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Resistance monitoring and biochemical resistance mechanism
of Nilaparvata lugens to sulfoxaflor
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Abstract

sulfoxaflor, we determined the resistance to sulfoxaflor of 13 field populations of N. lugens collected from seven

To understand the resistance status and mechanism of field populations of Nilaparvata lugens to

provinces in 2017 — 2019 by using the rice-stem dipping method. Cross-resistance and synergism tests were also
investigated in this study. The results showed that all of the field populations had developed moderate resistance to
sulfoxaflor (resistance ratio=10. 3—30.9). Compared with the sensitive strain (SUL-S), the sclected SUL-R strains
showed low-level cross-resistance to dinotefuran, thiamethoxam and nitenpyram (9. 1-fold, 7.9-fold and 4. 1-fold,
respectively). No cross-resistance to buprofezin, chlorpyrifos, pymetrozine, triflumezopyrim and imidacloprid
was detected. Bioassays revealed that the P450 inhibitor, piperonyl butoxide (PBO) had 4. 2-fold and 3. 8-fold
synergistic effects on sulfoxaflor to sulfoxaflor-resistant strains and field strains ( Longyou-19). Our results
indicated that all of the populations developed moderate resistance to sulfoxaflor. Enhanced metabolism mediated
by cytochrome P450 monooxygenases was involved in the resistance of N. lugens to sulfoxaflor.
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Table 1 Collection information of Nilaparvata lugens from different prefectures in 2017—2019
Tl SRAEHL KA H W/ 4F-H-H R ZLE
Population Location Collection date Insect stage Longitude and latitude
W11-17  Qianshan-17 LR 2017 - 08 - 29 AR 30°37'N, 116°34'E
#J#%-17 Xiaogan-17 WAL 2017-10-12 A 30°55'N, 113°54'E
F-17  Jiaxing-17 WiTL3E 2% 2017 -10- 10 R 30°45'N, 120°45'E
Bi#42-17 Rui’an-17 AR RS 2017-10-19 AR 27°46'N, 120°39'E
B 518 Nanning-18 JP T 2018-10-11 A 22°48'N, 108°21'E
b -18  Shanggao-18 PO = 2018 -09 - 26 Py 28°13'N, 114°55'E
F#5-18 Ningdu-18 VLY T4 2018 -09 - 10 R HL AT 26°28'N, 116°00'E
#%-19  Shaoguan-19 IR 2019-07 - 06 YR 24°48'N, 113°35'E
Fi42-19 Wan’an-19 YLVG T3 % 2019-09-17 R A 26°26'N, 114°46'E
TH-19  Ningdu-19 PN 2019-09-12 iy 26°28'N, 116°00'E
JWE-19  Longyou-19 S RANy i 2019-10-01 BLHL 29°01'N, 119°10'E
#%1-19  Qianshan-19 ZREE I 2019 -08- 09 S H AT 30°37'N, 116°34'E
P 5t-19  Nanjing-19 MWIN P 2019-10- 24 S 32°02'N, 118°47'E
x2 HHFERY
Table 2 The insecticides used in this study
25 24 2532 TR
Insecticide Insecticide group Manufacturer

96. 5% 5L TC chlorpyrifos 96. 5% TC
95 %l Humpk TC imidacloprid 95% TC

98 %ME % TC thiamethoxam 98% TC

95 %o E iz TC nitenpyram 95% TC

95 %k iz TC dinotefuran 95% TC

97 % WEERR TC buprofezin 97% TC

97. 4% Z HiJi TC ethiprole 97. 4% TC

95 % ML 4F AR TC pymetrozine 95% TC

22 % E NG SC sulfoxaflor 22% SC
10% = gEmERE SC triflumezopyrim 10% SC

HHLEERZEEZS (1b) Organophosphates

S HEBRZE (4a) Neonicotinoids

FrfEmEZE (4a) Neonicotinoids

S HEBRZE (4a) Neonicotinoids

HrIRBNZSE (4a) Neonicotinoids

JUT Y16 I3 (16)  Inhibitors of chitin biosynthesis
FRFELMEMEE (2b) Phenylpyrazoles

