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Abstract: Risk assessment and genetic analysis on fipronil resistance and insecticide susceptibility in the small brown
planthopper were conducted in laboratory by rice stem dipping method. After 41-generation selection with fipronil in 43 genera-
tions, the resistance level of the small brown planthopper (a population of L. striatellus from the wheat fields in Wuxi City,
Jiangsu Province in 2005) to fipronil increased from 8. 4- to 230. 5-fold compared with the susceptible strain, and the realized
heritability (k%) of resistance at different selection stages according to the method described by Tabashnik was estimated as
0.0388 (F; to F31), 0.2636 (Fs2 to Fy3) and 0. 1113(F; to Fy3), respectively. It is suggested that the L. striatellus had the
definite risk of resistance to fipronil. The susceptibilities to 15 insecticides were evaluated in two field populations of L. stria-
tellus, collected from Wuxi City, Jiangsu Province and Changxing County, Zhejiang Province in 2007 and 2008 by the rice stem
dipping method. The results showed that the highest toxic insecticides to the insect was a phenyl-pyrazole class of insecticides
including fipronil, butylene-fipronil and ethiprole (LCso: 0. 2 — 1. 7 mg/L), followed by thiamethoxam, nitenpyram, py-
metrozine and chlorpyrifos (LCso: 1.7—9.7 mg/L) . and toxicity of the others was lower. According to a year-to-year varia-
tion in susceptibility, it was noted that susceptibilities to fipronil and ethiprole in L. striatellus population from Wuxi City in
2008 were reduced with a reducing rate of 1. 1-fold, compared with those to the two insecticides in 2007. Fipronil was used
widely for controlling this insect in recent years, but ethiprole wasn't. Therefore, it seems that the L. striatellus population
whose susceptibility to fipronil was reduced had cross-resistance to ethiprole. Inheritance characteristic of resistance to fipronil
in L. striatellus was studied through assaying dose-response data of the resistant (R) and susceptible(S) parents, reciprocal
crosses (Fi, F1'), self-bred (F2) and backcross (BC) progenies to fipronil by the rice stem dipping method, and the results
showed that the resistance to fipronil in L. striatellus was found to be polygenic, autosomal and inherited as a partial dominance
trait [D(F;) =0.20, D(F;') =0.38]. Resistance management in L. striatellus was also discussed.
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Fig. 1. Resistance changes to Fipronil in L. striatellus during

the selection in laboratory.

Table 1. Realized heritability (h?) of resistance to Fipronil in the third instar nymphs of L. striatellus from Wuxi City, Jiangsu Province.

- 1 B A % S L TR EREEESR
e v B B e 16 PO L Mean selection response per generation Mean selection difference per generation
Period of No. of 18 LCso aen ) ‘ ) . . WAL
selection generations B bR R S EHFERE O ERE TR EEER 0
/generations selected Log of Log of Selection Survival iR J& Mean Selection
. 4;. | LC i ll LC response rate/ % Intensity slope difference
initial LCs, inal LCsg
1~31 29 —0. 2596 0.0817 0.0118 38.6 0.9951 3.2793 0.3035 0.0388
32~43 12 0.0043 1.1822 0.0982 54.0 0.7314 1. 9639 0.3724 0.2636
1~43 41 —0. 2596 1.1822 0.0352 43.1 0.9140 2.8936 0.3159 0.1113
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Fig. 2. Effects of heritability and mortality caused by Fipronil

on generations required for a ten-fold increase in LCs.

0. 0388 {HTE 32~43 fUTH LI A] , BTtk B TF 14,1 1%
(LCs0=15.211 mg /L), h23iK 5] 0. 2636 ; % /> fifi 1%
WM LB B TF 26,8 %, A2k 0. 1025 (2 1), %8
TR G B A B et XU .
2.2 REBAXMNEHBRELZREZRNHRN

TE FRHL I 5 8 19 AN T8 B B, o 1k B S 3 AR
(h2) 43528 ;0. 0388(1~31 1) .0. 2636(32~43 1)
M0.1113(1~43 /%), M A& Tabashnik! 16! ) Jy ik
TR BB BE PR B (JET-F R 50%, 602,
70%.80%.90%.99%) , ik A2 R itk Bt 10 4%
JIT s B AR B4 ) R - 106,87 ,72.,61.,48.,16 48,9,
8.6.5.4.2 LA 32.27.22,19.15.5 L& 2)., HTF
FH (] PR B% 0y 22 0 TRt =5 PN B 52384 ) T BE W /=
il s HEBTPE B 10 5 i 2 0y ROE AT g s 2k
2.3 IRERAXMNEABHNREEES N
2.3.1 RERAMAEHERELRNBREEAEE

