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Combined Effect of Afidopyropen, Chlorfenapyr and Cyantraniliprole to
Insecticide-resistant Cotton Aphid, Aphis gossypii(Hemiptera: Aphididae)

Dong-Hyun Kang, Yuno Lee, Ha Hyeon Moon, Se Eun Kim, Hyun-Na Koo, Hyun Kyung Kim and Gil-Hah Kim*
Department of Plant Medicine, Chungbuk National University, Cheongju 28644, Korea

ABSTRACT:

The susceptibility of Aphis gossypii populations collected from three fields (WJ, CC, and GS) was evaluated to three insecticides
(afidopyropen, chlorfenapyr and cyantraniliprole) and three binary mixtures. Three field populations showed resistance ratios of over
100 to all insecticides. The Combination Index (CI), %Msynergism), Co-Toxicity Coefficient (CTC), Wadley Ratio (WR), Synergism Ratio
(SR) and Abbott Ratio (AR) were used to evaluate combined effect of the insecticides. Afidopyropen + chlorfenapyr (CI < 0.16;
Y% Msynergism) = 94; CTC = 764.5; WR = 6.4; SR = 6.9 and AR = 1.1) showed a synergism in all filed populations. WJ and CC popu-
lations showed a synergism in all binary mixtures of insecticides, but GS population showed an antagonism for chlorfenapyr +
cyantraniliprole (CI, 1.63; %Msynergism), 30; CTC, 64.0; WR, 0.6 and AR, 0.54) and afidopyropen + cyantraniliprole (CI, 6.7;
Y% Msynergismy, 1; CTC, 19.8; WR, 0.2 and AR < 0.55). All mixtures (afidopyropen + chlorfenapyr, chlorfenapyr + cyantraniliprole and
afidopyropen + cyantraniliprole) showed a control value of over 99% after 21 days of treatment in the field. This study highlights that
binary mixtures of three insecticides serve as an effective control strategy for A. gossypii.
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EBRRIGIE(Aphis gossypii)& MAH & Farsh, vk,
ob 2T}, 74AIT}, TS At A o R AES
Zatol 17l majant oh et Al gulol gl ullsto] 2
2} 18| 5 oF7| 3t Ebert and Cartwright, 1997; Blackman and
Eastop, 2000; Carletto et al., 2009). E3RHES WHA|517] 9
o S8t A o) ARg-C = Bt Ao d-g-0= Q1] AlA
2] S 2 fenvalerate 2} imidacloprid, afidopyropen, chlorfenapyr,
cyantraniliprole 5 -2 kAo thgt A|gtAdo] B E| 1 Qlch
(Nauen and Elbert, 2003; Foster et al., 2012; Koo et al., 2014;
Chen et al., 2017; Lee et al., 2022; Li et al., 2022; Nam et al.,
2022; Kang et al, 2023; Bass and Nauen, 2023).
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Madgwick and Kaniz, 2023). A A= 25 AU o] =31 &
axof ofsff A thiakEl= oFAlet 3 71 =8t 3= Af st
< A7 S =N AR Y deadE 7t 5= 9l
t} (Casida, 1970; Bernard and Philogéne, 1993; Gleave et al.,
2021; Roy et al., 2022; Taillebois and Thany, 2022). EPPO
(European and Mediterranean Plant Protection Organization)
2} u]=F EPA (U.S. Environmental Protection Agency)ol| A+
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culture and Forestry, 2000; Son, 2004).
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formulas: ©]-8-8to] BA AGES RO, probit F4&
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EE TR s DR R E e CR Rt
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Table 1. Information of the tested commercial 3 insecticides

Common name Mode of action ATI* (%) Formulation® RC® (ppm)
Afidopyropen 9d 2.5 DC 12.5
Chlorfenapyr 13 10 SC 50

Cyantraniliprole 28 5 EC 50

*Al, Active Ingredient; °DC, Dispersible Concentrate; EC, Emulsifiable Concentrate; SC, Suspension Concentrate; ‘RC, Recom-

mended Concentration.
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Table 2. Combined effect classification of insecticides

Combined effect index Synergism Similar action Independent action Antagonism
cr CI<0.8 08 <CI<1.0 1.0 <CI<12 12 =CI

%M (synergism) %M = 60 60> %M = 50 50 = %M > 40 40 = %M
CcTC? CTC = 200 200> CTC = 120 120 = CTC > 80 80 = CTC

