B W 2% it Acta Entomologica Sinica, November 2016, 59(11) : 1222 —1231 doi;10. 16380/]. kexb. 2016. 11. 010

WAt X @ CE HEMENTEH
¢ B 5 41 24 1 s

(Al BB 2 BORE B, I 430070)

WBE. [ 8%) 95 B 9748 & & Nilaparvata lugens & 18 F+ B 555 B 5 38 25 7 69 T ILIK, A 4] 248
A AR 2 R A IR, [ k] T 2009 - 2014 R AAG E R RN T B A
KRN Afa+ ZAE R IR G SR KB e X UL ZLAS @ 4948 & 208 R A BEAT 11 A4 40 & A 69 4
Btk [ 45 R ] #9048 X A8 % 2L 18] A B € 3k ok (4454 RR =101.8 ~ 1 239.4) %K% & (RR =
15.9 ~1326.3) = A &Kk ; s k5 (RR =24.9 ~146.5) = & 7 5K F 5 3K F bk ; sbok
R #E(RR=9.9~16.5) vk %2 (RR=13.5~15.9) . Zk# (RR =18.3 ~60.4) . A5 % (RR =
17.4~29.8) . F A A (RR =13.9 ~46.0) & & ¥ 5 K F bk ; so2 RBK(RR =5.1 ~9.9) = A{& K
P AR Rk (RR =3.9 ~7. 1) & TAUR 2K FHRMARF ;a8 H A (RR=1.3 ~4.9) & T4
B, Budh, B B Rk Rk BRI AU BRI 2 R B AR T Bl Rk duiE L B e A8 A
[ 236 147 % 4 45wk Robk R o BAAE RS B By i85 70 B, 7 A% I o] vk 3 B9 2 7K AG b 69 18 A R 4 Bt 35
B T AE Ay vt R bk (o ok BR Aol 2T BR 0 K 25 A A 25 )

KR BREA; AEA; BEZIE; ELEN; BR

HESES: Q965.9  XEAARIRED: A XEHS: 0454-6296(2016)11-1222-10
Resistance monitoring of the field populations of the brown planthopper,
Nilaparvata lugens ( Hemiptera: Delphacidae) to common insecticides in

rice production areas of Hubei Province, central China
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Science and Technology, Huazhong Agricultural University, Wuhan 430070, China)

Abstract: [ Aim] The brown planthopper, Nilaparvata lugens, occurs in many parts of Asia and has
developed a high degree of resistance to several chemical classes of common insecticides. The objective of
this study is to assess the current status of insecticide resistance in field populations of N. lugens, so as to
supply effective insecticide resistance management strategies to prevent or delay the development of
insecticide resistance in N. [ugens. [ Methods] The susceptibility of the field populations of N. lugens
from rice fields of Zaoyang City, Xiaogan City, Wuxue City, Wuhan City, and Ezhou City in Hubei
Province to 11 insecticides was assayed by rice stem dipping method. [ Results] The field populations of
N. lugens have developed high-level resistance to imidacloprid [ the resistance ratio (RR) =101.8 —
1239.4) ] and buprofezin (RR =15.9 -1 326.3) , medium- to high-level resistance to thiamethoxam (RR =
24.9 —146.5) , medium-level resistance to clothidianidin (RR =9.9 —16.5) , dinotefuran (RR =13.5 -
15.9), ethiprole (RR =18.3 - 60.4), chlorpyrifos (RR =17.4 —29.8) and isoprocarb ( RR =
13.9 -46.0) , low-level resistance to acetamiprid (RR =5.1-9.9) , no resistance ( susceptible) or
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low-level resistance to thiacloprid (RR =3.9 —7. 1), and no resistance ( susceptible) to etofenprox

(RR=1.3 -4.9). [ Conclusion] It is suggested that imidacloprid and buprofezin should still be

suspended for the control of N. lugens and the application frequencies of pymetrozine must be limited.

Etofenprox, however, could be an alternate or rotational insecticide for them.

Key words: Nilaparvata lugens; insecticides; rice stem dipping method; resistance monitoring; rice

production areas

#y KHE\ Nilaparvata lugens (Stal) J&2F# H K&
#}(Hemiptera; Delphacidae) , /23 [E . H A~ FEHEEE
MU FE KA A EEH 2 — (Dyck and Thomas,
1979; BEBAESE, 2003 YEGE A FIT M, 2007) . #5
TREEAT I IR T IR KR TR B
HARSGE KR, I RE AL IR 5 , 3 EOUK RS AT A
% (Otuka, 2009; Cabauatan et al., 2009; Cheng,
2015) , KHILORAE CE BTG —H LML Bia oy &
(Nagata, 1982; Hirai, 1994; Endo and Tsurumachi,
2001) . HFARE HRGEEH LA AR 2B 648 €
A, P REE XA PR 2 IR IR JUER
HUBGMEZE SHTE IR | B A A I 0 502 ik BE SRS AR
FHENLE e 2R 2 AR AR T A [ R BE ) BT (Dai and
Sun, 1984; Hirai, 1993, 1994; Wang et al., 2008a,
2008b; FEZE, 2013 ; Matsumura et al., 2014; Zhang
et al., 2014, 2016; Garrood et al., 2016) , 20 22 70
R HAE HGE T # CEXA AR B 5 A
PUBEZE AR HOR P AR BT , (B RN 2 ik F IR TR 2 A% U]
FeH: Pk ( Nagata and Moriya, 1974) , 8 )5 43 B 1E
1976 4F- 5 1979 4 Wi 345 "R mUA LB U5 5 24
SEF RIS A B 7 AR P S5 K F B PE (Kilin et al.,
1981) , il FIWT 5 45 SRR W4 KBTS IH X A LI 2E
A% HUR) 5 28k B R I 2R A% HORI R A rh A8 K-
(Matsumura et al., 2014; Zhang et al., 2014, 2016) ,
20 fit2e 80 AEAX 5 10, 1 R I O 4 FH T Bl A 4 K
B\, TE {8 20 4F 15,2005 45 1 0 3045 %m0 e 5 R
FALEARAKEATLME (Wang et al., 2008b) ,2010 4F W i
245 RIS E GR R 77 A= i K (Zhang et al.,
2014) , H i B A 4 W U R X 1 R R 7 A e K
AL (Zhang et al., 2016) o 1995 4R MHTRZE A i
W R E R AR CE, — H KR B 2
A2 (HAE 2005 4E45 € UGS Rk Hbk ™ A i KP4t
P , 6tk e iR 452 B i He R L, SR T R A
AR BN I BT AR A T (Wang et
al., 2008a; FEfE4E 2013 ; Matsumura et al., 2014;
Zhang et al., 2014, 2016) , 5 4b, #& K EOT H At Fr
TR A« B B 5k i 7 A 1 2K 2