LRI O e AR Fas (BUER 192 £5) B HE 4T
PrbEst e s . MRZERBENE T H0(R) VK S
SEAR RAE (F1) R (F1 ") 38 S AR 550 2R B0 ek
4 Falconer 2420073345 1F 58 AR 28 1) b M

®2 RIARBEANERXERERRBHHEE

1 [ K FG R} 2% (Chin J Rice Sci) 45 23 4545 6 H](2009 4F 11 )

-1.7 -1.2 -0.7 -0.2 0.3 0.8 1.3
FIEXT 5L Log dose

B3 AR EFAPERLERGE) @)L
Fig. 3. LD-P lines for resistant (R) and susceptible (S) par-
ents, F; and F|' progenies of reciprocal crosses to Fipro-
nil.
R #EA; S—HUEHEA; FI—EF; B/ — RERN.
BGE
R, Resistant parent; S, Susceptible parent; F;, Progeny of Ry

XSys 5 Fi', Progeny of S¢ XRjp. The same as below.

(D) 43512 0.20 F10.38(F 2) 47 0~1, 54,
Fo Fo 505 SR 0 (] U5 4R 0 S8 Bt SR AR — 3
(1 3) . FR W2 22 % 3 o A0 01y A o8 42
I (A1 A s B L S, R s A% O o g ik
WAL FLA FU' i LCso 2R A T (B #H LCso Y
95 %0 B A5 X M &) , KU BE A Z BER
2.3.2 ARTe AR KA R BRI G
it

FREZERBE N 2 T B 22 (BO A A 58 (F2) J5
FRXT GG — R B R [R) ok B Y FE T3, 25 SR R B ]
LIE AT R IE 50 % JLARAE N 5. 0000) 4b %A
HH B S RS (B 4) 5 B AR R AR SE TS A 250
JLHAEHy 4.3255)F1 75 % (JLRAY N 5. 6745) kb
T A B RS (IR 5) . ik — B g ) Fo F
BC — Z 51 W% {1 B 56 PR 15 1 B B8 AT 4% 3
AR FLE R A4 3R 42. 98 Fil 36. 64, 3K

Table 2. Susceptibilities of resistant(R) and susceptible(S) parents and hybrid F; progenies of L. striatellus to Fipronil.

- P LCs (9520 BAF X If]) BN g BYERE
Slope LCs0(95% confidence interval) Resistance Degree of
Population
(Mean=+SE) /Cmge+ L1 ratio dominance
S 2.27140.325 0.162(0. 120~0. 205) 2.4 —
1.641+0.313 12.671(9.182~18.599) 192.0 —
F 2.063740. 288 2.226(1.546~2.920) 33.7 0. 20
F' 2.40440. 336 3.247(2.376~4.117) 49,2 0. 38
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Table 3 . Chi-square test for backcross and F, progenies of L. striatellus in Fipronil resistance genetic analysis on basis of single major gene model.

I - b 3 R BC[F; (Rg XS3)g XSy ] F, (F) B%2) (Self-bred progeny of F;)
Dose No. of Obs Exp Obs Exp
Log dose 2 B
/(mg« L™1) insects /% /% x /% /% x
8 0. 90 60 99.9 98.7 4.03 98. 2 78.1 14. 36
4 0. 60 60 90. 6 85.0 1.18 81.8 65.1 7.25
2 0. 30 60 86. 8 72.8 5.83 54.5 50. 3 0.53
1 0. 00 60 43.4 60. 0 6.94 47.3 36. 8 2.50
0.5 —0.30 60 34.0 47.9 5.10 27.3 26.5 8.56
0. 25 —0.60 60 20. 8 34.5 5.58 14.5 18.0 5.99
0.125 —0.90 60 7.5 20. 2 5.24 7.3 10.3 2.69
0. 0625 —1.20 60 5.7 8.8 1.08 1.8 4.4 1.07
0.03125 —1.49 60 0.0 2.7 1.66 1.8 1.4 0.03
S=36. 64 5=42.98

Obs—SZBRAET: s Exp— B RS 0 BB T %K,

Obs, Observed mortality; Exp, Expected mortality based on major gene assumption.
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Table 4. Insecticide susceptibility of L.

25 23 B4 6 W1 (2009 4F 11 J)

striatellus populations from Wuxi City, Jiangsu Province in 2007 and 2008.

