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Abstract Acynonapyr, a Group 33 acaricide acting on calcium-activated potassium channels, has been used
in South Korea since 2020 as an acaricide. Between 2021 and 2024, there was a significant decline in the
weighted mean mortalities (F5s9 = 15.286, P < 0.001) of field populations of Tetranychus urticae (two-spotted
spider mite) collected from strawberry fields. In particular, the 24TU030 population developed resistance (ca.
166-fold of the resistance ratio) and reduced acaricidal efficacy (ca. 122-fold of the control efficacy index). These
results indicate the emergence of acynonapyr-resistant two-spotted spider mite populations in strawberry fields.
Therefore, it is necessary to regularly monitor acaricidal efficacy and to employ management systems to
efficiently control acynonapyr resistance.
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channel(KCa) T dol] So]xog #-gsjo] HE W
AA e 48 el 202 dei X th(Hirata et al.,
2024). KCa & AlZ4 Y] Zg s2rt F7F €/4d3= o]
g ol AX vre g jrm Alxuhs IRESAIA Al
73 MEL AT A s FTH(Vergara et al., 1998).
YO0 Z KCa channel> KCal (BK channel), KCa2 (SK
channel), Z28]3 KCa3 (IK channel)®] Al 7|2 ==,
acynonapyr= 8Fo]-golo] KCa2oll 2H&-3to] A7 E2]
HIRFAR] S-S st Ad 248 oA Aads
Uehl= 7102 484 3ltH(Takahashi et al., 2025).
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VB &S St VAL A
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Table 1. Strains used in this study

Huto|SoHe| Mg A B4

B Aol AMg-st Hulolgoll= & 2070 AF2Z, SLYS
ASE 20129 118 A2e] fxolM Adste] 44 Ale
o8 ARSI, WA 2170 AES 202195 E] 20244
7HA] D7) AR A Afste S sFolu oAl =F
glo] i ARS3FATH Table 1). oA 0121 (400 x 400 x
500 mm)elA TE = 15-2090] At AdES VTR ¥
T3] &% 25+2°C, AT 60+20%2] ZACE i
ARSI AEAAC AR dutolgole Tl AR
A BT Holg gFo] ARSI volg e YA
AE5S F1317] 913k, breeding dish (@ 100 mm, SPL
Life Science)oll 4™ (210 x 150 mm, oA &)=+ 2
E#Ho]3(@ 90 mm, Whatman), 22|32 & 80 mLE ¥
= 7hdE FEHA(G 90 mm)e] HHo] 9E FsEE 3l
somtE]e] 2 Adutel ol E FESATE HET A5 28°C
ZANA 24N 753 AbES vk & R A AL &
oA Fakeh o TAlolA 7o) AU ThdE LE VIE
Yo 22 ARSH(360 x 360 x 610 mm)OE ko] e

Strain Collected date Collected region Host plant El)(r)itegi?ég
SL YS 2012-11-03 Seoul Metropolitan City Weed Kidney bean
21TU002° 2021-03-26 Cheongju-si, Chungcheongbuk-do Strawberry "
21TU003" 2021-05-01 Yesan-gun, Chungcheongnam-do " "
21TU004" 2021-05-04 Wanju-gun, Jeonbuk State " "
21TU005" 2021-05-11 Tksan-si, Jeonbuk State ” ”
21TU007" 2021-06-21 Cheonan-si, Chungcheongnam-do " "
21TU008’ 2021-06-22 Jincheon-gun, Chungcheongbuk-do " ”
22TUO013 2022-01-15 Asan-si, Chungcheongnam-do " "
22TU016 2022-05-09 Cheongju-si, Chungcheongbuk-do " "
22TU018 2022-05-21 Wanju-gun, Jeonbuk State " ”
22TU020 2022-05-23 Seocheon-gun, Chungcheongnam-do " "
23TU024 2023-03-16 Iksan-si, Jeonbuk State ” "
23TU025 2023-05-11 Seocheon-gun, Chungcheongnam-do " ”
23TU026 2023-10-14 Iksan-si, Jeonbuk State ” ”
23TU027 2023-11-16 Buan-gun, Jeonbuk State " "
24TU028 2024-03-26 Iksan-si, Jeonbuk State " ”
24TU029 2024-03-29 Wanju-gun, Jeonbuk State " "
24TU030 2024-03-30 Nonsan-si, Chungcheongnam-do " "
24TU031 2024-04-21 Seongju-gun, Gyeongsangbuk-do " "
24TU032 2024-05-15 Yesan-gun, Chungcheongnam-do " "
24TU033 2024-12-26 Jeonju-si, Jeonbuk State " "
24TU034 2024-12-26 Jeonju-si, Jeonbuk State " "

