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Abstract: [ Aim] The objective of this research is to clarify the resistance level and resistance stability of
chlorantraniliprole in the rice leaffolder, Cnaphalocrocis medinalis, and to determine whether there are
cross-tesistance to other diamide insecticides in chlorantraniliprole-resistant populations. [ Methods] The
rice seedling dipping method was adopted to determine the resistance of 32 field populations of C.
medinalis collected from nine provinces ( autonomous regions) to chlorantraniliprole and tetraniliprole,
the cross-resistance to other diamide insecticides in two chlorantranilipeole-resistant populations, and the
resistance stability when the populations from Youxian, Hunan, Qianshan, Anhui, Lujiang, Anhui and
Xing'an, Guangxi were not exposed to chlorantraniliprole in laboratory. [ Results] The resistance of
chlorantraniliprole in C. medinalis field populations kept increasing during 2019 —2022. Lujiang, Xing'an,
Wuxue, Danyang and Qianshan populations were monitored for the first time to have developed high level
of resistance to chlorantraniliprole (102.3 —135. 1-fold), and other populations also reached moderate
level of resistance (10.3 —97. 1-fold) in 2022. To tetraniliprole, all the monitored field populations kept
susceptible during 2019 —2021, while the populations monitored in 2022 have developed moderate level
of resistance (41.9 —98. 0-fold). Moreover, the cross-resistance experiment results revealed that Jiaxing
and Qianshan populations which appeared about 100-fold resistance to chlorantraniliprole also showed
31.6 —100. 5-fold cross-resistance to cyhalodiamide, tetraniliprole, cyantraniliprole, cyclaniliprole and
tetrachlorantraniliprole. In addition, the chlorantraniliprole resistance of field populations decreased
rapidly after 2 — 4 generations of successive rearing without exposure to insecticides in laboratory.
[ Conclusion] The field populations of C. medinalis have developed moderate to high level of resistance to
chlorantraniliprole and tetraniliprole. Moderate to high level of cross-resistance to five other diamide
found the

chlorantraniliprole was unstable in C. medinalis field populations. So, we strongly suggested limiting or

insecticides was in chlorantraniliprole-resistant populations.  Besides, resistance  to
suspending the application of diamide insecticides in order to delay the resistance development and
postpone the application of diamide insecticides in C. medinalis control in the future.

Key words: Cnaphalocrocis medinalis; resistance monitoring; chlorantraniliprole; cross-resistance;

resistance stability
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F1 2019 -2022 EREPAESHIEHBFHHEHRERES
Table 1 Collecting information of the field populations of Craphalocrocis medinalis during 2019 —2022

. . st AR ORERK ORISR
Population Collecting locality Longlt.ude and Collecting date Collect.ed Develepn‘rle'nlal stage
latitude generation  ( number of individuals collected)
(year. month. day)
cG22 I 75 53 Guigang, Guangi 23.0°N, 109.6°E 2022.06. 14 3 Jh Adult (500)
XA22 J VG244 Xing'an, Guangxi 25.5°N, 110.7°E 2022.06. 16 3 J%H Adult (500)
BY21 J~ P Binyang, Guangxi 23.2°N, 108.8°E 2021.05.19 3 z:jzi T;Z?[((1]5§0>)’
YJ20 J"Z FHYL Yangjiang, Guangdong 21.9°N, 112.0°E 2020. 06. 09 3 411 Larva (40)
1720 &R EH M Leizhou, Gaungdong 20.9°N, 110.1°E 2020.05.21 3 4 H8 Larva (80)
SG19 4R Shaoguan, Guangdong  24.8°N, 113.6°F 2019.06.21 3 ikt Larva (80)
TH22 YLV &I Taihe, Jiangxi 26.8°N, 114.9°E 2022.06.09 3 A HL Adult (600)
NC22 YLV RS E Nanchang, Jiangxi 28.6°N, 116.0°E 2022.09.21 6 A Adult (150)
YX22 W & Youxian, Hunan 27.1°N, 113.3°E 2022.06.13 3 JH Adult (200)
HS22 710 Hengshan, Hunan 27.4°N, 112.6°E 2022.09.22 6 JAE Adult (400)
XT21 IR Xiangtan, Hunan 27.8°N, 113.0°E 2021.07.17 3 £ Larva (350),
1§ Pupa (30)
sm21 WIRGFR % Shaodong, Hunan 27.3°N, 111.8°E 2021.08. 11 4 L4t Larva (406)
LY21 WHIFFWIPH Liuyang, Hunan 28.2°N, 113.6°E 2021.08. 13 4 Z13 Larva (210)
1X22 WHT 3% Jiaxing, Zhejiang 30.9°N, 120.7°E 2022.09. 09 6(4) it Adult (1000)
7J21 WiVLiE % Zhuji, Zhejiang 29.7°N, 120.3°E 2021.08. 16 5(3) 441 Larva (180)
7J20 WL %% Zhuji, Zhejiang 2020.07.18 4(2) HRER Adult (300,
Ptk Egg mass

