wang and Wu,
2012; Ribeiro et al., 2017) 5} o] og] 79| 2872 7123l Ql= AFA|7F ARRE| AL Qlc}. B=5F Bacillus
thuringiensis (B.t) w55 AF&SF AFSA]|(Tabashnik et al., 1990; Zago et al., 2014)2} A&/ 7|5 &S AFESHAS
A (Pavela, 2012; Filomeno et al., 2017)7}F AF2-E| 27 @I},

SEA|TE AFFA| o] @ gl w2 ujEE o] AFA|ol thieh A& do] MAAIX o= W E T QIrfal Bk
31 ek F=o] IR} A 9] v FE Lol A= abamectin} chrolfenapyrol|A] &2 4~52] *1§Hdo] B gt
(Jiang et al., 2015). @50l A= B2l AR 0| EA| A4 9] Aol F7Fhol| w2 d o] WEs}al
7} A THEndersby et al., 2008). E=3t dimide A€ 2] AF5A|= vl EE S Zgkeh Ju| E0FE UK Tuta absoluta), Tt
g (Spodoptera exigua), ©]8H 8 W (Chilo suppressalis), Xl 5L Qo] L (Adoxophyes honmai) 222 UH|
= SfjEo| A AgAd o] e Itk = B = It (Wang and Wu, 2012; Uchiyama and Ozawa, 2014; Roditakis et al.,
2015; Kang et al., 2017; Yao et al., 2017; Zuo et al., 2017).

ZUlol A= 1991 ok A ZHAlatoll A B.A| 2FAlol) thigh AgHd dhe41.38])0] B L= 2130 (Song, 1991),
F719A, wl|Azo| EA|, 7| QAaA AFAlA Z42F 33 -61.1, 7.5 - 141.7, 10.5 - 3338 A|§H o] stz e
2 A YATH(Lee et al., 1993). ©] % ZHHFH| O] EA|(Cho et al., 2001)2} B.tA|(Kim et al.,, 2010) 2FA| S0l AP/ &
o] Hu =1 Q).

M2 A 85 207 ol 9 SUPIALE QL 50 2 43 4 3
A4S BUE S S £ " e 4do] A|7|E| AL Qth(Jiang et al., 2015; Kwon et al., 2015; Tamilselvan et al.,
2021). ©EpA] 2 =FolA= = 57112 ch' A7)k J dY Q] 3712] Al-7-2] ulj 3= AEl Ao A A H 2}
Alt9] B SE U 7 ATl thisto] iUl 5-5E AFA| 7Hed| B2 H 871 ASAlol tisto] Zh4d
<= BYEFkaL A o] 1L x| o A|7Hd 7 Q] S A =3tsto] kARl B & B A staLA} Skt

2
)
rlr
)
-
% [

Materials and Methods

S5 HiSZ P xylostella) A9 7HAIE-2 7712t e B ZF 3719] Aloll A A sHRAcE
2023 3L ERE] 5L7HR] A7) &= AZF(Y)), A7) %= 82l(Y]), A7 = ZHPC), AEE A3 (GH), BAAEE AF
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Insecticide resistance monitoring in Korean local populations of diamondback moth (Plutella xylostella) (1)

(S)), /8 FB(TY)2] vl A A]oll A 23 5 A Th(Table 1). A1 7Hiﬂ¥—°«l A 5S4 A
S 15} | $15to] ZHzke] ofZ - A|0]A|(30 em X 30 em X 60 em)ol| Wi T FHE G714 o2 5
25 £ 2°C, 3 5= 50 - 60%, *F7 16L : 8D 27104 =l A5t A °4°ﬂ & 4/ 7hAIE-E 9 71st
A2 Sty A S P A oA 108 o) A Aol i A17]A] 4L ol ARgRF ZHAITH(S1) 2 (FF s ot
A2ofA 15 a0 AFAol eE A 71 A] AL = Abat ZNAlZ (S2)& o A st

Table 1. Sites of Plutella xylostella collection.

