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Abstract The small brown planthopper (Laodelphax striatellus) is an important pest because it transmits
several plant viral disease with the irregular migration from China. It is important to monitor the insecticide
susceptibility for the selection of appropriate insecticides. Here, we carried out the susceptibility test of seven
kinds of insecticides to the seven overwinter and three migratory populations by rice-seedling dipping methods.
The resistance ratios were ranged as 0.6~3.8, 1.0~6.6, 0.8~4.2, 2.1~29.4, 0.8~6.4, 0.4~4.8 and 0.5~ 12.8-fold to
carbosulfan, fenobucarb, fipronil, etofenprox, dinotefuran, imidacloprid and thiamethoxam, respectively. In the
resistance ratio comparison between overwinter and migratory populations, the migratory population revealed
2.8-fold significantly higher resistance ratio in dinotefuran. In addition, the GG_GP migratory population
showed the highest etofenprox resistance (29.4-fold) among 10 local populations, suggesting that the migratory
population could come into Korea possessing the resistance factors to the dinotefuran and etofenprox.
Considering the toxicity profiles among seven insecticides, carbosulfan, fenobucarb, and fipronil might be
further applicable to control the overwinter and migratory populations in Korea. The periodical susceptibility
test for the overwinter and migratory populations would provide valuable information to choose the appropriate
insecticide, resulting in the increase of control efficacy and the retardation of resistant population development.
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o] WA= FE 3okt Al oEstal e
], 71214 AlE<l acephate, chlorpyrifos, fenitrothion,
fenthion, 7}iHH[©]EA] A%E91 carbaryl, metolcarb, ¥'E 3]
2EA AE2 ethiprole, fipronil, 4] LU IE|=0|=A] A%
9] imidacloprid, thiamethoxam, nitempyram, J#]2=Z0]=
Al A< deltamethrin, X]o}t]o}zl AlE-2 buprofezino| -t
g otz el Al%9] pymetrozine & T3 AEA| S0
M= AMEEI Uth(Lee et al, 2005; Park et al,
2009). 28 T 9 A2 5 FUHAHOR o5 oA
gk Agdo]l BuE e A otkSone et al., 1995;
Endo et al., 2002; Lee et al., 2005; Gao et al., 2007, Wang
et al., 2010; Nakao et al., 2011; Zhang et al., 2014; Elzaki
et al., 2015, Jeong et al., 2016).
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Table 1. Collection site of Laodelphax striatellus in 2017.
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2010), -2t 20091 ofET TRlAl7]el] 1]
At v & opiAG 2 9 A9 HolA imi-
dacloprid 2FAI# &0l =2 Q3] o ZoldS SRIEH
ThJeong et al., 2016). wWEbA vl ofd o] WAMekS:
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Population Collection site Collection date Coordinate Remark

CB CJ Chungju city Mar. 132017 ?42‘;5‘)491'61'8233?;%1: Overwinter population
CN TAl Taean county Mar. 20 2017 ?g?);g,;go%wé "

GB_SJ Sangju city Mar. 142017 ?g;%?g?fg ;},\]{3’ "

GB YC Yeongcheon city Mar. 28 2017 ‘;’g;(ﬂggéoolsg% "

GW_GS Goseung county Apr. 42017 ?g;{g‘ll,g'; %;I'TI]:: "

JB BA Buan county Mar. 20 2017 ?;22;2'4710651:]]:: "

IN_SA Sinan county Mar. 20 2017 ?3;502'14,373 ;;I:]é "

CN_TA2 Taean county May 29 2017 ?g;ﬁg()lvggo%wé Migratory population
GG_GP Gimpo city May 292017 ?ggg:.?gz(;g\ii; "

JN_JD Jindo county Jun. 92017 ?363(1)6227626]\113 "

SUS - - Laboratory susceptible strain
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Table 2. Used insecticide and its recommended concentration
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IRAC Chemical Insecticides Formulation & Recommended
classification groups Active ingredient (%) Concentration (ppm)

Carbosulfan 20% SC 100

1A Carbamates
Fenobucarb 50% EC 100

2B Phenylpyrazoles Fipronil 0.5%FG -

3A Pyrethroids Etofenprox 20% EC 100
Dinotefuran 10% WP 100

4A Neonicotinoids Imidacloprid 10% WP 20
Thiamethoxam 10% WG 10

* SC, suspension concentrate; EC, emulsifiable concentrate; FG, fine granule; WP, wettable powder; WG, water dispersible granule.

