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Abstract: The resistances to the phenyl pyrazole (such as fipronil) , neonicotinoid and insect growth regulator insecticides (bu-
profezin) in brown planthopper, Nilaparvata lugens (Stal) were monitored by rice-stem dipping method during 2006 to 2008.
Results showed that N. [ugens sharply developed resistance to fipronil following its immigration route in 2008. The levels of
resistance to Fipronil in 10 immigration populations from 6 provinces in the Yangtze River Delta areas and the back-migration
populations in Shaoguan and Shenzhen of Guangdong were moderate (resistance ratio 15. 0-fold to 32. 5-fold) and high (66. 9-
fold to 73. 7-fold) . respectively, higher than those of all 6 field populations from 5 provinces in 2006 (2. 6-fold to 5. 8-fold) and
11 populations from 9 provinces in 2007 (3. 2-fold to 8. 4-fold). The above results suggest that N. [ugens would develop a
higher level of resistance to fipronil in most rice-growing areas in China during 2009 to 2010. All populations collected in 2006
— 2008 showed high or extremely high level of resistance to imidacloprid, of which the resistance levels of 13 populations from
8 provinces in 2008 were 210. 1-fold to 381. 7-fold, though the resistance level dropped slightly in the following 3 years compa-
ring with the extremely high level in 2005 (277-fold to 811-fold). For other neonicotinoid insecticides such as hiamethoxam,
nitenpyram and dinotefuran, the resistance ratios were in the range of 2. 0-fold to 15. 8-fold, 0. 7-fold to 4. 8-fold. and 0. 6-fold
to 2. 8-fold, respectively. All the populations were susceptible or low-level resistant to buprofezin (3. 0-fold to 11. 9-fold). In
recent years, widespread and intensive use of fipronil for controlling two classes of migratory rice pest insects ( brown
planthopper/white-backed planthopper and rice leaf roller) might be a major reason for fipronil resistance out-breaking in N.
lugens. Therefore. to prevent insecticide resistance in N. lugens from out-breaking again, insecticide resistance management
strategy including alternating and rotating insecticides without cross-resistance need to be established.
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Table 1. Location, collection date and developmental stage of tested populations of brown planthopper in 2006 —2008.
2006 2007 2008
o3 KA H W s R H W s KA H - s
Location Collection Developmental Collection Developmental Collection e Developmental
Generation
date stage date stage date stage
¥ F§ % 7K Linshui, Hainan — — 03-26 J A B Adult, nymph  01-21 B2t Over-winter i . %5 1 Adult,nymph
J" 75 9% Shaoguan, Guangdong — — — 10-22  [A3F % Back-migration A Adult
I 7R %3 Shenzhen., Guangdong — — — — 10-10  [aliFE X Back-migration B H Adult
J" P 7° Nanning, Guangxi 06-04 % 45 3 Adult, nymph  06-05 . H Adult, nymph — —
P4 Hepu, Guangxi — — — — 05-29 (3 Eight(3) Ji% # H1 Adult, nymph
VLYY | & Shanggao, Jiangxi 07-31 A Adult 10-08 A . #H Adult, nymph — 09-19 7S AL Six(4) A7 B Adult, nymph
b % )&% Xiaogan, Hubei — — 08-31 . #5 H Adult, nymph  09-09 AN Six(4) J% 4 # Adult, nymph
I B§ {5 B Xinyang, Henan — — 09-05 B #7 B Adult, nymph — —
2 # 1ll Qianshan, Anhui 09-04 R Adult — — 08-28 H.(3)1L Five(3) A5 B Adult, nymph
M E Hexian, Anhui - - 09-13  JR .4 H Adult. nymph  08-28 T Five(3) 4 HL Adult, nymph
VL7538 i Tongzhou, Jiangsu 09-14 . #5 #t Adult, nymph  09-03 A7 B Adult, nymph  09-19 AN Six(4) R Adult
VLI #8 Yandu, Jiangsu — — — — 09-17 N Six(4) A5 B Adult, nymph
#i VLI 3 Haiyan. Zhejiang 09-23 L Adult 10-17  pf 45 U Adult, nymph — —
Wi VL4 1€ Jinhua, Zhejiang — — 10-17 A7 B Adult, nymph  09-24 AN Six(4) Ji% #7 B Adult, nymph
WiiL 44 2% Shaoxing. Zhejiang — — — — 09-24 7L Six(4) A5 B Adult, nymph
Wi VLA M Hangzhou, Zhejiang 09-23 A H Adult 10-17 . #5 H Adult, nymph  08-03 T34 Five(3) A Adult
WREAE W Fuging, Fujian — — 09-17 A7 B Adult, nymph 10-14 +(6)4% Seven(6) Ji% # B Adult, nymph