QS22 TR L Qianshan, Anhui 30.7°N, 116.7°E 2022.08.30 6(4) AL Adult (600)
Qs19 11T Qianshan, Anhui 2019.07.17 4 it Larva (230)
122 SERFIT Lujiang, Anhui 31.3°N, 117.2°E 2022.09. 12 6(4) Jl Adult (600)
WW21 TN Wuawei, Anhui 31.3°N, 117.9°E 2021.08. 18 5(3) 2yt Larva (780)
WW20 LTGH Wuwei, Anhui 2020.08.22 5 41 Larva (420)
D720 LZRZE Dongzhi, Anhui 30.1°N, 117.0°E 2020.08.09 4 4 H1 Larva (38)
DY22 YI.75F}FH Danyang, Jiangsu 31.9°N, 119.5°E 2022.08.24 6(4) 44 Larva (1 110)
NJ21 VI.75® 5 Nanjing, Jiangsu 32.1°N, 118.8°E 2021.09.20 6 41 Larva (36)
Y721 VL7534 M Yangzhou, Jiangsu 32.4°N, 119.4°E 2021.09. 16 6 4 dt Larva (152)
Y720 LM Yangzhou, Jiangsu 2020.08. 25 6 4 Larva (41)
C720 VLI H M Changzhou, Jiangsu 31.8°N, 120.0°E 2020.07.30 5 4hd Larva (57)
DY20 T2 FFBH Danyang, Jiangsu 32.0°N, 119.6°E 2020.07.28 5 Zyslt Larva (480)
YZ19 YLIMYAE Yizheng, Jiangsu 32.3°N, 119.2°E 2019.08. 08 5 441 Larva (300)
WX22 WAL/ Wuxue, Hubei 30.0°N, 115.7°E 2022.09. 11 6 A Adult (500)
QC21 WHAL##F Qichun, Hubei 30.2°N, 115.4°E 2021.08.20 6 41 Larva (31)
YC19 H 7k )1 Yongchuan, Chongging 29.4°N, 105.9°E 2019. 06.21 3 Z it Larva (80)

i — 31 v A BSOS SR R SR AR 3, BT AR T A SRR ARy 5 RABAQR— I BB 3R R A 7 A IR R A R 2B TR, 3
PN BT REAA AT A SR TE AR b 1) & A AR R ], The English abbreviations in the column of the population represent collecting locality of the
population, and the numbers represent the collecting year of the population. The numbers in the column of the collected generation represent the
generation of C. medinalis in the whole China, and those in brackets represent the generation of emigrant populations in local area. The same for the

following tables.
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Table 2 Resistance levels of the field populations of Craphalocrocis medinalis to chlorantraniliprole during 2019 —2022