KBTI, X e U AL T o A OB, X g bk
L Humk b T 0% Z v SR K P B (Zhang et al.,
2016) o A& £ UG AR AE TR AT, AH il T 5 gl
AR SS HAUME, LA &R & s © e B T T Bih
iy CE, My CEL D & X & HURE ™ AR A KO
(Zhao et al., 2011; Zhang et al., 2016) ., E¥ZHEEE
e EPESCH TR A KA, I HAR 9848 45
R X Bk 24 1R rE A= B g 3t (Matsumura et al., 2014
Zhang et al., 2016) ,

iy R FH R Fofo P g A1 00 DA AT A4 BB X &
B FRE (BB, 1979) o BT AmHE Kl
TP Xof [ Ao 4% K 50 5 AN (] A9 SRR, PR G L J4F R
I AR A HT 25 P AL, F RS R
FHZS SR BT 241 7K -, Xk SE 28 sk e FLHT 245 1k A
J& il V15 S BRI B IR SR s 1+ o3 B AT
T 2009 - 2014 4F5% HIfE 2R 12 0k W 1 e
N I 4 I W I v R D SR O N R
FREXS 11 A2 s A SR, DA 48Rl A% Bl
TR PSR
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1.1 iR

2009 - 2014 4 9 F R AR W10 A AP K
[N WG TN A T P R R IR TR
T XREE 2 000 ~5 000 Sk 7e A1 K ELA HUA A
SR R — S A R O R IR AR A U R
@l 3 % ey AL 2R AU I E (R 1) o
1.2 fkzh 5

PR HGIE BRI 2,
1.3 &WNEFE

165 R A% B AR P R T vk 2 IR KPR A
PLE R (2000) 4118 #Y RS 2518 151 12 « 14 M2 U —
B 0 BE R ) = 2RI A R R, kv, T2
10 em KRAEMRATZE,3 bR 14, 7EFH iUk B = R W
TCKIR R REZEAE 2GR R 30 s Ja BUl B+, LR
IK B BB A G A AR S A — R F R v, 3 bR
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Table 1 Sampling data of Nilaparvata lugens collected from fields in Hubei Province, central China

B AR K %%Cll,ﬂ;ﬁ('ﬁ-ﬂ-ll) ?ﬁ%fg WA H BB T
Population code Collecting locality ollection date Geogra'phlcal Developn.lental stage Host plant
(year-month-day ) coordinates of insect
vvg:?z 7| Meichuan, Wuxue ig?iﬁ:jz 30.13°N, 115.64°E
209 P+ HL 4 Shilipu, Zaoyang 2009-08-16 32.11°N, 112.72°E
7Y-10 2010-09-01
ig:(l)g % )E Chendian, Xiaogan ig?zﬂz:ii 31.27°N, 113.84°E )
£z-11 201109-13 i+ gl Nymph + Adult 7K Rice
EZ-13 9PN K# Changgang, Ezhou 2013-09-03 30.36°N, 114.71°E
FZ-14 2014-09-13
WH-12 2012-08-08
WH-13  RIL/LHE Jiangxia, Wuhan 2013-09-16 30.12°N, 114.14°E
WH-14 2014-08-31
F2 HAFRHFER
Table 2 Details of insecticides used in this study
A 4 (% ) A7 Al
Insecticides Purity Producers
FHHARZE Neonicotinoid
Nt Hk Imidacloprid 96 WAL g A Yk T A B2\ 7 Hebei Veyong Bio-Chemical Co., Lid.
IWE 1Bk Acetamiprid 98 A BCA 16 T A FR/2\ 7] Shandong Sino-Agri United Biotechnology Co., Ltd.
1€ H1 1% Thiamethoxam 95
ﬁig; Ei;to}:}zlr:: z? AL B 5 kG 404k T4 PR 2\ 7] Hubei Kangbaotai Fine-Chemical Co., Lid.
1€ tft ik Thiacloprid 96
[ HU A K85 7] Insect growth regulator
WEWE ] Buprofezin 96 VLI ZEF M AL A BR 2 7] Jiangsu Anpon Electrochemical Co., Ltd.
A L2 Organophosphate
FEALI Chlorpyrifos 98 LI RAL T A PR 7] Jiangsu Baoling Chemical Co., Ltd.
I AR Carbamate
S B Isoprocarb 98 TLIH ek T4 BR/A 5] Jiangsu Changlong Chemical Co., Ltd.
AR HLEG1EZE Pymethroid
Tk 25 g Etofenprox 95 TN B3 AL T4 BR/ZA 7] Suzhou Aotelai Chemical Co., Ltd.
IR ILNEMEZE Phenylpyrazole
Z Bl Ethiprole 97 A Wy F 4L T A R\ 7] Nanjing Panfeng Chemical Co., Ltd.

