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Susceptibility of Field Populations of Plutella xylostella
and Spodoptera exigua to Four Diamide Insecticides

Sun-Ran Cho, Yejin Kyung, Soeun Shin, Won-Jin Kang, Dae Hoon Jung, Seung-Ju Lee, Geun-Ho Park,
Sung Il Kim, Sung Woo Cho, Hyun Kyung Kim, Hyun-Na Koo and Gil-Hah Kim*
Department of Plant Medicine, College of Agriculture, Life and Environment Science, Chungbuk National University, Cheongju 28644, Korea

ABSTRACT: The present study evaluated the susceptibility of field populations of Plutella xylostella and Spodoptera exigua larvae to four
diamide insecticides—chlorantraniliprole, cyantraniliprole, cyclaniliprole, and flubendiamide. All the four diamide insecticides induced
100% mortality in the populations from Seongju (SJ) and Geochang (GC) when treated at a concentration recommended for P. xylostella.
However, a very low insecticidal activity was observed in the population from Pyeongchang (PC) with 42.3% 3 d after treatment with
chlorantraniliprole. The relative resistance ratio of P. xylostella to cyclaniliprole was similar or low (0.1-6.3 folds) in all the four areas.
However, the population from PC exhibited a high resistance ratio to chlorantraniliprole (1,196.3 folds), cyantraniliprole (105.6 folds),
and flubendiamide (191.6 folds) compared with that of the susceptible strain P. xylostella. Further, the populations of S. exigua from
Cheongju (CJ), Jindo (JD), and Yeonggwang (Y G) were not completely controlled by the 4 diamide insecticides. These populations also
showed high relative resistance ratio when compared with that of the susceptible strain S. exigua. In particular, the populations from
CJ and JD showed 100,000-fold higher resistance ratio to flubendiamide. A comparison of susceptibility of S. exigua larvae to
chlorantraniliprole between 2014 and 2017 showed that chlorantraniliprole induced 100% mortality in all populations in 2014, whereas
a very low insecticidal activity was observed among the populations in 2017. The results of the present study indicate that the insect pests
rapidly develop resistance to diamide insecticides. Therefore, alternative insecticides with a different mechanism of action and
comprehensive control strategy are needed. This study can serve as a basis to control pests effectively using diamide insecticides.
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Pyeongchang
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Scongju

Geochang

Yeonggwang

B P xylostella (2017)
Qs A S. evigua (2014)
e ] ® S. exigua (2017)
Fig. 1. Site and year of collection of two lepidopteran pests.
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Table 1. Tested insecticides
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flubendiamide &

chlorantraniliprole X}

Trade name a . p Recommanded Recommanded
Common name Al* (%) Formulation I .
(Korea name) dilution (X) concentration (ppm)
Chlorantraniliprole AElF O} 5 WG 2,000 25
Cyantraniliprole EdZ] 5 DC 2,000 25
Cyclaniliprole il 4.5 SL 2,000 22.5
Flubendiamide iy 20 e 2,000 100

Active ingredient.

PWG = water dispensible granule, SC = suspension concentrate, DC = dispersible concentrate, SL = soluble concentrate.
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Fig. 2. Susceptibility of various field populations of Plutella xylostella to diamide insecticides. Means followed by the same letter within a
graph were not significantly different at P < 0.05 using Tukey’s range test (SAS Institute, 2009). PC, Pyeongchang; GN, Gangneung; SJ,
Seongju; GC, Geochang; S, Susceptibility.

Table 2. Toxicity of four diamide insecticides to various field populations of Plutella xylostella larva during the 2 d exposure period

Pesticides Population n LCso (ppm) (95% CL?) Slope + SE X RR®

Chlorantraniliprole PC 240 35.89 (21.14-57.47) 1.43+0.20 51.10 1,196.3
GN 270 1.21 (0.45-2.99) 1.31+£0.22 36.93 40.3

SJ 270 0.49 (0.33-0.72) 2.32+0.31 56.48 16.3

GC 90 0.07 (0.03-0.14) 0.74£0.11 45.52 2.3

S 330 0.03 (0.02-0.05) 1.91+£0.32 35.30 1.0

Cyantraniliprole PC 240 0.95 (0.34-2.06) 0.80+0.11 57.41 105.6
GN 270 0.88 (0.35-1.85) 1.15+0.18 38.92 97.8

SJ 270 0.43 (0.24-0.65) 1.77+0.24 55.88 47.8

GC 90 0.02 (0.006-0.04) 0.8+0.12 45.78 2.2

S 330 0.009 (0.003-0.03) 1.24+0.15 73.01 1.0

Cyclaniliporle PC 240 0.10 (0.04-0.18) 0.08 £ 0.56 86.51 3.3
GN 270 0.19(0.12-0.28) 1.13+0.15 74.11 6.3

