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Abstract In this study, 8 types of registered insecticides (Cyantraniliprole, Dinotefuran, Flonicamid,
Fluxametamide, Milbemectin, Pyridaben, Pyriproxyfen Spinetoram) with high usages and different mode of
action was selected and tested for insecticidal activity and resistance against Bemisia tabaci collected from
cucumber greenhouse in 15 regions of Korea. Resistance evaluation was conducted using the resistance ratio
(RR) and control efficacy index (CEI). Results showed that various insecticide responses were observed
between regions and insecticides, and there were also interations. While the RR and CEI values generally
showed similar trends, the RR (2.5) and CEI (189.0) values were in the flonicamid treatment of the Gurye
population, showing a difference. Pyriproxyfen showed the highest RR (272.7) and CEI (342.0) values for the
Gunwi population. These findings serve as basic data for understanding the resistance development patterns
of Bemisia tabaci populations in Korea and can contribute to establishing localized pest management

strategies for cucumber cultivation regions.
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Table 1. Information of Bemisia tabaci populations which
collected from field populations

Collection site Collection GPS

(abbreviation) date coordinates
Gunwi (GW) 22.05.17  36°14'02"N 128°35'35"E
Sangju (SJ1) 22.09.21 36°32'58"N 128°08'57"E
Haman (HA) 22.05.18  35°20'10"N 128°30'14"E
Cherwon (CW) 23.10.05  38°13'30"N 127°1528"E
Chuncheon (CC)  22.09.29  37°44'51"N 127°4020"E
Yanggu (YG) 22.09.29  38°05'15"N 128°0121"E
Anseong (AS) 23.06.28  37°00'55"N 127°18'16"E
Pyeongtack (PT)  23.09.07  37°06'13"N 127°02'10"E
Yangju (YJ) 23.09.13  37°49'51"N 126°59'46"E
Sejong (SJ2) 22.10.05  36°33'49"N 127°17'30"E
Okcheon (OC) 22.05.31 36°22'26"N 127°43'48"E
Cheonan (CA) 23.08.02  36°45'45"N 127°15'01"E
Suncheon (SC) 23.06.15  34°53'54"N 127°20'37"E
Gokseong (GS) 23.06.15  35°15'09"N 127°07'55"E
Gurye (GR) 23.08.02  35°11'50"N 127°27'39"E
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Table 2. Insecticides used in this study

Chemical class Insecticide Formulation® AIY (%) RC? (ppm) Mode of action®
Flonicamid Flonicamid WG 50.0 50.0 29
Meta-diamides Fluxametamide EW 4.5 45.0 30
Spinosyns Spinetoram SC 5.0 25.0 5
Diamides Cyantraniliprole DC 5.0 50.0 28
Neonicotinoids Dinotefuran SG 50.0 100.0 4a
METI insecticides Pyridaben WP 20.0 200.0 2la
Milbemycins Milbemectin WP 2.0 10.0 6
Pyriproxyfen Pyriproxyfen SC 10.0 50.0 Tc

IWG; Water dispersible granule, EW; Emulsion oil in water, SC; Suspension concentrate, DC; Dispersible concentrate, SG; Water soluble

granule, WP; Wettable powder
YA.L; Active ingredient

9RC; Recommended concentration
IIRAC (2024)
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Table 3. Analysis of variance for main effects and interaction in mortality of Bemisia tabaci according to collection site of Bemisia

tabaci, type of pesticides, and concentration of insecticides

Source DF Type I SS Mean Square F Value Pr>F
Collection site (X1) 15 45,605.182 3,040.346 32.26 <.0001
Types of pesticides (X2) 7 585,095.766 83,585.109 886.91 <.0001
Concentration (X3) 2 61,575.257 30,787.629 326.68 <.0001
X1*X2 105 113,329.310 1,079.327 11.45 <.0001
X1*X3 30 7,039.170 234.639 2.49 <.0001
X1*¥X2*X3 224 39,214.661 175.066 1.86 <.0001
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Table 4. Corrected mortality of field populations of Bemisia tabaci with each insecticide

% corrected Mortality (mean + SD)