“ VRN BT XOR RS REL.

“w__»

—” indicates that N. lugens was not collected in the region this year.
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Table 2. Susceptibility baseline of phenyl pyrazole and other classes of insecticides to 3" instar nymph of susceptible strain of N. lugens.

LCso {8 (95 % B AH X |V

Fot 1 e
LCs0(95% confidence interval)
Insecticide LD-p line
/(mg+ L™1)
S 4L 5 Fipronil Y=28.0397+2.1493X 0.0385(0.0324~0.0457)
it Lk Imidacloprid Y=6.6766+2.5119X 0.0778(0.0549~0.1014)
g 1% Thiamethoxam Y=7.1340+2.1840X 0.1054(0. 0880~0.1249)
ik 1 % Dinotefuran Y=7.3537+2.7162X 0.1360(0.1094~0.1752)
J7 g e Nitenpyram Y=5.7085+2.1738X 0.4721(0. 2484~0.6053)
IBE W2 il Buprofezin Y=10.0190+4. 2486 X 0.0659(0.0583~0.0741)

D LCso fEL 9 95 76 A DX IS T 28 17 Sy 40 W AS [ 2% Sl 550 W) 25 0 2 5 3 AR bafle . T 6Tl

D No overlap of the 95% confidence interval for LCs, values was used as the criterion for statistical significance. The same as in tables be-

low.
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Fig. 1. Resistance to phenyl pyrazole and neonicotinoid classes of insecticides in field populations of N. lugens during 2006 —2008.
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Table 3. Resistance to fipronil of N. lugens from 14 locations of nine provinces in 2008.

LCso {8 (95 % B{5 X )
LCs0(95% confidence interval)

/(mg+ L™

PUE RSB C95 20 B A K [
Resistance ratio

(95% confidence interval)

Tift i 77 |90

Population LD-p line
W 7 2 K Linshui, Hainan Y=7.2852+2.5500X
J"Vi4 9 Hepu, Guangxi Y=5.8759+1.9964X
L Qianshan, Anhui Y=5.3781+2.5583X
GRRE Hexian, Anhui Y=5.2042+2.4316X
ML 2% Xiaogan, Hubei Y=4.9836+2.1865X
Y174 L% Shanggao, Jiangxi Y=5.3993+2.0788X
VL7542 #F Yandu. Jiangsu Y=4.7229+2.8564X
VL7 M Tongzhou, Jiangsu Y=5.2458+2.3564X
WiiT.4: %€ Jinhua, Zhejiang Y=5.2307+1.9441X
WiTLZH % Shaoxing, Zhejiang Y=5.3593+1.9788X
WiVLA I Hangzhou, Zhejiang Y=5.3263+1.9896X
& BT Fuqing, Fujian Y=5.5420+2.2600X
J7 K 5% Shaoguan, Guangdong Y=3.9683+2.5101X
I %A% Shenzhen, Guangdong Y=4.0610+2.0848X

