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Abstract This study investigated the seasonal occurrence in relation to climate change and the insecticidal
efficacy against the Oriental tobacco budworm (Helicoverpa assulta) in red pepper fields in northern Gyeongbuk
Province. At red pepper fields in Yeongyang-Gun, adult population peaks were observed. In 2016 and 2017,
the first generation peak occurred from the third week of June, and a total of three generation peaks were
observed. Similarly, in 2023 and 2024, the first generation peak also began in the third week of June, however four
generation peaks were observed until the third week of September, indicating an increase in the number of
generations associated with climate change. Field efficacy tests of 20 insecticides against H. assulta showed
that five insecticides with mode of action (MoA) 28 (chlorantraniliprole, flubendiamide, cyantraniliprole,
cyclaniliprole, tetraniliprole), three insecticides with MoA 30 (broflanilide, fluxametamide, isocloseram), and
pyridalyl with an unclassified MoA resulted in cumulative damaged fruit rates of less than 1.0% at 30 days
after application. In laboratory tests using Sth-instar larvae, four insecticides (emamectin benzoate, chlorantraniliprole,
fluxametamide, and pyridalyl) showed feeding inhibition rates of over 70%. Field efficacy tests of insecticide
rotation according to different termination times showed that when control was continued until late August,
control values in mid- and late September were higher than 90%. In field efficacy tests according to insecticide
application intervals, a 10-day spraying interval resulted in high control efficacies of 99.3% and 95.9% in
mid- and late September, respectively.
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35e A 762%, I 16.8% BIEZ 4HHS 51 (Han et al.,
1994), F-3lgk fZo] T2 Ao FHS FIL I T3l I
S FAN A 7llsy % FThHIll, 1983). =M E
ghafubdol] ofgh rehak &ao] Jujol A 5~15%, ATl A
20~30%) ©]ETH= B} 13 (Wang et al., 2008), $-2]
vt M e arFella gujupie] WA 7E o] H XA Sl
5~55%9] Aol WA= Bt QiTh(Baek et al,
2008).

2004 =] AFAFte] wER gujupl Ao Hale
64 sk AU 1AW, 7€ dke~8¥ g 24T, 8Y
s~ A MY BAHAVE Hole SR ZAlY]
2ATH(Yang et at., 2004). Z5=0l| §-32] WL gukz|o 7
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& FE(%)= ZAI9H. WA E7HControl value, %)= [(a-
bya] x 10002 AF=3l51 oM, ax FA ] 3] 24-&(%), be

Table 1. List of insecticides for H. assulta used in field test of spraying treatments

Chemical Classification

AP

(Mode of Action) Insecticide o Formulation” RC? (ppm)
A Deltamethrin 1 EC 10
Etofenprox 10 WP 100
5 Spinetoram 5 WG 25
6 Abamectin 1.8 EC 6
Emamectin benzoate 2.15 EC 10.75
13 Chlorfenapyr 5 EC 50
s Chlorfluazuron 5 EC 25
Novaluron 10 SC 50
18 Methoxyfenozide 4 WP 40
22A Indoxacarb 5 DC 50
22B Metaflumozone 20 EC 100
Chlorantraniliprole 5 SC 25
Flubendiamide 20 SC 100
28 Cyantraniliprole 5 EC 25
Cyclaniliprole 4.5 SL 25
Tetraniliprole 18.18 SC 36.36
Broflanilide 5 SC 25
30 Fluxametamide 9 EC 45
Isocloseram 18.3 SC 73.2
UN? Pyridalyl 10 EwW 100

JRate of active ingredient.

®DC = Dispersible Concentrate, EC = Emulsifiable Concentration, EW = Emulsion in Water, SC = Suspension Concentrate, SL = Soluble

Liquid, WG = Water dispersibel Granule, WP = Wettable Powder.
“Recommended concentration.
YUN = compounds of UNknown or UNcertain MOA.



A= =exel LXDE

Table 2. List of insecticides evaluated for toxicity against H. assulta larvae under laboratory conditions

Chemical Classification

(Mode of Action) Insecticide AP % Formulation® RCY (ppm)
3A Etofenprox 10 WP 100
Spinetoram 5 WG 25
Emamectin benzoate 2.15 EC 10.75
15 Chlorfluazuron EC 25
28 Chlorantraniliprole SC 25
30 Fluxametamide EC 45
UN? Pyridalyl 10 EW 100

“Rate of active ingredient.