Insecticide Population -
1/2RC? RC 2RC
GWY 7.0 £ 0.0cd® 10.3+5.9d 37.9+10.4cd
SJ1 17.3+10.5¢ 24.1+15.8cd 172+ 10.4e
HA 17.0+10.8¢c 28.8 + 18.3cd 23.7 + 8.8de
CwW 17.3+2.9¢ 27.1+16.3cd 35.6+ 12.8cde
CcC 10.0 +0.0cd 11.7+2.9cd 23.3 +7.6de
YG 10.7 £ 15.8cd 20.7 £ 12.0cd 20.7 + 12.0de
AS 10.0 + 8.2¢cd 339+ 13.5bc 39.0+10.2cd
Flonicamid PT 33+2.9d 16.7 + 12.6¢d 21.7+10.4de
Y] 17.3 +13.6¢ 15.5+7.9¢cd 25.9+7.9de
SI2 36.7 +12.6b 583+ 10.4ab 50.0+ 13.2bc
oC 62.0+12.1a 58.6 £ 17.9ab 65.5+ 6.0ab
CA 51.7+5.8ab 60.0+8.7a 783+ 11.5a
SC 10.0 + 8.2¢d 27.1+10.6¢cd 37.3+10.6¢cd
GS 13.3+2.9cd 21.7+10.4cd 26.7+ 12.6de
GR 17.0+10.8¢c 18.6+5.1cd 33.9+10.2cde
LAB? 29.7+29¢ 39.7+20.9b 39.7+10.8¢c
GW 89.7+0.0b 86.2 +6.0b 96.6 & 5.9abc
SJ1 65.5+15.8¢ 89.7 + 10.4ab 86.2 £ 15.8bc
HA 100.0 + 0.0a 100.0 £ 0.0a 100.0 + 0.0a
CW 78.0 + 7.8bc 949 + 5.1ab 93.2 +2.9abc
CcC 88.3+2.9b 91.7+2.9ab 98.3+2.9ab
YG 79.3 +10.4bc 82.8+15.8b 96.6 & 5.9abc
AS 69.5+18.3¢ 86.4+5.8b 94.9 & 0.0abc
Fluxametamide PT 88.3+2.9b 95.0 + 5.0ab 95.0 + 5.0abc
Y] 79.3 +10.4bc 82.8+13.0b 100.0 £ 0.0a
SI2 81.7+ 12.6bc 86.7 + 12.6ab 88.3+2.9¢
oC 81.5+6.4bc 92.6 + 6.4ab 100.0 £ 0.0a
CA 76.3 +7.8bc 84.8+10.2b 98.3+2.9ab
SC 78.0 +2.9bc 84.8+5.1b 91.5+5.8bc
GS 83.3 +7.6bc 90.0 + 5.0ab 91.7+2.9bc
GR 76.3 +5.9bc 91.5+7.7ab 93.2 +7.7abc
LAB 98.3+29a 98.3+2.9a 100.0 +0.0a
GW 73.3 + 5.8abc 80.0 = 0.0bcde 83.3 +15.3bcd
SJ1 34.5+15.8f 62.1+15.8¢ 72.4+59d
HA 783+ 12.6a 68.3 + 11.5¢cde 86.7 £2.9bcd
CW 71.2 +7.8abc 74.6 + 8.8cde 96.6 +2.9ab
CC 56.9 £ 18.2cde 60.4+10.8¢ 87.9+ 12.0bcd
YG 78.6 + 0.0ab 78.6 £ 10.7bcde 78.6 + 18.6bcd
AS 83.1+12.8a 93.2+2.9ab 94.9+5.1ab
Spinetoram PT 68.3 +2.9abed 76.7 + 5.8¢cde 83.3 +7.6bcd
YJ 48.3 + 10.4def 72.4 +16.6¢cde 74.1+ 8.9cd
SI2 81.7+7.6a 86.7 + 5.8abc 100.0 +0.0a
oC 70.0 + 10.0abc 80.0 + 10.0bcde 80.0 £ 17.3bcd
CA 64.4 + 13.5abcd 84.8 + 10.2abed 89.8 + 5.1bcd
SC 57.6 = 2.9bcde 66.1+ 7.8de 86.4 + 5.8bcd
GS 414+ 13.0ef 72.4 +7.9cde 81.0 £ 6.0bcd
GR 83.1+5.8a 93.2+5.9a 93.2 & 7.7abc
LAB 98.3+2.9a 96.7+5.8a 98.3+2.9a
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Table 4. Continued

% corrected Mortality (mean + SD)

