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Resistance of Asiatic rice borer Chilo suppressalis (Lepidoptera: Crambidae)
population to four insecticides in Jiangxi Province from 2017 to 2019
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Abstract: In order to determine the resistance level of Asiatic rice borer Chilo suppressalis to common-
ly used insecticides in recent years in Jiangxi Province and put forward the rational suggestions for in-
secticide use, the resistance of C. suppressalis to four insecticides, chlorantraniliprole, avermectin, tri-
azophos and monosultap, was measured in 13 counties or cities in Jiangxi Province in 2017—2019 by
using the artificial feed dipping method. The results showed that 13 populations of C. suppressalis de-
veloped medium to high resistance to chlorantraniliprole on the whole, and the resistance level of 11 pop-

ulations exhibited an upward trend as a whole; besides, among the populations with increasing resistance
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level to chlorantraniliprole, the resistance ratio (RR) of Duchang population increased from 44.1 times
in 2017 to 65.1 times in 2018, followed by a sharp increase to 283.5 times in 2019, which was the high-
est of 13 populations. The resistance level of 13 populations to avermectin was below medium, and in
all the populations with increasing resistance level, the RR of Nanchang population was the highest,
which was 74.8, 108.7 and 80.6 times in 2017, 2018, and 2019, respectively. The resistance level of
13 C. suppressalis populations to triazophos was generally moderate or low; the resistance level of Xin-
gan, Yongxiu, Wan’ an, Dayu, Shanggao and Duchang populations to triazophos displayed a fluctuating
upward trend, while the other seven populations showed a fluctuating change with an occasional down-
ward trend. The resistance level of 13 populations to monosultap was lower than medium with a signifi-
cant downward trend. The resistance level of Dayu, Yongxiu, Taihe, Huichang, Xingan and Shanggao
populations to monosultap exhibited a significant downward trend. Nevertheless, the resistance level of
the other seven populations to monosultap had a fluctuating upward trend. It is concluded that the use of
chlorantraniliprole should be limited and even suspended in areas with high resistance level and poor
control effect. In addition, the dosage of avermectin should be reduced, and triazophos and monosultap
should be used alternately.

Key words: Chilo suppressalis; artificial feed dipping method; resistance monitoring; insecticide resis-

tance management
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Table 1 Resistance levels of 13 field populations of Chilo suppressalis to chlorantraniliprole in Jiangxi Province from 2017 to 2019