2007 2008
B Ak 7 st 5 LCs0 (95 % & {5 X i) ISR LCs0 (95 % B {5 X [])
A % % Q
. % Slope R Slope
Insecticide No. of LCs50(95% confidence No. of LCs50(95% confidence
. (Mean=+ SE) ) (Mean=+ SE)
insects interval) /(mg « L™ 1) insects interval) /(mg « L™ 1)
4 i Fipronil 360 2.21740.380 0.246(0.166~0. 324) 360 2.19540. 355 0.514(0.405~0. 655)
T M %R G Butylene-Fipronil 300 1.63740.314 0. 382(0. 265~0.526) 360 1.26340.211 0.373(0. 260~0.521)
Z " il Ethiprole 360 0.982+0. 165 0.600(0.336~1.013) 360 1.48540. 219 1.243(0.917~1.670)
5 mE U Nitenpyram 360 1.58140. 288 1.878(1.249~2.662) 360 2.28540. 404 1.715(1.189~2.232)
1€ th 1% Thiamethoxam 360 1.42540. 249 3.254(2.159~4. 666) 360 2.20040. 257 3.857(3.067~4.749)
i E %I Silafluofen 360 1.49240. 309 6.140(4. 188~9. 544) 360 1.33340. 222 8.113(5.466~11.479)
#:FEM Chlorpyrifos 300 2.93940.403 6.758(5.424~8.113) 360 2.60140. 444 11.355(8.392~14. 235)
it % filil Pymetrozine 360 1.80140. 299 9.514(6.117~13.126) 360 1.36940.227 7.815(4.972~11.054)
it 1wk Imidacloprid 360 2.62840. 408 14.042(10.698~17. 358) 360 1.54840.223 14.779(10. 845~19. 481)
T Hi e [ @ Carbosulfan 360 2.74940. 342 41.556(32.765~50.414) 360 2.56640.338 27.997(22.421~33.787)
fisk 35 Fik Ethofenprox 360 1.81740. 297 55.536(37.354~75.261) 360 1.96440. 241 29.348(22.220~36.794)
ST & Isoprocarb 300 2.69940.372 72.961(56.757~88.956) 360 1.10940. 230 117.711(74.,252~201.708)
p
J§ifi 7% 8 Promecarb 360 5.46941. 056 93.814(75.968~108. 368) 300 2.28840.352 44, 635(33. 244~56. 303)
TEE Dichlorvos 360 3.85540. 605 112.556(88.731~134.017) 240 3.63740.619 53.698(43.658~63.667)
g g1 Pk Acetamiprid 360 1.61840.415 156.682(104. 564~267.154) 360 2.448+0.369  115.992(85.573~56.303)
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Table 5. Insecticide susceptibility of L.

striatellus populations from Changxing County, Zhejiang Province in 2007 and 2008.

2007 2008
A Hu ) b 3 v B LCs0(95% &A% X ) Ab B e LCs0 (95 % B A5 X i)
. % Slope % Slope
Insecticide No. of LCs50(95% confidence No. of LCs50(95% confidence
(Mean=SE) (Mean=+SE)
insects interval) /(mg =+ L™ 1) insects interval) /(mg « L™ 1)
4 Fipronil 300 1.88140. 317 0.227(0.155~0.297) 360 1.87140. 240 0.273(0.212~0. 346)
T M R G Butylene-Fipronil 360 2.510+0.299 0.247(0.193~0.302) 360 1.98140. 253 0.301(0.235~0.378)
Z Ui Ethiprole 360 1.11440. 176 1. 770(1.058~2. 789) 360 1.12440. 201 1.260(0. 857~1.873)
g5 e U Nitenpyram 300 3.868+0.704 3.961(2.993~4.788) 360 3.839+0.577 8.207(6.768~9.587)
FESEM Chlorpyrifos 360 2.39440. 295 4.326(3.368~5.326) 360 3.98740.627 27.367(22.475~31.965)
19E 1 1% Thiamethoxam 360 2.12940.312 5.185(3.632~6.843) 360 2.465+0.406 5.081(3.697~6.435)
it 95F Fill Pymetrozine 360 1.50140. 287 9.737(6.632~14. 332) 300 1.49640. 290 9.604(6.997~13.747)
FTE S B Silafluofen 360 3.196+0.432 10. 721(8. 585~12. 793) 360 2.278+0.340  19.001(14.669~23.745)
it 1wk Imidacloprid 420 1.27840.182 15.267(10. 220~21.529) 360 2.18340.293 23.978(18.503~29.947)
fik 2 ig Ethofenprox 360 1.75140. 282 22.583(15.440~30. 538) 360 2.216+0.333 12.112(8.897~15. 443)
T i 5 B g Carbosulfan 300 3.57640.491 22.893(18.473~27.124) 360 1.53140. 237 20.685(13. 887~28. 315)
§ifi 7% 8 Promecarb 300 3.2714+0.514 76.983(63.421~91. 282) 300 2.12440.372 62.071(45.401~80. 734)
IE Pk Acetamiprid 360 2.61040. 400 87.951(65.105~110.054) 360 1.73140. 242 101.691(74.761~132.557)
S B Isoprocarb 360 0.9314£0. 256 248.913(131.630~760.759) 360 2.250+0. 305 97.449(71.163~124. 290)
e H Dichlorvos 300 5.28441.035 259.372(208. 793~300. 560) 300 2.973+£0.475  206.598(161.077~251. 358)
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