Insecticide Population
12RC RC 2RC
GW 60.0 = 20.0ef 63.3 £5.8de 66.7+25.2¢
SI 44 8 +12.0f 65.5+6.0cde 724 +59c
HA 75.0 + 5.0bcde 98.3+2.9a 100.0 £ 0.0a
CW 89.8+5.1ab 91.5+2.9ab 96.6 + 2.9ab
CcC 78.3 + 5.8abcde 91.7+5.8ab 95.0 + 8.7ab
YG 66.7 + 5.8cdef 60.0+ 17.3¢ 73.3+15.3¢
AS 91.5+7.7a 94.9 £5.1ab 98.3 +2.9ab
Cyantraniliprole PT 86.7 +2.9abcd 86.7 +7.6bc 96.7 +2.9ab
YJ 86.2 +7.9abc 91.4 +7.9ab 96.5 £+ 3.0ab
SJ2 65.0 +21.8cdef 80.0 = 18.0bcd 86.7 £+ 12.6abc
oC 63.3 + 11.5def 83.3 +5.8bcde 80.0 + 17.3bc
CA 76.3 + 5.9abcde 98.3+2.9a 94.9+5.1ab
SC 83.3 & 7.6abcde 85.0 &= 8.7bcd 88.3 £2.9bc
GS 86.2 + 13.0ab 98.3+3.0a 100.0 £ 0.0a
GR 59.3 +10.2¢ef 64.4+5.1cde 88.2 + 5.8abc
LAB 100.0 £ 0.0a 100.0 £ 0.0a 100.0 £ 0.0a
GW 552+ 12.0a 72.4 + 15.8ab 93.1+5.9a
SI 17.2+10.4cd 41.4 +6.0cde 79.3 + 10.4abcd
HA 33.3 + 5.8abed 61.7 + 5.8abcd 68.3 + 15.3bcde
CW 22.0 +20.6bcd 54.2 + 13.4abcd 57.6 £7.7de
CcC 19.0 + 12.0dc 51.7 + 15.8abcde 53.5+18.6¢e
YG 33.3 + 11.1abed 37.0+ 17.0de 59.3 £ 6.4cde
AS 4754+ 7.7ab 66.1 + 10.6abc 81.4 £ 10.6abcd
Dinotefuran PT 61.7+10.4a 76.7+5.8a 83.3 + 7.6abc
Yl 25.8 +10.8bcd 55.2 +23.9abcde 72.4 +7.9bcde
SJ2 58.3+20.8a 48.3 + 16.1bcde 83.3+15.3ab
oC 60.0+17.3a 56.7 +23.1abcde 533+ 11.5¢
CA 40.7 £ 5.9abc 42.4 +10.6cde 61.0 £ 10.6¢cde
SC 38.3 £23.1abc 63.3 +2.9abcd 61.7 £ 11.5¢cde
GS 15.5+7.9¢cd 29.3 +6.0e 50.0 +7.9¢
GR 13.6+17.6d 59.3 + 17.6abcd 458+ 12.8¢
LAB 41.4+12.0c 63.8+10.3b 75.9+5.9b
GW 345+ 12.0f 58.6 £ 10.4de 58.6 +18.0g
SJ1 58.6 £ 10.4¢e 51.7+12.0e 79.3 £ 10.4ef
HA 78.3 + 7.6abcde 83.3+ 11.5bc 83.3 + 5.8def
CW 66.1 +2.9cde 83.1+12.8bc 94.9 + 8.8ab
CcC 74.1 + 8.9bcde 98.3+3.0a 98.3 +3.0ab
YG 58.6 £ 18.0e 65.5+12.0cd 72.4 +12.0fg
AS 86.5+7.7ab 91.5+2.9b 93.2 &+ 5.9abcd
Pyridaben PT 85.0 £ 5.0abc 88.3 + 7.6bc 93.3 +£2.9bcde
Y] 80.0 + 15.0ab 86.7 + 10.4bc 96.7 + 2.9abc
SJ2 65.0+ 17.3cde 85.0 £ 0.0bc 86.7 £ 5.8cdef
oC 70.4 + 12.8bcde 59.3 £ 12.9de 59.3+6.4¢g
CA 67.8 + 11.8cde 72.9+7.8¢cd 100.0 £ 0.0a
SC 65.0+ 8.7de 98.3+2.9a 98.3+2.9ab
GS 65.5+3.0de 74.1 £5.2cd 75.9 +59fg
GR 75.0 + 5.0bcde 88.3+2.9bc 98.3 +2.9ab
LAB 93.1+2.9a 94.8+52a 100.0 £ 0.0a
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% corrected Mortality (mean + SD)

Insecticide Population
12RC RC 2RC
GW 65.5+15.8¢efg 72.44+15.8d 100.0 = 0.0a
SI1 72.4 +21.5defg 86.2 £ 15.8bcd 96.6 + 5.9ab
HA 63.3 +7.6efg 80.0 =+ 5.0cd 100.0 + 0.0a
Ccw 98.3+29a 100.0 + 0.0a 100.0 + 0.0a
CcC 91.4 £+ 10.8abc 98.3 = 3.0ab 98.3 +3.0ab
YG 82.8 + 6.0cdef 82.8+6.0cd 86.2 + 6.0cd
AS 96.6 +2.9ab 96.6 + 5.9ab 98.3 +2.9ab
Milbemectin PT 85.0 + 8.7bcde 91.7 £ 7.6abc 93.3 + 5.8abc
Y] 91.5 £+ 2.9abed 98.3 +2.9ab 100.0 + 0.0a
SJ2 70.0 + 5.0efg 78.3 + 7.6¢cd 80.0 +5.0d
ocC 60.0 +20.0fg 76.7 +5.8¢cd 80.0 £ 0.0d
CA 65.0 + 10.0efg 733+ 12.6d 91.7 + 7.6bc
SC 75.0 + 8.7defg 98.3 +2.9ab 100.0 = 0.0a
GS 98.3+29a 100.0 = 0.0a 100.0 = 0.0a
GR 533+7.6g 81.7+2.9cd 95.0 + 8.7ab
LAB 100.0 +0.0a 100.0 = 0.0a 100.0 +0.0a
GW 20.0 = 17.3bed 23.3 +5.8efgh 26.7 + 15.3ef
SI1 18.3 +5.4cd 13.8 + 5.9ghi 17.2 +10.4f
HA 26.8 +2.1bcd 33.9+ 10.2cdef 35.6 +11.8de
Ccw 382+ 1.7ab 46.7 = 10.4bc 583+ 7.6bc
CcC 29.1 +3.5bcd 39.0 + 8.8bcde 55.9+2.9c
YG 10.0 +10.0d 10.0 + 0.0hi 133 +5.8f
AS 469+ 123a 66.7+7.6a 783+ 7.6a
Pyriproxyfen PT 18.6 +£9.9cd 10.0 + 8.71 . 18.3 +10.4f
Y] 22.5+13.0bcd 19.0 + 7.9fghi 44.8 +3.0cd
SI2 46.0 +4.4a 53.3+5.8ab 75.0 £ 10.0ab
ocC 17.7+15.4cd 33.3 +5.8¢cdef 40.0 = 10.0cde
CA 19.3 +6.9cd 21.7 + 11.5fghi 50.0 £ 10.0cd
SC 39.1+5.9ab 46.7 £ 2.9bc 51.7+2.9cd
GS 30.7 + 5.8abed 26.3 + 5.3defg 73.7+9.1ab
GR 25.3+£2.2bcd 46.7 = 18.9bc 58.3+5.8bc
LAB 34.2 £ 9.6abc 44.1 £ 13.5bed 45.8 +10.6¢d

