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Abstract: Bemisia tabaci Gennadius, one of the most invasive insect pests, has
spread quickly nationwide since it was introduced to South Korea in 2008. The use of
insecticides is the main management strategy for this pest, but the control efficiency
has been decreased due to insecticide resistance. We collected 12 local B. tabaci
populations to investigate the regional differences in efficiency and observed the
mortality from 14 commercial insecticides applied at recommended concentrations (RC)
and dilutions (0.1 RC and 0.01 RC) using the leaf dipping bioassay. Except for etofenprox
(46-64%), thiamethoxam (37-60%), pyriproxyfen (21-61%), and pyridaben (61-65%),
the other insecticides showed excellent insecticidal efficacy of 70% to 100% at their RC.
In particular, flupyradifurone, emamectin benzoate, and cyantraniliprole showed high
insecticidal efficacy of over 90% in all of the tested populations. Some insecticides that
rapidly decreased in activity (less than 30%) at diluted concentrations or showed high
resistance levels in nearby regions were classified for cautious use due to the possibility
or potential to develop resistance. The results provide selected insecticides for B. tabaci
control by region and could contribute to reducing insecticide abuse and increasing
insecticidal efficiency in farming fields.
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(Bemisia tabaci Gennadius)= 715 HI7F vi-¢- Hol A
i—?‘r? 23Rt 6009 T A2 AF A o= Thsfisto] &

tHE AAtel] 2A] meE 1 QUnk R HHjrbRels E
U}Eﬂﬁr% FeHto] 2] 2 (Tomato yellow leaf curl virus,
TYLCV) 5 2005 ©]42] Hto]#H{AE uj7fist= Ao
2 <A Qlth(Abd-Rabou and Simmons 2010; Navas-
Castillo et al. 2011).

HHj7 Rol= ﬂﬂ % AoE o= 1998 A5 T B

A=A o] % = wWEA ZAikste] tiFEo] Al
A 9 2] A ﬂ‘%ﬂﬁ =L QAT (Lee et al. 20005
Guo et al. 2022). BHj7FRol= 7|FE 0] oL} Hio|# A
UH7H*JI REZQ] EAo|A AFolE Kol 24%F2] AJE]
o] Z\Ei H =]t} (Perring 2001). L2y 22
ofl= ol Zo] ofuzt FEjA o= o] ofHR 40
7N ol EHT (cryptic species complex)= 3
At ok &2 A 1tk (Lee et al. 2013; Lee and Lee
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A Tl mE ofm APt Hale v 31t (Jeong et al.
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oFA o] thet FHf7}Ro] AP/do] A=A o R Bar]of 9]
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Table 1. Collection site and collection date of Korean Bemisia tabaci populations

CUHEREREEE:

2 FA% 2o

Group Collection site Collection date Host plant Coordinates
GG_AS Anseung, Gyeonggi Aug. 03. 2021 Soybean 36°58'15.6"N127°11'49.7"E
GG_GJ Gwangju, Gyeonggi Oct. 06. 2021 Tomato 37°58'15.6"N127°11'49.7"E
CN_NS Nonsan, Chungnam Aug. 04. 2021 Pepper 36°13'53.5"N 127°06'03.9"E
CN_DJ Dangjin, Chungnam Aug. 04. 2021 Pepper 36°47'54.7"N127°41'25.6"E
GB_SJ Sangju, Gyeongbuk Aug. 04. 2021 Korean melon 36°25'64.9"N128°09'40.8"E
GB_AD Andong, Gyeongbuk Jun. 30. 2021 Korean melon 36°33'20.3"N128°29'37.2"E
GN_CN Changnyeong, Gyeongnam Jul. 23. 2021 Pepper 35°24'30.3"N128°29'13.5"E
GN_JJ Jinju, Gyeongnam Jul. 29. 2021 Pepper 35°14'39.3"N 128°08'15.0"E
JB_WJ Wanju, Jeonbuk Jul. 20. 2021 Cucumber 37°13'24.9"N127°02'471"E
JB_JE Jeongeup, Jeonbuk Jul. 20. 2021 Cucumber 35°37'25.8"N126°51'34.6"E
JN_SC Suncheon, Jeonnam Jul. 29. 2021 Cucumber 34°55'02.7"N127°30'55.5"E
JN_GH Goheung, Jeongnam Jul. 21. 2021 Tomato 34°57"17.1"N 127°20'11.6"E
628 ©2023. Korean Society of Environmental Biology.



