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Evaluation of resistance using control efficacy index and cross-resistance analysis of 11
insecticides in field populations of cotton aphids, Aphis gossypii (Hemiptera: Aphididae)

Dong-Hyun Kang, Hyun-Na Koo and Gil-Hah Kim*

Department of Plant Medicine, Chungbuk National University, Cheongju 28644, Korea
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Abstract This study investigated resistance ratios (RR) and control efficacy indices (CEI) of 11 registered insecticides
in Aphis gossypii populations collected from 15 cucumber and pepper fields. Regression and correlation analyses were
performed to examine the cross—resistance relationships among the insecticides. In the resistance,CEI was low, despite
some populations showing high RR values. Additionally, regression analysis confirmed that RR and CEI are independent
indices. Using box and whisker plots, a comparison of insecticidal efficacy at recommended concentrations showed a
pattern similar to that of CEI. The pearson correlation analysis of LCs, values indicated cross—resistance relationships
among insecticides with similar modes of action, with cyantraniliprole showing cross—resistance with dinotefuran,
sulfoxaflor, and afidopyropen in cucumber field populations. This study suggests that CEI can be further utilized as a useful
indicator for evaluating insecticide efficacy and resistance monitoring

Key words: Aphis gossypii, insecticide, resistance ratio, control efficacy index, cross—resistance
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). olefg o} W ATASS RS YA A2
A|4=E-l(resistance degree, pesticide efficacy index, control
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Kim, 1986, Jeong et al., 2017; Kang et al., 2023, Stara et
al., 2023).
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HAE stk 01315} AeHd B7hE sl HIEE
ofeRTe] A e o RE wolslal, WAAYAY =
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Table. 1 Tested commercial insecticide

ofx|of Y= utX|E 0l&e Metd E7t & wAtEy =4 161

B AR 204 3 sYAAY SIS

Hokulokom ofe]zth IR E-2 2022, 20231d0] 2.0]
ul 2 Zu)z] Zzt 154_(301 3HY(HS), QHI(AS), HE(PT),
TG, FF1CT 1), FF(ChY), FLYW), 2(Hos),
274(CC), TFHY), —zr(GyJ) AH(YC), HE(MP),
£=71(SuC), Fel(GR); 5= IA(IC), HE(GP), AF(YD),
A32(CT 2), F‘ﬂOP(CA), AHAJC), 14(GS), FHYY),
P

2(SC), EAGW), &4HUS), 43 (SaC), L3(WI),
LE(ND), RF)elA ATk Kang et al., 2023). 744
AE T} oFRTRe. T2 ARSA(LE, 23-25 C; B, 168
(L'D); ‘g5, 60-70 %)ellAl oF2™ Ale]X(30 X 30 X30
cm)of] Q0] % 15 H1E Yol AgFGLE

R

Qo]o] 525 oF4| 7% (dinotefuran, sulfoxaflor,
pymetrozine, afidopyropen, chlorfenapyr, cyantraniliprole,
flonicamid)®} 5o TE5H A4 750
imidacloprid, flupyradifurone, pyrifluquinazon, afidopyropen,

—cyhalothrin,

Common name

(Mode of action, formulation®) AT (%) RC* (ppm)
A-Cyhalothrin (3a, EC) 1 10
Dinotefuran (4a, WG) 20 100
Sulfoxaflor (4¢c, SC) 7 35
Imidacloprid (4a, WP) 10 40
Flupyradifurone (4d, SL) 17.09 42.725
Pymetrozine (9b, WP) 25 83.75
Pyrifluquinazon (9b, SC) 6.5 32.5
Afidopyropen (9d, DC) 2.5 12.5
Chlorfenapyr (13, SC) 10 50
Cyantraniliprole (28, EC) 5 50
Flonicamid (29, WG) 10 335

*DC=dispersible concentrate, EC =emulsifiable concentrate, SC=suspension concentrate, SL=soluble concentrate, WG =water dispersible granule,

WP =wettable powder.
" Active ingredient.
¢ Recommended concentration.
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cyantraniliprole, flonicamid)& A&
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S35t 0] (e 5.0 em) FHL 3|43 A (40ml)o]
3027F ARG, 2041 ot SAAF . S0 o dHS
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1.5 % agar7} =2 T E2|t]$(e 5.0 cm)dl| 9 HHo] $|=
2op7lES A5k, BRAE 43 20002 HEe
T E2t]4le &% 23-25 C, B57] 1638 (L:D), AHEE 60-
70 % %219 o]l Hastgleh. HE 3 12417t Foll AS5rE
A1 op], B2 390 2 sk

kA AYAES Hrtelr] Y8 A& vl(resistance ratio,
RR)} WA &1%]4(control efficacy index, CEI)&
A5 tHKang et al., 2023).