95% B 5 R

Giiikiid A EEpiy LC,/ S Bt EL Ptk
Population Year Regression equation  (mg (a.i.)/L) 93% ﬁdum.al limit/ Resistance ratio  Resistance level
(mg (a.i.)/L)
it B FitE 2017 y=2.00+1.74x 53.03 40.93-68.69 52.1 Hht Middle
Ruichang population (g y=1.77+1.66x 88.28 67.12-116.13 86.7 i Middle
2019 y=1.01+1.72x 211.56 162.70-275.09 207.8 =Pt High
HB S FPRE 2017 y=2.67+1.41x 44.88 33.09-60.87 44.1 rhHi Middle
Duchang population (g 1=2.38+1.44x 66.30 49.22-89.30 65.1 i Middle
2019 y=1.30+1.50x 288.56 209.23-397.98 283.5 # i High
T AG R 2017 y=3.82+1.19x 9.80 6.84-13.99 9.6 i Low
Yongxiu population (g 1=3.01+1.50x 21.20 15.92-28.24 20.8 i Middle
2019 y=2.86+1.33x 40.50 28.70-57.16 39.8 rhft Middle
FBFHREE 2017 y=3.13+1.15x 41.85 29.07-60.24 41.1 HHT Middle
Poyang population (g 1=2.75+1.27x 58.37 41.86-81.39 57.3 Hi$i Middle
2019 y=2.95+1.35x 33.67 24.45-46.35 33.1 Ht Middle
[REl=Liis 2017 y=2.36+1.57x 48.48 36.69-64.06 47.6 HiHt Middle
Nanchang population  5(1g 1=2.42+1 44x 61.90 43.81-87.47 60.8 it Middle
2019 y=1.35+1.79x 108.74 84.08-140.63 106.8 Pt High
=y it 2017 y=1.37+2.16x 47.78 38.53-59.24 46.9 fiHT Middle
Shanggao population ;¢ 1=2.57+1.56x 36.52 27.63-48.27 35.9 4 Middle
2019 y=2.22+1.29x 141.94 102.20-197.13 139.4 =¥t High
Pl FhRE 2017 y=2.40+1.28x 106.58 74.57-152.33 104.7 =¥ High
Fengcheng population (g 1=1.90+1.61x 83.43 62.73-110.95 82.0 i Middle
2019 y=1.63+1.47x 198.08 147.24-266.46 194.6 i High
Bt ahRE 2017 y=2.17+1.81x 36.29 28.41-46.36 35.7 HHT Middle
Xingan population (g 1=2.04+1.70x 54.88 4236-71.11 53.9 i Middle
2019 y=1.78+1.65x 90.81 68.78-119.90 89.2 gt Middle
FERFhEE 2017 y=2.71+121x 77.88 54.23-111.84 76.5 HHHT Middle
Taihe population 2018 1=1.97+1.48x 112.20 83.76-150.30 110.2 B High
2019 y=1.73+1.53x 139.96 102.13-191.80 137.5 =Pt High
TT R R 2017 y=2.30+1.53x 57.92 43.47-77.20 14.9 HiHt Middle
Wan’an population  5q1g y=3.14+1.72x 12.01 9.17-15.73 11.8 it Middle
2019 y=1.92+1.58x 89.93 67.61-119.61 88.4 HiHt Middle
B 2017 =3.89+0.89x 17.68 11.16-28.01 17.4 fiHt Middle
Huichang population (¢ 1=3.45+1.68x 8.41 6.47-10.92 8.3 {47 Low
2019 ¥=2.94+1.73x 15.71 12.17-20.27 15.4 HiHt Middle
RAFRE 2017 y=2.81+1.66x 21.08 16.19-27.46 20.7 rhi Middle
Dayu population 2018 1=3.10+1.49x 18.81 14.06-25.16 18.5 i Middle
2019 y=2.93+1.34x 34.48 25.12-47.31 33.9 fiHt Middle
(EE i 2017 y=2.30+1.36x 29.94 21.90-40.94 29.4 Fidi Middle
Xinfeng population (g 1=2.62+1.33x 62.41 42.91-90.77 61.3 i Middle
2019 y=2.15+1.51x 76.37 57.44-101.54 75.0 rhHi Middle

v R, x HZGFFIEAYRTEE . v is probability value, and x is the logarithm of the dose.
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Table 2 Resistance levels of 13 field populations of Chilo suppressalis to avermectin in Jiangxi Province from 2017 to 2019