Collection sites Coordinate Population Collection date
Laboratory susceptible strain - SUS -
Gyeonggi Yeoju 37.2523,127.637 YJ 23.05.26
Yongin 3722101, 127.2229 Y1 23.04.01
Pocheon 37.82164, 127.1584 PC 23.05.03
Yeongnam Gimhae 35.2198,128.92 GH 23.03.23
Sangju 36.3543,128.136 SJ 23.03.31
Tongyeong 34.86666, 1284374 TY 23.04.07
SUS, susceptible population; YJ, Yeoju; Y1, Yongin; PC, Pocheon; GH, Gimhae, SJ, Sangju; TY, Tongyeong.
AEotH|
Aol A AFEH A= 20231 AR BiFF o] 555 0] = AF A F Insecticide Resistance Action

Committee (IRAC)OlIA] A|AJEH AZA9] AlF t2 ol whehA] 147]9] BAlE 944 Adsiith 1 5 AR
o] W2 AREA| 8%, etofenprox (20% EC, Sebero, Kyung Nong, Korea), spinetoram (5% WG, Delegate, FarmHannong,
Korea), emamectin benzoate (2.15% EC, Eipam, Syngenta, Korea), chlorfenapyr (10% SC, Sekkueo, FarmHannong, Korea),
methoxyfenozide (21% SC, Runner, FarmHannong, Korea), indoxacarb (5% SC, Jonggyeolja, Hanearl Science, Korea),
cyantraniliprole (5% EC, Prokyueo, Kyung Nong, Korea), fluxametamide (9% EC, Captain, Kyung Nong, Korea)S- A1}
of AF&5}1 TH(Table 2).

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

classification Insecticide Chemical group ~ Formulation & active ingredient (%) Recommended concentration (ppm)
3a Etofenprox Pyrethroids EC,20% 100

5 Spinetoram Spinosyns WG, 5% 25

6 Emamectin benzoate Avermectins EC,2.15% 10.8

13a Chlorfenapyr Pyrroles SC, 10% 50

18 Methoxyfenozide Diacylhydrazines SC, 21% 105

22a Indoxacarb Oxadiazines SC, 5% 50

28 Cyantraniliprole Diamides EC, 5% 25

30 Fluxametamide Meta-diamides EC, 9% 45

IRAC, Insecticide Resistance Action Committee.

MEZH
vl ZZHko] A2 HPH S [RACO] A] A|QFSH IRAC SUSCEPTIBILITY TEST METHOD 01801 I2 31 7]
H(leaf dipping method)2 2 3521t} v AH (6 cm)S 2 B =9] A=A 8lof 3027t 2 A| T 3A|7H59

=215kt
oA 2] 2] vl A S o 2}A|(Filter-paper No.1, ADVANTEC Group, Japan)S 7} petri dish (Cat. No. 10090, SPL
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Life Sciences, Korea)ol| %711 AU SAISHHiEZ U 2 - 38 552 1004 68HE 0 2 JFSIUT AFea 2
AR= HFE 12417 Fof| 3851 0™, methoxyfenozide IRACOYA] IGRZ EH310] 2| @4 A=A G &9l 7]
TR 120417 Sof| AR5 ZAFSHO] oF S st OFAE HE=X] AR = (LCy,) AFE-2 Abbott] 3412 it
2 BAAZEES AFE S (Abbott, 1925), SPSS (version 13.0, SPSS, USA)Z ©|-83} probit2A1-2 435} Th(Finney,
1971).

Results and Discussion

T Mz YoF L e

A w22 vlwsty] il dad B7F 2 aste] dad ZiA = ARSE ST A S2 7HAIE L] A A
of] thst T/d A At S2 7HAITELS] LCy, 8- 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,
fluxametamide 0.004 ppm 22 S1 7iAl| ol H]sto] @AIsHA A UebstT). S1 7iAIE2] 79 ti-22] Aol
ol A WA HE T =2 Ly kel e A QlojA] S2& A& A 7)< (Laboratory population, LAB)2. &
AN o) & /g 7HAI = Shof A3 EE A =5 H ESHITH(Table 3).

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

B s1 $2
Insecticide LCs, (ppm) (95% CL) LCy, (ppm) (95% CL)
Etofenprox 102,592 (71.993 - 126.818) 0224 (0.113-0378)
Spinetoram 0224(0.158-0.314) 0.006 (0.0006 - 0.015)
Emamectin benzoate 0312(0.263 -0382) 0,010 (0.004-0.017)
Chlofenapyr 2758 (2.043-3.642) 0.831 (0.543 - 1237)
Methoxyfenozide 9372 (6.943 - 12.549) 0.060 (0.011 - 0.157)
Tndoxacarb 0230 (0.149 - 0.341) 0.012 (0.001 - 0.030)
Cyantraniliprole 0317 (0216 -0.455) 0.003 (0.0001 - 0.011)
Fluxametamide 2491 (1.852 -3294) 0.004 (0.00007 - 0.16)
CL, confidential limits.

