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Abstract In this study, we analyzed the point mutations of the field-collected cotton aphids, Aphis gossypii
Glover, and selected effective insecticide and established the integrated pest management programs. The
susceptible strain and the six field populations showed low mortality of less than 55% against seven
insecticides. As a result of point mutation analysis, L1014F (A-cyhalothrin resistance-related point mutation)
was not found, and M918L (fenvalerate resistance-related point mutation) and R81T (imidacloprid resistance-
related point mutation) were found in all populations. To select effective insecticides against resistant aphids,
11 insecticides were treated in the susceptible strain and the six field populations. As a result, three
insecticides (cyantraniliprole, pymetrozine and afidopyropen) showed over 90% of the corrected mortality. In
addition, the LTs, value was less than 52 h, which was more effective than other insecticides. When these
three insecticides and insecticides with different mode of action (bifenthrin, sulfoxaflor, spirotetramat) were
alternately sprayed, the control effect was the most excellent.

Key words Aphis gossypii, point mutation, fenvalerate, imidacloprid, systematic treatment strategy.
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Table 1. Information of A. gossypii populations which collected from field

Populations Date collected Region Host
Yesan (YS) 2021. 08. Sinam-myeon, Yesan-gun Cucumber
Nambhae (NH) 2021. 08. Seolcheon-myeon, Namhae-gun Cucumber
Gurye (GR) 2021. 05. Yongbang-myeon, Gurye-gun Cucumber
Sangju (SJ1) 2021. 08. Modong-myeon, Sangju-si Cucumber
Sejong (SJ2) 2021. 07 Yeonseo-myeon, Sejong-si Cucumber
Chungju (CJ) 2021. 05. Heungdeok-gu, Cheongju-si Cucumber

Table 2. Information of the tested insecticides

Common name Mode of action Al (%) Formulation” Recommended conc. (ppm)
o-cypermethrin 3a 2 EC 20
Bifenthrin 3a 1 EC 10
Esfenvalerate 3a 1.5 EC 15
Fenvalerate 3a 5 EC 50
A-cyhalothrin 3a 1 EC 10
Acetamiprid 4a 8 WP 40
Clothianidin 4a 8 SG 40
Dinotefuran 4a 20 WG 100
Imidacloprid 4a 8 SC 40
Thiacloprid 4a 10 SC 50
Thiamethoxam 4a 10 WG 50
Sulfoxaflor 4c 7 SC 35
Flupyradifurone 4d 17.09 SL 85.45
Pymetrozine 9b 49 WG 98
Pyrifluquinazone 9b 10 WG 50
Afidopyropen 9d 2.5 ME 12.5
Spirotetramat 23 22 SC 110
Cyantraniliprole 28 10.26 oD 51.3