Tl P AN LCs (95%CL) AR = bRifEi RIECAMED) LA £
Population Collected generation (mg/L) Slope + SE x> (df) RR
XA22 3 3.071(2.384 -3.706) 3.966 +0.677 0.471(3) 113.7
GG22 3 2.593(0.781 -4.300) 2.594 +0.425 4.686(3) 96.0
NC22 6 2.255(1.669 -2.917) 2.139 +0.333 1.342(3) 83.5
TH22 3 1.752(1.183 -2.452) 1.328 +0.197 3.945(4) 64.9
HS22 6 1.765(0.569 -3.071) 2.362 +0.378 5.118(3) 65.4
YX22 3 0.279(0.125 -0.464) 1.805 +0.288 3.029(3) 10.3
JX22 6(4) 2.621(1.166 -7.377) 1.440 +0.279 3.745(3) 97.1
LJ22 6(4) 3.647(2.607 -4.876) 1.932 +0.315 1.461(3) 135.1
0S22 6(4) 2.761(1.523 -3.601) 3.081 +0.897 2.123(3) 102.3
DY22 6(4) 2.868(1.831 —4.461) 2.430 +£0.293 4.557(3) 106.2
WX22 6 3.060(2.190 -4.033) 2.139 +0.327 0.826(3) 113.3
BY21 3 0.598(0.392 -0.789) 2.439 +0.452 1.733(3) 22.1
XT21 3 0.362(0.229 -0.525) 1.335 +£0.208 0.914(4) 13.4
SD21 4 0.228(0.125 -0.407) 1.248 +0.292 1.662(4) 8.4
LY21 4 0.134(0.092 -0.175) 2.587 +0.425 1.343(3) 5.0
7)21 5(3) 0.087(0.050 -0.130) 1.335 +0.225 0.363(4) 3.2
WW21 5(3) 0.262(0.140 -0.436) 0.932 +0. 156 3.475(5) 9.7
YZ21 6 0.132(0.081 -0.188) 1.516 £0.272 1.363(3) 4.8
YJ20 3 0.057(0.032 -0.081) 2.460 +0.530 1.818(3) 2.1
LZ20 3 0.042(0.025 -0.062) 1.618 +0.254 0.876(4) 1.6
7J20 4(2) 0.047(0.029 -0.066) 1.570 £0.236 2.758(4) 1.7
WW20 5 0.203(0.121 -0.291) 1.682 +£0.290 0.733(3) 7.5
DZ20 4 0.088(0.056 -0.120) 2.243 +0.366 3.762(4) 3.3
Y720 6 0.210(0.121 -0.291) 1.469 £0.283 3.762(4) 7.8
CZ20 5 0.131(0.087 -0.172) 2.409 +£0.422 2.488(4) 4.9
DY20 5 0.085(0.058 -0.119) 1.613 £0.245 0.880(4) 3.1
SG19 3 0.073(0.032 -0.116) 2.652 +0.445 4.426(3) 2.7
QS19 4 0.037(0.020 -0.052) 3.390 +0.626 3.020(3) 1.4
YZ19 5 0.057(0.046 —0.067) 3.967 0. 648 0.387(3) 2.1
YCI9 3 0.035(0.022 -0.046) 2.907 +£0.540 0.542(3) 1.3

LCsy : BIEHFHJE Medium lethal concentration; CL: EAFFR Confidence limit. FitEAFE(RR) = 2% B 5% Wr i Fh LAY LCso 1B/ 3% HUF X6 AR X AgUEE
S Z M LCso {8 ; B ¥ (5 E L2 1. Resistance ratio (RR) = LCy, value of the insecticide to the test population/1.Cs, value of the insecticide to the

susceptible strain. The population information were shown in Table 1. F[i], The same below.
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2.3 PSR 7 BB AR A ) o B ot SO I A 26 3% R
B A B K E

