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Abstract

We investigated annual changes in the efficacy of fluxametamide to control the two-spotted spider mite

(Tetranychus urticae) population in strawberry greenhouses in Korea. Using multi-array leaf-dipping bioassays,
we analyzed the weighted mean mortality. The annual mean mortality of field-collected populations was
79.6% (2021), 83.1% (2022), 50.6% (2023), 49.1% (2024), and 32.3% (2025), which was a statistically significant
decline over time (Fa,7¢ = 23.868, P < 0.001). In comparison to a susceptible strain, strains 24TU028 and
24TU032 had approximately 724-fold and 108-fold resistance ratios, respectively. The control efficacy indices
were approximately 38-fold (24TU028) and 4-fold (24TU032) higher than the manufacturer’s recommended
concentration. The results of our study indicate the emergence of fluxametamide-resistant two-spotted spider
mite populations. To establish sustainable control strategies for strawberry nurseries and production systems,
it is pivotal to regularly monitor insecticide efficacy and implement resistance diagnostic systems.
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Table 1. Laboratory strain (SL_YS) and populations of Tetranychus urticae collected from strawberry farms between 2021-2025.

Name used in this study Collection date Collection site

SL YS 2012-11-03 Seoul Metropolitan City
21TU002? 2021-03-26 Cheongju-si, Chungcheongbuk-do
21TU003? 2021-05-01 Yesan-gun, Chungcheongnam-do
21TU004? 2021-05-04 Wanju-gun, Jeonbuk State
21TU005Y 2021-05-11 Tksan-si, Jeonbuk State
21TU007? 2021-06-21 Cheonan-si, Chungcheongnam-do
21TU008? 2021-06-22 Jincheon-gun, Chungcheongbuk-do
22TU013 2022-01-15 Asan-si, Chungcheongnam-do
22TU016 2022-05-09 Cheongju-si, Chungcheongbuk-do
22TUO018 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 Tksan-si, Jeonbuk State
23TU027 2023-11-16 Buan-gun, Jeonbuk State
24TU028 2024-03-26 Tksan-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
25TU035 2025-05-01 Wanju-gun, Jeonbuk State
25TU036 2025-05-22 Cheongju-si, Chungcheongbuk-do
25TU037 2025-05-22 Yesan-gun, Chungcheongnam-do
25TU038 2025-05-25 Seocheon-gun, Chungcheongnam-do
25TU039 2025-05-25 Iksan-si, Jeonbuk State
25TU040 2025-12-23 Jinan-gun, Jeonbuk State

9 Asterisks denote the previously used strains (Kwon et al., 2022).
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Fig. 1. Acaricidal efficacy of fluxametamide evaluated by weighted mean mortality in Tetranychus urticae populations from
domestic strawberry farms between 2021-2025. Weighted mean mortality values of each population were shown as black symbols
with error bars indicating standard deviation. Different lowercase letters below each symbol mean statistically significances
according to Tukey’s HSD. The linear fitted red line shows trend of acaricidal efficacy according to populations collected over time.

al,, 2025). AEAA 7 A7I= 2024334 202530 242}
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Fig. 2. Fluctuation of acaricidal efficacy of fluxametamide
based on average weighted mean mortality in Tetranychus
urticae populations by each collected year. Error bars indicate
the standard deviations. Small alphabetical character means the
statistical difference by Tukey’s HSD.

Hato]-gof 7A2] fluxametamide A5 2FAlo] st kg S
Hrrslath, FAE T ARSS 24, 48, 72AI7klA H
2.0%, 6.8%, 9.4%31 0™, %FAl A2|T= e 28.8%, 47.3%,
a3 63.5%2 AlZke] gl wEh felsAl 71
TH(Fy7.168 = 53.7068, P < 0.001) (Supplementary Fig. 1). 2t
A% B 7EEIAREES 20.7%04 100%7H] BAH R
FoBHAl 2H0] 2 B O (Fys, = 11,535, P < 0.001), AF
S AAIE] TS HFAEES A7) Bl wet sl
73S e AT (Fig. 1). A 9= ¥ 7Had 7 A&
BAe 71Fez AuEd, 2021959 202295 ofe)
MAZEL] Fg W& SAFo R F2ld o)} glolon,
20234, 2024, 223 20259 AH AAAEe Haake 7zt
7} 50.6%, 49.1%, 23 32.3%EX EAZ O R 23 oF
T 74 ol Uehe AL ERISHATHF, 74 = 23.868, P
< 0.001)(Fig. 2).
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Table 2. Evaluation of resistance level to fluxametamide of 24TU028 and 24TU032 compared to SL_YS

Strain n df LCs (95% CI, ppm) LCq (95% CI, ppm) RR? CEI?

SL_YS 270 3 0.5 (0.48-0.55) 0.96 (0.87-1.09) 1 0.02
24TU028 270 3 362 (219-1,250) 1,691 (674-43,792) 724 38
24TU032 270 3 54 (26-84) 181 (111-676) 108 4

YRR (resistant ratio) was calculated by dividing LCs, of 24TU028 and 24TU032 by LCs, of SL_YS.
CEI (control efficacy index) was estimated by dividing LCy, of each strain by recommended concentration (45 ppm).
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Supplementary Fig. 1. Average mortality against fluxametamide at 24, 48, and 72 h in Tetranychus urticae populations collected
from strawberry farms during 2021 to 2025. Error bars above each symbol indicate the standard deviations and small alphabet letters

below mean the statistical difference determined by Tukey’s HSD.
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