* Asterisks denote the previously used strains (Kwon et al., 2022).
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°F8 W7h= acynonapyr HFFSHAl(FEAAETE 20%)
AEL FHEFE 100 ppm=z 3431 G EAA
HE 7Hke 2 35 th(Kwon et al., 2022). ST+~ E
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452 &57
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HNEUZAEEE 0188 %5 Bt

2170 oke] AlEoll et acynonapyre] kg H7llE 715
BHAREES 22319t Kwon et al,, 2022). 2447+ 7+4
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Huto]-gof oke] 7)A|-2] acynonapyr 2FAlo] thet A&
ug 72 Hrkel] 91k, SLYS AlEd ofkart 7
S 24TU030 AlTS o g A3S Jasisitt. A&
AR A7) oka 7Rl Y g EARHO R,
L_YS$} 24TU030 Als- 247} 3.125-50 ppm, 625-10,000 ppm
o] 7| T TS 28] HEHoE A gsle] 15vkEy
mEoz ASY. v ¥ 2407 B AEES
Abbott (1925)°] F2lell me} FAZF AHE&S o] 8ato
B3 5, o]Z SPSS 13.0 (IBM, "|=)e] Z2H]l 2
(Finney, 1971y& 538t HFXAFE = (LCs)E AHEstAT)
A AR = 24TU030 A5-2] LCs2 SL_YSY] LC o7 Lt
Faoem, = A% WUAIEIR 4 (control efficacy index,
CEDE 7% ¥ LCy AZXAL FHEE(100 ppm)E L+
o] Akl tH(Kang et al., 2023; Lee et al., 2023; Kim et
al., 2024).

N

LU)

EH &Y

H Ate] BAIREAL R softwareS Z-8-3FTHR core team,
2025). k] AH AT 7F oFE vl dYRAHEAS 719
3L, A A2 R W multcomp #H714]19] glht $rE
o] &3t Tukey’s HSD tests HAISIATE 94 *pol€]
FAIE cld 4 olgate] dupl 2RAR EAISIAT

Z

o @ MW HS %5 Bt

20218338 20243 7kA] &7] AufR] A e 2171 7Y
Aol tigt acynonapyrel] gt S E H7IeFATHFig. 1-3).
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Fig. 1. Mortality from 24 to 72 hours of yearly collected Tetranychus urticae strains against acynonapyr. Error bars indicate the
standard deviations. Small alphabetical character means the statistical difference by Tukey’s HSD.
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Fig. 2. Acaricidal efficacy based on the weighted mean mortality
against acynonapyr of yearly collected Tetranychus urticae strains.
Error bars indicate the standard deviations. Small alphabetical
character means the statistical difference by Tukey’s HSD.
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Fig. 3. Average weighted mean mortality against acynonapyr
of each collected year. Error bars indicate the standard deviations.
Small alphabetical character means the statistical difference by
Tukey’s HSD.

FAZT A& 2407 HEo= 3UEt Hd 1.7%,
5.6%, 7.3%& HEE AT A A2l tigk 2171 A5
i AN 2447 702 A 7FESE 27.2%, 46.5%,
AL 60.6%= A7kl 73l met folskAl 71l
THF;,155= 16503, P<0.001)(Fig. 1). 2} AlS2] A28 2=
Ve ER AN S W 19.6-100%= I3

Table 2. Resistance level of SL_YS and 24TU030 strains

o) S B THFy = 14.676, P<0.001)(Fig. 2). 7F5-H
AEEE 7S 71Eo R ded R AR (Fig 3), 20219 671
AL Ag 17} 36-100%2A B 62.4% = BT