R R TR B0 B T RS I 2 P A

X HURR i ZR SO UL 35 ST JX22 22 8008 L A
QS22 WA 9\ 4 - B H ] B ML FRBE (RR 4351 4
97. 1 F1 102. 3 A5 ) Xk IO nafs Pk il | YRS A Pt e | P 5
T PR P T R G S R i 1) B KO
SETL IR  WTTT 50 24P E JX22 X HAY 5 Uk e
A% HF A DA R B AR TR R SR OB BE R (91. 5
%) RS AR EERE (87.3 i) IR B BERE (55.9 %) .
DU s R (49. 0 %) (DU L BERE (31. 6 %) 5 8L
TRILFREE QS22 X HiAy 5 XU B ZEA8 ORI Hi bk
A v BRI Sy 60 S OB e R (100. 5 A% ) | 10 s Hy
Pifie (98. 0 %) V5L HLBEE (96. 9 1) . PR TN H
Fe(64.1 /%) . PUSRHEERE (33.3 £5) (£ 4), £
P0G HUR Y T e A A P U P () o ) A, 5 it
Tk e 25 A AE B 0 28 BBt Wl HOR AL 29



4 4] E LA RN RO G SR PO T 1 0 0 S SR o A X P 8 % E ) 58 L 503

3 2019 —2022 FFFZY A S H 18] Fh B o [ e rh i A A o 14k 7K SR
Table 3 Resistance levels of the field populations of Craphalocrocis medinalis to tetraniliprole during 2019 — 2022

ki P A/ LCs50 (95% CL) R = brifEi RIECAME) PUPEAT AL
Population Collected generation (mg/L) Slope + SE X (df) RR
GG22 3 1.023(0.461 -1.625) 1.730 £0.472 2.685(3) 46.5
XA22 3 0.921(0.413 -1.227) 3.739 £1.171 1.535(3) 41.9
TH22 3 1.248 (0.749 -3.429) 1.251 +0.324 0.593(3) 56.7
1X22 6(4) 1.079(0.235 -1.832) 2.577 £0.447 4.847(3) 49.0
QS22 6(4) 2.157(1.424 -3.536) 1.908 +0.492 0.771(3) 98.0
LJ22 6(4) 1.538(0.650 -3.731) 1.918 +0.254 8.179(3) 69.9
BY21 3 0.040(0.026 -0.056) 1.749 +0.313 1.392(3) 1.8
LY21 4 0.050(0.033 -0.067) 1.936 +0.296 2.480(4) 2.3
Ww21 5(3) 0.052(0.036 -0.072) 1.691 +0.297 0.238(3) 2.4
NJ21 6 0.053(0.035 -0.069) 2.675 +£0.568 0.894(3) 2.4
QC21 6 0.081(0.040 -0.131) 2.062 +0.329 3.354(3) 3.7
LZ720 3 0.027(0.015 -0.043) 1.827 £0.264 5.039(4) 1.4
YJ20 3 0.023(0.017 -0.031) 1.748 +0.242 2.258(4) 1.2
7J20 4(2) 0.075(0.052 -0.099) 2.069 +£0.291 1.765(4) 3.9
WW20 5 0.057(0.035 -0.078) 2.226 +0.418 2.240(4) 3.0
D720 4 0.053(0.028 -0.076) 2.065 +0.430 3.729(4) 2.4
CZ720 5 0.071(0.043 -0.099) 1.936 +0.367 2.231(4) 3.7
DY20 5 0.049(0.032 -0.067) 1.670 £0.254 2.478(4) 2.6
YZ20 6 0.017(0.008 -0.028) 1.270 +0.228 3.551(4) 0.8
SG19 3 0.028(0.023 -0.034) 2.765 +0.350 1.134(3) 1.3
QS19 4 0.011(0.0075 -0.015) 1.653 +0.279 1.043(3) 0.5
YZ19 5 0.030(0.025 -0.035) 4.894 £0.854 0.461(3) 1.4
YC19 3 0.015(0.010 -0.019) 2.411 +£0.431 2.031(3) 0.7

x4 2ABHEHIEEEFEIT 6 FWBELIL L R R HEKE

Table 4 Resistance levels of two field populations of Craphalocrocis medinalis to six diamide insecticides