YRC; Recommended concentration
bSee abbreviations in the collection site in Table 1

“Means followed by same lowercase letters within the columm are not significantly different (Duncan’s multiple range test, p < 0.05)

9LAB; Susceptible strain used in this study
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H(PROC ANOVA, SAS/STAT® 9.4 user’s guide, 2011)

o7 Axtsle] XA #FolE H| W] tH(Choi et al., 2023).

A9z AY A, w7t F5AE RS efs] ¢
3] Q91E-A(Factor analysis) 3} (PROC FACTOR,
SAS/STAT® 9.4 user’s guide, 2011), A& 3L H|238}7]
Qe BEEAAFEE(LCs)H 90% XA (LCh)= probit
-2 (PROC PROBIT, SAS/STAT® 9.4 user’s guide, 2011)
skt

A3 H7k= A 3AI8] (Resistance ratio; RR)QF WA=
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o] /2] 2 2ufFell A oFE z}o]7}F SIATH Table 3, 4).

A9EZ FY Al st oA whg-o] ThEA YERY]
T aon, oFgd Asho e 2|7k 2to) 7} AL,
293} oA, FEZ FEAEE FAXOE folstA Aol
7} A tH(Table 3).

FRATEAA HAE AEE2 flonicamid?] -5
AGAFANA 60.0% ©late] B AFES HloH,
TR AN 103%2] 7 WS AEES B
(Table 4). Fluxametamide= A%} 7HA|o) gt 2452

PR =7 el 82.8-983%9] &84S EMQU%,
MAT2] A 2E A2 FeolA 100.0%] =2 4588

A th(Table 4). Spinetoram> X% 7| Aol gk kA wF
30l 60.4~96.7%= thYstAl YERSTE. Cyantraniliprole
spinetoram} FAFSH S Hlom, 7P vk 2| o] &

oo ox 2 Jlm ol
o & ok i

o 2

¢

Table 5. Susceptibility to insecticides in Bemisia tabaci from field populations in 2022-2023

Flonicamid Fluxametamide
a)

" 9% L) 5% eL) Slope  SEY o ooy Sl SE
aw (1922.35?3'37.3) (132?%6-23)74.0) 140 0.16 (o_éé.o) (13.;_91' }9_1) 086 0.10
S (4675.2-27.29.7) @5 14312)(225()28.0) 156 017 (0,912%.7) (9;_52%_8) L1702
HA (9.31?3(1).7) (59 11.3?353(3)2.0) Lot 015 (3;;;0) (14.13?'239.7) Lot 021
cw (2853.;?4‘5)6. b (214?%3-22?27.0) 136 015 (2,%22.9) (18.34(255.1) 124 014
cc (4635.(9)-]7';;0.0) (218431%3-2'1067.0) 154016 (4,fl§,3) (21,385_392.6) 163 022
Y6 (63.2-%8.0) (3725.5-7é;0.7) 160 0.4 (4,49.'167,4) (93,]39_3'293.8) 097 0.5
AS 13.:?422.2) (1402%7-%1050.0) 169 017 (4,16.'170,5) (1232,2_69'29.4) 079 0.10
T messsy  aaseswse) P 00 053e 07460 145019
I (2132.3-7324.0) (1813.(2)2-2£22.0) 125 013 (2,3;2.2) (41.2?{20,7) 106 0.1
512 (340%?—5(;30.0) (241;‘%3-%;)67.0) 134 015 (0,53,4) (27.2?1'22,2) 084 0.10
oc (14.231-593.2) (309.662-‘1‘.7576.0) 088 0.10 (2_322.1) (443? 1'30,6) (U
cA (86.1é§2-?£6.5) (158431%3-22?00.0) 092 010 f;?g) (39?_5 1"3‘0,4) 120 0.2
5¢ (2473.3-6429.5) (2323?09-61'?444) L6 013 (3_;‘;2.3) (22_379_§)8.5) 142 017
S (2633.2-7422.4) (1435%6-43‘.3069.0) 163 0.16 (1.3123.9) (26;? 1'_2,4_7) 0.90 0.10
GR (273?-%32.9) (339(())%05-17.9588) 099 0.17 (4,822.5) (60,17?3;?8_6) o1 o1