202243 470 AlE2] 739 38.5-92.3%%A] 20211d K} oF7k
=& 759%2] AES Btk v 20239 41 AlE 9
739 40%(30.7-62.3%)2X 7Hak] A Rkeilon, 20244
TN A% 7IEHIAES Baae 34.4%(19.6-45.2%) 2]
SAAOZE frolst oFa 74 o] UERITHF; 5 = 15.286,
P<0.001)Fig. 3). £3], 20244 7% 3 24TU030S 19.6%E
ofe] Aol A eka 7 Aol UERd Zlo 2 SRIF ]
Z4d ASol chst MEy Uy =& "It
A= kg grloA 7P B ARE-S UER 24TU030
741%% 2=, acynonapyrell thek REFAARSE 71F A]
Jue} AFe] FHAFE 7E HAEIARATE A =
319 THTable 2). = A3}, AAIRE oF 166815 B9 oM,
A g A= oF IZZHHEH 3 A2 acynonapyrel
sl A3 é% L}E} e ek ol okg 74 AR A

YL gle Aoz lEiT

k=l
]

ded g7] AejRjelA] aet Hutol-goff ok A
;H/&}o q_uﬂdxggﬁﬂm S 7] ]'__i 91_§_ .117]-.2 Z,:fsgé}
Aok 2 A, FeEdAREE] A 4ol 2023 E
AR folsH L]'E]'LV] A&l thFig. 1). 531,
20243 AlE Tl * ks l—b— 24TU030A1 52 ¥
TAAFEE 710 R Bkt éﬂr, A% OiE) 166E0<)
Agdo] g 25 SRISINATE LCy #he FHEFE foE
o] bEshe WAIEHATE 1228124 ok JRAIE
oA kg 7 Fo] Yehbe A ERISITHTable 1).
Acynonapyrs 8RO T 3= AL 2020"35_1‘%151 =]
A fEEeH, WA 71 FadEe] E3tES 2024
W7k 5,160 kg, 9,967 kg, 17,080 kg, 12,988 kgl 24 A
Hkd oz ghjgko] Frlsle S Kol UTtHKCPA,
2025). oFe] AL oAl A e i wete] =
Hzel Aol s & sdrh & AellA = acynonapyre]
=31 2t APFeZ ok ) iﬂ—'?—_o/] A3 wgs

FEAIZ ZoR e ARAd A, &5, A

Hk

Strain n df LCs (95% CL, ppm) LCy (95% CL, ppm) RR CEI
SL YS 270 3 19 (17-22) 66 (53-88) 1 0.7
24TU030 270 3 3,156 (1,706-7,081) 12,196 (5,896—-176,384) 166 122

“RR (resistant ratio) = LCs, of 24TU030/ LCsy of SL_YS

** CEI (control efficacy index) = LCy, / Recommended concentration (100 ppm)



Monitoring acaricidal efficacy of acynonapyr in Tetranychus urticae 423

E7Fe AA AR AR Blalste] ARS-ER A
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Acynonapyr= 52| calcium-activated poatassium channel
(KCa2)ell #H&-stm 28714 33O 2A Al A8714E
HA{pe HRog TREETNHirata et al, 2024). ZZ7HA|
acynonapyr= Auto) goHoﬂ =8 EoJAE JHAH oHA)
A Akl FEol Qe dllE gA EMel7) By vl
$TH(Takahashi et al., 2025) 150
xg Q_ﬁlzq 3“533_/\ 51-/\3 —’F—Zr 911:
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Huto|SO0H oFel JHA 22| acynonapyr0 CHEH &H[S2 WHE
¥ N ¢E
=

2 2 Acynonapyrs calcium-activated potassium channeloll 283 28712} 25 3330 sjdsle Al 2]
EAEA, FoA = 202097 H FEEO] AREL itk 2021 7E] 202437FA] @7 )AEA] oA A g o]
SOl ok JHAEE U OE TR &) HWiahS vt A3, AR 62.4%, 75.9%, 40% 12|13 34.4%
B OFF ATES SRISIIATHF; 5 = 15286, P < 0.001 ). 53], 7P v+ k&S A 24TU030 7152t
2 2 Az AuE 2RAA% OE) oFleeil S Bolon, 2R % thy) oFE 7k AR ERA R oF
1220h)E B3t} 5, =i @7] AjujA] Hupo]3of of] AL A acynonapyr A Aol EHE JoE &
T webA, B712Q1 g RUE A e A2 2905 FaE AT AT GRS olsfistal WAl &5
SUiAZ 2ot o

1=

2104: Acynonapyr, uto]-&-ell, A&, ¥ a3}, 7 HdA &
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