o \ N P Bk
;;f:/ﬁﬁ %Ejﬂj Nfrtnfe?zof LCs0 (95% CL) 2 R ( EZ{E) XEZ "
. Insecticide . (mg/L) Slope + SE ) )
Population test insects x (df) CR
Cm-S A BERE Chlorantraniliprole 280 0.027(0.018 —0.038) 1.637 £0.233 0.444(4) 1.0
U & % Tetrachlorantraniliprole 240 0.046(0.039 -0.049) 14.017 £4.338 2.824(3) 1.0
U A b ik fiie Tetraniliprole 280 0.022(0.015 -0.056) 2.371 £0.415 7.712(4) 1.0
P& BERE Cyantraniliprole 240 0.020(0.010 -0.031) 1.327 +£0.267 1.883(3) 1.0
N H Bk Cyclaniliprole 240 0.011(0.008 —0.014) 3.475 £0.658 1.867(3) 1.0
TG XL Cyhalodiamide 240 0.019(0.014 -0.024) 3.510 £0.612 1.079(3) 1.0
JX22 S H EERE Chlorantraniliprole 240 2.621(1.166 -7.377) 1.440 £0.279 3.745(3) 97.1
UG B A% Tetrachlorantraniliprole 240 1.452(1.068 —1.738) 4.848 £1.101 2.265(3) 31.6
U 4 B i A Tetraniliprole 240 1.079(0.235 -1.832) 2.577 £0.447 4.847(3) 49.0
B HL L Cyantraniliprole 280 1.745(1.012 -2.547) 1.596 +0.329 2.829(4) 87.3
N H @k Cyclaniliprole 240 0.615(0.435 -0.773) 3.221 +0.586 1.346(3) 55.9
TS R Cyhalodiamide 240 1.739(1.112 -2.424) 1.822 £0.345 1.756(3) 91.5
QS22 S 2K FH R Chlorantraniliprole 240 2.761(1.523 -3.601) 3.081 £0.897 2.123(3) 102.3
UG B % Tetrachlorantraniliprole 240 1.533(0.918 —2.028) 2.941 +£0.647 2.807(3) 33.3
U A B A Tetraniliprole 240 2.157(1.424 -3.536) 1.908 +0.492 0.771(3) 98.0
TRE R BENZ Cyantraniliprole 240 1.937(0.803 -2.777) 3.514 £0.717 3.053(3) 96.9
N HEERZ Cyclaniliprole 280 0.705(0.437 -0.892) 3.826 +0.951 3.276(4) 64.1
S OB Cyhalodiamide 240 1.910(1.262 -2.494) 2.776 +0.559 0.380(3) 100. 5

BEH AT R (CR) = MR R 0T S ORI HE IR AR 1Y LCso B T2 6 SRR R ( Cm-S) B LCso {#, Cross-resistance ratio (CR) =

LCs, value of the tested insecticide to the chlorantraniliprole-resistant field population/LCy, value of the tested insecticide to the susceptible strain (Cm-S).
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o GRYLR R LA QS22 42 UM 1T Al
HE LIS22 FE A IR 1 AU, XoF S HL 2% R I iz 1) 47
PEZR I 102, 3 4350 135. 1 A5 R e K i T2
41.4 1 52.9 4% By b S5 K F- B s 10 g A5 S b
YX22 fEE N AL A 25 7017 5 1 ACS , DUtk &b
>59. 35 FRER 10.3 4%, F, fU4kZ: T RER 4.6
Fs TP RE XA22 7% WA SR 3 AL , X5
HORF R B AE Ko 113, 7 5 R RE R 3. 1 %
(£5).
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Table 5 Resistance stability of the field population of Craphalocrocis medinalis