HE—EY 3 W v e RO, B 15 Sk, Ak
JEH S 3 W, LUK 9 B (& 0. 1% Triton X-
100) . #EHJ5E TIRE 27 £ 1°C, 561 161: 8D,
FAXRRE 85% = 1% fyH M N A R R . &b
PRI PR AR DRI AR AL, B R 25 TR . A PLBESE |
FAE P RIEZS | AR 4G 18R 28 2% HOR A BE72 b5 A
B HIE S R JE N s S O R AR B 96 h S
RrAr 45 2R 5 B AR RO 5 0] 2R % Hesfl ab B 120 b 5
R 2R M CEO A BRI BURIE LK 2% Wang 45
(2008a) ,Zhao Z#(2011) F1 Zhang 45(2016) (£ 3) ,
1.4 HEZIT S

K DPS (3.01) X Hda AT AL 3, 3R iy st v

W IE (LCso ) S 95% 1 & A5 X ], B3 Ko b iR,
FHEGC) B A i (df) s 7E0.05 KT, [ i
(df) 533 2, 3 Fn4 B, ROPE (X 43 5145. 991,
7.815 #19.488, f Abbott /A EIET- R IE
FET%, PIHEAREO T S IE Wang 45 (2008a) - Hi ik
T = g CEUH R RPRE Y LCs, B/ 4 K EUBURRI R
E"J LCSO{EO

POk bt (CRRIRIE A, 2013) - HLPEAY
Bl 5 B AT R B0 FUrEAEEC S ~ 10 SRkt
PE BUPEAS &L 10 ~ 100 Sy w25 KT 5 BT A% 4L
100 A E N K HiE
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Table 3 The susceptibility baseline of the 3rd instar

nymphs of Nilaparvata lugens to insecticides

R LCso {H(95% B X)) S 31
Insecticide LCsy (95%CI) (mg/L) References
B2 Neonicotinoid
Ntk B Mk Imidacloprid 0.08 (0.05-0.11) Wang et al., 2008a
W U BK Acetamiprid 7.55 (6.42-9.01) FEAEEE, 2009
19 H1 172 Thiamethoxam 0.11 (0.09 -0.12) Wang et al., 2008a

1g& 1 Jiiz Clothianidin
ik 1 1 Dinotefuran

0.28 (0.20-0.37)
0.14 (0.11 -0.18)

Zhang et al., 2016
Wang et al., 2008a

1€ ik Thiacloprid 13.50 (10.60 —=17.70) Wang et al., 2008a
. HU A K815 7] Insect growth regulator

WEWEHF Buprofezin 0.08 (0.06 -0.09)
A L2 Organophosphate

Wang et al., 2008a

FHEW Chlorpyrifos 1.72 (1.49 -2.06) A3C4T, 2007
ST PRRAEZE Carbamate
SEP R Tsoprocarb 3.88 (3.03-4.59) 255041, 2007

FUBR R34 RS Pymethroid
fik 24 1i& Etofenprox 38.73 (29.43 -50.29) Zhang et al., 2016

FRFLNE MRS Phenylpyrazole
ZMUJI§ Ethiprole

0.10 (0.10-0.12) Zhao et al., 2011

2 #R

2.1 #87CE (8 7 B X AR R 2K R R A B
REER

HiZE 4 ~9 AJH1,2009 - 2014 4F ) 1L 45 K El
()RR 2 X mH s o™ 2R T K (RR = 101. 8 ~
1239.4) I H 2014 4FgCOUMISPM 48 L TH [ Fq A
SRS Atk U A2 T 1 2394 1L 004. 4 fEHTHE, B
# i T 2009 AFEAE KRG AL HL kAP K (RR =

101.8 ~126.5) , 3% H 2009 - 2014 43046 K ELH
() e X Lk ORI &2 T 352011 - 2013 458
Jbs T m T (] AR o W o g 5 A e S K P AT 1
(RR =24.0~61.2),{H 2014 4545 K F\ [ [ FHE
X U A T mRUKFPLE(RR = 117.1 ~146.5)
I H. 2014 A48 R FH [ R X6 18 R A9 BT K P
BFE R T 2011 -2013 4545 E\ W] R EE, 2 K
FO WE R R HTME IR 2011 - 2014 AR 104
CRE LR e o R HUl (RR = 1305 ~ 15.9) , Hir
2011 —2014 4] 46 4 % E FH (8] AR X ik He fie
TR FENEE 552011 - 2014 A IEE K [a] A
XA (RR =9.9 ~16.5) 4b TIR/KF- 2 28K K-
PUPERTBL, BR 2011 AFESRHMN 45 R 0E AUk AL T
AR B BeZ A1, HEAR Bl DU X g He gz Ak T o
SEPUPEARF- B BE, I LI S 7o 4 Xt 1 AU R BT TG
REVEZES 2011 — 2014 48 QL FH [1] s B X6 1 HL ok
b TR EARACHHUERT BE(RR =3.9 ~7. 1), [7]—
Hi AN RV AF BE TP JC W] A8 4k s 75 41,2011 - 2014
AL AR TR RS IE SR PR AL TR 4t
PEBT B (RR =5.1 ~9.9) , [l — G A [ 4 8] G BA
AL
2.2 HEEBEBEMENERANTEREES
135 10 A1, B 2010 4R 5 K T (8]
X WEGR R A T i KEBLESR , 2009 2010 AEE
3 QT P ] Ao X 5 % ] Ak T v 25 7K P BT 1P i
(RR=15.9 ~44.9) ;2011 - 2014 448 K& H [A] Ff
AT W W I 7 A T R K U PE (RR = 148. 4 ~
1326.3), 2011 —2014 45 2009 -2010 4EAH L , 31
JeHE RE PR BE R A ST e E T

F4 e ETCE 8 Fh X i R B

Table 4 Resistance levels of the field populations of Nilaparvata lugens in Hubei to imidacloprid