RR = LCs of field population / LCs of susceptible strain.
CEI = LCy of field population /

recommended concentration of insecticide.

CEI7} 1o]3ld A, 123} 20]3tW A AEA,
zzl,]. 5u]u]—o] = x—]zﬂ/ﬂ 50]/\]—0]?]; A x~]z‘s§—/&6]9‘

sl th(Kang et al., 2023).

=2

N (mortality)h Abbott’s fomulaE ©]-8&3}¢]
RAANEES Ao, LC,, LC,, 452 probit analysisE
o]-g3alo] AAFeISITH Abbott, 1925; SAS Institute, 2019).
oFAE WAAFHA BA= SPSS (Version 26)2 ©]-&-3}o]
Pearson correlation coefficients &3 4 3}%tHGeorge
and Mallery, 2019). 9JAlojlA] 3]92A4E& &3 CEI9} RR,

123l CEI®F =AY AE 1t AR4 HAE
EA5FATHMS, 2018).

WA SotX|e2t Mgt Y FHESE0M ASES| 2 HEM
oA 9l-Lo] o]o}(Kang et al., 2023), O|H Lo A= 20]
Aaf Al oA - SuC E GRYT a5 AR o A A7 gk
YY, SC, GW, US, SaC, WJ, NJ, JJ Jeke] =s}2piSof
gt FeAE F7HE R BHrkekgitH(Table 2, 3). ©
Aol mp AR R, Aol whet 7 ofAlof thgt 4
T2 Zolg Hylon, FEY ofd H3AIUE

Mo rlo =

o
=
=

42/ AE(S)E T 32 LCso Y LCo #12 E T
HUEE ZAioA A AFAHEL FHrist=d
A3} AH] (resistance ratio, RR)7} A ¢tal#] ¢kcha
Tt o] WA G314 (control efficacy index, CEI)E
o]-§5t%ith(Kang et al., 2023). o] Aufz|o) A 7 gt
o %, CJ, GR, HS, HY, GJ F&o|A% 100 o]49] RR
S YERIAYE, CJ, GR, HS FhollA+& CEZ} 1uitez
A4S UERLE Cyantraniliprole 2FA|2] 7%, HS, Chl,
YC, GI, PT Hetoll Al 100 ©1%42] RR Fh= WEHHAIRE HS
ChJ] Feto|AE= CEZ} 1m)9toe g 74448 Vbt 11
e oA QRS At 5, A-cyhalothrin®] 3%, JC, YY,
SaC, WJ, NJ, JJ QehollA] 100 o4 RR 7S LFebi]uL,
RE CE} 1 njgte g 74 vekyich vk, flonicamid
oFA|¢] A£ IC, SC, YY, GW, US, NJ HetoA] 100 o]3}2]
RR 382 UEHIAEE YY Ae2 4= A4, SC, GW, US,
NJ Hdhollie & A, IC Hdolies 1% A3HdS
UERHTHTable 4, 5). ©]¢} Zo] RR I CEI= 4 YA
A5S ERIskoit

02 3RS 3l F A2 HAE B7IektHFig.
13} 2). Qo] Aujx]ofA] AT HFo A= pymetrozine,
OFA e} 215 Al R| oA AR gH
Zeto| A= A-cyhalothrin, pyrifluzuinazon 2FAoA] R* Zto]
0.45 m|to = A BAZE WA depyith oljgt k=
RR¥} CEI= A A A IA 7} ofd A0l A4S
Urehdith. RRY} CEl= 257 A9 U 52 B7sk=t
ol&sl= ALAT, AR tE ulE 7= AS FelT
4= QIth(Kang et al., 2023). 34 7} @ o] 9lof,
RRQ S| Eo:]tt}o] ox OHE_Q‘_/\ 1‘321-‘_0_4 o