ol ERl=H, 23] g A9 AEE FRAAM HF
& 420l TH(Table 1). ZF AlB-S o}=ZA )R] (30 x 22 x
30 cm’) ol H(GEAH) GHE 7|72 FFl] A8
om AR 2AL L& 25+2°C, AUEE 50~60%, FE
71 16L:8D ©lth. ANEF 74 AB(SUSy H& AT
a9 FPEAAetY FERTIHNA 109 o)At A=A
o =2A171A] 3L T AT

ARESE SHAl = ol WAl ddA e R SEHY e
FEAEEZA  Insecticide Resistance Action
Committee (IRAC)IA #|AIgH 2H& 7]2H8 g sio] At
s, 7hlo]EAQ fenobucarb (50% EC, E7%),
carbosulfan (20% SC, gH=2H360), s 3 2F=A1Q] firponil
(05% FG HpoldAZFARIALE), FH2Zo|=AIR]
etofenprox (20% EC, #7%), UlLUIE o] =A<l
imidacloprid (10% WP, HFo] A AFA]A25), dinotefuran
(10% WP, G9231%5), thiamethoxam (10% WG A1 A EL=2]
oKF)) T EF 7S AHE-SISATH Table 2).

dipping method)yS H% g W+ HZIA (Rice-seedling dipping
method)S AE-3FtHJeong et al., 2017). ¥ FF2 3
HEA I & 3458 o §H 7|5 ARSIt X
EZRE B fFEE Fol £5E AlF F, 37t e A
2 2715 Aol TemZ A2 A8 e FE &
715 & 2FO7 Fo] FAE QAo 3027 IA F, 4L
oAl 30% ol ZBIGTE oA A2l ' E7]ES e
Ho| EFEA Bo] & AxFow M & fA g
($27 x h200 mm)ol| F=Fatdct. zF frEjAl g el fd+ 3
g S 15vEY JEEH, 27 £2°C, AUEE 60~70%,
Fx7 16L:8D2] 2NN, A2 A7 T AESFE 2A}
SFATh WEAAREE(LCs)E 271 918k SPSS 13.0 (IBM
Analytics, Armonk, NY)< ©]-8-3} probit analysisg 3}
Ak, wsk v D] A Al B
Zo] frold EAS Sigma Plot 10.0 (SYSTAT Software,
San Jose, CA)2 ©]&-3} t-testS Fall 24131t}

2 1

2 AFME THY] oS R T dsdt 31
o] HIYPES o &M WrAAFEEE X3 54 ARE
A2 F AgAu|E =& TH(Table 3, Table 4, Fig. 1).

Table 3. Toxicity parameters of the seven overwinter Laodelphax striatellus populations to seven insecticides and its resistance ratio

Insecticide

(IRAC group) Strains N df 1 p-value Slope + SE LC5,(95% CL") R/R™

Carbosulfan (1A) CB CJ 202 10 6.4 0.78 1.2+0.16 3.8(24-5.7) 0.6
CN _TAl 192 11 18.7 0.07 1.2£0.15 25 (16.8-39) 3.8
GB SJ 250 13 17.5 0.18 1.1+£0.12 11.7 (7.6-19.3) 1.8
GB YC 226 11 263 0.01 1.3+0.14 17.2 (7.7-38.6) 2.6
GW_GS 198 11 12.6 0.32 1.3£0.15 7.8 (5.3-11.8) 1.2
JB_ BA 221 10 12.9 0.23 1.1+£0.12 5.6 (3.4-9.7) 0.9
JN_SA 210 12 13.3 0.35 0.9+0.12 15.7 (9.5-26.3) 24
SUS 225 12 13 0.37 2.5+0.31 6.5 (5-8.4) 1
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Table 3. continued