it s EENE T e LB BHEF
Population Year Regression equation (mg (a.i.)/L) 93% ﬁdum‘al limit/ Resistance ratio  Resistance level
(mg (a.i.)/L)
K E PP 2017 y=4.34+1.58x 2.62 1.99-3.45 30.9 rh4i Middle
Ruichang population 7018 —4.31+1.26x 3.54 2.53-4.96 418 i Middle
2019  y=4.05+1.40x 479 3.42-6.72 56.5 rFHt Middle
HREFIRE 2017 y=4.59+1.46x 1.90 1.40-2.59 22.4 fFHt Middle
Duchang population 5018 =3 92+1 56x 4.97 3.74-6.59 58.5 Hi¥it Middle
2019 y=3.55+1.59x 8.12 6.18-10.67 95.7 Fh4i Middle
TAEFITE 2017 y=5.72+1.52x 0.34 0.25-0.45 4.0 BRURRPE AR
Yongxiu population Decreased sensitivity
2018 y=5.46+1.66x 0.53 0.40-0.69 6.2 &3t Low
2019 y=4.74+1.51x 1.48 1.10-1.99 17.4 rhft Middle
FB BN 2017  y=4.50+1.66x 2.00 1.54-2.60 23.5 TPt Middle
Poyang population 5018 ,—4.09+1.28x 5.12 3.57-7.35 60.3 i Middle
2019 ¥=3.94+1.70x 421 3.24-5.48 49.6 rh4i Middle
T E R 2017 y=3.79+1.50x 6.35 4.74-8.51 74.8 rh4i Middle
Nanchang population 7018 =3 65+1.40x 9.23 6.70-12.71 108.7  75¥iHigh
2019 y=3.94+1.26x 6.84 4.89-9.57 80.6 Tt Middle
R 2017 y=5.51+1.25x 0.39 0.27-0.54 45 TR AR
Shanggao population Decreased sensitivity
2018 y=4.81+1.59x 1.32 0.98-1.78 15.5 FhT Middle
2019  y=4.57+1.80x 1.73 1.35-2.22 20.4 rFHt Middle
e i 2017 y=5.72+1.35x 0.29 0.21-0.41 35 R A
Fengcheng population Decreased sensitivity
2018  y=5.15+1.44x 0.79 0.59-1.06 9.3 BT Low
2019  y=4.28+1.72x 2.63 2.02-3.43 31.0 rFHt Middle
BT Rh R 2017 y=4.84+1.40x 1.31 0.96-1.78 15.4 Hidt Middle
Xingan population 2018 y=4.12+1.66x 3.40 2.61-4.43 40.0 Hi¥it Middle
2019 y=3.78+1.64x 5.56 4.20-7.34 65.5 rFt Middle
FRANFEE 2017  y=5.06+1.24x 0.90 0.63-1.29 10.6 HP Middle
Taihe population 2018 y=5.36+1.23x 0.50 0.35-0.72 59  fi&HiLow
2019 y=5.49+1.49x 0.47 0.35-0.62 5.5 {3t Low
T RhRE 2017 y=6.32+1.87x 0.20 0.16-0.25 23 U= Susceptible
Wan’an population 7018 5 64+1.47x 0.37 0.27-0.49 43 FUBHEREAR
Decreased sensitivity
2019 y=4.99+1.86x 1.02 0.80-1.29 12.0 HhHt Middle
o Bt 2017 y=4.95+2.02x 1.06 0.84-1.32 12.5 rh4i Middle
Huichang population 5018 =5 16+1.82x 0.81 0.64-1.04 9.6  &¥iLow
2019 y=5.84+1.63x 0.31 0.23-0.41 3.6 UM AT
Decreased sensitivity
PN i 2017 y=5.03+1.66x 0.96 0.74-1.25 113 rh4i Middle
Dayu population 2018 y=4.90+1.51x 1.16 0.86-1.56 13.6 rhT Middle
2019 y=5.63+1.92x 0.47 0.37-0.59 55 i Low
(EE 2017  y=4.88+1.50x 1.19 0.90-1.59 14.1 FFHT Middle
Xinfeng population 5018 —4.39+1 45x 2.63 1.89-3.66 31.0 Hi¥it Middle
2019 y=5.31+1.32x 0.58 0.42-0.80 6.9 3T Low

v RERAE, x AR AR EE . v is probability value, and x is the logarithm of the dose.
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3 20172019 ST H A 134> =L 48 F B Fh B xS = MBI K T
Table 3 Resistance levels of 13 field populations of Chilo suppressalis to triazophos in Jiangxi Province from 2017 to 2019