LAB (1291.5-7235. 1) (19835?03-71.(())290) 058 0.1l (0.3;?.3) (5,3%'13 5.3) 134 013




402 2ptst - FeEh - ARl O34 - H2Q - ZEE - Sodavy Cnim - 0|EE - UER
Table 5. Continued _
Spinetoram Cyantraniliprole
LC LCo | .
Fop. LC LGy Sl SE 0 ; Slope
(95% FL) (95% FL) ope (95%8FL) (952/60 ll?L)
4. ' 0.18
1.6 >3.9 0.83 0.14 00 1.74
GW (0.7-3.0) (19.9372.6) (3.81—64.0) (18.5900. )
1. : 021
73 450 1.65 0.18 o 1.99
S (5.7:9.5) (323-71.4) (9.13-104.0) (37.565 4 )
1.2 153 1.15 0.12 ' ' 1.01 0.1
: : - 0.5-132.8
HA (0.8-1.7) (9.5:29.7) (2.(; 471.3) G 13 )
27 4.5 105 ol : A 132 012
cw (1.9-3.8) (25.2-99.6) (1.2-;3) (10.220. )
24 189 098 0l ‘ ; 143 014
ce (1.5-3.6) (28.5-106.5) : (2.1?.7) (14.;337.9)
30 150.6 0.75 0.09 ' 1. 069 007
YG (1.8-4.9) (67.2-501.1) : (0.3-;.0) (37.20229.5)
14 28.7 0.97 0.1 : o 1.01 0.19
AS (0.922.0) (16.1-65.9) (2.35-162.1) (28. - 0)
14 371 090  0.10 ' o 149 018
PT (0.9-2.1) (18.7-102.7) (3.2413.3) (23.25] 2 )
78 129.1 1.05 0.11 ' s 1.53 0.15
Yi (54-112)  (74.1-284.2) (2.3-4.1) (14.8 s )
8.1 . o2
1.8 80.8 0.78 0.10 ¢ 1.28 .
812 (1.1:2.4) (36.6-279.4) : (5.9-11.1) (50.281 :2.3)
6.5 . 016
1.6 187 1.19 0.13 - 1.67 .
0c (1.1-2.2) (11.9-35.3) (5.0-8.5) (261.27 > )
6.8 : 010
2.2 59-0 0.89 0.10 > 0.94 :
cA (14-3.3) (1.1-151.8) : (4.6-10.1) (80.;4;4.3)
6.9 . o
68 126.3 1.01 0.12 - 1.19 .
SC (4.5:9.6) (69.5-317.7) : (4.9:9.6) (50.24138.9)
28 . 013
3.3 937 0.88 0.10 ' 1.35 :
GS (2.1-5.0) (48.4-250.4) : 2.0-3.8) (153.3 14;;.9)
83 . 010
20 33.0 1.05 0.1 0.82
: : - 8-948.7
GR (13-2.8) (19.5-69.4) (5.20 192.8) (142 " )
05 6 128 012 : N 122 012
LAB (0.3-0.6) (2.9-8.7) (0.6-1.2) (6.3-18.9)
% 3 o] RE FxoA 100.0%
F(60.0%)90H, 7F =& AEELS 9K (94.9%) AT FExe] 2, FHAEES 12419 & 5ol A o
' ’ = =2 el [ex]
OIS 241 Sl B9 TR L AUH LA ol AAES BTl 4.
o] QI oL}, dinotefuran®] 739 AF&0] 7HE =2 A o Har 2 3 W
hy: 1 oF &
o] HE(76.7%)°1N o, 1 9] XL HeElxjART} v okM|H XEty o e 21 el
= o Q9o 324(29.3%) 7NA A28 AR L& A 2-S B4 7z R
& AFES BAoH, 7P W2 A9 34(29.3%) =g .
2ol Pyriproxyfen ol ek A& sy A< et oA LCsp?t LCy #t& 778 A3 Table 59k 23k
g, = ) = of A NAZES] LCyT LCy FHE
g, 8 XY AN 66.7% olste] A3zt YeRstth o BE A s A A ]O 15;/\1 905;1;}
(T’ble 4 vl Hebs=dl flonicamid®] 7-- A
: Sl mRol
5 Lo = z]a E“E‘ =l r,]._
2 AN A AL R o] 88 LABAIES 4% e LGyt LGy S ZHE ]ﬁo j} 5 - ];:W
i & 39.7%, dinotefuranc] T Fluxametamide®] LCy %2 G719 M A A5
s e o 440 5 3} 276.0 ppmo 2 AT ATl H|3| 24u)] ©]
S e . 21
3 63.8%, pyriproxyfenol] Thall 44.1%2] S+ A58 X 199.9 ppm pp

At 23y fluxametamide, spinetoram 22|l pyridaben
3% oFAloME 94.8-983%°] E2 oFA WEgo] UERRS

A% FREE,

w 53], cyantraniliprole} milbemectin®]