fgot= F71% A, A, S =AALL BRIAL
FEANGR AE FFA, AFAL A FFAL, AFA
2|3 AR 291 AE A, AAA, A 1A, 2L
T 5 1270 Atoldth(Table 1). 2021 6204 10Y
THA] A QA 2] FAE 2R A A &, 2|9

2 FES}o] ofm A 0]Z] (25 x 25 x 30 cm?) Ulof| A ]l
FHAA T30 ol E sFot 2~3At] AR85E Tt
AEERAL 2% 25+2°C, FHGE 60 +5%, F=71 16L:
8DO] Tt

2.2, A|HFH|

Aol ARERE AFAl= FEirERol AE sl A
FAo g SEH Y LUFEHLo|EAR] acetamiprid 5
SHA (28 20%, A8 AT, dinotefuran
2314 (10%, 241, imidacloprid 42314 (8%, I
YI), thiamethoxam YA<=38HA| (10%, °teteh 5 4%
¥} tjotmto] EA| cyclaniliprole 5~8&4 (4.5%, 2HH&h),
ngio]) 5 2%, 19 o
A (20%, AlHI=), 223
sulfoxaflor Y4524 (7%, 2E#|°]E), flupyradifurone
HBA (17.09%, AIVHE), spinetoram 44814 (5%, <

o]
A E), emamectin benzoate 4 (2.15%, °ll°|&), pyri-

cyantraniliprole A (5%,
gl 22 0]EA etofenprox
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(10%, Bxtel)), pyridaben 2141 (20%, A1) 5 %71
zho| th2 7} 155 235t F 145019129 (Table 2), ZF
Z+o] oAl E Sl A E R 84 ote] ARESHAATE.

Insecticide resistance action committee®]|
A Aeket A& #016 (IRAC 2023) 7} -F-AFS! Jeong et al.
A4 (leaf dipping method)& ©]-&5F%
ASAE 24 A=l A SRGTE 345t 5] A
o @o] & AW (A7 3.5cm)= THE0] 3027 ARG =,
FE QoA 3027t AxAIZE B2 0.8%2] agar HI
25 #HEZH 4] (®5%h 1.5 cm, SPL #310050; SPL Life
Sciences, Korea)©l| F-o] 31 th3 11 flof] AFA A=
T Azt eoldHg SlHo] 97 oM STt &
HEH AT 200t 4 HFoHaL A
P71 W (25+2°C, 60+5% RH,
oL, ASAE A2 & 2AE et
18] AR5 ZALSEAT 50 AP of s AAI ]
(Olympus SZX12; Olympus, Japan)< ©|-8-5Fo] 5T
2 AE 252 , 22 Y] f-FE Ttk
ASES FAY AJATES LT HAEASE (%)
= 59991 (Abbott 1925), ZE A A& 3o

N 2

o2y ui

AS3e

proxyfen 54| (10%, 417]5), pyrifluquinazon /d5=2HA] A AT
Table 2. Tested insecticides

Insecticide Formulation® RC*(mg L™ DT®(day) Chemical group (IRAC #)
Etofenprox EC? 200 2 Pyrethroids (3A)
Acetamiprid WP 40 4 Neonicotinoids (4A)
Dinotefuran WP 100 4
Imidacloprid SC° 40 4
Thiamethoxam WG 50 4
Sulfoxaflor WG 35 4 Sulfoxamines (4C)
Flupyradifurone SL® 85.5 4 Butenoides (4D)
Spinetoram SC 25 3 Spinosyns (5)
Emamectin benzoate EC 215 2 Avermectins (6)
Pyriproxyfen EC 50 4 Insect growth regualtor (7C)
Pyrifluguinazon WG 50 4 Pyridine azomethines (9B)
Pyridaben WP 200 4 Pyridazinone (21A)
Cyclaniliprole SL® 22.5 3 Diamides (28)
Cyantraniliprole EC 25 3