N IE F I 35297 (9b)  Pyridine azomethine derivatives
RV %25 (4e) Sulfoximines

T2 (4e) Mesoinonics
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Classification information refers to the classification of insecticide action mechanism from IRAC, 2020, version 9. 4.
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Table 3 Resistance of Nilaparvata lugens field populations to sulfoxaflor in 2017—2019

T FFE B (95 % EAEFR) /mg « L1 RPR SRR RIECH B EINER (¢

Population LCs0 (95 %FL) Slope=®SE X (df) RR
W1l-17 Qianshan-17 8. 19 (6.96~9. 54) 3.8140. 52 2.20 (3) 0.53 16. 7
2)%-17 Xiaogan-17 10. 19 (8.13~12.33) 2.85+0. 42 1. 48 (3) 0. 69 20. 8
F%-17  Jiaxing-17 11.18 (9. 05~13. 36) 3.0540. 43 1.47 (3) 0. 69 22.8
Hi2-17 Rui’an-17 11.59 (5.94~18.77) 2.797%0. 40 3.09 (3 0. 38 23.7
®7°-18 Nanning-18 7.18 (5.03~9.01) 3.3740. 63 1. 69 (3) 0. 64 14.7
F#E-18  Shanggao-18 7.45 (1. 68~13.82) 2.2940. 35 6.41 (3) 0.09 15.2
T#B-18  Ningdu-18 12.79 (5.91~17.78) 3.9940. 38 3.81 (3 0.28 26. 1
#5-19  Shaoguan-19 5.05 (4.12~6.02) 3.1470. 40 3.34 (3 0. 34 10.3
W1l-19 Qianshan-19 5.20 (4.12~6.13) 4. 8640. 90 2.48 (3) 0. 48 10. 6
Ji4-19  Wan’an-19 5.89 (4.83~7.00) 3.22740. 41 2.03 (3 0. 57 12.0
®H-19 Nanjing-19 11. 26 (8.88~13.59) 3.16740. 52 0. 48 (3) 0.92 23.0
Jeii#-19  Longyou-19 11. 84 (9. 74~14.14) 3.2240. 46 2.25 (3) 0.52 24.2
THB-19  Ningdu-19 15. 13 (10. 98~18.79) 3.0240. 56 0. 98 (3) 0. 81 30. 9

2.2 GIEHBRREUIE MR R I IE

TEZE W HHE B CEE T T 63 fAR
V) T 4D 243 790 i 5 » O 35 s g 4 o) £ B AR ik e st T
H15%6~40%, FRAF T JE UK B = N PLME A R
(SUL-R) . Kbt A58k 34. 1 %5, W&l 1 iR, 18
T 30 & i 1 o Bt LCy M 0.54 mg/L - FFH
3. 20 mg/ L, Hutk b FHE B R AR X 218 . A R K
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10. 2 4%5) s Bl 5 1 25 ARIF 8 . Btk b o Rk e
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(G55) ;55 55 RGP ELR B T F T ¥, (A%
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Fig. 1 Resistance development to sulfoxaflor in