L X[E Mg £F Hlu
e

= 570 HY F 71t J 27l H e 3702] Al HllS AE R ol A il LS AR sto] SAIRE S AR
Ao 2 HEAYS XY A ZHATE LC b2 -5kl S2 7HAIES] LCs, a2t Bl $F Fhresistance ratio, ©]
Sk 2 &g ulye AFESIRlTE 7] = of Foll A et Al o2 A¥ Ax, of 5 ZiA22] A7 dH] = etofenprox
34.008H, spinetoram 40.50HH, emamectin benzoate 5.008H, chlorfenapyr 2.048l, methoxyfenozide 114.88Hl, indoxacarb
54.75HH, cyantraniliprole 119.008H, fluxametamide 64.008} 2 L+2kO M (Table 4), methoxyfenozide@} cyantraniliprole
< =2 A8 E Bt F7])E 821 7HAIT2] A &/dH]= etofenprox 34.678H, spinetoram 23.508H, emamectin
benzoate 7.308H, chlorfenapyr 2.848H, methoxyfenozide 37.908H, indoxacarb 42.92H}, cyantraniliprole 166.338H,
fluxametamide 195.25H1 2 UHTH(Table 5). Cyantraniliprole2} fluxametamide 2FA 7} -2 Z3/d 0| & eI 7 7]
T 3 7AIEe] A&/ H]+= etofenprox 40.058H, spinetoram 0.088H, emamectin benzoate 38.428H, chlorfenapyr 0.02HH,
methoxyfenozide 283.238H, indoxacarb 0.098}, cyantraniliprole 3.518H, fluxametamide 0.218] 2. H] 114 methoxyfenozide
A& 8] 7} =4 THTable 6).
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Table 4. LCy, and LCq values to each insecticide with Yeoju population P. xylostella after treatment for 3 or 5 days.

Insecticide LC,, (ppm) (95% CL) LC, (ppm) (95% CL) N df  Slope+SE X RR
Etofenprox 7,615 (4.623 - 13.299) 256252 (104.245-1036930) 240 22 0839+0.103 13605  34.00
Spinetoram 0.243 (0.148 - 0.380) 4828 (2.632 - 11.343) 240 22 0986+0.109 19094 4050
Emamectin benzoate 0.050 (0.029 - 0.079) 0.887 (0.499 - 1.990) 240 22 10270119 11918 500
Chlorfenapyr 1.699 (1.167 - 2.460) 16052 (9.753 -31.793) 240 22 1313+£0.135 17826 204
Methoxyfenozide 6.893 (3.582 - 14.905) 942908 (233861 -11213.612) 240 22 059940091 18693  114.88
Indoxacarb 0.657 (0439 - 0.959) 6.510 (4.008 - 12.540) 240 22 1286+0.33 17716 5475
Cyantraniliprole 0.357(0.244 - 0.513) 2.997 (1.888 - 5.603) 240 22 138740144 17286 119.00
Fluxametamide 0.256(0.178 - 0.364) 1.685 (1.064 - 3.236) 240 22 1565+0.181 11956  64.00

CL, confidential limits; N, number of larvae tested; df, fiducial limit; SE, standard error; RR, resistance ratio = LCj, of a field population/
LC,, of a laboratory population.

Table 5. LCs; and LCq, values to each insecticide with Yongin population P. xylostella after treatment for 3 or 5 days.

Insecticide LCy, (ppm) (95% CL) LCy (ppm) (95% CL) N df Slope + SE X RR
Etofenprox 7.767 (4.576 - 14.122) 345.642 (127.744 -1709.054) 240 22 0.777+0.102 16.685 34.67
Spinetoram 0.141 (0.087-0.217) 2.025(1.173 -4.328) 240 22 1.108+0.125 14.596 23.50
Emamectin benzoate 0.073 (0.053 - 0.102) 0.373 (0.244 - 0.680) 240 22 1.817+0215 11.690 7.30
Chlorfenapyr 2.358 (1.544 - 3.608) 37.298 (20.039 - 90.717) 240 22 1.069+0.117 10.754 2.84
Methoxyfenozide 2274 (1471 - 3.465) 36.626 (20.259 - 83.725) 240 22 1.062+0.112 16.107 3790
Indoxacarb 0.515(0.351-0.742) 4.249 (2.663 - 8.015) 240 22 1.398+0.147 8.786 4292
Cyantraniliprole 0.499 (0.206 - 0.724) 4941 (3.019-9.694) 240 22 1287+0.134 16256 16633
Fluxametamide 0.781 (0.559 - 1.077) 4.086 (2.735 - 7.109) 240 22 1.784+0.199 8101 19525