Fivle LR it i = SE LCso fEL(95% {5 < i) X FUEREEL(RR)
Populations Year N Slope + SE LCsy (95%CI) (mg/L) x (4N Resistance ratio
WX-09 2009 360 1.68 +0.29 10.12 (5.69 -14.56) 0.56 (2) 126.5
WX-10 2010 360 2.44 +0.31 29.56 (24.99 -35.52) 0.52 (4) 369.5
7Y-09 2009 360 2.02+0.33 8.55 (4.83-12.14) 1.61 (2) 106.9
7Y-10 2010 360 2.17 £0.33 20.02 (15.08 -28.14) 1.03 (3) 250.3
XG-09 2009 360 2.11 £0.36 8.14 (4.39-11.72) 0.73 (2) 101.8
XG-10 2010 360 2.63 +£0.34 12.32 (10.45-14.81) 1.17 (2) 154.0
EZ-11 2011 660 1.23 +0.11 13.72 (10.66 -17.88) 0.57 (4) 171.5
EZ-13 2013 480 1.99 £0.10 59.01 (46.32-76.37) 1.18 (3) 737.6
EZ-14 2014 360 1.93 £0.27 80.35 (63.42 -106.07) 4.63 (2) 1004.4
WH-12 2012 405 1.54 £0.22 27.68 (20.87 -37.93) 0.75 (3) 346.0
WH-13 2013 480 1.30 0. 14 62.54 (47.57 -84.77) 0.80 (3) 781.8
WH-14 2014 360 1.67 £0.26 99.15 (75.31 —143.68) 0.95 (2) 1239.4

FPREREFEILFE 1; FFE[H, Sampling data of the populations see Table 1. The same for the following tables.
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Table 5 Resistance levels of the field populations of Nilaparvata lugens in Hubei to thiamethoxam
it G ISR B £ SE LCso fH(95% BEARIX ) ) FrERR(RR)
Populations Year N Slope + SE LCsy(95%CIL) (mg/L) X (dh Resistance ratio
EZ-11 2011 600 1.09 +0.11 2.74 (2.07 -3.61) 1.04 (4) 24.9
EH-13 2013 480 1.16 +0. 12 5.37 (4.05-7.50) 0.38 (3) 48.8
EZ-14 2014 360 2.74 +0.33 12.88 (10.67 —16.21) 4.98 (1) 117.1
WH-12 2012 450 1.60 +0.23 3.45 (2.61 -4.92) 0.48 (2) 31.4
WH-13 2013 480 1.17 £0. 14 6.73 (4.81 -10.50) 2.42 (3) 61.2
WH-14 2014 360 1.65+0.22 16.12 (12.28 -23.07) 1.86 (3) 146.5
6 AL 8 T E M iE fh B X Bk R B B
Table 6 Resistance levels of the field populations of Nilaparvata lugens in Hubei to dinotefuran
i SEfy BeAmM AR =SE) LCs H(95% {5 1K 1) . HUMEREC(RR)
Populations Year N Slope + SE) LCsy(95%CIL) (mg/L) x () Resistance ratio
EZ-11 2011 600 1.07 £0.10 2.13 (1.60-2.78) 0.72 (4) 15.2
EH-13 2013 480 1.85+0.13 1.89 (1.47 -2.42) 0.88 (3) 13.5
EZ-14 2014 405 1.40 +0.23 1.91 (1.23 -2.61) 2.77 (2) 13.6
WH-12 2012 450 1.68 +0.25 2.23 (1.65-3.43) 0.61 (3) 15.9
WH-13 2013 480 1.52 +0.16 2.21 (1.74 -2.84) 1.14 (3) 15.8
WH-14 2014 405 2.33+£0.31 1.93 (1.56 -2.43) 3.10 (2) 13.8
R 7 #ILE TR H B FREEXT R R BT
Table 7 Resistance levels of the field populations of Nilaparvata lugens in Hubei to clothianidin
it G0 P H R £ SE LCso L (95% HAR X Ii]) 2 PUHERE R (RR)
Populations Year N Slope + SE LCsy (95%CI) (mg/L) x () Resistance ratio
EZ-11 2011 600 1.13 £0.10 2.76 (2.14 -3.57) 1.95 (3) 9.9
EH-13 2013 480 1.25+0.12 3.39 (2.63 -4.43) 5.21 (3) 12.1
EZ-14 2014 450 2.19 £0.31 4.63 (3.71 -6.13) 2.75 (2) 16.5
WH-12 2012 495 1.62 £0.22 2.94 (2.24-4.02) 0.78 (3) 10.5
WH-13 2013 480 1.58 +0. 14 3.90 (3.02-5.17) 1.09 (3) 13.9
WH-14 2014 450 1.57 £0.21 3.73 (2.83-5.28) 0.25 (2) 13.3
8 b8 ¢ B H B FhEE X IE BRI
Table 8 Resistance levels of the field populations of Nilaparvata lugens in Hubei to acetamiprid
Tt Ay kst g R + SE LCso T (95% EA= X [F]) ) PrEfEE (RR)
Populations Year N Slope + SE LCsy(95%CI) (mg/L) x () Resistance ratio
EZ-11 2011 480 1.08 +0.12 51.64 (38.21 -68.34) 1.49 (4) 6.8
EH-13 2013 480 1.13 £0. 11 64.17 (48.83 -86.68) 1.93 (4) 8.5
EZ-14 2014 360 1.91 £0.26 73.14 (56.87 -92.78) 2.08 (2) 9.7
WH-12 2012 405 1.60 +0.25 55.77 (41.36 -85.74) 0.96 (3) 7.4
WH-13 2013 480 1.69 +0. 15 74.42 (57.98 —-99.67) 1.54 (3) 9.9
WH-14 2014 360 1.97 +0.27 38.86 (30.57 -49.17) 1.37 (2) 5.1
x99 HALETCE H 8RBT E B MR H
Table 9 Resistance levels of the field populations of Nilaparvata lugens in Hubei to thiacloprid
i GE0 i B £ SE LCso fH.(95% EARIX 1)) ) FrrERR(RR)
Populations Year N Slope + SE LCsy (95%CI) (mg/L) X (dh Resistance ratio
EZ-11 2011 480 1.06 +0.13 96.40 (69.75 -140.96) 4.49 (4) 7.1
EH-13 2013 480 1.49 +0.17 77.61 (60.45 -101.58) 3.56 (3) 5.6
EZ-14 2014 360 2.66 +0.34 89.56 (74.13 -109.80) 4.16 (1) 6.6
WH-12 2012 405 1.74 +0.28 52.95 (40.35-73.91) 0.77 (3) 3.9
WH-13 2013 480 1.35+0.14 57.06 (43.98 -73.31) 4.55 (3) 4.2
WH-14 2014 360 1.82 +0.27 53.93 (42.09 -72.86) 0.61 (2) 4.0
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Table 10 Resistance levels of the field populations of Nilaparvata lugens in Hubei to buprofezin