’} =)t} Spinetoram, cyantraniliprole Z22]3. pyridaben<
157 A|AEoA A4 AE Bk 22 LCsx?t LCo
< HB3°H, milbemectine AY AT LCso?}

=
E=

=0
=
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Table 5. Continued
Dinotefuran Pyridaben
T eme omory S SE om osery Sl SE
GV sassn  assassss M0 0N oanse)  amsaesn M2 01
St (15.275-338.0) (303,56].%'0752,0) 098 0.10 (17_212_'279'4) (1091.2_82'24_ 5 152 0.6
A onisy  ewssin M 0B gorasy  osisan 10 01
W gexine om0 06 @305 onanmg 0% 010
cc (1181.2‘-91'29.3) (6511.2?109'27.0) 091 0.1 (3_2;2,9) (81,10%815‘3) 155 020
Ya (51.687-5338.1) (3315.(2)-79'21.5) 146013 (7,11_1{3‘0) (1793‘;97'29.5) 089 008
AS (26.‘1‘—91.83.3) (246.64:{?1;)51.0) L5020 (31;7) (45_2_71'(6)1.7) 105 011
P maers wmenso M2 02 sy osasson 0% 010
Vo g @easso 2% 02 u93ig  emses M0 O
2 gras @assmn %% 010 e Gussoey 0% 008
€ Goams  gssrseleo 0 00 @Skn gosilay 12T 0
A (74.13(2?;110.8) (7631.(2)-629623.0) L8 013 (4_37_'120.6) (83.195_43"714.0) 096 0.1
5¢ (84.1332-?;1.5) (117%27044.0) Lot o (3;;17.3) (498_61'3;1.8) o4 ol
s (1922.;‘?3%9.9) (105;.5()33?21.0) Lot 017 (14.22]-551.1) (2293.?-7éé4.5) Lot ol
GR (1612.2-52%1.4) (616.835-%'3214.0) 207 020 (12.172%;6,3) (1733‘(9)_26'22,3) 105 0.1
LAB (17.29‘{'373.0) (1572.?-34;2.6) 129 0.4 (ij,g) (22;?2'33'5) 094 0.14
LCy %ol 178 wmto = wmjg- &2 744 ER7= resistance ratioy= <A AlSe EA7F Qlejopdt ARE
Dinotefuran®] 73-¢- A4 Al Hwsils v LCs, & e Aol slow, AFaet F A ko] gt

ANA E91e} AT AR FARE 2 BN, 2 9] A
AollM= Ha 340 o]} =A e Pyriproxyfen
Z3% % (ppm) ] LCs (3,178.0 ppm)Z+ LCs (17,098.0
ppm)ellom, AR AF thH] 63.6~34200= w5 =4
ERST

o) dAFor ATFAEE AP s Ada] fat
o] ThFk A9 @ ASF(RF, RR, SI, CEL PEI) 5% ©]
4319t Ahmad et al., 2009; Choi et al., 2023; Jeong et
al.,, 2017; Kang et al., 2023, 2024; Lee et al., 2023; Stard
et al, 2024). ZtZre] A #HH AFELS A8 A
I AA| ofelo|x ] A& S| A3y dtol] Algh o]
ATh. A SACIZHRF, Resistance factor)t A &/JH|(RR,

S1A) %= FEEo| Al

kS A AREse AREAF el SEE oA
o] A MY sEE 7Nt A8AE 7hxd A
2A A G 7R 4>(PEIL: Pesticide efficacy index) (Jeong et
al., 2017), WA & A 5*(CEL Control efficacy index)%] 7Y
Jo](Choi et al,, 2023; Kang et al., 2023, 2024; Lee et al.,
2023) AREJET ok A ZH A kAo g
LCy &S 31 7 AlgeAle] B4 T2 o] 834
£ Hashy| wiize] 7159 Adniv AH3IxE et
7] $18F probit w4 AptS A-8F SHoA A8 A
TR Hdsie] B ApoyE Zefel] Bel] AMEA e
WA A F(CEDE ARSIt kA 2 Afoa= 7t
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Milbemectin Pyriproxyfen
o (95L°§ FL) (95L°/S Fy  Slpe  SE (9513/%&) (9513/3"F°L) Slope ~ SE
W gsin 5459 B O ouadsome  gadeosrsy M 007
> (0-3;3-4) (1-5;471.9) 130 0l (71.172'382.1) (6801.§-336§20.0) 136 023
B oros  ersa MO 0% siliDg gmssne 2 009
W (2.321.0) (9.21-1i2.1) 242 024 (25_343_;;64.3) a 5023%%28.9) 157 0.5
«c (0-2;(5).7) (1.5;31.3) 185007 (58.8—6 i(7)o. ) (426.616.}'2768.0) 137 0.16
Y6 gshn ezize B OB Gogiams)  gsermsese 18 022
A g2ey  arze 0 05 (oghng (4aagse) M7 o
T o2e e2e 0 M2 ogins  eetissg 1P 02
VI odbe  aoie 1016 (Flheen (amoaa 130 015
2 o305 easn MO OB ((¥Ne  gonsse 0% 010
€ gloyn eamy MO0 O gl sz 136 06
A (0-21-1) (4-3%234-3) 117 0.16 (66.2—3 122 1) (7441.5-5296.(1)4.0) 114 0.11
>¢ (0-(1);(2)-3) (1-11;;1) 1340 (53.;-5 1 35.9) (6601. % -626i(5)3.0) 108 013
@S 0203 (1.53.5) 160 0.5 2h9) 148722 122 02
R o205 asrn MO0 slen ssasen M4 O
LB olon ety B OM oy (esims 09T o1

“Pop; Population, See abbreviations in the collection site in Table 1, "FL; Fiducial limits, “SE; Standard error.