CL, confidential limits; N, number of larvae tested; df, fiducial limit; SE, standard error; RR, resistance ratio = LCs, of a field population/
LC,, a laboratory population.

Table 6. LC;, and LCq, values to each insecticide with Pocheon population P. xylostella after treatment for 3 or 5 days.

Insecticide LC,, (ppm) (95% CL) LC, (ppm) (95% CL) N df  Slope+SE X RR
Etofenprox 8972 (5.724- 14.719) 188.349 (86.842 - 616.151) 240 22 0969+0.117 19872 4005
Spinetoram 0281(0.194-0399) 1992 (1.283-3.618) 240 22 1507+£0.160 14284 008
Emamectin benzoate 1268 (LI131-1.607) 2437 (1.809 - 7.039) 240 22 45211324 31726 3842
Chlorfenapyr 2186 (1.543-3078)  15.569 (9.909 - 29.018) 240 22 1503+£0.159 23965 002
Methoxyfenozide 5804 (3.786-9.486) 118314 (57.126 - 347.556) 240 22 0983+0.012 16254 28323
Indoxacarb 1034 (0.698-1.512)  10.850 (6.533 - 21.688) 240 22 1255+0.128 15224 009
Cyantraniliprole 0468 (0318-0.678) 4420 (2.714-8.565) 240 22 1314+0134 16697 351
Fluxametamide 0.354(0246-0503) 2389 (1.522-4457) 240 22 1545+0.169 6234 021

CL, confidential limits; N, number of larvae tested; df, fiducial limit; SE, standard error; RR, resistance ratio = LCs, of a field population/
LCs, a laboratory population.

FEHS el oA e 7HA e =AY Aat, el 7HAwEe] 21 &/dH]+= etofenprox 44.65HH,
spinetoram 27.178H, emamectin benzoate 3.608H, chlorfenapyr 1.908H, methoxyfenozide 80.978H, indoxacarb 61.67HH,
cyantraniliprole 138.008Y, fluxametamide 89.508] 2 L} O™ (Table 7), /45 7HAIT-2] A F/JH]+= etofenprox 36.11
Hl, spinetoram 24.508H, emamectin benzoate 3.708H, chlorfenapyr 2.81HH, methoxyfenozide 85.838H, indoxacarb 57.008H,
cyantraniliprole 224.675Y, fluxametamide 303.258] 2 U-2tTHTable 8). F'd H S 5 7HAllt2] A/ 8|+ etofenprox
23348} spinetoram 0.118l, emamectin benzoate 12.338H, chlorfenapyr 0.038l, methoxyfenozide 367.28HH, indoxacarb
0.08HH, cyantraniliprole 2.578H, fluxametamide 0.258H 2 LF2FTHTable 9).
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Table 7. LCs, and LCq values to each insecticide with Gimhae population P. xylostella after treatment for 3 or 5 days.

Insecticide LC,, (ppm) (95% CL) LC, (ppm) (95% CL) N df  Slope+SE X RR
Etofenprox 10.002 (6.110 - 17.760) 310728 (123.686-1335096) 240 22 085940109 9525 4465
Spinetoram 0.163 (0.102 - 0.249) 2.334 /(1348 - 5.004) 240 22 L110+£0.123 11696  27.17
Emamectin benzoate 0.036 (0.023 - 0.054) 0.370 (0222 -0.762) 240 22 127240154 10011 3.60
Chlorfenapyr 1.577 (1.085 - 2.267) 14.120 (8.726 - 27.237) 240 22 1346+0139 15073 1.90
Methoxyfenozide 4.858 (2.556 - 9.804) 580.888 (162.263-5241.093) 240 22 0.617+0.091 9823 8097
Indoxacarb 0.740 (0.509 - 1.056) 5.774 (3.673 - 10.656) 240 22 143740150 12435  61.67
Cyantraniliprole 0.414 (0.234 - 0.696) 4.034(2.321-10917) 240 22 1296+0.136 37707  138.00
Fluxametamide 0.358 (0.255 - 0.504) 2051 (1.322-3810) 240 22 169240192 17559 8950

CL, confidential limits; N, number of larvae tested; df, fiducial limit; SE, standard error; RR, resistance ratio = LCj, of a field population/
LC,, of a laboratory population.