WR° WR = 1.6 1.6>WR = 1.2 1.2 = WR>0.8 0.8 = WR

SR¢ SR = 1.6 1.6>SR = 1.2 12 =SR>0.8 0.8 = SR

AR® AR = 1.1 1.1>AR = 1.0 1.0 = AR>0.9 0.9 = AR

“CI, Combination Index; °CTC, Co-Toxicity Coefficient; “WR, Wadley Ratio; ‘SR, Synergism Ratio; AR, Abbott Ratio.
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of H]3f| 3.7~36.1 4 H3kar, Wit CCHth] thsfiA= 34|
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chlorfenapyr + cyantraniliproleZ} afidopyropen + cyantra-
niliprole ] LCso %= 2t THA|o] v]3} 3.0~27.0uf) SA| Lrebyt
t}. Somar et al. (2019)-2 imidacloprid2} pymetrozine #&}4
B G E a4 ©]5 EA|(imidacloprid + pymetrozine,
1:1) 2] LCso gho] & oFA 2] LCso gf Hrh B Wkrhal Hargh
HF At} EPPO (2018)= &3HA 7IHe] 271 & shvb= ol of
Al Bt @2 so e 93t avkE Hojof ghhal 3t9i=
], & HTLol| A 814 afidopyropen + chlorfenapyr Z3}o| o
of FetslalaL, ofefjt Ay T ok EHE S B9 A
S| B woA AeaiE el A o2 A

ZA0] FARE-2 /28 (synergism) ¥} 3728 (addition
action), Z3}28(antagonism) O 2 JLE % o] Ql=d|, H7}2}
82 wi9lo] il R go)h A Eo] 97 ok A4
o]tiMartin et al., 2003; Khan et al., 2013; Taillebois and Thany,
2022). wg}A] £ 31 Sun and Johnson (1960)2] 7| &= u}
2} 7oA As a8l 7R 95 AR similar
action), 2 3}&-g-0| 71718 7 &3 Z-8(independent action)
o FRsl, Bae] Helttes Wkl VEoR A
g, GAE, BRIRE, 2UE0R ALslsl ST Table
2). A1 9] FEARE A oAl 9] TR ARE S TATL
AH A7 ohd 271 Rl nE Bedlom Brlshe
o] tH(Sun and Johnson, 1960). & =280l thgt FA % &4
2 Bliss (1939)¢} Loewe (1928), Finney (1942)-5-0]] 2J5}of 11
NEREEEEESER EUE ERTEE P EEEN
B E 3t Loewe, 1928; Bliss, 1939; Finney, 1942; Wadley,
1945; Sun and Johnson, 1960; Levy et al., 1986; Chou, 2010).
whepA] 2 AtollA = S 9] FE 282 LCs 3k ol-&-4l
CIL2} %M yergism), CTC, WR, SRS E:3l| 3715}tk Table 4).



Table 3. Toxicity of insecticides against A. gossypii

LCso

LCy

Population Insecticide n Ratio RR®
(95% CL% (95% CL)
0.028 0.04
Afidopyropen 499 - 1
(0.021-0.038) (0.03-0.06)
0.36 4.00
Susceptible Chlorfenapyr 364 - 1
(0.28-0.45) (2.83-6.28)
0.01 0.50
Cyantraniliprole 622 - 1
(0.008-0.014) (0.31-0.92)
14.82 162.89
Afidopyropen 428 - 529.3
(11.99-18.21) (117.87-243.5)
36.12 287.56
Chlorfenapyr 432 - 100.3
(30.26-42.85) (216.74-410.99)
16.3 105.00
Cyantraniliprole 362 - 1,630.0
W (13.4-19.3) (81.10-147.30)
227 18.28
Afidopyropen + Chlorfenapyr 428 1:4 -
(1.79-2.77) (13.79-26.59)
1.37 15.97
Chlorfenapyr + Cyantraniliprole 464 1:1 -
(0.87-1.90) (12.16-22.84)
1.50 48.34
Afidopyropen + Cyantraniliprole 426 1:4 -
(0.93-2.13) (30.59-94.08)
20.37 68.14
Afidopyropen 366 - 727.5
(18.21-22.73) (56.93-85.78)
40.52 96.35
Chlorfenapyr 423 - 112.6
(37.35-43.90) (84.87-113.09)
11.04 124.27
Cyantraniliprole 550 - 1,104.0
ce (9.02-13.30) (92.56-179.65)
5.30 53.72
Afidopyropen + Chlorfenapyr 352 1:4 -
(3.67-6.89) (38.00-90.70)
3.62 4491
Chlorfenapyr + Cyantraniliprole 366 1:1 -
(2.34-4.97) (32.04-71.89)
1.50 8.51
Afidopyropen + Cyantraniliprole 357 1:4 -
(1.13-1.88) (6.76-11.53)
10.85 169.65
Afidopyropen 422 - 387.5
(8.64-13.58) (112.67-289.43)
104.6 865.85
Chlorfenapyr 360 - 290.6
(88.1-123.7) (662.69-1202)
3.23 43.45
Cyantraniliprole 363 - 323.0
Gs (2.22-4.32) (61.56-66.42)
2.90 52.19
Afidopyropen + Chlorfenapyr 428 1:4 -
(2.16-3.73) (36.04-84.71)
9.79 72.85
Chlorfenapyr + Cyantraniliprole 376 1:1 -
(8.02-11.71) (54.92-105.75)
19.0 106.77
Afidopyropen + Cyantraniliprole 360 1:4 -
(15.7-22.4) (81.74-153.9)