YEC = Emulsifiable Concentration, EW = Emulsion in Water, WG = Water dispersibel Granule, WP = Wettable Powder.

9Recommended concentration.
YUN = compounds of UNknown or UNcertain MOA.
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Fig. 1. Seasonal fluctuation of H. assulta adults captured in pheromone traps in red pepper fields. A) 2016-2017; B) 2023-2024. W3
= 3rd week of the month. Gray boxes indicate the peak periods of each generation.
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Fig. 2. Changes of damaged fruit rate caused by H. assulta in open fields of red pepper in Yeongyang-gun (observed in early

September annually).
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Fig. 3. Analysis of H. assulta generation cycles from 2016 to 2024 based on climatic data. A) Yeongyang-Gun; B) Andong-Si; C)
Bonghwa-Gun. Cumulative effective degree-day thresholds for each generation were set at 250°C (1st), 650°C (2nd), 1,050°C (3rd),

and 1,450°C (4th).
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Table 3. Field test results of twenty insecticides by spraying treatment for H. assulta in open fields of red pepper
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Damaged fruit rate (%, mean + SE)

Insecticides Modi?gcﬁon 12-August 22-August 1-September
(10 DAT?) (20” DAT) (30 DAT)

Deltamethrin IA 1.2+0.8ab" 1.8+0.4b 2.9+0.9ab
Etofenprox 1.2+0.4abc 1.6+0.7bcd 2.1£1.0b
Spinetoram 5 0.1+0.1d 0.3+0.1cdefg 1.1+1.2defg
Abamectin 6 0.7+0.2bcd 1.240.4bcd 2.240.5bed
Emamectin benzoate 0.2+0.1d 0.5£0.0cdefg 1.1£0.3cdefg
Chlorfenapyr 13 1.0+0.2abed 1.2+0.0bcde 1.9+0.2bcd
Chlorfluazuron 15 0.9+1.0abed 1.3+1.0bcd 2.1£1.6bc
Novaluron 1.3+0.5ab 1.9+0.6bc 2.3£0.5ab
Methoxyfenozide 18 1.0+1.0abed 1.1+1.1cdef 1.6+1.8bcd
Indoxacarb 22A 0.9+0.3abed 1.0+0.3bcd 2.240.2bcdef
Metaflumozone 22B 1.0+1.5abed 1.1£1.4bcd 2.3+1.4bcde
Chlorantraniliprole 0.0+0.0d 0.0£0.0g 0.1£0.5¢g
Flubendiamide 0.1£0.1d 0.240.1g 0.2+0.1efg
Cyantraniliprole 28 0.2+0.1d 0.2+0.0g 0.3£0.5defg
Cyclaniliprole 0.0+0.0d 0.1£0.1g 0.3£0.1fg
Tetraniliprole 0.1+0.2d 0.1+0.2g 0.1+0.2efg
Broflanilide 0.3+0.6bcd 0.5+0.8efg 0.7£1.0cdefg
Fluxametamide 30 0.2+0.0cd 0.4+0.1fg 0.5+0.6cdefg
Isocloseram 0.240.0cd 0.3£0.1fg 0.4+0.2defg
Pyridalyl UNY 0.4+0.2bed 0.4+0.2defg 1.0£0.5cdefg
Control - 1.8+0.2a 2.6+0.2a 4.8+0.7a

Y“DAT means days after treatment.
20DAT and 30DAT damaged fruit rates represent the cumulative damaged fruit rates after 10DAT.
9Means followed by the same letter within a column are not significantly different at P < 0.05 by Duncan’s multiple range test (R version, 4.3.3).

YUN = compounds of UNknown or UNcertain MOA.

Table 4. Comparative toxicity of seven insecticides against Sth-instar larvae of H. assulta using the dipping method

o IRAC Mortality (%, mean = SE)
Insecticides .

Mode of Action 48 HAT" 96 HAT 192 HAT
Etofenprox 3A 26.7+11.5¢d” 33.3+11.5¢ 46.7+11.5b
Spinetoram 5 46.7+11.5bc 60.0=0.0ab 80.0£0.0a
Emamectin benzoate 6 73.3+11.5a 73.3+11.5a 86.7+11.5a
Chlorfluazuron 15 46.7+11.5bc 46.7+11.5bc 66.7+11.5ab
Chlorantraniliprole 28 26.7+11.5¢cd 33.3£23.1c 80.0£20.0a
Fluxametamide 30 53.3£11.5b 66.7£11.5ab 80.0£20.0a
Pyridalyl UN? 46.7+11.5bc 46.7+11.5bc 73.3+11.5a
Control - 6.7+11.5d 6.7+11.5d 13.3£11.5¢

YHAT means hours after treatment.