Table 8. LCy, and LCqy, values to each insecticide with Sangju population P. xylostella after treatment for 3 or 5 days.

Insecticide LCy, (ppm) (95% CL) LCy (ppm) (95% CL) N df Slope + SE X RR
Etofenprox 8.088 (4.838 - 14.536) 312.156 (119.135-1450.061) 240 22 0.807+0.104 20686  36.11
Spinetoram 0.147 (0.106 - 0.206) 0.756 (0.491 - 1.417) 240 22 1.805+0.218 13.515 24.50
Emamectin benzoate 0.037 (0.022 - 0.058) 0.583 (0.331 - 1.308) 240 22 1.071+0.130 15.165 3.70
Chlorfenapyr 2.334(1.574-3.491) 28.355(15.996 - 63.493) 240 22 1.181+0.125 31.573 281
Methoxyfenozide 5.150(3.028 - 9.104) 234.922 (91,478 - 1025.985) 240 22 0.772+0.09 14.971 85.83
Indoxacarb 0.684 (0.354 - 0.797) 5.986 (3.621 - 11.875) 240 22 1.226+0.129 31.615 57.00
Cyantraniliprole 0.674 (0.448 - 1.012) 9.013 (5.106 - 19.789) 240 22 1.137+0.117 21.807  224.67
Fluxametamide 1.213 (0.807 - 1.822) 16.223 (9.191 -35.619) 240 22 1.137+0.117 21.807  303.25

CL, confidential limits; N, number of larvae tested; df, fiducial limit; SE, standard error; RR, resistance ratio = LCs, of a field population/
LCs, of a laboratory population.

Table 9. LC;;, and LCq, values to each insecticide with Tongyeong population P. xylostella after treatment for 3 or 5 days.

Insecticide LC,, (ppm) (95% CL) LCy (ppm) (95% CL) N df  Slope+SE X RR
Etofenprox 5229 (3.549 - 7.682) 57.112(33.272 - 122.560) 240 22 1234+0.133 16356 2334
Spinetoram 0.363 (0248 - 0.521) 3.049 (1915 -5.722) 240 22 13860043 11270 0.1l
Emamectinbenzoate 0,407 (0.253 - 0.599) 4481 (2.823 - 8.594) 240 22 1230+0.147 27438 1233
Chlorfenapyr 2,997 (1979 - 4.591) 44,698 (23.847 - 110.863) 240 22 109240121 12829 003
Methoxyfenozide 7.643 (3.901 - 17.599) 1189.500 (269.021 - 17408499) 240 22 0.584+0.091 26350 36728
Indoxacarb 0.926 (0.615 - 1.363) 10.672 (6360 -21.768) 240 22 12070127 32050 008
Cyantraniliprole 0.343 (0.226 - 0.647) 3.933 (2.356-7.926) 240 22 1209+0.126 23445 257
Fluxametamide 0416 (0.286 - 0.594) 3.040 (1.930 - 5.656) 240 22 1483+0.158 9979 025

CL, confidential limits; N, number of larvae tested; df, fiducial limit; SE, standard error; RR, resistance ratio = LCs, of a field population/
LC;, of a laboratory population.

A Xty = Hlud

Etofenprox+= pyrethroidZ] AF5-AI 2 198710 222 7HUE Q) 0™, A|Ujof| I Foto] A7A|e] HEE AdS
z4dsto] A7 2d S Wallst= £84 ASA ol thHemingway, 1995). Etofenprox2] 213/ 7§ Hil= 7483} o]
S 10| st 1988, B} (Blatella germanica)Rl| A %] 22 2 E| 1 THUmeda et al., 1988). =] BjZSL2]
etofenprox 21 -/Joll gt ALol| A 2| 7R LCy kol 1.1 - 2.3 ppm 2= F7F 4=30] AP do] W= Tt H
131 9 Li(Jeong et al., 2017), 2 A ol A= Etofenprox2] 7712t Qe A A1 7HAITE L5 8k 5.229 - 10.002 ppm
O 2 =2 ks U AT A &H/dH| & v o3l S wl= H|w A =2 942 k& Yrehdlct,