to chlorantraniliprole without selection pressure

it e i Ly (959% CL) B RER RAE(AIE)  Bo
Population Generation st imsocts (mg/L) Slope + SE x> (dn RR
YX22 F, >1.600 >59.3
F, 240 0.279(0.125 -0.464) 1.805 +0.288 3.029(3) 10.3
Fs 240 0.125 (0.071 -0.193) 1.643 +0.375 0.611(3) 4.6
QS22 F, 240 2.761(1.523 -3.601) 3.081 £0.897 2.123(3) 102.3
F, 240 1.117(0.639 -3.475) 1.076 £0.294 0.745(3) 41.4
LJ22 F, 240 3.647(2.607 —4.876) 1.932 £0.315 1.461(3) 135.1
F, 240 1.428(0.752 -2.182) 2.004 £0.569 1.282(3) 52.9
XA22 F, 240 3.071(2.384 -3.706) 3.966 £0.677 0.471(3) 113.7
F, 240 0.084(0.065 -0.104) 2.245 £0.301 2.242(3) 3.1
VU e e P f o — AR P <08 Y T Mg ik o P g e
3 g P A SR, 2020 AEAETR B AE AT, A 2550

FEATHY M 45 2R {75, 2019 - 2020 4R KER 70 A5
P\ Pt T[] o 2 0 S A T 1 e 47 Ak T S0/ By
B, A0k B TR XA 7175 47 MR Z2 OO0 B8 195 4
PR ™ A2 T IRKF BTk 5 2021 4F, 25 Hi fof B X6
SR IR APV KPR 2k BT R HIG R X
V2 FERIY L DX g R T ) 8 I T e 0 Lo e
SRR KT 52022 AR FATT T UM I 8 X G R
47 AR 100 A DAL K-S STk 4 T A RE, 32280
ATETVE LI CERORMAL 4 & CHIAIX) L JF H
PURMHES 7 2022 4R fr A s I Ff iR 2R 1Y 45. 5% ,
b 6 A4 T A s 24 08 S A R e R B 10,3 ~
97. 1 5By ih AR KB , 2 W1 R N4 Pt M0 5 U
IR BT AL TV E TR Be (3R 2) o JF HAE4%
ML DRl S B 0T T4 A G L 4 Y B e 0 A 0 6 I U
AR5 T 35 e, R T T A A I M v R e A A
(2017, 2020 - 2021 4F) i1 24 85 A B SR A
PR Mg X 8 0 2 A ) B 28 1 96. 0% iy 72. 0%
(ZEALANREE, 2022)

6 2 1Y VU e e B e X A 200 4 Pt I B A L ) T A
P, FFROU A, SRS I A B T R HUOR
I (FRIGEF- A E e, 20225 WSS, 20225 S}
45, 2022) , 2019 - 2021 4F g N 4551 BoR, Br A /Y
RER A A [ Fof o ] e B % — Ak B0k
(6 3) 3K — 7 1T p T P P X A N
RS [ Bl LB 38 AT PR T Sl SRR T e, 75—
7 TEL D) 55 P WA ek 7 T B 140 6, 7 A P el 4
UAARA S (R, 2021) o H 2 2022 4FFRA] i
4 T A R 2 Ao R R4 0 e e P e A= v 45
PRI HTPE , TR T 00 38 6 20 A K e
PR R ST (R 3) o A5 A PR ol
BERY(E BT, 30 LA DX AT o Y e e e o
PRI e e e P e 744 4 77 A WA T B S8 U Y
REHTPEM I SS HHTTEA G LA, 28 TR
WSy A O S DX L A7 A s 1X it
Aok DU s e s 2 S 5T ] AR AT RO A A2 3
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WA W5 ¢ BT S8 R 2 P gt M ) /N1 g P 1)
TR X 9 R ML I e A7 #F 22 5Pt M (Wang et al.,
2013; Liu et al., 2015) ; T 58 HO A H P Ji 1) o 80
Ik ( Sang et al., 2016 ) FZ i 7 19 ( Campos et al.,
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AR I e ) Pk R B R R g PR, Sial AN
Brunner (2012) #f 5% & B #% 8% & 5% & 0 i
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fi 245570045 5% 6 AU itk l G, AR 6. 4 £ F%
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Xof XU Rl A 2% HUR) B P BOIR , FR AT s LA 24
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