 Active Ingredient.
® EC; emulsifiable concentrate, WP; wettable powder, SC; suspension concentrate, WG; water dispersible granules, SL; soluble concentrate,
ME; micro-emulsion, OD; oil dispersion.
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O}OjE‘r PCR ¥H&-2 1 pl (5 pmol) template?} Accupower®
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2 94°CoA 55, 94°Coll A 30%, 60°CAlA] 303, 72°CellA]
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41.9%°] W& AFES HATE Acetamiprid®] 7% SI2 F
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Addsiiet. ofel ol A9e] EshinlEs WAlste] 7% channel (vgse) AR ZALSEITH(Table 5). 2 23, 2-
2007H] o] AHF sk Qo] F7ke] HAA A (2 cyhalothrin A3 ¥ A %ol L1014F BE °F9
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Table 3. Primers used for amplification and sequencing
Insecticide Gene Mutation Primer Primer sequence (5°-3%) References
) i CA _GPA bl-F GGCCGTGTTCTTCGTCTGTTCA Koo et al.
Imidacloprid nAChR R8IT ’
CA GPA bl-R  CCCAAGTTCCGGATTTCCAGTAGT 2014
, KDR_DPI1 TCTTGGCCCACACTTAATCTTT Marshall et al.
A-cyhalothrin L1014F ’
KDR_DPI4 CTCGCCGTTTGCATCTTATT 2012
vasc
& Ag-F GTGCCTAACGGTCACTAT Chen et al.
Fenvalerate MOII18L ’
AgR CAGATGCCAAGAAGAATG 2017
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Table 4. Susceptibility to 7 insecticides in the S strain and field-collected populations of 4. gossypii
Populations Insecticide n Mortality (%) Insecticide n® Mortality (%)
S 60 100.0 £ 0.0a 60 100.0 £ 0.0a
YS 60 10.4 £ 5.8b 60 6.7£9.2¢
NH 60 13.7£3.2b 60 13.7+3.2bc
GR Fenvalerate 60 17.4+3.8b A-cyhalothrin 60 6.7+6.7c
SI1 60 13.3+8.8b 60 37.8£6.2bc
SI2 60 37.4+8.1b 60 41.9+7.4b
CJ 60 20.4+5.5b 60 27.0 £ 8.5bc
S 60 100.0 £ 0.0a 60 100.0£0.0a
YS 60 17.4+6.3¢ 60 21.1£5.5b
NH 60 24.1+3.0c 60 24.1+£3.0b
GR Acetamiprid 60 24.1+3.0c Clothianidin 60 23.7+6.3b
SJ1 60 274+6.3¢c 60 27.0+11.8b
SI2 60 54.8+5.2b 60 44.4+£8.0b
CJ 60 31.1£5.9¢ 60 452+7.8b
S 60 100.0+0.0a 60 100.0 = 0.0a
YS 60 28.5+3.3b 60 14.1£3.0b
NH 60 34.1+£8.3b 60 27.4£2.6b
GR Dinotefuran 60 304+ 11.2b Imidacloprid 60 23.7+8.5b
SI1 60 38.1+4.3b 60 30.7+£5.2b
SJ2 60 448 £2.9b 60 33.7+11.7b
CJ 60 27.0+ 11.8b 60 31.5+7.1b
S 60 100.0 £ 0.0a
YS 60 53.3+4.6b
NH 60 30.7+5.2b
GR Thiamethoxam 60 47.8+7.8b
SIt 60 31.1£5.9
SI2 60 44.4+8.0b
CJ 60 41.5+6.0b
I, The number of apterous viviparous female of 4. gossypii.
Table 5. Genotype by general sequencing for target site mutation in 4. gossypii
Insecticide Target site Poir}t Population
mutation S YS NH GR N SI2 cl
Fenvalerate MO18L M L L L L L L
J-cyhalothrin r&se L1014F L L L L L L L
Imidacloprid nAChR R8IT R R/T R/T R/T R/T R/T R/T

cloprid A&/ #d A =Awo] R8ITE nicotinic acety-
Icholine receptors (nAChRs) A A gt A3}, B
kol A heterotype® & EA| o] U2 Ikt

S5 o Mgt

o Aol AT FHARE BA L7k S5
oA S A7) 8 a-cypermethrin, bifenthrin, esfenvale-
rate, thiacloprid, sulfoxaflor, flupyradifurone, pymetrozine,

pyrifluquinazone, afidopyropen, spirotetramat, cyantraniliprole
Z11E S FAEER AT SIth(Table 6). = A},
a-cypermethrin®ll A 75% oI/, bifenthrinoll Xl 80% ©]/d2]
4252 YeR A Esfenvalerate®] 735 60~70%2] 4%
£S5 HHA, thiacloprid A= YS, GR, 28|32 SJ1 F &
A 69% o3 AFES JERNSITE Sulfoxaflore] 7H-$-
SI2 st ¢ A AL BE AGlx 80% o)/l

Htv=
4389 EECEELE]

ASES B2 flupyradifurone> GR



Table 6. Susceptibility to 11 insecticides in the S and field-collected populations of 4. gossypii