YMeans followed by the same letter within a column are not significantly different at P < 0.05 by Duncan’s multiple range test (R version,

4323).

9UN = compounds of UNknown or UNcertain MOA.
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traniliprole 2714 A3%-& 90% o023 A A 8-S
YUehN o™, fluxametamide, pyridalyl 2784 A& 70%
oo A AA&E YER St Table 5).

Table 5. Comparison of feeding amounts in Sth-instar larvae of
H. assulta treated with seven insecticides using the dipping method

96 HAT”
IRAC -
Insecticides Mode of  peeding rate? Feeding
Action (%, meantSE) inhibition
? rate
Etofenprox 3A 54.13.0b9 30.5
Spinetoram 5 31.9£6.0c 59.0
Emamectin benzoate 6 5.4+4.7e 93.1
Chlorfluazuron 15 32.0+4.2¢ 58.9
Chlorantraniliprole 28 2.1£1.6e 97.3
Fluxametamide 30 18.3+3.3d 76.5
Pyridalyl UN? 15.6+6.9d 79.9
Control - 77.8+2.0a -

“HAT means hours after treatment.

PFeeding rate (%) is the corrected feeding rate reflecting moisture
loss in untreated diet.

“Means followed by the same letter within a column are not
significantly different at P < 0.05 by Duncan’s multiple range test
(R version, 4.4.3).

YUN = compounds of UNknown or UNcertain MOA.

(ZE/AL) 22 &Y

22 ez g AAIE A3 5 oFAE HAE %)l
e IGAFAA =AM oHAE s (%)l
B AR 42 B tH(Table 3 & Table 5).
2 AYAIRNA 58 =HGTS ATHAR ARSI S
W o|=, H. armigera®] 5% f% A%l 4% Uy
3.58) ©-& 2™ (Browne et al., 2003), =% -5 o3t
a7t AA 2o BAEaII} S Bol F Ho]
2= 7Pg oAt}

3402 diamides”|(MoA : 28) chlorantaliprole>
AR 973%2] 71 73 AAGAEE HERHLS
o, AR HF FAAE 308 F 0.1%2] 7
w2 93| 7482 JERNATH(Table 3 & Table 5). Diamides]
AZAIE 3252 ryanodine 583 (ryanodine receptor)l] 18-l
2575 AAGAE frieste 717 7FEH (Selby et
al., 2013; Lee et al., 2022; Lin et al., 2024), |23+ G3h=
Fig. 4A°IA B Sl 2% f3oM = FElshA et
STk TlEo] EAAFA 280 AgAl Al dldsie
diamides”] 52| HA7F B5F 1.0% olske] T &S Hl
A&, o AT FAZE vl Aol w9 'A<
ASATUE AAFeE

Isoxazolines”ll (MoA : 30) AZAQ] fluxametamide= 4

L
o of
=
12
Fol
=
o

Fig. 4. Photographs of mortality symptoms in Sth-instar larvae of H. assulta treated with different insecticides. Images were taken 96
hours after dipping treatment. A) muscle contraction induced by chlorantraniliprole; B) muscle cramping induced by fluxametamide;

C) neuroparalysis induced by emamectin benzoate; D) untreated control. "HAT means hours after treatment.



WA 76.5%°] A2 AlES Bom, ZAA M=
0.5%% Y 93| 7#ES YERAITH(Table 3 & Table 5).
Isoxazolines&meta-diamidesl &A= 2% A7 A A
y-aminobutyric acid (GABAY} &gl daAd 242
Asfate] AFRHS do7)= 712 7™ (Asahi et al.,
2018), Fig. 4BoIM = =8 4% td Aldwst 2 2849
o] sk AFEHAUTE 300 AFA ATl &l
isoxazolines&meta-diamidesA] 3% <A 2% XA 1.0%
ojste] s zt&g Bl FE weld o, 304 A AlE

w3 dupbl % SAle 23X AseR dAdtEr

HEFE 2719 pyridalyl> AWHAI AN 79.9%2] 4H2]¢]
Aes Bon, TPAFAME 1.0%] Fai4&S e
WEH(Table 3 & Table 5). E=5F A AIFA pyridalylo] 1
Bl ¥3] AlZ24 A S (Ueda et al., 2005)°] =3
FEoME P ZE= o] pyridalyl SA] FHivby &