CL, Confidence Limit; "RR, Resistance Ratio.
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71 A3}, BE o] R thof| A afidopyropen + chlorfenapyr+= CI
9} %Mynegom. CTC, WR, SROA] AH52-8-2 Urepi ek
WJI¢}CC Zeto talj 4] chlorfenapyr + cyantraniliprole ¥} afi-
dopyropen + cyantraniliprole2 CI2} %M synergism), CTC, WR,
SR A 5282 e Itk GSAHof| sl A] chlorfena-
pyr + cyantraniliprole+= CI2} %M gynergism), CTC, WR-2 A &}H&;
82 HYATE SRS ARS8 K] SftlfUl(Helicoverpa
armigera)-&-cyfluthrin + chlorpyrifos Z3}4]2=BK99R5ZchCI,
0.93; YaMsynergismy» 31) 0l AN A ZAaF2-8-2 B A 9E BK773¢
(CI, 1.24; %Msymergismy 0)0]) THEIAIE H7H412-S Bolohe 1
217} QI (Martin et al., 2003). 0]+ Aot oFA| 2ol djsl

o zito] that WA 8L Aol 2 1Y 5 9leg HolF

=70 Aol ALl A% R} 8150 %
LHASA Aol Zpolofl A 7191t Ao 2 A ZHe th(Kang

etal, 2029) WA, L] S B U A

g ohizt ole] ofe] HEte] A4S &

t}. jAM Y (Spodoptera frugiperda) 2] 73-9- emamectin

>~I

v

Table 4. Combined effect of mixtures against A. gossypiiusing LCso

benzoate + chlorantraniliprole 2] 9:13} 3:7 Z§o| 4] CTC=
717} 239.38, 128742 /J5AM8-& UEAL, H5olSIuE
(Myzus persicae)©l| th gt cypermethrin + pirimicarb 2] 2:8 %} 1:9
H|&o| A CTC= ZH2E 176.5, 159.1 2 A52H8-5 YR AR
QJtHKim et al., 1987; Zhang et al., 2022). HFHo] SRS t}
£ A(CI, CTC, WR)E th2A| LCs 3t AHAIE H]aste
2, OF| 7HLCxy k9] 4t 217)o]| wfe} A} 2 2ol 2 Wal
Z Slek whepA] B A Ak % GS TR 7oA chlor-
fenapyr + cyantraniliprole®} afidopyropen + cyantraniliprole
9] SR-E TF2 4-(Cl, %M nergioms CTC, WR) ] ATH 2312}
)9} thE A AbsEhg o 2 BAE Ao 7 A7tE ]
e FULES ASR)S
IH= Table 59F At} I 27}, AR BL.E ofQXthWI, 1.70;
CC, 4.38; GS, 1.56)°]| 4] afidopyropen + chlorfenapyr Z=g}o]

Ar=2r2- o Ve 91 a1, GS A whol| 4] chlorfenapyr + cyantra-
Z3glo] A3}Are-o

0|83 ARZE HASH 24

niliprole, afidopyropen + cyantraniliprole

e itk ARS] A2 LCso b2 73] 3l B2 555

Population Insecticide cr %M synergism) CTC® WR® SR
Afidopyropen + Chlorfenapyr 0.08 94 1,235.9 12.4 14.0

W] Chlorfenapyr + Cyantraniliprole 0.06 97 1,639.6 16.4 19.1
Afidopyropen + Cyantraniliprole 0.10 94 914.9 10.7 10.7
Afidopyropen + Chlorfenapyr 0.16 100 764.5 6.4 6.9

CcC Chlorfenapyr + Cyantraniliprole 0.14 81 479.3 4.8 8.4
Afidopyropen + Cyantraniliprole 0.13 86 2,255.2 8.6 8.6
Afidopyropen+ Chlorfenapyr 0.08 96 1,322.1 13.2 29.6

s Chlorfenapyr + Cyantraniliprole 1.63 30 64.0 0.6 5.5
Afidopyropen + Cyantraniliprole 6.7 1 19.8 0.2 0.3

*CI, Combination Index; °CTC, Co-Toxicity Coefficient; “WR, Wadley Ratio; 43R, Synergism Ratio.