Firke LE it i = SE LCso L (95% A5 < i) . FUEAFEL(RR)
Populations Year N Slope + SE LCsy(95%CIL) (mg/L) x (4 Resistance ratio
WX-09 2009 360 2.04 +£0.32 1.27 (0.85-1.70) 3.18 (2) 15.9
WX-10 2010 360 2.37 £0.41 10.55 (8.47 -13.65) 2.34 (4) 131.9
7Y-09 2009 360 2.18 £0.30 2.06 (1.58 -2.67) 2.61 (3) 25.8
7Y-10 2010 360 2.44 £0.61 3.59 (2.48-6.29) 5.73 (3) 44.9
XG-09 2009 360 1.90 £0.30 1.31 (0.87 -1.77) 2.81 (2) 16.4
XG-10 2010 360 2.86 +0.78 2.20 (1.59 -3.44) 6.54 (3) 27.5
EZ-11 2011 480 1.17 £0.10 11.87 (9.25-15.26) 3.63 (4) 148.4
EZ-13 2013 420 1.74 £0. 12 31.35 (21.96 -48.08) 3.04 (2) 391.9
EZ-14 2014 360 1.88 +0.24 106. 10 (83.05 -139.03) 1.11 (3) 1326.3
WH-12 2012 360 1.59 £0.20 21.77 (16.54 -28.31) 1.76 (3) 272.1
WH-13 2013 420 1.50 £0. 14 60.26 (38.14 -117.69) 1.66 (2) 753.3
WH-14 2014 360 1.11 £0.18 71.43 (47.68 —102.07) 3.62 (4) 892.9

2.3 BTEHEMENZAENREREER

2011 —2014 4F45 K@\ H =) Fp X £ BUIE Ak T
H AP ERTBC(RR = 18.3 ~60.4) (K 11) , H
H1,2011 4FE 4 R ELH ) R REXT £ B A T 60. 4
fEBUE, BUPE RS B0 52014 454 T8 E (8] F )
CHFE AT 18,3 5Pt Bt BUR R (£ 11) .
2.4 BYERHEMENSEESRTENRER
HER

2011 —2014 4F 45 "t m\ HH 8] A48 20 00 % S 74
(RR = 13.9~46.0) (3 12) 5% 5EM(RR =17.4 ~

29.8) (£ 13) /A T &g K FhitE, Hir, 2011 -
2014 445 W FH (0] F e X 25 20 00 A A0 P TG B
Ak s Bk 2013 ARSR N 4 I H B AP EE SN, Ay 5
AN CE () PR T S A R SRR P L T I
Ak
2.5 HYEHEMENBAERENIEREEZER
2011 —2014 4F-F & m\ HH [B) 4 30 X ik 46 g B 14
S FHURPERTBL(RR =1.3 ~4.9) (£ 14) . 4 4[]
H R m\ FH ] R X Pk 4 T ) R TS B S Ak
(2014 4E5RINE K EH [FIFPEERRSD) o

F 11 RAcE R BEFENZ BB
Table 11 Resistance levels of the field populations of Nilaparvata lugens in Hubei to ethiprole

il i PR PR SE LCs (95 % Fifii X ) HUHERH(RR)
Populations Year N Slope + SE LCy (95%CI) (mg/L) x () Resistance ratio
EZ-11 2011 600 1.28 £0.12 6.04 (4.65-8.10) 2.52 (4) 60.4
EH-13 2013 480 1.16 +0.09 3.30 (2.55-4.22) 0.77 (3) 33.0
EZ-14 2014 450 0.83 +0.10 1.83 (1.15-2.70) 3.15 (4) 18.3
WH-12 2012 450 1.71£0.27 3.27 (2.37 -5.40) 4.74 (3) 32.7
WH-13 2013 480 1.31£0.12 4.91 (3.82-6.38) 0.84 (3) 49.1
WH-14 2014 450 1.31+0.21 3.84 (2.63-6.97) 5.26 (3) 38.4

F12 LB CEBBEFHEXNRRENTE

Table 12 Resistance levels of the field populations of Nilaparvata lugens in Hubei to isoprocarb

il g PRk B SE LCso L (95% i 51X ) ) BUEAREL(RR)
Populations Year N Slope + SE LCs (95%CI) (mg/L) x () Resistance ratio
EZ-11 2011 540 0.87 £0. 10 178.41 (120.52 -303.91) 1.96 (4) 46.0
EH-13 2013 540 1.43 £0.13 54.07 (42.59 —68.43) 5.92 (3) 13.9
EZ-14 2014 315 2.20 +0.24 130.80 (105.12 - 158.74) 8.66 (2) 33.7
WH-12 2012 315 1.63 +0.30 133.24 (94.37 -240.91) 0.51 (3) 34.3
WH-13 2013 540 1.08 £0.13 77.59 (57.20 - 113.41) 0.18 (4) 20.0
WH-14 2014 315 1.99 £0.23 163.47 (129.83 —204.15) 7.32 (3) 42.1
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Table 13 Resistance levels of the field populations of Nilaparvata lugens in Hubei to chlorpyrifos