Strain Insecticide n® Mortality(%) Insecticide n® Mortality(%) Insecticide n® Mortality(%) Insecticide n? Mortality(%)
S 60 100.0+0.0a 60 100.0+0.0a 60 100.0+0.0a 60 100.0+0.0a
YS 60 75.246.9¢ 60 92.6+3.7a 60 71.5£3.3b 60 85.6+3.9ab
NH 60 96.7+3.3ab 60 90.0+5.8a 60 68.9+5.9b 60 51.549.4cd
GR  a-cypermethrin =~ 60 83.0£3.0abc Bifenthrin 60 85.944.1a Esfenvalerate 60 68.5£7.1b Thiacloprid 60 69.3£5.2bcd
SJ1 60 75.943.0¢ 60 89.3+6.4a 60 72.2+4.0b 60 78.9+6.7abc
SI2 60 79.3+5.8bc 60 83.0+3.0a 60 72.2+4.0b 60 48.5+4.6d
a 60 82.6+3.8abc 60 89.6+5.8a 60 69.3+£5.2b 60 44 .445.6d
S 60 100.0+0.0a 60 100.0+0.0a 60 100.0+0.0a 60 100.0+0.0a
YS 60 96.3+3.7a 60 61.1£5.6b 60 100.0£0.0a 60 89.3+0.4a
NH 60 83.0+6.5ab 60 61.9+4.3b 60 93.3£3.3a 60 79.6+5.5a
GR Sulfoxaflor 60 82.6+3.8ab  Flupyradifurone 60 75.6+4.4ab Pymetrozine 60 93.0+£3.5a  Pyrifluquinazone 60 86.3+£3.2a
SI1 60 89.3+6.4ab 60 68.9+5.9b 60 96.3£3.7a 60 89.6+5.8a
SI2 60 69.3£5.2b 60 55.248.7b 60 90.0+5.8a 60 79.3+5.8a
a 60 72.2+4.0b 60 58.546.0b 60 96.7+3.3a 60 90.0+5.8a
S 60 100.0+0.0a 60 100.0+0.0a 60 100.0+0.0a
YS 60 89.3+0.4a 60 74.8+4.1b 60 100.0+0.0a
NH 60 89.6+5.8a 60 72.6+2.6b 60 93.0+£3.5a
GR  Afidopyropen 60 93.0+3.5a Spirotetramat 60 79.6+5.5b  Cyantraniliprole 60 96.3£3.7a
SJ1 60 93.0+3.5a 60 76.3+6.3b 60 96.7+3.3a
SI2 60 89.3+6.4a 60 79.3+0.7b 60 93.0+£3.5a
a 60 96.3+3.7a 60 75.943.0b 60 96.7+3.3a

“n, The number of apterous viviparous female of 4. gossypii.
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Table 7. Median lethal time (LT5,) of 11 insecticides in the S strain and field-collected populations of 4. gossypii
Strain Insecticide n” LTsq(h) (95% CL)” Insecticide n® LTso(h) (95% CL)”
S 60 14.5 (12.6-16.3) 60 10.8 (8.7-12.7)
YS 60 46.9 (41.1-52.7) 60 41.7 (38.4-44.9)
NH 60 50.2 (46.7-53.8) 60 50.2 (46.7-53.8)
GR o-cypermethrin 60 51.7 (47.1-56.5) Bifenthrin 60 45.5 (41.6-49.3)
SI1 60 54.4 (49.0-60.2) 60 479 (43.6-52.2)
SJ2 60 59.5 (54.6-65.0) 60 44.3 (39.6-48.8)
CJ 60 50.6 (45.8-55.7) 60 41.1 (36.8-45.3)
S 60 19.1 (17.3-21.0) 60 28.9 (26.5-31.3)
YS 60 73.8 (68.2-80.5) 60 45.8 (41.1-50.5)
NH 60 74.4 (65.1-88.7) 60 77.3 (67.5-92.8)
GR Esfenvalerate 60 76.0 (67.5-88.2) Thiacloprid 60 66.0 (58.7-75.5)
SI 60 69.8 (61.5-81.7) 60 59.8 (55.0-65.1)
SJ2 60 68.8 (61.0-79.5) 60 100.4 (85.6-128.6)
CJ 60 75.8 (67.9-86.9) 60 111.8 (91.3-158.6)
S 60 25.8 (23.6-28.0) 60 21.6 (18.4-24.8)
YS 60 44.2 (40.5-47.8) 60 51.4 (39.4-65.8)
NH 60 52.8 (45.8-60.6) 60 63.9 (55.5-75.2)
GR Sulfoxaflor 60 34.0 (27.4-39.7) Flupyradifurone 60 45.9 (39.6-52.1)
SI 60 37.5(31.7-42.8) 60 51.8 (40.5-65.5)
SI2 60 62.3 (56.5-69.0) 60 84.1 (74.1-100.0)
CJ 60 44.8 (37.0-52.4) 60 76.0 (64.0-97.4)
S 60 29.8 (26.9-32.8) 60 17.8 (15.8-19.8)
YS 60 33.6 (28.5-38.2) 60 41.5(37.6-45.3)
NH 60 33.5(28.0-38.4) 60 53.1(46.8-60.2)
GR Pymetrozine 60 21.4 (13.7-27.5) Pyrifluquinazone 60 46.4 (41.1-51.8)
SI 60 48.4 (44.0-52.8) 60 46.9 (41.2-52.8)
SI2 60 52.7 (48.4-57.1) 60 51.1(45.8-56.7)
CJ 60 36.2 (31.9-40.1) 60 53.4 (48.6-58.5)
S 60 31.9(29.3-34.7) 60 44.7 (41.3-48.3)
YS 60 43.9 (39.6-48.1) 60 49.6 (43.2-56.3)
NH 60 41.7 (37.3-46.0) 60 59.2 (53.5-65.9)
GR Afidopyropen 60 41.7 (36.6-46.6) Spirotetramat 60 54.9 (49.0-61.6)
SI 60 44.4 (40.6-48.3) 60 63.0 (57.9-68.7)
SI2 60 43.0 (38.5-47.5) 60 57.9 (53.2-62.9)
CJ 60 41.6 (37.8-45.4) 60 70.6 (63.6-79.8)
S 60 20.1 (16.9-23.2)
YS 60 46.0 (42.0-50.2)
NH 60 33.9 (28.9-38.4)
GR Cyantraniliprole 60 33.2 (28.1-37.6)
SI 60 32.0 (27.5-36.0)
SI2 60 38.6 (34.0-42.8)
CJ 60 33.1(28.6-37.2)