Z A 2ARQ] AT o E HATET)

AvermectinsZl(MoA : 6) 24|21 emamectin benzoate= 2
WATEAAME 93.1%2] =2 A4 A1E-S YER UK Table 5).
AvermectinsA] A5AE 25 A7 AN glutamate” | 5=
daad 282 Asllate] ARAE oA F vHISEE =
&= 28712 71X (Jansson et al., 1997; Xu et al,, 2016),
Fig. 4CollA ERlE o] ¥ {55 tFeE 28540 1B
A AR A A FoME 1.1%2] 72 Tl
&S Ve, AWAIE tiH] iAo g Ax3 595 1Y
ok ol 20229 XS wF FAEH SR ATelA
emamectin benzoater= A A7t AAIS tiv] A Zek
82 Hole A3} 7Fo|(Lee et al, 2022), ©] AHE-2] wWE F
23 2 A2 vIeF F 1341129, 85 $29) B
22 EXJo] 99lo] & = vk AT THKim et al., 2013).

PyrethroidsZl (MoA : 3A) 2=5AIQ1 etofenproxe AAIE ol
A 7P 92 AR (%Rt A A& (%S B3 S (Table 3
& Table 5), EFA PN FUAE A9 deltamethrin,
etofenproxi= ZH2} 2.9%, 2.1%%] JHH o2 =2 77 7

i ARy 9 wrer 183

3 S Ve o] pyrethroids AlE A5Al= BHllubol=
o] "olx= Aoz AtdT) it 239 Y9 E A
d5le 287128 7F benzoylureasZl (MoA : 15) novalurons?
chlorfluazuron(IRAC, 2025), 252 &3& F3A7]+= %
2712k 7171 diacylhydrazine”l (MoA : 18) methoxyfenozide
(IRAC, 2025) 5] IGR (Insect Growth Regulators) 2+
&} 2% A A AEE dEF LS Abdel] 5
upH], A2 oA 718 S48 U207+ oxadiazindesA (MoA
: 22A\) indoxacarb, semicabazones”ll(MoA : 22B) metaflumizone
©(von Stein et al., 2013), EFA| HolA BF 1.5% o] de] +4
3|72 YERYT 8}1] 7+ IGR 25A)9} oxadiazindes ],
semicabazones”|] AEAE-S dflolA shhpdtolut Gy
AMEL el ek a3 v BalEo] glom
(Pineda et al., 2005; Hardke et al., 2011; Pang et al., 2012;
Zhang et al., 2024), ¥ AFAIe= zlolE HAT o]
3l zjol= X9 dA|ALE o] 7|5 -EH A S0= <l
&l Fhlupe] ofAl ZHdol gk ¢ 7] wiEelH, wet
Al = T8 IF AR Sl JRAES TR
g ket FrrH s dad A0 Ak

EHHf LY A7 |E S HHH
A ZAGOA gelupl 280k o] BAlE R A7|E HEA
283 A= Table 69F 23Utk 78 S<E WAIE A%
alo] 89 ak=(8Y 23U kA WA S A&
(0% 129y} 99 392 22%) 72t 91.9%, 93 8% =
UAgIE HeoH, 88 2489 13y A 1]%
9 99 F<=, 99 s A7 81.8%, 84.7%2] AThE o
=2 x1za WA S JERA AT
A 25 Aol sl Al dlEe] WA 719k B Al
AAF ook sk, 53] HEst WA AL HslE
Haslele v w9 S231tH(Lee et al., 2022). AFE
LTI AR, AV 0 R 33]ollX FHu) 53] o) ]
7¥FsatH, 53] 99 Skl FF UF SUkete] Al

Table 6. Control efficacy of insecticide rotation with different application schedules for H. assuta in open fields of red pepper