SJ 270 0.19 (0.05-0.35) 1.35+0.26 26.29 6.3

GC 90 0.002 (0.0003-0.005) 1.34+0.28 23.28 0.1

S 300 0.03 (0.03-0.04) 2.08+0.15 199.70 1.0

Flubendiamide PC 210 9.58 (2.84-19.36) 0.95+0.16 34.10 191.6
GN 240 1.35(0.58-2.95) 0.70 +£0.07 89.14 27.0

SJ 270 0.33 (0.14-0.52) 2.04 +0.34 36.47 6.6

GC 90 0.28 (0.13-0.61) 0.65+0.1 42.66 5.6

S 270 0.05 (0.03-0.10) 2.49 +0.43 32.75 1.0

295% Confidence limits.
PRelative resistance.
PC, Pyeongchang; GN, Gangneung; SJ, Seongju; GC, Geochang; S, Susceptibility.
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Fig. 3. Susceptibility of various field populations of Spodoptera exigua to diamide insecticides. Means followed by the same letter within
agraph were not significantly different at P < 0.05 using Tukey's range test (SAS Institute, 2009). CJ, Cheongju; JD, Jindo, YG, Yeonggwang;

MR, Miryang; GC, Geochang; S, Susceptibility.
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Table 3. Toxicity of four diamide insecticides to various field populations of Spodoptera exigua larva during the 3 d exposure period

Pesticide Population n LCso (ppm) (95% CL?) Slope + SE X RR"
Chlorantraniliprole CJ 200 >25 - - >2.500
D 200 >25 - - >2,500
YG 200 >25 - - >2,500
MR 200 1.77 (0.78-4.16) 1.26+0.18 47.69 177
GC 200 10.06 (6.53-16.30) 0.62 +0.07 79.05 1,006
S 200 0.01 (0.0002-0.07) 0.90 +0.23 15.59 1.0
Cyantraniliprole CJ 80 1.81 (1.69-2.25) 1.98 +0.63 9.83 22.6
D 200 >25 - - >312.5
YG 200 1.66 (0.01-6.33) 0.72 +0.15 21.83 20.8
MR 240 0.09 (0.001-0.43) 1.09+0.30 13.12 1.1
GC 240 0.08 (0.04-0.13) 1.13£0.11 111.62 1.0
S 240 0.08 (0.04-0.13) 1.43+£0.18 64.24 1.0
Cyclaniliporle CJ 200 >22.5 - - >11,250
D 200 >22.5 - - >11,250
YG 200 >22.5 - - >11,250
MR 200 10.70 (4.81-21.17) 2.58+0.54 22.79 5,350
GC 200 6.30 (4.85-8.14) 1.18 £0.09 167.07 3,150
S 240 0.002 (0.00009-0.02) 1.16 = 0.33 12.39 1.0
Flubendiamide CJ 200 >100 - - >100,000
D 200 >100 - - >100,000
YG 200 9.56 (0.81-27.24) 0.75+0.13 34.28 9,560
MR 280 0.66 (0.006-6.51) 0.36 + 0.09 16.68 660
GC 200 6.5 (4.99-8.25) 1.14£0.11 100.95 6,500
S 240 0.001 (0.0002-0.003) 1.22+0.28 19.01 1.0

295% Confidence limits.

PRelative resistance.

CJ, Cheongju; JD, Jindo, YG, Yeonggwang; MR, Miryang; GC, Geochang; S, Susceptibility.
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Table 4. Comparison of susceptibility of various field populations of Spodoptera exigua larva to chlorantraniliprole

Year Mortality (%, mean + SE)
2014 Population CJ YG MR GC
100+ 0.0 100 £ 0.0 100 £ 0.0 100+ 0.0 100+ 0.0
2017 Population CJ AS YS AD
25.6+5.0 7.5+4.8 37.8+10.8 923+4.1 60.0+7.5

These data are from 3 days after treatment.
Sample size, n=60.

CJ, Cheongju; JD, Jindo, YG, Yeonggwang; MR, Miryang; GC, Geochang; AS, Asan; YS, Yesan; AD, Andong.

A= 10AIEH7F AU 2H=3 A1 g0l vl sl 80uf =& A13Hd o]
2ehe] o] chlorantraniliprole-2 UH|Eof o3t A3HA] wao]
w2 OFA| & Hoj XK Lai et al., 2011; Muthusamy et al., 2014).
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