Firke LE ik i = SE LCso fEL(95 % A5 < 1)) . HUrEfE#L(RR)
Populations Year N Slope + SE LCysy (95%Cl) (mg/L) x (4N Resistance ratio
EZ-11 2011 540 1.58 £0.11 43.44 (34.27 -54.94) 1.21 (3) 25.3
EH-13 2013 540 1.62 +£0.19 39.06 (30.59 -50.93) 3.10 (3) 22.7
EZ-14 2014 405 2.06 £0.22 38.46 (31.04 -50.03) 5.57 (2) 22.4
WH-12 2012 360 1.72 £0.32 29.99 (21.88 -49.62) 0.27 (2) 17.4
WH-13 2013 540 1.21 £0.12 32.20 (24.81 -41.79) 0.40 (3) 18.7
WH-14 2014 405 2.32+0.35 51.18 (40.67 -70.36) 2.83 (2) 29.8

R 14 A8 TCEE BT R X B R BRI HUE

Table 14 Resistance levels of the field populations of Nilaparvata lugens in Hubei to etofenprox

Bt 0 ittt R £ SE LCso fRL(95% FAR LX) 2 HAERPEC(RR)
Populations Year N Slope + SE LCsy (95%CI) (mg/L) x () Resistance ratio
EZ-11 2011 480 1.26 £0.17 160. 10 (114.15 -258.43) 2.05 (4) 4.1
EH-13 2013 480 1.67 £0.12 101.95 (76.40 —145.82) 3.18 (3) 2.6
EZ-14 2014 405 2.43 £0.38 49.99 (39.80-68.70) 1.30 (3) 1.3
WH-12 2012 360 1.48 £0.26 116.01 (79.45 -218.74) 2.96 (4) 3.0
WH-13 2013 480 1.41 £0.20 191.23 (133.65 -331.78) 1.01 (4) 4.9
WH-14 2014 405 1.69 £0.26 133.24 (101.27 -176.69) 0.80 (3) 3.4
T SE KB P B (£ MG 55, 20135 Zhang e
3 g al., 2014)  ARBFFEHE S0 E SR WL KB K

W CEUE KR R R — BT W 2
K A, A o B va 2 B A M L T T B
( Dyck and Thomas, 1979; Nagata, 1982; Hirai,
1994; Endo and Tsurumachi, 2001; 7 iR 4F 4,
2003 ; HEBE AT HRAE, 2007) . HEIL BETE S
HUR I B A A S 1 g AT AR 2 78] (Elbert et
al., 2008) . fH4% & EOM BT K 52 A4 He5R] A Bk A
BZM. H 2005 445 € EOG Ik 2Ok ™ Az 7K E B
PG, 25— HAHFE R ACHUE b B, KA & 3
fdt P At HUmR BT 1 K R S B0 UGS Atk ik A
i ACEPUE BRAS SN (Wang et al., 2008a) . B4R
9 CEE AT o B T R R, P R R S
(FEAKMREE , 2004 ), {H 2 Atk o mhorE 6 1] 2% > Fef XK
i JESEHL A, L AR TR e Y A 2 [
T, 32 AR Lk TR R BT VA 4 TR L, I T TR L
ULV & (X 3C, 20045 5842 FIBLIG 5%,
2006 ; FEFEMGEE, 2007 ) 1 R R it Bk Y A
255 ( Wang et al., 2008a) , 2009 4F2Z Rij#g K BEUGF
WE HUR AT R e 22 1%, 2006 — 2008 4F 18 1 EUGS WE
HUgg b TR IK -0 24 1 B Bt (Wang et al., 2008a;
XIS, 20105 BX2%%2, 2010) ,{H7E 2009 4FZ 5
HU2GPE & W] L, 2009 — 2012 4F48 & 6 15 g b

Xof WEE HUGE AR 470 1 A T v S5 K P 2 e K R B B
(5), 5Z AT IE LS AR L (Wang et al., 2008b;
XURUFF 45, 20105 %%, 20105 E§4E, 2013;
Zhang et al., 2014) itk EF-AIE o Ko e B
S I O O | A2 U N 2 € N 1 W2
( Matsumura et al., 2008 ; Wang et al., 2009) , 0] fig 2
9 CEUR e RGP PO A R SR, kR U R 5
3AHARZE A ], [ 2005 4 2% [E T4 4wk R
JeBia s CEl CREERFSE, 2007) , [HiZ 250 RIEF
ORI . 7EZ 1, 48 G mL 0wk Ju e ™ AR AR
K $t Pk ( Punyawattoe et al., 2013 ); 7£ H 4,
Matsumura 55 (2014 ) 25 8 4E Wl 145 & w6 Ik Ht
BT 24 , 45 R 3R W1 R mU ik i i i 2 1 B
9 H 2012 4R mk i oot 4 K mL Y B ) B E KT
2006 AFmk Ui 0 4 K EVEE ) R E, S
B R ES I Ak T U B Be (Wang et al.,
2008a) . 5 Z I 4t 8 45 R AH L (Wang et al.,
2008a) , AL 1 X4 6 EURN R Xk dle B9 BT BT
W (2 6) . TEFRIE, #9 CEl T 20w th il 2 vh
ARG (Zhang et al., 2016) s 7E5H[E , 1 K E
PR Xo) 8 o JHe 1 7 2E 1 v A KO- B, LD,
0.10 ~0.57 ng/3k(Min et al., 2014) ; 7EE1 , Basanth
S IE 1 E BN B RE R ANEE SE T S N HBIX A HE TR
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A A R HE A7 ), LGy {2 2. 92 ~ 7. 38 mg/L
(Basanth et al., 2013) , 52 Bi4RiELE AR, AS0F
FEAL R B 5 TR % e H e A v SR KPS,
LCs {7 2. 94 ~4. 63 mg/L, Hi 5%k 10.5 ~16. 5
(7)o g CEUNWE bk 55 0 L PRAEURS A8 S 55070
(Wang et al., 2008b; 253041, 2009) . FEEFM
I F ] 6 A4 R L FH (] e 0 g el AR e 24 4
S5 R UIE R EO e HUmkab T U Y B (Wang e
al., 2008b) . ZECLT(2009) Wil 7 4 ME KL
T e iR S W HL JPk A9 0 25 P , 00 A0 UE S U e
HupkAd T UK P HU2 tEp Be . 5 DARTHRGE Iy
ZEHURAARL, ik b DX A & N P R ) A T I H DR N
TR HTPEIE AR R AR A2 (R 8, K 9).