“EC, Emulsifiable concentrate; WR Wettable powder; SC, Suspension concentrate; WG, Water dispensable granule; SL, Soluble concentrate

®RC: Recommended concentration for Bemisia tabaci control
°DT: Discrimination time after insecticide treatment in bioassay.
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Table 3. Mortality of Bemisia tabacilocal populations from treatment with pyrethroid (3a), neonicotinoid (4a), sufoxamin (4c), and butenolide
(4d) insecticides

Insecticide?
Local
group* Conc.? Etofenprox Acetamiprid Dinotefuran imidacloprid Thiamethoxam Sulfoxflor Flupyradifurone
' EC WP WP SC WG WG SL
RC 51.8+4 100£0 1000 98.3+2.9 58+23.3 100£0 1000
GG_GJ 0.1RC 255+119 514+6.4 98.3+£29 96.3+£3.2 23.7+5 92.5+4.8 1000
0.01RC 19.4+77 213+2.2 59.8+£8.6 75.4+9 77+£6.7 90.8£5.6 73.5£3.7
RC 53.6+10.4 98.6+25 1000 76.56+4.3 36.9£13.2 95.5+4.5 1000
GG_AS 0.1RC 16.7+£8 39.2+5.8 69.2+75 21278 30.7£14.5 45.9%6.2 89.1£19
0.01RC 55+4.8 419156 317158 16.2+9.5 23.8+1.1 38.9+14.1 125+09
RC 77+8.6 1000 98.6+2.4 96+0.3 575+16.7 1000 98.3£29
CN_NS 0.1RC 40.5+£4.1 80.4+8.3 54.4+59 75.7+15.1 57977 93.6+4.1 93.7+73
0.01RC 22.6+6.9 61.1x£12.7 52.3x+0.2 65.4+4.9 48.7+£5.3 85.7+£1.2 40.5+£10.5
RC 1000 1000 87.3+4.9 93.1£25 78.3%£2.9 98.6+£25 1000
CN_DJ 0.1RC 32.6+£11.6 85.9+19 59+18.9 702+2.2 30.3+£10.5 35.8+£8.7 98.6+2.4
0.01RC 23.5+13.2 53.4+15.1 229426 714154 39.2+5.2 18+6.2 32.7+134
RC 71.1£14.7 100£0 100£0 100£0 71.7x29 84.3%£5.7 1000
GB_SJ 0.1RC 253178 514+6.4 100+£0 945+2.8 25.4+12.6 35.7+£6.8 98.8+2.1
0.01RC 11.1£59 213+£2.2 1000 84.5+2.6 13.8+£1.6 275+£13.3 79.6£9.1
RC 100£0 100+£0 98.5+2.6 100+£0 81.1x5.1 971+25 100+£0
GB_AD 0.1RC 171+8.8 19.8+6.1 25.1+12.6 85.2+6.4 17978 44.3+3.6 93.6+5.5
0.01RC 9.7+£6.4 12.4+0.8 16.3£35 66.7t4.2 17£5.3 476+5.9 16.9+£12
RC 459+79 100+£0 81.8x8 949+14 60.2+13.9 75.7+6.6 100+£0
GN_CN 0.1RC 258+5.3 314+11.9 34.4+14.1 85.5+£3.9 41.8+10.1 30+9.6 814+8.2
0.01RC 13.6+£2.7 451+£6.7 21776 69.6+3.2 271112 252+73 378+9.4
RC 1000 7431124 1000 1000 75.5+1.2 82.8+11.2 1000
GN_JJ 0.1RC 20.4£14.1 177+0.5 1000 1000 215+145 285%16.5 1000
0.01RC 22.2+15.6 10.7£3.1 100£0 100£0 271131 17.8+15.9 100+£0
RC 88.2+£3.3 1000 9191 85.8+12.4 59.3+£21.6 90.9£9.1 1000
JB_WJ 0.1RC 20.1+4.8 36.3£11.5 44.4+9.8 28+13.7 222+M 29+6.3 78.5+176
0.01RC 204159 9.3+4.9 21.8+9.7 16+9.1 12.6+3.1 12944 15.9+56
RC 1000 98.4+2.7 92.8+9.1 96.2+6.7 478171 945+6.4 1000
JB_JE 0.1RC 30.7£6.3 26.7+5.7 28.2+11.1 66.1+10.8 14.7+1.3 53117 88.4+6.7
0.01RC Nn.8+77 74+£3 28.8+4.2 65.9+13.8 11.9+48 4371125 41110
RC 63.9+71 100£0 974+4.4 98.4+2.7 52.7+9.5 1000 1000
JN_SC 0.1RC 43.9+74 254+11.6 64.4+10.8 88.7£3.1 314+12.1 879+72 92.7+5
0.01RC  39.1%x3.8 13£10.9 55.4+15 76.4+3.5 20.2£3.1 81.8+6.8 356.3%£73
RC 66.2+6 100£0 95315 100+0 86.7+£12.6 95.8+0.5 100+£0
JN_GH 0.1RC 23.1£10.8 1000 46.6+18.4 589+16.4 50+16.4 26.3+9.2 972+24
0.01RC 22.3+4.1 17771 37.7+88 51.6+10.9 33.4+6.6 14.2+58 23.2£5.2