I, The number of apterous viviparous female of 4. gossypii.
YCL, Confidence limits.
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Table 8. Tested insecticides and systematic treatment strategies

g

3 u=g - elt - 2t

Treatment strategies

Treatment number (interval 10 days)

Ist 2nd 3rd
1 Bifenthrin EC Sulfoxaflor SC Afidopyropen ME
2 Pymetrozine WG Cyantraniliprole OD Bifenthrin EC
3 Imidacloprid SC Cyantraniliprole OD Spirotetramat SC
4 Imidacloprid SC Fenvalerate EC Spirotetramat SC
Untreated -2 - -
“No treatment.

Table 9. Comparison of systematic treatment strategies to control 4. gossypii on cucumber plastic house

Treatment number (interval 10 days)

7 days after 3rd treatment

Treatment No. of val
strategles Ist 2nd 3rd (K/'[gansir\él];? Control value (%)
1 BI? SU AF 11.7 +£2.0c® 98.5
2 PY CY BI 13.7+2.0c 98.3
3 M CY SP 39.7+4.6¢ 94,9
4 IM FE SP 114.3 £ 10.4b 85.4
Untreated - - - 783.7 £ 41.9a -

9BI: Bifenthrin EC, SU: Sulfoxaflor SC, AF: Afidopyropen ME, PY: Pymetrozine WG, CY: Cyantraniliprole OD, IM: Imidacloprid SC, SP:
Spirotetramat SC, FE: Fenvalerate EC.

No treatment.

“Means followed by the same letters are not significantly different (p < 0.05; Tukey’s studentized range test (SAS Institute 9.4).
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ol
|

U
™

i

£ dAte okl EslxitlEe] A Edne] #4137 A
FA A BAE T ST HHE
AAAQ A Ak Atk = i, e, T,
& AE, BT T 6
3 AT TS AR A3, AR =Rl fen-
valerate®} A-cyhalothrin, U] QU] =0]=A|Q] acetamiprid,
clothianidin, dinotefuran, imidacloprid Z2]3. thiametho-
xamol| thall 55% mlwke] A 23 4555 UEhl I ol
w2t A3 714 A ARk A SdwelE B ElS
RE AYlX ndChR 5387 1 %ol R8ITS}
vgse FrAAe] A EoHo]l MIISLY] WS 913 4= gl
o1}, L1014F= BolA]| %34T} Chen 5(2017) Sl