WS IR ) 2 I A P U e kb F i 110 e Wk S A
Y, — AR B R B LT BT A s B AR K
A58 CHEZROMRATIE & R, 2000) , T 20 {42 80 4F
AR I S0 v R R A 5 ) N FR [ B A A R L, 2005 4F
Z i CEO R M BT & RS, — B AR
JEME R B (Wang et al., 2008b) ;2005 4F 22 J5#5 KL
Xof WE R A PR BT 24 1 i Jre e e, 4 R U b S A
2007 4FXof MEGR I A 5 K Pt (ke 5%, 2010)
o CEIHIAE WA 2 ()RR 2010 47 X0 I R 1 ™
AR KT O S, 2011) ,2011 4F LUS W46 AR
43 b DX A Y N FH ] o o) WA R T S 7 £ 1 AP
(Zhang et al., 2014, 2016) , 5 &5 B9WF 28 45 S AH
L3RI, 2016) 45 & EL A AU F [i] ol B %o v g il 11
U AR K AE BT R A2 4, R AR AL T i KBt Bir
Br(3210) o 4 L[] ol 0 w1 a7 1 % e 5
HAE R B B A 56, a4l A 2009 4F 96 HL s 72
IR AR, W R P R A B 3 1 L
RN Z—(EMEEE, 2013)

& M SR B FE HAE YR 0 1) R e e S
A HUR R RELIER A 85 5 e i =X AR AR
WFIBHARCR . 1EZEE 2005 54648 £ U B
AR RE, BT AU KR L B R E S axt ol
Ere A T B K P (Punyawattoe et al., 2013)
TEFRE £ HUE IR IF R A R AT, (H 4% R El e 2t
CHG A T A AP M (R 1), 5 R
FAESEHATUNE (Zhao et al., 2011) Je £ HUfiE7E B
by 2 ] A R Bl AT BB 5 DEEAE RIS £ Jufifg A=
HiPE Y 5 A ( Punyawattoe et al., 2013)

BEFEWLS 5 Y BTE 20 HHE4D 60 AR4R BT, 24K
LRI KRS BRS04 RERHA AL A
5 AR IRER 2SR BN e R S G218, dEFe AEAR

IR 2 AR AR KOS B B ( Matsumura et al., 2014
Zhang et al., 2014 ), 5 55 A #F 58 45 2R A0
( Matsumura et al., 2014 ; Zhang et al., 2014, 2016) ,
o QELIH b b DX FH )P o) S P4 a5 2 R LU P
ST SEH AT B (£ 12, $£13)

Mk 2 Mg H A = Ik IR mI T A 2 PR 2R
AN, 1987 4F b, 78 H A E2 TR B iR KA
R CRE R AE T JU(Numata et al., 19925 5K
BTk —52, 2003) , M 2005 FEFF4f , Matsumura
S5 (2014) #4288 AE WA T H A4 EL H &) AR X
Tk MR T2 , 5 SR WIS TR X T8k 45 1R Ak T Uk
Z AP PERT B AT ST TR AL XS )
S FH ()RR 0T Tk 2 T AL T U PE BT Be (2 14) o [A]
IF, T A 44 TR X K AR A2 7 AR5 (Numata et al.,
1992 kI AIK—TE, 2003) , EAEFRE B ICP iR
iR, B R R T 25 7).

A BB PR R S e /K A4 R EUB ia 1 322 A
5, T BT A RGP . AR I 45
Se A PR A TR W Ui ook H e SR R BIR R )
LAYl /g R AR ) T8, 2 9% Hoit 1k
R o T P 3 Ak A TR 68 e A el P R G T 24 A9
Do HURATE R 2R B R TR S T Bost 4 Rl
PEATHUVEIG BRI, B 45 5 At — 2655 A Il By
TR G 0 2 HOR) {2, R34 790 0 46
TREUR IR IR AR

S E 3Lk (References)

Basanth YS, Sannaveerappanava VT, Gowda DKS, 2013. Susceptibility
of different populations of Nilaparvata lugens from major rice growing
areas of Karataka, India to different groups of insecticides. Rice
Sci., 20(5) : 371 -378.

Cabauatan PQ, Cabunagan RC, Choi R, 2009. Rice viruses transmitted
by the brown planthopper Nilaparvata lugens Stil. In; Heong KL,
Hardy B eds. Planthoppers; New Threats to the Sustainability of
Intensive Rice Production Systems in Asia. International Rice
Research Institute, Los Baiios, Philippines. 357 —368.

Cheng JA, 2015. Rice planthoppers in the past half century in China.
In: Heong KL, Cheng JA, Escalada MM eds. Rice Planthoppers:
Ecology, Management, Socio Economics and Policy. Zhejiang
University Press, Hangzhou, China and Springer Science + Business
Media, Dordrecht, Netherlands. 1 —32.

Cheng JA, Zhu ZR, 2006. Analysis on the key factors causing the
outbreak of brown planthopper in Yangtze Area, China in 2005.
Plant Prot., 32(4) . 1 -4. [BRF%, e, 2006. 2005 F£
TR DX R R R R R A BB A, 32(4) 2 1 -
4]

Cheng SN, Chen JC, Si H, Yan LM, Chu TL, Wu CT, Chien JK, Yan



1230 B 2] Acta Entomologica Sinica 59 %

CS, 1979. Studies on the migrations of brown planthopper
(Nilaparvata lugens (Stal) ). Acta Entomol. Sin., 22(1): 1 -22.
[FBAE, PR, %, kR, KT, RitA, %ﬁ{:'}i‘, 7]
A, 1979, 1R CEUT CALATROBTSE. BHUAR, 22(1)

22]

Cheng XN, Wu JC, Ma F, 2003. Research and Control of the Brown
Planthopper, Nilaparvata lugens. China Agriculture Press, Beijing.
44 -45. [FEBAR, RIEA, TTK, 2003 #5 KE BT 5BIA.
Jent: P ER AL, 44 -45]

Dai SM, Sun CN, 1984. Pyrethroid resistance and synergism in
Nilaparvata lugens Stal ( Homoptera: Delphacidae) in Taiwan. J.
Econ. Entomol., 77(4) : 891 —897.