Spinetoram- spinosyn”| AEAH| = 2 AHHGEZ oA A 2H-8&-5}= gamma-aminobutyric acid (GABA)2] %
2hS- ulo} A7 kS Gsh= ArZA| o] thDeAmicis et al., 2011; Zhao et al., 2015; Yin et al, 2017) Q1= HijEE1}
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2] spinetoram Aol T3t Aol A | ZHAITES] LCygkol T 1.57 ppmE U™ o] & S+ F=o] A
/0 2 P} Tamilselvan et al., 2021). 12 A& ol A] spinetoram LCs;%k- 0.141 - 0.363 ppm 22 =2 A J 0]
e 292 gl

Emamectin benzoate~ avamectin/l| AH&A| 2 & Wt Streptomyces avermitilis2] 2 1Hgol| A /g == &4
2 A7 25A % (neuromuscular junction) F-91 9] oHH] §12HS F510] jF-2 2| Atel| o] 27 sh= 287122 7HA
Ch(Jansson et al., 1997). 91 =2} 5}eto] HjZEZ L] emamectin benzoate A d ATLol|l Al A 70AE2] LCy,4ko]
Z¥z} 2|tl| 31.77, 39.07 ppm= 2o A 7HA| 2 B 1151 ThMau and Gusukuma-Minuto, 2001; Biradar et al., 2020).
= Aol A emamectin benzoate LCs, &t 0.036 - 1.268 ppm S 2 -2 A F4g o] HHAIsH 2|2 gt

Chlorfenapyr®] 27|22 AL W o] EZE=2|o}2] ATP (adenosine triphosphate) A4+ T F AksHA Q1A
5t A S et ol & A2 abdsto] XAMS RSl AHSA 2 (Raghavendra et al., 2011), TFHol|A]
chlorfenapyr @ ATLol| A 2| H7HA17-2] LC,,%ke] 20.56 - 167.05 ppm 2 =2 | 3HA] 7HA)|7} 2hAyshQich B
T131KKao and Cheng, 2001). 2 Ao} A chlorfenapyr®] LCs, 7 1.577 - 2.997 ppm -2 Lh2 1 & H| %= 0.02 -
2.84H1 2 Ugko Lt 2444 Z0AIZ2) L, gto] 0.831 ppm o2 H] WA A Upgko B 2 2|42 7FA| 2L Qltkal A
ZFE et

Methoxyfenozidet= W47 sli5-oll £0]3 AFEIE ZH= diacylhydrazine] AFA| 2 7|& AS5A|9H= o2
A-8712r0 = B AZ Aol 2gHdol A7 siFoll e watA g do] WS fE £/ 7HAth(Schneider et al.,
2003; Rehan and Freed, 2014). 35-2] 912 2 22 f-Eoto] H|AA 0 =2 whE D] E F3I5to] X|Ate] o] 24
Sh= 22 712HE 71X A &/ AFEA| 2 (Smagghe et al., 2003), 5Fe}o] BiEZ U] methoxyfenozide A1 A+Lol|
A LCy, kol 2l 235.00 ppm 22 A3 7HA WA 2 2 B 1% I THEllison, 2007). 2 2130l A methoxyfenozide?]
LCy a2 2.274 - 7.643 ppmO©| 1L, A H] = 37.90 - 367.28H] 2 LT} 77| Lol A= o] F:9} oA #&HAdH]
114.88u12} 283238l 2 22| 2ol 4] Z|3H/gdH]7} =A] UEtsth d'd Holli= FF0llA 367288 2 =2 A3
H|E =i}

Indoxacarb+= oxadiazine”] AHEA| 2 sodium channels2 2FHsto] 8k AT M G-E W5l 254 HAIE
5= x|Atel] o] 2H] o= AH-8-712E2 7HH THWing et al., 2000). =W BlF=FUE9] indoxacarb A13d
A1 ZHATE LCs%kO] 0.8 - 1.4 ppm 2 & Lo} ZA} 2| Aof| A 2@ do] Bhdahr] oF2 202 B 1% ]TH(Jeong et
al., 2017). 2 A &0l A] LCy 7k 0.515 - 1.034 ppm Q&2 FAFSH ZIHE B oL} A&/ dH| = 77| = of e} 8110