chlorfenapyr, cyantraniliprole 2

X] 'd7}0}~ EWEV"'] °q:rL°ﬂ ﬂﬂo}tb—
§7ﬁ El=g E}% AFAREE BUEE AtellA RRo| AskA]
ot fosto] thE 2458 Al E 819 tHJeong et
al., 2017; Stard et al., 2023). Jeong 5(2017) & oFe] ot
Hj=E U (Plutella xylostella)ol| 3l FHsLolA 55
oFle] TelS BAA5H] $J8 SN pesticide cfficacy
index, PED)Z}= 7¥S =95F9ich E3F Starda 5(2023)2
OFA 9] FHFEE of-He] LCy #fOE U Security
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B7lohe HUER dAto] AgsiAnt, o] £ Apee ant
RS H7KE 4= ik v CEls =X whet 7heAd,
BAE AR, & AP, 1= AFAHCE AL} 510
& GAY agE Hristo] Y AP WE A=E
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Table. 2 Susceptibility to insecticides in Aphis gossypii from cucumber fields in 2022-2023

Dinotefuran Sulfoxaflor Pymetrozine Afidopyropen Chlorfenapyr Cyantraniliprole Flonicamid

Population  [C;,  LCy» | LCw  LCw | LCon  LCw | LCw  LCw | LCx  LCw | LCsn  LCw | LCxw  LCw
(ppm)  (ppm) | (ppm)  (ppm) | (ppm)  (ppm) | (ppm)  (ppm) | (ppm)  (ppm) | (ppm)  (ppm) | (ppm)  (ppm)

S 0.19 2.62 0.04 0.94 0.042 0.27 0.01 0.33 0.36 4.00 0.01 0.50 0.21 3.79
HS 5.76 32.1 5.76 32.1 10.8 60.1 3.21 18.74 | 2534 2593 2.46 13.86 6.83 482
AS 1.09 14.86 0.16 1.74 1.39 10.75 0.09 1.28 0.57 434 0.06 1.06 0.44 9.13
PT 1.04 44.00 0.17 14.68 3.04 670.4 0.06 7.63 4.52 216.9 2.45 662.1 2.32 246.3
GJ 2512 1,215 17.69  111.11 | 5249  397.8 11.72 104.1 2528  193.7 | 4565  280.0 | 68.69  280.9
CJ 414 342.0 421 20.62 | 50.01  440.6 7.48 3746 | 2504 15823 | 2841  88.62 30.3 182.0
ChJ 6.41 2254 0.04 0.45 84.1 1,798 0.31 5.12 3.78  101.54 | 4.10 45.37 3.04 27.07
HY 2129 3,036 8.73 64.77 9.07 441.7 0.53 3.02 39.57 20637 | 5.34 263.6 16.67  191.0
Gyl 5.34 47.92 <0.04 20.25 3707 1.23 5.14 15.69  156.41 3.67 63.31 6.13 40.09
YC 1.20 1.94 0.20 0.78 0.43 1.87 0.56 491 18.00  200.7 1.77 86.63 4.59 11.2
CcC 3.14 20.17 0.14 3.45 91.5 33,622 | 2037  68.14 | 4052  96.35 0.97 14.79 127 675.4
YW 3.67 25.13 0.22 0.93 3.42 199.8 0.47 2.98 1.54 22.1 2.52 10.09 8.92 75.07
HoS 1.76 22.69 0.05 0.17 1.13 14.09 3.87 329 6.05 87.29 0.97 1479 | 3876 228.6
MP 4.88 60.2 0.11 2.53 16.6 1,008 1.03 6.4 7577  386.58 | 2.74 19.26 1.00 2.14
GR 19.4 85.67 7.38 23.62 | 20.73 8532 437 30.11 35.03 1493 2.57 27.06 3.04 62.44
SuC 1213 9764 1.09 18.01 4826 4204 0.96 43.06 340  251.67 | 9.85 12593 | 1293 1,058

Table 3. Susceptibility to insecticides in Aphis gossypii from pepper fields in 2022-2023
A-cyhalothrin Imidacloprid Flupyradifurone Pyrifluquinazon Afidopyropen Cyantraniliprole Flonicamid

Populaton  [Cy,  LCw | LCw  LCw | LCn  LCw | LCw  LCw | LCn  LCw | LCxw  LCw | LCw  LCw
(ppm)  (ppm) | (ppm)  (ppm) | (ppm) (ppm) | (pm) (ppm) | (ppm) (ppm) | (ppm) (ppm) | (ppm)  (ppm)