Insecticide

(IRAC group) Strains N df 1 p-value Slope + SE LC5,(95% CL") R/R™
Fenobucarb (1A) CB CJ 215 12 128 0.38 1.0+0.12 16.2 (10.3-25.3) 2.8
CN_TAI 173 6 5.5 0.49 1.8£0.3 24.7 (11.7-41.6) 4.3
GB SJ 203 10 17.1 0.07 1.0£0.13 29.3 (17.8-146.5) 5.1
GB YC 191 9 11.2 0.26 0.9+0.15 8.1 (3.9-14.2) 14
GW_GS 209 12 13.3 0.35 1.0+0.12 5.7(3.3-9.3) 1
JB_ BA 207 8 205 0.01 0.7+0.12 16 (1.7-62.2) 2.8
IN_SA 177 8 231 0 1.2£0.15 31(9.2-96.4) 54
SuUS 206 11 8.6 0.66 234031 5.7 (4.1-7.8) 1
Fipronil (2B) CB CJ 293 16 185 0.3 1.9+0.19 0.6 (0.4-0.7) 1
CN.TAl 271 15 218 0. 274026 1.1(0.9-1.3) 1.8
GB SJ 204 16 229 012 224023 0.5 (0.4-0.6) 0.8
GB YC 279 16 26.1 0.05 2.7+0.25 0.7 (0.6-0.9) 1.2
GW_GS 282 16 18.7 0.29 1.9+0.2 0.6 (0.5-6.9) 1
JB_BA 270 15 203 0.16 1.1 £0.16 0.6 (0.4-0.8) 1
JN_SA 224 16 246 0.08 09+0.18 2.5(1.7-4.8) 42
SuUS 290 15 11.5 0.71 2.7+0.28 0.6 (0.4-0.6) 1
Etofenprox (3A) CB CJ 269 16 127 0.7 0.6 +0.08 3.5(1.9-6.8) 4.4
CN_TAI 258 15 572 0 1.1 £0.12 1.7 (0.6-4.3) 2.1
GB SJ 262 14 211 0.1 09+0.11 1.6 (4.3-146.5) 2
GB YC 262 12 275 0.01 0.9+0.12 5.7(2.2-13.7) 7.1
GW_GS 273 16 333 0.01 1.0+0.1 23(1.2-4.4) 29
JB_BA 273 15 276 0.02 1.0 £0.11 2.8(1.5-5.4) 3.5
JN_SA 261 13 293 0.01 1.1 £0.12 3(1.3-6.3) 3.8
SuUS 270 14 259 0.03 1.7+0.2 0.8 (0.5-1.3) 1
Dinotefuran (4A) CB CJ 267 14 157 0.33 12+0.13 8.6 (5.8-13) 3.1
CN_TAI 273 15 232 0.08 1.1 £0.11 4.5 (3-6.8) 1.6
GB SJ 259 12 127 0.39 14+0.17 2.3(1.5-3.4) 0.8
GB YC 285 16 21.7 0.15 14+0.14 29 (2.14.1) 1
GW_GS 225 12 18.7 0.1 1.1+£0.13 3.9 (2.5-6) 14
JB BA 269 14 205 012 1.140.13 22(15-3.3) 0.8
IN_SA 210 11 16.4 0.09 09+0.11 4.7 (2.7-8.4) 1.7
SuUS 197 8 13 0.11 1.3+0.19 2.8(1.4-3.8) 1
Imidacloprid (4A) CB CJ 274 16 158 0.46 0.6 +0.09 29.6 (15.9-65.5) 33
CN_TAI 270 13 184 0.14 0.8+0.11 39.7 (22.6-81.5) 44
GB SJ 272 16 21.1 0.17 09+0.11 22.4(14.5-37) 2.5
GB YC 266 16 253 0.06 09+0.1 17.2 (10.9-28.6) 1.9
GW_GS 275 12 5.5 0.94 0.7+0.11 14.6 (7.9-27.1) 1.6
JB_BA 270 15 10.6 0.78 09+0.1 9.5 (6-15.4) 1
JN_SA 273 15 17 0.32 1.3£0.13 3.9(2.6-5.5) 04
SuUS 267 16 14.2 0.58 0.9+0.1 9.1 (5.8-14.6) 1
Thiamthoxam (4A) CB_CJ 209 12 138 0.31 1.0+0.13 21.7 (13.6-38.4) 12.8
CN_TAI 274 9 143 0.11 1.3£0.19 9.5 (6-14.1) 5.6
GB SJ 274 16 132 066  09+0.1 1.9(1.2-3) 11
GB YC 274 14 202 0.12 1.9+0.21 8.2 (6.1-10.9) 4.8
GW_GS 276 16 222 0.14 1.3+0.13 29(2.14.2) 1.7
JB_ BA 267 16  20.1 0.22 0.8+0.09 2.2(1.3-3.6) 1.3
IN_SA 277 16 13.1 0.66 1.0 £0.11 0.8 (0.5-1.2) 0.5
SuUS 271 15 9 0.88 1.1+0.12 1.7 (1.1-2.5) 1

* 95% confidence limit, ** Resistance ratio divided by LCs, of SUS.
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Table 4. Toxicity parameters of the three migratory Laodelphax striallus populations to seven insecticides and its resistance ratio