. N s 95% {7 R NIy . .
ki G0 mYESpy: LC,/ S PR Ptk
Population Year Regression equation (mg (a.i.)/L) 93% ﬁduc1.a1 limit/ Resistance ratio Resistance level
(mg (a.i.)/L)
Kt E PP 2017 y=2.13+1.79x 40.53 31.62-51.95 10.4 rh4i Middle
Ruichang population 2018 =2.12+1.60x 62.33 45.61-85.17 16.1 fdi Middle
2019 y=3.03+1.39x 26.27 18.96-36.40 6.8 KBt Low
FRE e 2017 y=2.60+1.38x 54.90 40.32-74.76 14.2 rh Middle
Duchang population 2018 =1.67+1.48x 174.63 128.88-236.61 45.0 ¥t Middle
2019 y=1.75+1.56x 120.07 89.15-161.70 30.9 i Middle
T AEFPRE 2017 y=1.81+2.15x 30.74 24.79-38.12 7.9 T Low
Yongxiu population  »(1g y=1.43+1.69x 129.35 99.79-167.67 333 FHt Middle
2019 y=1.51+1.45x 25731 186.21-355.58 66.3 rP Middle
HEBPHANHE 2017 y=2.00+1.35x 167.23 121.90-229.41 43.1 rR4i Middle
Poyang population 50918 y=1.57+1.38x 308.68 215.66-441.83 79.6 FHt Middle
2019 y=1.53+1.57x 163.57 124.17-215.46 422 Fidi Middle
e Rh R 2017 y=0.58+1.89x 219.73 173.42-278.42 56.6 i Middle
Nanchang population 2018 =1.85+1.27x 303.83 206.75-446.50 783 ¥t Middle
2019 y=0.95+1.75x 205.58 158.85-266.07 53.0 Hri Middle
=T 2017 y=1.61+2.10x 41.10 32.98-51.22 10.6 FFHt Middle
Shanggao population 7018 y=2.05+1.44x 111.66 80.04-155.77 28.8 rh4i Middle
2019 y=2.40+1.34x 86.19 62.81-118.28 22.2 rh Middle
FE It 2017 =0.85+2.24x 71.51 57.71-88.61 18.4 rh4i Middle
Fengcheng population 2018 =1.61+1.70x 99.33 76.48-129.00 25.6 ¥ Middle
2019 y=2.32+1.50x 61.98 45.37-84.68 16.0 i Middle
TR 2017 y=2.32+1.58x 49.32 37.25-65.29 12.7 i Middle
Xingan population 2018 =0.18+1.72x 43.76 33.44-57.27 113 it Middle
2019 y=1.61+1.60x 131.30 97.74-176.37 33.8 rPi Middle
ZE R RE 2017 y=2.31+1.60x 47.90 36.26-63.27 12.3 rhft Middle
Taihe population 2018 y=1.89+1.40x 166.20 121.59-227.16 42.8 5t Middle
2019 y=2.42+1.54x 46.78 35.17-62.23 12.1 rh Middle
TR RE 2017 =3.08+1.50x 18.92 14.16-25.26 4.9 RN EREAR
Wan’ an population Decreased sensitivity
2018 y=1.75+1.63x 97.56 73.47-129.54 25.1 i Middle
2019 y=1.42+1.46x 284.9 211.95-382.96 73.4 TPt Middle
BRI 2017 y=2.31+1.57x 51.70 39.23-68.14 13.3 FFHT Middle
Huichang population 5018 =3.15+1.40x 20.58 14.89-28.46 53 fEE4i Low
2019 y=2.26+1.76x 35.95 27.97-46.21 9.3 BT Low
KA 2017 y=2.07+1.47x 97.90 72.72-131.81 25.2 Hidi Middle
Dayu population 2018 y=2.55+1.37x 61.00 43.85-84.86 15.7 ¥t Middle
2019 y=2.00+1.49x 102.93 76.50-138.47 26.5 i Middle
{5 FRhe 2017 y=1.17+1.70x 182.32 140.14-237.20 47.0 i Middle
Xinfeng population 5018 =1 81+1.34x 242.32 175.36-334.85 62.5 4 Middle
2019 y=2.08+1.58x 69.90 53.05-92.11 18.0 rh$E Middle
v REERAE, x ZGFIFIEAORIEE . v is probability value, and x is the logarithm of the dose.
2.1.4  ZACKEFPBEAT K R 0GR R 2B OF T AL S 6 SRR 28 UL itk

134 ZARBEREE RS % B AP PEACE ARy F LR AT B A 7 AR Sk B A 4
2GR T OF A LR TRl Hrp o a kg 2 KRR st ERECT e (K 4) . 1E TR
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FPRE oh , ZERIFIEEAE 2017 AEX0 R I PTHEASECh PR R AR, B Ao 51 R 7.4 4%
56.91% , MAEKAEES R U BOSPUERE S ARG 8 TR 3745 s S i st b T h el R R A
FE 2018 4E AN 2019 A HTMERT R I P IR E 42.6 F5A B W F 5 BB T2 RERE 7R A% B B
11.84% ;20172019 4F KARFIHEXS R A HIMK BT b5 AR (3R 4) .