Table 5. Combined effect of insecticides against A. gossypiiusing mortality

Al CC GS
Insecticide Con(c;rr)lrt;e)ltion Mortality AR® Mortality AR Mortality AR
(%, mean + SE) (%, mean + SE) (%, mean + SE)

Afidopyropen 3.13 224+£25 - 3.6£2.8 - 37.5+3.8 -

Chlorfenapyr 12.50 292+3.7 - 103+£2.9 - 49+0.2 -

Cyantraniliprole 12.50 414+£52 - 483 +£5.2 - 70.0£5.0 -
Afidopyropen + Chlorfenapyr 1.56 + 6.25 76.7+1.5 1.70 593+1.9 4.38 57.6+£5.2 1.56
Chlorfenapyr + Cyantraniliprole 6.25+6.25 80.0+2.5 1.37 63.7+2.9 1.19 60.7+0.5 0.54
Afidopyropen +Cyantraniliprole 6.25+6.25 63.0+1.7 1.16 933+1.4 1.86 27.6+2.5 0.55

*AR, Abbott Ratio.
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Table 6. Control efficacy of insecticides against A. gossypiiin greenhouse

.. Concentration Control value (%, mean = SE)
Insecticide
(ppm) 3 DAT 7DAT 14 DAT 21 DAT
Afidopyropen 12.5 79.6 + 7.6 a° 87.7+9.1 ab 81.4+3.4bc 75.9+2.8¢
Chlorfenapyr 50.0 859+149a 81.6+74D 81.0+4.0c¢ 79.4+10.8 be
Cyantraniliprole 50.0 88.6+2.0a 96.9+ 1.7 ab 87.9 £ 4.0 abc 85.2+ 6.4 abc
6.25+25.00 98.7+1.6a 99.9+0.1a 100.0+£0.0a 99.9+0.1a
Afidopyropen + Chlorfenapyr
1.56 +6.25 83.5+19.2a 94.9+54 ab 96.2 +£2.9 abc 90.9 + 14.1 abc
» 25.0+25.00 95.8+3.6a 99.4 £ 0.5 ab 99.7+9.5a 99.7+0.1a
Chlorfenapyr + Cyantraniliprole
6.25+6.25 673+15.1a 88.2+13.5ab 89.3+£9.8 ab 85.2+10.4 abc
» 6.25+25.00 90.4+26.1a 99.2+0.6 ab 99.6 0.2 ab 993+49a
Afidopyropen + Cyantraniliprole
1.56 +6.25 85.7+9.7a 91.4+4.1 ab 84.0+7.1 bc 81.2+5.6bc

*DAT, Day after treatment; "Means followed by the same letters are not significantly different (p < 0.05; Turkey’s studentized range

test) (SAS Institute, 2019).

ARgShE tial 54 w0l W= g7 4= ok E3k o
221§ F7ol| A C12FCTC, WRS F4eH 2

ASES ol 87 EA Y FEAgS It = Qltk oA Y
AR A[ZE-2 0]85}7] w5 Levy et al. (1986)2 T <]
A58 70% o131 A A9 AH8-S WASIATE webq 3
o Welsake FAe] SlaiAle 7o) Bhe ATAlEo] A}
&3 CI2F %M ynergismy, CTC, WR 7E o} L2} AR = 2] 53}
S A=A A AT o S RISkt Wadley, 1945;
Sun and Johnson, 1960; Martin et al., 2003; Attique et al.,
2006; Yang and Lai, 2019; Zhang et al., 2022).

=EHIe] Wnlgn ZHHEH

ZAYoll A ThA|(afidopyropen, chlorfenapyr, cyantraniliprole)
2} &3A|(afidopyropen + chlorfenapyr, chlorfenapyr + cyan-
traniliprole, afidopyropen + cyantraniliprole) #2] 3 @x}of| 4| Z}
Z7}+79.6, 85.9, 88.6%2}98.7, 95.8, 90.4%2] WA a1E ERH
CH(Table 6). =317, 14,21 Y 77150 = Z5HA=99.0%0]44+2]
=& WAIETE Yeho] T 22| et Al avks 2
et vl (Plutella xylostella)©]) T3l emamectin benzoate
13.5 g/ha + chlorantraniliprole 0.375 ml/hag& &2]3t Aol
o= wHA(emamectin benzoate 15 g/ha, chlorantraniliprole
150 ml/ha) 2} -G-AFSE G377} B a1 v} It (Zhang et al., 2022).
Madgwick and Kanitz (2023) = S314 2 28 0Fo] 10kS ALE-
A & WA TS 714 2m, 35-2] oA A3 S At
2oz S 4= Gl ioke = AAsl | = B3l

ol/Fe] Aol 3 F2f fAl(afidopyropen, chlorfenapyr,

s o] o] Fab 2l okl 9
webi] BeAle] Heag-L A4S
ARE] 412 B3| B71} ol ol Alch, 4k B4 AT
2 7] £80] B 202 7|tk

AL Ab

B ERe BENTHY AU ot ATHUSUTHRS-
2022-RD010420).
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