& g o] EgTtar BT o 2|9k 2| &4 9] RUE|R S H Q & Firt
Cyantraniliprole- diamide”] AZA| 2 51 F-2] 5 A3 U] Z-52'dS Asliste] A4 AAIE Fall 2|Ale] o] 2
Al sk 287122 7HATH(Selby et al., 2013). = U] B S=F 1] Cyantraniliprole 133 Aol A A1 7HAlwHol]
LC5, %01 0.02 - 0.95 ppm Q& -2 A4S H It B I ZITKCho et al., 2018). & A Fof| 4] Cyantraniliprole-2 0.343
-0.674 ppm 22 FAFSE LC, 3k B o, 7] & of 22k -82l10fA] 119.00, 166,338 = =2 A F/JH| & Hl o,
Fe A ALt Aol Al 138.00,224.67812] =2 A 7H/JH|E Hof Aol Wit 2o = Helrt,
Fluxametamide= 7] diamide#|ollA] 7H&E meta-diamide”] A&A| 2, GABAQ] A& x}ths}al A7 wah
fbsto] aij3-2] g7, A4, T A 9 ohoRet Aef ek 9l AJeteka mbAgof ol g S0 X|Atel| o] 24| Sh=
27122 7FA tHQuan et al., 2016; Umetsu and Shirai, 2020; Jeschke, 2021; Gope et al., 2022). =-L{ol| 4] B} FEZL
ArzA| 2 g3o| Hojutth= A3 A} 9 2 LkKim et al., 2019) Aol TeF |2 Q1 A= of 2 7kA] X
=] 2] oEodT. 2 Aol A= 0.256 - 1.213 ppmS] LCy3k2 B0, A/ o] = 47| = of S0l A= 64.008H
F Ao AP E B o, 7| = 8RlojlA = 1952581 2 =2 AP E YeREE I A Ash

10 o

ot
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ZFof| A= 89.5082F 303.25H0 2 -2 A A LS Bk

A ol 55¢ titke uiFE L ASAlE 3 34 vij4=7t HH—% LHERE ofuf et i =2l U], il 7
Alajus, oo 53t 2o 3ol Fofofjof = ST 2

& HiE S AoA] WAleHE S 555 o UTHRDA, 2023). °]= HH—}——&.—L]' }o] 4 %Zﬂ aed A At s A
&= YEl= ol folth

Etofenprox, chlorfenapyr, methoxyfenozider= ThHe A A 50 H]|5F] LCy4ke] =4 Ut O etofenprox,
chlorfenapyr®} mehoxyfenozide®] A&/gH|= 2| Uttt o]= & Agoll AFESH 74/ 7HATE(S2)°] 2007
HRE] FOiARSZ Z7HATSE 7100 2007 o] oll AR& 7HA|SE AZFA] etofenprox (1996), chlorfenapyr (1997),
methoxyfenozide (2000), indoxacarb (2000) %Ol A etofenprox, chlorfenapyr, methoxyfenozide©l] tHsto] AT
7 ANA 2 AFS-S A Zbsto] A7 AxtE Helth 2007 o] $of] AR 7HA| 3 A=A S9] spinetoram (2009),
emamectin benzoate (2007), cyantraniliprole (2012), fluxametamide (2018)= 257 &2 A& 81 G2 1O 4= 2
2.0 L} cyantraniliprole™} fluxametamide©| 4| -2 A1 &/dH] & BT o] = A7 =9}t J'd H Y 2| 7HAl| o] oF7]
spinetoram} emamectin benzoate®l| /g3 7FA| 2L A QA1 cyantraniliprole} ﬂuxametanudeoﬂ A= 2G4 o]
9ol Q=g o & Helch

Endersby 51(2008)2 52 AR&-E|= AHZAl|ol| tfsh #13Hd 7HATE &5t

In
[
Rl
2
ofu
fol
1
tlo
[
N
= 3
1;
rlo
ox
Sl
rulo

g Al s A

o) Aol 5B AEAEASFO] 2 ABHYE U 4 918 8 ANSISICE Tebd] HA) 525 5o
o] chel X 2PH R oFA| A 4 srefaka 2|40l BUERS Fol 5o Agol o) A el &
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