AR L] AGASE A58 A4 A3E viEoE RRY
CEIZ 73om, LABASS Z83 48 53 AdH
L= volslat 9 ti(Table 6).
Flonicamid| A& LABAIES £33 &
10 o]’3¢] CEIE Yepld=d Fok S5 A GA1GA
747} 10.6, 12.52 718 @kt o= LABA% 76.75T)
UTH(Table 4, 5, 6). 23 ¢ty 23 A GAEEY
RRE 2% 0.12 Yo} Ahmad and Arif (2009)8] A 34%]
T W9 M= ol SRR A2 Aol
AE 60.0% ©]3ke] e XARES B, LCsp LCo B
AA FHAFE UH] =2 F£AE Hof RRE} Ao-&7k A
vkl S Bt olde Axbe A3 du]el ofAle] A
Hcgj]q o2 o] 71*@741&_4 €9}21/H

o &gk Zlo| ALt RR7F 7geollA o] WAl axtel =& 2
o7} EAE F Aeg YAl

Fluxametarmde—‘E CEI} &7(4.4)8F o4 (6.1)004 =
A4E BA=E RRE (1048 8 (7.2)004] iﬂ]
‘/}E}‘Xk‘:}. o] F AAATE LCyolH 7HE =& FXE B
QY AlEold, LABAIES CEL= 028t Spinetoram,
cyantraniliprole, dinotefuran?} pyridaben 7} |75 ¥
2 A7 s Vb o m, A3 W] 7]
o Y3l UeS AT Table 4, 5, 6).

Milbemectine CEI7} 0.2~1.8Z 157 A A% Z5FolA]
Az G 7P o Qo7 Jeton, o): gFo oF
A FAME A o] 7P =%ov, Hd Z]Oiﬁ]EJ
RRE 3172 %7 YERt LCs#t LCy B CEIS} 2ol &
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Table 6. Resistance ratio (RR) and control efficacy index (CEI) of field populations B. tabaci for each insecticide
Pop Flonicamid Fluxametamide Spinetoram Cyantraniliprole
RR? CEI? RR CEI RR CEI RR CEI
GW 1.3 414 1.4 0.9 34 22 5.4 0.5
N 32 78.2 1.3 0.3 16.2 1.8 12.7 1.0
HA 0.1 29.7 44 0.4 2.5 0.6 3.3 1.1
Cw 2.0 66.7 3.1 0.7 5.8 1.8 1.9 0.3
CcC 32 66.8 6.3 0.8 52 2.0 3.1 0.4
YG 0.4 10.6 10.4 4.4 6.5 6.0 1.3 1.6
AS 1.8 39.4 7.2 6.1 3.0 1.1 5.5 1.8
PT 1.0 40.3 2.5 0.4 3.0 1.5 6.2 0.8
Y] 1.5 60.6 47 1.6 16.9 5.2 3.5 0.4
SJ2 24 80.6 1.6 1.1 3.9 32 9.1 1.6
oC 0.1 12.5 4.6 1.8 3.4 0.7 7.3 0.8
CA 0.7 64.8 6.1 1.5 4.7 2.4 7.6 3.1
SC 1.8 85.9 5.3 0.9 14.6 5.1 7.8 1.6
GS 1.8 41.3 2.1 1.1 7.1 3.7 3.1 0.5
GR 2.5 189.0 6.3 2.4 43 1.3 9.3 6.0
LAB - 76.7 - 0.2 - 0.2 - 0.2
Pop. Dinotefuran Pyridaben Milbemectin Pyriproxyfen
RR CEI RR CEI RR CEI RR CEI
GW 1.1 2.5 7.6 1.5 7.0 1.8 272.7 342.0
N 1.0 5.1 104 0.8 2.6 0.3 12.2 24.7
HA 1.3 4.1 13.1 2.7 2.3 0.9 11.0 28.7
Cw 4.7 10.2 6.1 23 31.7 1.2 29 4.4
CcC 6.1 10.0 2.7 0.8 5.0 0.3 6.6 13.2
YG 2.7 5.1 5.4 1.6 7.5 0.8 22.9 25.4
AS 2.0 6.4 2.1 0.4 22 0.2 1.3 3.7
PT 1.9 6.6 3.6 1.0 2.8 0.3 6.4 16.6
YJ 3.8 3.9 10.0 2.0 5.1 0.5 18.7 42.0
SJ2 1.2 9.7 8.3 22 3.7 0.3 22 12.0
oC 1.9 19.8 2.8 0.3 1.9 0.4 9.6 19.7
CA 42 12.7 3.3 0.8 6.1 0.8 8.1 252
SC 5.0 22.5 2.3 0.4 1.7 0.2 6.5 233
GS 9.9 15.4 9.9 2.0 22 0.2 2.7 7.0
GR 8.3 8.5 8.4 1.5 3.0 0.3 7.1 21.8
LAB - 24 - 0.3 - 0.1 - 49