(Igjeét;fjp) Strains N df x>  pvalue Slope+SE LCs(95% CL") RR™
Carbosulfan (1A) CN TA2 289 15 102 08 13£0.13 14.5 (10.2-20.9) 35
GG _GP 249 12 204 0.06 12+0.12 13.1 (83-21.2) 3.2
IN D 2714 16 124 072 0.9+0.1 11.1(7.3-17.7) 2.7
SUS 293 16 20 0.22 1.740.16 4.1(2.1-3.9) 1
Fenobucarb (1A) CNTA2 197 9 147 0.1 15402 11.8 (7.4-17.7) 1.6
GG GP 181 10 131 022 12+0.14 17.1 (10.8-27.5) 23
IN_JD 20 10 165  0.09 13+0.17 49.1 (32-75.8) 6.6
SUS 200 9 36 094 1.9+0.27 7.4(5-9.3) 1
Fipronil (2B) CN.TA2 289 16 179 033 19402 0.5 (0.4-0.7) 0.8
GG_GP 254 14 22 0.08 12+0.19 0.8 (0.5-1) 13
IN_ID 293 16 259 0.6 1.6+0.18 0.6 (0.4-0.7) 1
SUS 288 14 206 0.1 3.0+0.34 0.6 (0.5-0.7) 1
Etofenprox (3A) CN.TA2 289 16 206 02 0.9+0.1 12.9 (8.2-22) 46
GG _GP 287 16 246 008 0.7+0.1 82.4 (38.1-277.6) 29.4
IN_JD 255 14 287 001 0.9+0.11 19.7 (9.2-57.1) 7
SUS 282 15 139 053 14+0.14 2.8 (2-4) 1
Dinotefuran (4A) CN. TA2 289 16 202 021 1.1£0.11 5.5(3.8-8.3) 3.4
GG_GP 285 12 76 082 13+0.15 102 (7.1-14.9) 6.4
IN_JD 281 13 124 049 14+0.14 3.9(2.7-5.6) 2.4
SUS 255 15 234 008 1.1£0.11 1.6 (1.1-2.4) 1
Imidacloprid 4A) ~ CN TA2 289 16 118  0.76 1.1+0.12 73 (50.3-108.8) 438
GG_GP 265 16 246 008 1.0£0.1 41 (26.9-63.7) 2.7
IN_JD 260 16 173 036 1.14£0.12 21.7(14.8-32.1) 14
SUS 288 16 144 057 0.8 +0.09 153 (9.4-24.7) 1
Thiamethoxam (4A) CN_TA2 289 13 237  0.03 0.8+0.11 135 (6.2-37.2) 7.9
GG_GP 268 13 9 0.78 13+0.14 3.9(2.7-5.6) 23
IN D 264 16 205 02 0.9+0.1 5.9 (3.7-9.7) 3.5
SUS 300 15 198 0.8 0.9+0.1 1.7 (1.1-2.7) 1

* 95% confidence limit, ** Resistance ratio divided by LCjs, of SUS.

FtetH O] EH| &y

7] A=A 0|t Gant et al., 1998). X% Al5-2] #akAdH]

ZAF A3} 0.8~4.2009] HOIE EXs 9o, dF A
oA A3 IN_SAFISES] A &4 v/} 71 we Ao

FHh o] EA| o= 259 T AN T8k 9
S 3l opgEU | 2EEA e Aftsle] AFAGEZ
ZAe w@sle] AT (Fukuto, 1990). ¥ AolM &

carbosulfan®} fenobucarb 2 Fol| et 2| A% A4
H|Z H7}sl9th. Carbosulfand} fenobucarbe] *3kA] H]9]
W 9E ZH2F 0.6~3.8402F 1.0~6.681 I EH(Table 3, 4, Fig. 1).
LA CN_TAIFH S} v IN IDF oA
carbosulfan¥} fenobucarbell thaljA 714 =& A3k HI=

.

Hdo2tEA MEy
Fipronil> %2 S5FA74A19 EA18= GABA-gated

chloride A'doll Agslo] AFEES Fiedt] LFS A

YElstth(Table 3, 4, Fig. 1).