N:!:‘



Fenvalerate?l imidacloprid gt O0FIEE Z=SHRIS=0

A M918LZF L1014F7} SAloll e 7iA17h e A o]
glthal Bastglom & A g e s Holth A
EAMo] MIISLE HSIRIGE, B5olSiblE, 71 4HF
YHGE, FGE, Ay 5 oSS sl A-
cyhalothring X33t FH 20| =A% Aol thste] #|3)
AS Yepdt &84 AtH(Carletto et al., 2010; Fontaine
et al., 2011; Wu et al, 2014; Wang et al., 2020; Pires
Paula et al., 2021). F=3F £ AollX= A =A% L1014F
7} S A] QEIA R J-cyhalothrind] Th8h AHEEo] A%
814 (45% mvh) =] B3ldtle ofelzidollA L1014F7F
A BUHPS 93 BAY niA RN AgsiA] &
thal 6§ AT} Choi 5(2005)2] Z3}A45E RUEH A3}
M= 71079 7hbH o) EAl 5 2HA] Bol] AREHA
A Ao 2 AIE HolA] got FAde] 3EH
Aoz FAstG o), B AFolx {71904, Tt o] EA
o} wAA IS Hels 3 EdHo] MIISLe] wls &
21381992 H, a-cypermethrina} bifenthring A &] gt g2
olE 7AlF oA FHFENA ti B AFES g
At} Shi 5(2011)2 =3I 5E imidacloprid A&7 7l A
of &l dinotefuran, thiamethoxam¥} clothianidin®] W2}
AGEE HolA] Fethal BIsloy, & Agoli e
imidaclopridol|A] 25% WPI4F, acetamipridoll Xl 55% wIgE,
clothianidin®| A 45% v}, dinotefurano| A 45% ©|TF
28] 3 thiamethoxamol| A 55% w|Wke] Yo A=5-9 HH
t}. Koo 5(2014)% imidacloprid A& 3l tlE-S W)
QUFE|=0|=A FA(acetamiprid, clothianidin, dinotefuran,
thiacloprid, thiamethoxam)o|lA WA &S Holtf ®
I3tk Thiaclopride A%5E°] 44~85%Z, LTsd
45-111 he AAW = 2Jo|2 BT} E3, Koo S(2014)
imidacloprid A3 7§Ao tisl sulfoxaflor/} & w2}
Ade BRIt HAsia, 2 A= S12 A3
CIAGS Aelstd, 80% o] AFES HAth
20165-E] 2019:97k4] 4 St =} 407] A ollA A
g BarltlEol A3 A =d¥e] R8ITSH MIISLY]
WS Ho 2 AFe st A g1 ¢ AL
(Nam, 2021), 3t T AGoIXE EsxIlEe] 234
A Eo] R8IT MIISLYF o] Wasls e 1
(Munkhbayar et al. 2021), A=+ 08 E351x15 5o
F71Q1A, | S ULE oA A wdo] -2y
goltt.

olgfst kAN ESRIGES &4 WAE fIs
= A Ak A3, cyantraniliprole?} pymetrozine, afido-
pyropen®] ZHzb 95.9%, 94.9%, 91.7%2] WAl &3= YEt
WAL, LT A% 36.1h, 37.6h, 42.7 h& 7P wE FXE
19t} Cyantraniliproled diamide?] 2412 Ryanodine
receptors (RyRs)et Agtste] 52 vpHA7]&= 28712
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o7 g 54 230 ds) a3t e AeR &
24 9o (Sattelle et al, 2008), 20124 AL ]’
2 e ol S=2HJKPSIS, 2021). § 3H A =
afidopyropen IRAC code 9d Z5° U= AFAZ A4
E21 Aspergillus fumigatus (Eurotiales : Trichocomaceae)l
o&] AJrkeEl wrasks pyripyropene2] WHEA fieAolm
HAAEAolglr & 4 QTHIRAC, 2021; Jeschke, 2017).
2020 AFE AT, WEASE AFo2 FEHAT
(PSIS, 2021). Pymetrozine> IRAC code 9b 1502 =&
AEol AdesAdo] glom, 7HRolR, JglERol 237t )
o} 20089 AFEE AR U SEEJATHPSIS, 2021).
T3}, Yang 5(2009)2 pymetrozine®l ] imidacloprid A3t
3 JHA il A E el flukal BarEkivh. wEbA
ol Il e FHERo|E AlFF YYo= A
T Adgo] Folxl BaXItlE WAlY E9F 0= ALE T}
g Z0E Bl
91¢] 37 Aol 2714l TE oA 3% FUHE A
td, & o/l SFAIZ WAAA A=kS FHste] 223
A3}, strategy 1, strategy 2914 98% ©]4F2] uj
WA E IS YRS, strategy 3914 22
olm 94% o]}e] WA EHE HAth 2 o
© 2 X743t imidacloprid®} fenvalerate”} EHEl strategy
1 & A7 e FoAE e 85%4 o
HAEAE YERITH E3bES a2 A}
AFE 7HAAL Slo] A oM E AT FH
7+ = 19 2 2 (Shim et al., 1979; Kim et al.,
2004), 95% vTre] WA G 7S KO strategy 33 4= A
go] WE EspltlE WAl i FAgeitial ddE
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