sulfoxaflor-selected Nilaparvata lugens
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Table 4 Cross-resistance of SUL-R strains of Nilaparvata lugens to nine insecticides
Bl b LCs0 (95% EAFM) /mg » L RER RITECH B ZHAUHEAT AL
Insecticide Strain LCs0(95% FL) Slope®SE 1 P CR
SR SUL-S 1. 22 (0. 90~1. 58) 2.1240. 33 1. 22 (3) 0.75 —
sulfoxaflor SUL-R 16. 73 (5. 46~29.51) 2. 44+0. 37 6.13 (3) 0.11 13.7
i 5E Bk SUL-S 69. 88 (23.04~129. 96) 2.0840. 29 6.81 (3) 0. 08 —
imidacloprid SUL-R 108. 21 (76. 73~145. 66) 1. 7840. 28 0.42 (3) 0. 94 1.6
19E 11 1 SUL-S 4.91 (1. 71~7. 87) 1. 8740. 30 3.12 (3) 0. 37 —
thiamethoxam SUL-R 38. 78 (24. 66~62. 98) 1. 2440. 26 1. 20 (3) 0.75 7.9
Wk o i SUL-S 1.33 (0. 77~1. 87) 1.5740. 27 1.28 (3) 0.73 =
dinotefuran SUL-R 12. 06 (6.58~19.17) 2.26+0. 38 3.27 (3) 0. 35 9.1
P s SUL-S 0.90 (0. 46~1. 40) 2.4240. 33 4.37 (3) 0. 22 —
nitenpyram SUL-R 3.71 (1. 60~5. 77) 2.3320. 35 3.84 (3) 0. 28 11
SR AR SUL-S 0.08 (0.05~0.12) 3.172£0. 45 3.57 (3) 0. 31 —
triflumezopyrim SUL-R 0.07 (0.03~0.12) 0. 900. 22 1.27 (3) 0. 74 0.9
Z i SUL-S 2.12 (0. 94~3.18) 1. 8740. 38 0.43 (3) 0. 93 =
ethiprole SUL-R 2.36 (1.55~3.49) 1. 3540. 25 1.05 (3) 0. 79 1.1
T 15 ] SUL-S 6.46 (0.73~12.39) 1. 4974-0. 27 4.14 (3) 0. 25 —
buprofezin SUL-R 1.56 (0. 43~2. 65) 1. 7140. 29 3.20 (3) 0. 36 0.2
T A0 SUL-S 6.70 (4.33~12.80) 1. 3140. 31 2.32 (3) 0. 51 —
chlorpyrifos SUL-R 4.26 (2.77~5.39) 3.200. 67 2.81 (3) 0. 42 0.6
M ] SUL-S 247.69 (163. 70~322.18) 2. 6620. 50 1.90 (3) 0. 59 —
pymetrozine SUL-R 163. 52 (34. 20~306. 14) 2. 08£0. 34 5.33 (3) 0.15 0.7

1) SEEHUPEAR = S0 BB IF L S 2R L.Cso /FNE HUMENE U R LCso

CR (cross-resistance ratio) =1.Cs, of the sulfoxaflor resistant strain/L.Cs of the sulfoxaflor sensitive strain.
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Table 5 Synergistic effects of PBO, TPP and DEM on the toxicity of sulfoxaflor to different strains of Nilaparvata lugens

i AR YL LCs0 (95 % Ef5FR) /mg « L~ RpR FIrE (A HED IR
Strain Treatment LCs0(95% FL) Slope+SE K df) SR
S H I SR 2R FUE U 3.03 (2.33~3.80) 2. 43740. 33 1.86 (3) 0. 60 =
SUL-S SR HUBE + PBO 1. 43 (0. 98~1. 89) 2.114+0. 34 0.58 (3) 0. 90 2.1
FRHE U + TPP 2.66 (1.23~4.12) 2.2440. 36 3.12 (3) 0. 37 1.1
FRE He el + DEM 3.33 (2.22~4.39) 2.3240. 43 1.01 (3) 0. 80 0.9
SO H I B L £ SR H 22. 81 (15.71~31. 42) 1.86+0. 33 2.16 (3) 0. 54 —
SUL-R FEE UG + PBO 5.46 (1.05~11.16) 1.5940. 28 4.75 (3) 0.19 4.2
SRIE i+ TPP 10. 65 (2. 91~18. 62) 2.1740. 35 4.52 (3) 0. 21 2.1
FRE HL s + DEM 18.80 (5.92~29.71) 2.2640.51 4.10 (3) 0. 25 1.2
e i-19 SR 23. 18 (16. 45~29. 85) 2.66+0.59 0.82 (3) 0. 84 —
Longyou-19 FRE NG -+ PBO 6.09 (2.13~9.66) 2. 4140. 44 3.38 (3) 0. 34 3.8
SRIE i+ TPP 13.09 (8.16~17.74) 2.160. 42 1.71 (3) 0. 63 1.8
S HUBE + DEM 14. 87 (10.17~20. 16) 1. 9574-0. 34 0.31 (3) 0. 96 1.6
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HEEIKFPUTE . AN ] B Y 2 N PR 3RS
THUIRIE NG s REF . R B PR B
71N ORI H I G 4 T XS I L B e R s e E

Rl RORIK R E Y] . Z I RE A EES 5 T4 Rl
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FURT A2 B 3 R8T s ol 19 3 2 T B
M dmk 5 20 42 90 ARAUHT I AFRIE G B2 2003
AF 4 R B % 2550 — ELAL T U IR B B
Be (i o 1997 AFREMRBIIERY 6.3 48 . 2005 4F45
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