2EC, Emulsifiable concentrate; WP Wettable powder; SC, Suspension concentrate; WG, Water dispensable granule; SL, Soluble concentrate.
®RC: Recommended concentration for Bemisia tabaci control.
*Detailed information on the local group can be found in Table 1.
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Table 4. Mortality of Bemisia tabaci local populations from treatment with spinosyn (5), avermectin (6), IGR (7a), pyridine azomethine (9b),
pyridazinone (21a) and diamide (28) insecticides

Insecticide®
Local
group* b Spinetoram Emamectin Pyriproxifen Pyrifluguinazon . Cyclaniliprole  Cyantraniliprole
Cone. sC benzoate EC EC WG Pyridaben EC sL EC
RC 98.7+2.3 100+0 100+0 81.1£0.8 93+8.6 96.8+5.5 98625
GG_GJ 0.1RC 879+2.6 98.6+£2.5 125+3 80.9+£17 89.4+£3.9 95.2+0.2 86.6+£76
0.01RC  454+6.3 51.9+73 14.8+8.5 771+£0.9 22.8+13.8 17421 9.8+34
RC 98.4+2.7 100+0 20.8+73 100+0 90.1+£6.7 89.7+5.1 100+0
GG_AS 0.1RC 845+2.3 100+0 21.6+£3.4 100+0 225+94 19.4+£9.1 727172
0.01RC  13.1£3.3 74.5+£72 233174 86.9+14.6 18.1+£6.5 17+6 18.6+9.2
RC 93.7£M 100£0 614+11.4 100£0 98.3+£2.9 100£0 100£0
CN_NS 0.1RC 86.7+5.7 100£0 445+73 98.3+£2.9 89.6+£6.3 100+£0 90.9+4.8
0.01RC  33.6x77 55274 453+5 89.4+2.6 61.7+14.4 69.5+13.9 63.1+£8.5
RC 100+0 100+0 61254 100+0 61+5.2 87995 93.7+73
CN_DJ 0.1RC 90.5+4.5 100+0 52.7+3.4 100+0 43.7+3.4 10.9+6.9 31.1x54
0.01RC  60.7£19.2 69.7+£12.7 44.4+12.4 94+6.6 14.2+4.6 16.8+£3.7 16.8+£3.2
RC 100+0 100£0 100+0 972+24 98.4+2.7 98.5+2.6 100+0
GB_SJ 0.1RC 82.8+77 100+0 275+8.3 84.8+2.7 97+26 39.5+10.7 69.2+13.8
0.01RC  30.6+16.8 75.8+10.1 23.8+6.9 58.1+4.8 89.2+10.3 13.5x4.7 32.319.1
RC 100+0 100+0 56.3+13.8 93954 100+0 100+0 98.3+2.9
GB_AD 0.1RC 98.7+£2.3 100£0 156.56+6.8 75.6+£13.6 93.1+£0.2 94.1+6.6 79.5+72
0.01RC  379+124 46.8+9.5 15.2+4.9 19.1+10.2 15.7+8 50.9+15.2 12.6+4.9
RC 985+2.6 98.6x+2.4 46+20.5 91.6£6.5 78.716.1 977x4 100+0
GN_CN 0.1RC 80.2+11.2 96.2+0.1 42.4+9 86.5+9 66.2+8.7 43.6+£19 94.4+6.7
0.01RC  33.7%£85 60.9+8.7 29.1+£73 53.7+13.1 43.8%5.5 34+8.8 31.2+£9.2