S 0.0025  0.0085 | 0.08 1.42 0.26 3.82 0.18 13.04 0.01 0.33 0.01 0.50 0.21 3.79
IC 0.07 10.04 2.41 59.6 0.05 11.37 0.33 10045 | 0.88 11.34 152.8 5542 19.64  515.56
GP 0.003  0.008 7.02 97.71 1383 9114 0.16 11636 | 236 91.35 4.89 5774 | 64.11  350.67
YJ 0.16 5.51 0.70 27.41 2.72 68.7 4.74 964.2 12.19  358.1 | 116.06 2,299 | 8697 1,793
Cl2 5.35 81.8 0.19 4.86 20.0 147.5 14.06 2272 0.02 0.86 1.72 37.07 163.3 1,593

CA 0.59 136.8 4.07 428.1 1.11 210.4 0.03 1.04 1.02 16.01 0.74 18.42 0.04 2.52
IC 0.70 3.65 0.33 15.14 7.02 94.91 227 17.97 10.85  169.7 2.88  127.66 1.02 27.16
GS 0.11 3.00 0.86 8.43 1.81 3348 | 2924 4459 0.05 1.45 3.23 4345 | 3126 33594
SC 0.07 0.36 0.68 2.36 0.92 7.64 0.01 0.12 2.09 232 0.16 4.84 6.55 136.27
YY 1.05 2.85 0.51 2.57 3.25 31.63 | 2343 11821 0.98 27.14 5.97 25.18 14.84 7776
GW 0.21 3.69 0.79 21.27 4.00 21.00 454  147.65 | 030 1.91 2.62 21.95 16.78  243.88
Us 0.76 14.49 2.67 175.4 3.72 73.27 0.80 5.58 1.54 19.39 3.19 64.62 16.57  168.24
SaC 0.63 2.14 2831 2099 | 47.13 79727 | 1193 11,644 | 1482 1629 3.69 33.24 155.0 2580
Wi 0.97 3.27 2.08 57.09 | 5835 186 7.82 288.5 6.33 79.71 16.3 105 228.8  >5,000
NJ 0.45 2.09 376.8 2782 74.94 1294 1209  164.19 | 3.07 14.11 5.3 48.78 1259 105.69

) 0.93 3.06 6.56 88.25 2.58 8.79 0.90 45.98 0.90 4598 | 2644 297.89 | 4598 355
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Table. 4 Evaluation of insecticides resistance to Aphis gossypii from cucumber fields

Populati Dinotefuran Sulfoxaflor Pymetrozine Afidopyropen Chlorfenapyr Cyantraniliprole Flonicamid

opulation

P RR”  CEI" | RR CEI RR CEI RR CEI RR CEI RR CEI RR CEI
S 1.0 0.03 1.0 0.03 1.0 0.003 1.0 0.03 1.0 0.08 1.0 0.01 1.0 0.11

YRR, Resistace ratio.

Y CEI, Control efficacy index.

Table 5. Evaluation of insecticides resistance to Aphis gossypii from pepper fields

) A-cyhalothrin Imidacloprid Flupyradifurone Pyrifluquinazon Afidopyropen Cyantraniliprole Flonicamid
Population RR? CEI" RR CEI RR CEI RR CEI RR CEI RR CEI RR CEI
S 1.0 0.0009 1.0 0.04 1.0 0.09 1.0 0.40 1.0 0.03 1.0 0.01 1.0 0.08
- IC 28.0 1.0 30.1 1.5 0.2 0.27 1.8 3.1 88.0 0.91 152800  110.8 93.5 10.3

YRR, Resistace ratio.