R4 20172019 F; LA 13 LIS H B FEE T 3 R Ik F

Table 4 Resistance levels of 13 field populations of Chilo suppressalis to monosultap in Jiangxi Province from 2017 to 2019

i BT LC./ 95% BEfEI HUHEfRC Bk T
Population Year Regression equation (mg (a.i.)/L) 93% ﬁduc1-a1 limit/ Resistance ratio Resistance level
(mg (a.i.)/L)
Fi B AT 2017 y=3.05+1.50x 19.64 14.76-26.13 16.2 HHt Middle
Ruichang population 2018 =3.25+1.44x 16.17 12.01-21.77 13.3 R4t Middle
2019  y=3.23+1.29x 23.68 16.78-33.43 19.5 rP Middle
HBE FEE 2017 y=2.65+1.80x 20.15 15.77-25.76 16.6 Tt Middle
Duchang population 2018 =2.36+1.46x 64.78 45.68-91.87 53.3 FHt Middle
2019 y=2.24+1.72x 40.51 31.22-52.57 33.3 rP Middle
TRAEFIEE 2017 y=3.09+1.30x 29.74 21.32-41.49 245 Fidi Middle
Yongxiu population 2018 =2.56+1.41x 53.49 38.31-74.69 44.0 Fit Middle
2019 y=3.67+1.37x 9.29 6.81-12.70 7.6 KBt Low
FBBHFNF 2017  y=3.12+1.46x 19.14 14.17-25.86 15.7 rhHL Middle
Poyang population 2018 }=2.74+1.34x 49.02 34.85-68.95 403 Hidi Middle
2019  »y=1.98+1.93x 36.66 28.99-46.36 30.2 rhft Middle
5 E R EE 2017 y=3.14+1.42x 20.71 15.32-28.00 17.0 s Middle
Nanchang population 2018 =2.63+1.53x 35.47 26.72-47.07 29.2 4 Middle
2019 y=2.76+1.76x 18.82 14.59-24.26 15.5 P Middle
AR 2017  y=2.94+1.45x 26.43 19.65-35.55 21.7 Hhft Middle
Shanggao population 2018 =3.24+1.38x 18.99 13.89-25.96 15.6 Tt Middle
2019 yp=3.31+1.62x 11.17 8.44-14.76 9.2 IHT Low
FE At 2017  y=3.51+1.75x 7.07 5.48-9.11 5.8 KBt Low
Fengcheng population 918 }=3.03+1.52x 20.02 14.98-26.75 16.5 4 Middle
2019 y=2.42+1.81x 26.55 20.73-34.00 21.8 rh4 Middle
TR 2017  y=2.10+1.96x 30.06 23.86-37.88 24.7 rRi Middle
Xingan population 2018  y=3.16+1.51x 16.66 12.51-22.20 13.7 Fidi Middle
2019 y=3.40+1.73x 8.42 6.50-10.91 6.9 it Low
ZE R RE 2017  y=2.35+1.44x 69.15 51.06-93.64 56.9 rhft Middle
Taihe population 2018  y=2.57+1.42x 51.81 37.22-72.10 42.6 Tt Middle
2019 y=3.07+1.67x 14.37 11.04-18.70 11.8 Fidi Middle
WiE:q it 2017  y=1.88+2.25x 24.33 19.73-29.99 20.0 rhi Middle
Wan’an population 2018 1=2.48+1.50x 47.70 35.25-64.55 39.2 Fidi Middle
2019 y=2.69+1.54x 32.09 24.23-42.50 26.4 fidi Middle
SEFRE 2017  y=2.13+1.70x 48.83 37.62-63.38 40.2 FFHt Middle
Huichang population 2018 =3.13+1.37x 23.20 16.74-32.15 19.1 Hit Middle
2019 y=3.55+1.42x 10.43 7.66-14.21 8.6 {3 Low
KAFPE 2017  y=3.27+1.82x 8.94 7.01-11.42 7.4 3T Low
Dayu population 2018 y=3.06+1.90x 10.56 8.28-13.46 8.7 KBt Low
2019 y=3.92+1.66x 4.47 3.43-5.82 3.7 UM AR
Decreased sensitivity
(EE i 2017 3=3.10+1.80x 11.38 8.90-14.56 9.4 &Pt Low
Xinfeng population 2918 =3.51+1.55x 9.06 6.82-12.03 75 i Low
2019 y=3.44+1.41x 12.89 9.46-17.57 10.6 Hhft Middle

v REERAE, x RZGFIFIEAURIEUE . v is probability value, and x is the logarithm of the dose.
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Fig. 1 Resistance trends of 13 field Chilo suppressalis populations to chlorantraniliprole (A),

avermectin (B), triazophos (C) and monosultap (D)
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