RC 98.7+£2.2 98.7+£2.2 76+£9.3 98.7+£2.2 90.2+10 73.8+£177 98.6+£2.5
GN_JJ 0.1RC 90.8+5 97125 2814 972+2.4 40.9+£10.7 8+6.4 46.4+10.7
0.01RC  65.2+£10.8 51.9+£16.9 254+18 85.4%10 33.2+£13.2 42+4.2 20+54
RC 7616 100+0 39.6+6.7 88.1+£114 65.4+4.7 86.1+£12.2 9715
JB.wJ 0.1RC 25+18.6 100£0 20.7+£8.1 85.8+5.9 33+£18.6 34.5+£16.3 74.6+3.3
0.01RC  15.3+125 75.5+8.3 19.3+8 4294122 12.9+3 16+71 23.7+5
RC 100+0 100+0 100+0 96.9+2.7 86.9+6.8 100+0 98.3+2.9
JB_JE 0.1RC 80.9+5.8 100+0 22.1+13.1 90.1+3.7 71x13 98.4+2.7 795172
0.01RC 22339 477+ 14 11.9+4.6 68.1+£79 255+13.4 14.8+6.3 12.6+4.9
RC 100£0 100£0 100£0 100£0 86.5£6.1 100£0 100£0
JN_SC 0.1RC 95.5+45 97+5.2 22.2+4.9 945+2.8 80.8+5 95.4+4.8 90.8+5
0.01RC  215+34 68.4+0.5 17+£3.2 68.6+77 44.1+20.7 253194 3351128
RC 98625 100+0 98.5+2.6 100+0 80.9+12.3 91.2+4.3 100+0
JN_.GH 0.1RC 74.8+15.3 98.4+2.7 50+2.2 98.4+2.7 50+ 71 32.7+£1 73.5+£5.7
0.01RC  154+54 812175 24.7+72 98.7+£2.2 30.6+14.9 15.2+9 42.1+12.6

#EC, Emulsifiable concentrate; SC, Suspension concentrate; WG, Water dispensable granule; SL, Soluble concentrate.
®RC: Recommended concentration for Bemisia tabaci control.
*Detailed information on the local group can be found in Table 1.
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Mortality(%) in RC

Insecticidical response of Bemisia tabaci

Mortality(%) in 0.1RC

_GJ|GG_AS|CN_NS|CN_DJ |GB_SJ |GB_AD|GN_CNGN_JJ |JB_WJ [JB_JE [JN_SC

Etofenprox EC

Acetamiprid WP
Dinotefuran WP
imidacloprid SC
Thiamethoxam WG
Sulfoxflor WG
Flupyradifurone SL
Spinetoram SC
Emamectin benzoate EC
Pyriproxifen EC
Pyrifluquinazon WG
Pyridaben EC
Cydaniliprole SL

Cyantraniliprole EC

GG_GJ|GG_AS|CN_NS|CN_DJ |GB_S) |GB_AD|GN_CNGN_JJ |JB_WJ |JB_JE |IN_SC |JN_GH >90%
70-90%

30-70%

<30%

Fig. 1. Heatmap showing the mortality of Bemisia tabaci populations at each insecticide concentration. RC, recommended concentration;
0.1RC, 10-fold RC dilution. Detailed information about abbreviated local groups can be found inTable 1.
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