Y CEI, Control efficacy index.
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Fig. 1 Regression analysis between resistance ratio (RR) and Control efficacy index (CEI) of Aphis gossypii collected from cucumbers.
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Fig. 2 Regression analysis between resistance ratio (RR) and control efficacy index (CEI) of Aphis gossypii collected from peppers.
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Fig. 4. Regression analysis between mortality at recommended concentration and control efficacy index (CEI) of Aphis gossypii collected from cucum-
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Fig. 5 Regression analysis between mortality at recommended concentration and control efficacy index (CEI) of Aphis gossypii collected from peppers.
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EZoA siZo] ofe QFZﬂOﬂ Ag}go] o] B A WEgl=A]
kot A= dasirhal geskinh. AA| ofejof A<
3H% 34 ELE AE S aho Qi M EE} FH Al o)1l
2 2 S0, 20l9}
aase ged g @ 97
A= AR OFQQ%Q EIRIGEo] theket ofAof s
ol@A Aol WEP=A Holzth HLUAE o=
oFA|¢l dinotefuran (4a)¥} sulfoxaflor (4c)= 0.65 ©]At9]
22 AUUAP<0.0NE Hol TANTH WA %82
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fr & 1z
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ekt E3t d87]3-S WTHA]7]E pymetrozine (9b),
afidopyropen (9d), flonicamid (29)= Z+Z} 0.646 (p<0.01),
0.609 (p<0.05), 0.654 (pP<0.0)Z & % 4474]3 o]
WAA Y TAZE S 2elsteitt. g, diamideZ]
2FA 9] cyantraniliprole (28)< dinotefuran (4a), sulfoxaflor
(4¢c)9} afidopyropen (9d)o] Z+zF 0.671 (p<0.01),
0.726 (p<0.01), 0.562 (p<0.05)§ WA A A7
SRIE| ¢k (Table 6). 113 AujA|olA HHet H3pT&
Aol e [fARRE A1k7F Yersth. Afidopyropen
(9d)+= pyrifluquinazon (9b)¢} flonicamid (29)°l Z+z+
0.552 (p<0.05), 0.669 (p<0.01)E &< AHLAE Ho
WA WA} 5E UEPTHTable 7). o]2)gk Aik=
AR ofe A oA HIXGEY A Ud dHE
E"%iq S0l A= afidopyropen FAlofl AaH/do] Wdst

A= tigt wAAFgA AL A}, afidopyropen
SHAl T2 oplEa A4l $iE B 1echZha
et al., 2024). o3t ZIE FslH, 712 G Ao
gt A 2ASH: AL T ohFet oFAlol Higt

Table. 6 Correlation analysis between insecticides tested on Aphis gossypii collected from cucumber

Dinotefuran Sulfoxaflor Pymetrozine Afidopyropen Chlorfenapyr Cyantraniliprole Flonicamid

Dinotefuran 1 8747 0.104 0.226 0.224 6717 0.148
Sulfoxaflor 1 0.102 0.303 0.229 726" 0.088
Pymetrozine 1 6467 0.105 0.471 609
Afidopyropen 1 0.308 562" 6547
Chlorfenapyr 1 0.113 0.000
Cyantraniliprole 1 0417
Flonicamid 1

Each number represent a correlation coefficient. ** indicates statistical significance at 1% level and * at the 5% level. ns indicates no statistical significance.

Table. 7 Correlation analysis between insecticides tested on Aphis gossypii collected from pepper

A-cyhalothrin Imidacloprid Flupyradifurone  Pyrifluquinazon Afidopyropen Cyantraniliprole Flonicamid
A-cyhalothrin 1 -0.083 -0.070 0.229 0.508 -0.215 0.465
Imidacloprid 1 0.376 0.140 0.130 -0.115 -0.151
Flupyradifurone 1 -0.065 0.164 -0.224 0.340
Pyrifluquinazon 1 552 -0.246 0.161
Afidopyropen 1 -0.172 669”
Cyantraniliprole 1 -0.008

Flonicamid

1

Each number represent a correlation coefficient. ** indicates statistical significance at 1% level and * at the 5% level. ns indicates no statistical significance.
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SSEISIE ORI T3 115 R|S| WHISTIRISE OISt AfEH
7} U WRIHSH 2

AolMe 242k 1570 29j] Lo] gl a3 AufAjofl A YT H3IsEe] tell 555 171 2Ae] A3HdH] (resistance ratio,
RR)9} WA 742 4=(control efficacy index, CED®] 3| HEA T} A BAS Fof AN wAAE] BAS Akt AFY 5
Bt Ad, 48 Adold &2 RR 3 2EYofl= B8kl CEl: 1 ngte2 Uiyttt E3 3724 A3, RRY CEle S840 A4ds
sRelstiiet. FHsEolA 252de A 813 (box and whisker plot) &2 H] 3 A3}, CEISH AR siElS veheh oA LCy
0]83t0] Pearson AEAE Tl WAAYY WAS UG A3}, FARE 712 7R oAz R mAAR Y BAIZE LERoH, Qo]oA
N7t oflF o A cyantrailiprole 2FAl+= dinotefuran, sulfoxaflor, afidopyropen®t WAFAIEHA TAE vepWict. mebA, CEI= oA
a7l sis A HUE gl 83 Az 289 4 Tk

Aiolof

SSRGS, ASA, A8, A Ak, AR
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