0.1270(0.1081~0. 1485) 3.3(2.8~3.9)
0.3641(0.2919~0. 4445) 9.5(7.6~11.6)
0.7116(0. 6073~0. 8292) 18.2(15.7~21.5)
0.8242(0.7014~0.9644) 21.1(18.2~25. 1)
1.0174(0. 8214~1. 8950) 26.4(21.3~49.2)
0.6426(0.5354~0.7722) 16. 7(13.9~20. 1)
1.2503(1. 0758 ~1.4794) 32.5(27.9~38.4)
0.7865(0.6670~0. 9345) 20.4(17.3~24.3)
0.7609(0.6290~0.9301) 19.8(16.3~24.2)
0.6583(0. 5448~0.7976) 17.1(14.2~20. 1
0.6854(0.5727~0. 8305) 17.8(14.9~21. 6)
0.5757(0. 4839~0. 6828) 15.0012.6~17.7)
2.5764(2.1825~3.1232) 66.9(56. 7~81. 1)
2.8210(2.3175~3.9513) 73.7(60.2~102.6)

R4 2008 &£ 94 14 H48 TC E FhEEXT O B WA BT

Table 4. Resistance to imidacloprid of N. lugens populations from 14 locations of nine provinces in 2008.

P EFILYEES

Population LD-p line

LCso (95 % & {5 X [
LCs0(95% confidence interval)

PUPEAS H (95 %0 B A5 X )

Resistance ratio

/(mg+ L 1) (95% confidence interval)
7 B2 7K Linshui, Hainan Y=2.5150+1.8517X 21.9791(18.0780~27. 4491) 282.5(232.4~352.8)
P4 Hepu, Guangxi Y=1.1322+2.9234X 21.0401(18.0833~24.4301) 270.4(232.4~314.0)
LRI Qianshan, Anhui Y=2.3289+2.0300X 20.6925(17.2166~25. 2168) 265.3(221.3~324. 1)
LML Hexian, Anhui Y=1.5790+2.8192X 16.3480(14.1603~18.9465) 210.1(182. 0~243.5)
4t 2% Xiaogan, Hubei Y=1.8418+2.3114X 23.2465(19. 6488~27.9071) 298. 8(252. 6~358.7)
YLV§ F & Shanggao. Jiangxi Y=1.4458+2.4133X 29.6999(25.1032~35.9991) 381.7(322.7~462.7)
VLJ5 3 #8 Yandu. Jiangsu Y=1.5298+2.6578X 20.2147(17.3954~23.4717) 259. 8(223.6~301.7)
VL7 M Tongzhou, Jiangsu Y=1.3590+2.6686X 23.1412(19.8699~27. 2113) 297.4(255.4~349.8)
WiiL 44 Jinhua, Zhejiang Y=2.0657+2.3923X 16.8405(14. 2951~19. 8850) 216.5(183.7~255.6)
WiiL48 % Shaoxing, Zhejiang Y=1.4100+2.5994X 24.0485(20.6714~28.0011) 309.1(265.7~359.9)
Wit Hangzhou, Zhejiang Y=2.3693+1.6613X 38.3282(31.1498~48. 3286) 492.7(400.4~621. 2)
EEFE T Fuging, Fujian Y=1.9144+2.5101X 16.9541(14. 4844~19. 7803) 217.9(186.2~254. 3)
J" % # 5% Shaoguan, Guangdong Y=2.0391+2.0116X 29.6424(24.8192~35.6709) 381.0(319. 0~458.5)
"% %Y Shenzhen, Guangdong Y=1.2571+2.7145X 23.9251(20.5711~28.1084) 307.5(264.4~361. 3)
T4 iy e DX R X 38 A 28 ) W g8 Oy SRR b 2 PR Zee . Horp, 2006 SRR 7 49 9 Hb A T E X E

KEHPE (2. 0~15. 8 4%) (] 1-D),

2007 4EF1 2008 4R B B KE B 5P BE L TR LT
845 8 4 18 b L FH R) B ) A e e i Ak
Hu fie Y87 4 T SR 3 BURR R TR B B (P A A3 )
H 0. 7~3.9 £5H 0. 6~3. 1 £ (K 2-A.B).
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