DY AROEH MEH

HHER2o|=A e L5 FFAAAA EAlEl=
Voltage-gated Na* A|'del] Ae}sld HEES frstd 2%
S XAAZITH(Casida et al., 1983). ¥ AFoxE= #3HA
W 97F 2.1~29.48 2 WA

By 202 YePdtH(Table

3, 4, Fig. 1). 3] vlgideel GG _GPHwre] < 29 4=
7M=& ZloE Ueht, sig Ao thEk A ddS
A1 ko] vl g Ao Al HL)
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Population |  CAPOSUIfan Fenobucarb Fipronil Etofenprox Dinotefuran Imidacloprid Thiamthoxam
(1A) (1A) (28) (3A) (4A) (4A) (4A)
CB_CJ 28 44 31 33 12.8 ‘ High
CN_TA1 38 43 1.8 2.1 1.6 44 5.6
GB_SJ 18 5.1 2.0
GB_YC 26 14 741
GW_GS 29
JB_BA 28 35
JN_SA 24 54 42 3.8
CN_TA2* 35 1.6 46 34 48 79
GG_GP* 32 23 13 6.4 2.7 23
NI 27 66 70 24 14 35 koW

Fig. 1. Heatmap representing the resistance ratio of 10 populations against seven insecticides in Laodelphax striatellus which was
collected at 2017 in Korea. Three populations with asterisk (CN_TA2, GG_GP and JN_JD) is the migratory populations. The number
in each cell reveal the actual resistance ratio which was listed in supplementary table 1 and 2.

N
o

EE Overwinter SBPH
Migratory SBPH

-
[9)]

Resistance ratio
[6,]
*
*

(Average with standard error)

=
=

Insecticides

Fig. 2. Comparison of resistance ratio and its variance between
overwinter and migratory Laodelphax striatellus by each
insecticide. The single and double asterisks on upper panel
represent the statistical significance as p<0.1 and p <0.05,
respectively.

H 2L ZE|0|EA XMEgM

HlQUE o] EAE AT oldsl= E‘é"] o] gk
TEAME FF4 sllTel ik &3 & Z0 = duA
AT} &3] nicotinic acetylcholine =80l Adsle] 217
AR oplEZe] A THIE Aslsto &
Bl 252 AAR o]2A dth(Matsuda et al., 2001).
Dinotefuran, imidacloprid 22|32 thiamethoxam®l] thgh A
o AT AgH W= 0.8~6.48, 04~4.88) 2|3
0.5~12.881¢1 Z1 o2 YERTH Table 3 and 4, Fig. 1). H]Z]

Al GG GPEE} CN_TA2F WA dinotefurans}
imidaclopridoll thal 24z} 6.4ufel 4.802 71E =& A
AB]E AU AATHFig. 1). Thiamethoxam®] 7-$- =)
Y50l CB CIHENA 12.8012 78 =& % gHAdv]
£ B3

Hl2{Z chat FSHE Zho| oy &Y

1070 oHEF AlEe] 75 oAl thgt A3Hg HE EdE
LT HEEEe] BAEJA o9 B
(Jeong et al., 2016). =2 A} dinotefurancl|A] HlejFcto] &
TSGR 280 = AHE FAHCE FosiA B
A ThFig. 2, P<0.05). ©]¢} T1Eo] etofenprox®] 4%, 7
g SAFER FHe ofARKP=0.07), HHHTE
GG_GP3IdlX A9 did e FollA 29.409) 7H =
S APIE A AR YethFig. 1, 2).

O.

= 71402 SYE fFYsle dlgo=A &5
HnkEH 5o A= B vl AE uirlste] ik
Aag fdske 74 dSelth ¥ AdlAE CN_TA2,
IN JD 28] GG GP A9of vl & FAeS 24 A3
9 Z2 st 73] AAll st oA A e B
7}’6}3’— = D] oA kg I vlaste] Bkt
oFAl W A Hlo] FAIAR foA 42 Fa dinote-
furanol| A vl Tho] 2.88) w2 AL Ad A= g
1= AtH(Fig. 2). T3t etofenprox®] 74-%- GG_GPF ThollA]
7P w2 AgHIE Ad AoE YEh(Fig. 1), v
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o] dinotefurans} etofenprox®l] tialiA #&H4g
Y vl g Aog FHHET webs BiRee]

Bk FHolx] BAl £& FHE Hg oA Ao F2
S AEE AT Aoltt.

2009300 79 4 BUEY AFelre 200
A Helx A g AlSol thaliA 10095] Aol thal )
3}3AtH(Jeong et al., 2016). 31F AFeA = HHHEHS 4
HAoR Afste] 54 Bl ARESHA] @, vl A9
I vREY A 7ke] AFPPHIE ZAFSIATE. ofAl E B
el foA E4oM = carbosulfan} imidaclopridol| 4] H]
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