Application time for H. assulta control September 12 September 22
713 723 8/ /13 823 o0 D(:(i)zar%eec; Ifrf; ]rgzi)te Contig)/}) )Value D(z(i)zar%leec; Ifrin; ]rgzi)te Cont?))/}) )value
R1? R2 R3 xX» X X 7.243.52° 4.8 14.147.8a 14.0
R1 R2 R3 R4 X X 1.4+0.3b 81.8 2.5+0.6b 84.7
R1 R2 R3 R4 RS X 0.6+0.3b 91.9 1.0£0.6b 93.8
R1 R2 R3 R4 RS R6 0.6+0.6b 91.8 1.0£0.7b 94.0
Control 7.5%1.1a - 16.4£1.5a -

YR means insecticide rotation. R1 ~ R6 are insecticides used to control H. assulta(R1, Flubendiamide 20% SC; R2, Broflanilide 5% EC; R3,
Flubendiamide 20% SC; R4, Fluxametamide 9% EC; R5, Chlorantraniliprole 5% WG; R6, Indoxacarb 5% DC).

DX : Not sprayed.

“Means followed by the same letter within a column are not significantly different at P < 0.05 by Duncan’s multiple range test (R version, 4.3.3).
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Table 7. Control efficacy of insecticide rotation with different spraying intevals for H. assuta in open fields of red pepper

September 12 September 22
Insecticide rotation”
intevals (days) Damaged fruit rate Control value Damaged fruit rate Control value
(%, meantSE) (%) (%, mean = SE) (%)
7 days 0.0+0.0c” 100.0 0.8+1.4c 95.1
10 days 0.1+0.1¢c 99.3 0.7+0.4¢ 95.9
14 days 2.9+1.0b 62.3 3.7+0.6b 774
21 days 2.7+1.3b 65.2 3.8+0.9b 76.5
Control 7.6+1.9a - 16.242.2a -

Jnsecticide rotation was repeated as 1st, Flubendiamide 20% SC; 2nd, Fluxametamide 9% EC; 3rd, Chlorantraniliprole 5% WG; 4th,
Indoxacarb 5% DC. The first insecticide application for all spraying intervals (7-day, 10-day, 14-day, and 21-day) began on July 13, 2024.
"Means followed by the same letter within a column are not significantly different at P < 0.05 by Duncan’s multiple range test (R version, 4.3.3).

FEM =& HFSE AAsh= o] Urh(Hwang and
Jung, 2003). L&fut HZoll= 94 wlpEe] BARE 5
7F2 Qlsl Sl FHE(%)e] EoRlE FAIE Kolal )t o]l
et HF WA 718 ARS T A4S HAsls] 9
HHerg Zgeity & A A, 8‘?:4. SR WA
99 F-oked] sjHes 1% olstE AT
= 579719 "aﬁioﬂ TIARI Aoz
Afs7tlM e £ A <soRbd
SF OFA| S} T, Tl LPEe] WA A]

A A7) Aol s, ol thEt
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o AHE ERAY =223 AR A gl Helicoverpa assulta)®] A5 AT 7153t M2 Al
& A8, 78 A a9E AAste] wAdE g 8t B AFE T UA
9] AT WAFG7] ZAF A3, 201649, 201790 = 6Y 3F~4F3k] 1A, 79 470l 240, 82 45~9Y 1F 3
G715 GERI O, 20239, 2024990E 62 35573 1A, 89 1579 24T, 89 45:~9€ 150
34, 99 350l 4Md) DAHA7E UElf Y] 7152 g Al S77F A =AEZNA 200K
o] v &g A=A a3 A3 28712 mode of Action) 2891 A=A 5% (chlorantraniliprole, flubendiamide,
cyantraniliprole, cyclaniliprole, tetraniliprole), 28712 30 <1 454l 3% (broflanilide, fluxametamide, isocloseram),
HlEF 28712191 pyridalyl 309 F 7A l|go] 1.0% o5t WAl vERdor, 5% f3& tidew & A
WA ol A= emamectin benzoate, chlorantraniliprole, fluxametamide, pyridalyl 4714 A48 70% ©]’3<] A2]Al&
VFERH AT, WAl FEAI71E WS A (rotation) B E A3, 8¢9 sk MAIE A& 49 99 S 99
e 217 91.9%, 93.8%°] =& WA RIS BT X A aAE A3 108 7 AgA 98 S
99 sk 717t 99.3%, 95.9%°] =2 WAl EE Btk weby BE 5 15 giue] ARl RS sl
Me 78 TEH 8Y sk AEARD iAIS 109 7HA 9] A d=ko] ZashH, A /HAME Bt 5% of
Ale] WS AL} S E]ofof g,
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