JPop; Population, See abbreviations in the collection site in Table 1, "RR; Resistance ratio, “CEI; Control efficacy index

% H(Table 5, 6)

Pyriproxyfen 9] A|97A1%5°I4 CEI (342.0%F RR
(27277} 7P =eH, Add A4 AelA LCyol F
AE% ] 342802 7 E=34TH(Table 5, 6).

Flonicamid= EH|7}Fo|] ZE|EH] wa} Z7] Aolsh
a37F BuEJE Roditakis et al. 2014y 3} o=
AN A ZoE vieg o0& YRR Aol A
a7} = 31903, Abbas-Igbal et al. (2022)2 &3} A

FolH AAH Bt YA koI T Rkt

31 ST B ATFIME ofo) o sk WA vheRd

OF F AT Ak fAMA e TS BT B 7

AR 2Fee] A0 o18F LABAFAA 767

o =& CEIE Bol 44 AYY A5 <@ 83t 749l
1=l

LEHAA ol el -

A ep) 540 e we s 4%
Ao kgl /1A 1% B B 7 A%

4 B7PrEeg slog Addn.
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ol Aol e IS LABASS MEDAF
o7 AZLHYOH(Kim et al, 2021), MEDAIES 74
biotype Q= neonicotinoidAl FAloIA HTHA o2 whe A
FEAL HATHLee et al, 2012). T3+ ] Guj7REol=
MEDAE¢] F2 231 Qe 02 FAEATHGuo et
al., 2022; Kim et al., 2021; Lee et al., 2012).

WA AFolMe FE LABANS Fui7FFol9] biotypeell

WE 4TS Bl ASS Tefslel BE A A v
WE AP FER olgEoL}, B AFNE F) A

=5l Sl ofAlell thek ofAl whe-& metate 7k Ao JHA|
o] Bl E Fa A LS petetarat el

LABAIEIA flonicamid’} W& 4% 243 Hole A
< 1990th FRHRE] shEEe] Fow, 200593 20061
off AlA of&] yetolld ARHJAL, euete 2 F sk
o]th(Morita et al., 2007). St A= 20058 X QER
s} kol H$ FS5o] Mg, B 48
=3 g1 dll%o] SEIATHRDA, 2024). Dinotefuran
& 2002'd STARKLE™ 31 ALBARIN™o|2k= o]F2.
R EA|Ho] D] AREHJSH(MCCLS, 2024),
vt E 2003 Q0] Fuj7hFold As SEEAT
(RDA, 2024). Pyriproxyfen Ishaaya and Horowitz (1995)
o] ArollA Fuj7olet 47ROl 4R AFol S
E=EAF F G Yo Bakge] tigk AFE AYsidi=t,
ojuf o]&-3t AFA AL 19919 ANFH MALLZE o]
n] e & AREE AS5T Aem Busiieh S
M= 2008 Qo] FujrpFolel A7l A 55
5 ATHRDA, 2024).

B dollM ARESE LABAIES oFl MAIES Mg sto]
Q&M 717k o AR AR R AR FA] olw] 3] oF
A (Flonicamid, Dinotefuran, Pyriproxyfen)ell thgt # 34
/AL ofw] HESFL ANUS NP e] =9k& Ao A7}
= o] & QI A AR BHrh W2 XS B A
o= A7hEr}, 12]3 Ahmad and Arif (2009)2] 1704
A THAE & 2E Al LCsy #tol 33E] w2 7HA
& A vlaLslr] 913 v JjAlE s AN e
o, gt A AlSS ofARE FRI| VEew ks
T STl stod LABAISS 528 A AFE 918 of
o] Als 7¥el Wit o7 ARg-Sh]ol| Agteitial detEy,
flonicamid®} pyriproxyfen?] 739 F714 A5e] 283
Aow AlRE,

B AT A PR3 ABY AL B3 839 oA
o hek 582 ¥l B, A RR)SH A
SIAF(CEDE T8 A 2 =g ddsisit. o]
A AFeME A H71E ¥ o2 Ahmad and Arif
(2009)= Resistance Factor (RF)E A|SHsIoH, #d4do]
RF = 1°]¥ g1, RF = 2~10°]H w9~ W&, RF = 11~20

2 - 2 ZE - Sodavy Gnim - 0|52 - HIEH

o] & RF = 21~500|H %, RF = 51~1000]H =<,
RF > 1000]H 1]-¢- =502 A3tk RF 32 ok
MAL] zF Al 2FAlll th8 LCs, 35S LABAIE2] LCs,

ol Uro] AEsh 2102 o]F dAtoA RRY ARG
om 2 #j4sle] o]&-5FH tHAhmad et al., 2010; Basit et
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