Dyck VA, Thomas B, 1979. The brown planthopper problem. In:
International Rice Research Institute ed. Brown Planthopper: Threat
to Rice Production in Asia. International Rice Research Institute,
Philippines. 3 —17.

Elbert A, Haas M, Springer B, Thielert W, Nauen R, 2008. Applied
aspects of neonicotinoid uses in crop protection. Pest Manag. Sci.,
64(11): 1099 - 1105.

Endo S, Tsurumachi M, 2001. Insecticide susceptibility of the brown
planthopper and the white-backed planthopper collected from
Southeast Asia. J. Pestic. Sci., 26(1) : 82 —86.

Garrood WT, Zimmer CT, Gorman KJ, Nauen R, Bass C, Davies TGE,
2016. Field-evolved resistance to imidacloprid and ethiprole in
populations of brown planthopper Nilaparvata lugens collected from
across South and East Asia. Pest Manag. Sci., 72(1) : 140 —149.

Hirai K, 1993. Recent trends of insecticide susceptibility in the brown

( Stal )

Delphacidae ). Jpn. J. Appl. Entomol. Zool., 28(30) : 339 —346.

planthopper,  Nilaparvata  lugens (' Homoptera:

Hirai K, 1994. Development of insecticide resistance to organophorus and
carbonates in the white-backed planthopper, Sogatella furcifera
Horvath in Japan. J. Pestic. Sci., 19(3) . 229 -232.

Hong XY, Ding JH, 2007. Agricultural Entomology. China Agriculture
Press, Beijing. 87 —93. [HtHEH , THi%E, 2007. 4l B 2.
et REgO R, 87 -93]

Kilin D, Nagata T, Masuda T, 1981. Development of carbamate
resistance in the brown planthopper, Nilaparvata lugens Stal
(Homoptera: delphacidae ). Jpn. J. Appl. Entomol. Zool., 16
(1):1-

Li WH, 2009. Studies on the Susceptibility of Several Kinds of

Insecticides and Resistance to Imidacloprid in Brown Planthopper,

Delphacidae ). MSc Thesis,
Nanjing Agricultural University, Nanjing. [ 2X3C4T, 2009. # il
X UZE A B A BURRE B i FORRTEE RO BFSE. Mt M atAR
My R A2 E AL S ]

Liang GM, Li YP, Guo JQ, 2007. Occurrence situation, insecticide

Nilaparvata lugens ( Homoptera:

resistance and government of Nilaparvata lugens (Stil) in Thailand
and Vietnam in recent years. China Plant Prot., 27(6) : 44 —45.
[ My, ZKoF, BRFIR, 2007, TRz MRS CE A A4
BRGNS SR PERST, 27(6) : 44 -45]
Liu XG, Zhao XH, Wang YH, Wei JJ, Shen JL, Kong J, Cao MZ,
Zhou W], Luo CH, 2010. Dynamic changes of resistance to fipronil

and neonicotinoid insecticides in brown planthopper, Nilaparvata
lugens (Homoptera: Delphacidae). Chin. J. Rice Sci., 24 (1) :
73 - 80. [XUAUFF, BX24ME, EE4E, BRGE, IR, fLig, &
WIS, FRGE, 242, 2010, 48 6 mUek Jo o 1 R B 0 w2k 24
RRPIESI AL . b EUKFERRE, 24(1) : 73 -80]

Liu ZW, 2004. Imidacloprid Resistance in Brown Planthopper,
Nilaparvata lugens (Stél) and the Mechanism. PhD Dissertation,
Nanjing Agricultural University, Nanjing. [ X% 3C, 2004. #5 K&l
PONUiAL R N T R R DT S B B S e o U e
frig 3]

Lu P, 2011. Study on the Susceptibility of Several Kinds of Insecticides
and Rapid Detection of Insecticide Resistance in Rice Planthopper.
MSc Thesis, Huazhong Agricultural University, Wuhan. [ /5§,
2011 REO JLAh A o) ) SRR B T B A M ) B
T, WD PN KAER A28 3]

Matsumura M, Sanada-Morimura S, Otuka A, Ohtsu R, Sakumoto S,
Takeuchi H, Satoh M, 2014.

s Insecticide susceptibilities in

populations of two rice planthoppers, Nilaparvata lugens and
Sogatella furcifera, immigrating into Japan in the period 2005 —
2012. Pest Manag. Sci., 70(4): 615 —622.

Matsumura M, Takeuchi H, Satoh M, Sanada-Morimura S, Otuka A,
Watanabe T, Thanh DV, 2008. Species-specific insecticide
resistance to imidacloprid and fipronil in the rice planthoppers
Nilaparvata lugens and Sogatella furcifera in East and South-east
Asia. Pest Manag. Sci., 64(11): 1155 - 1121.

Min S, Lee SW, Choi BR, Lee SH, Kwon DH, 2014. Insecticide
resistance monitoring and correlation analysis to select appropriate
insecticides against Nilaparvata lugens ( Stal), a migratory pest in
Korea. J. Asia-Pac. Entomol., 17(4) . 711 -=716.

Nagata T, 1982. Insecticide resistance and chemical control of the rice

( stdl ) ( Homoptera:

Delphacidae). Bull. Kyushu Nat. Agr. Exp. Sta., 22. 49 —164.

planthopper,  Nilaparvata  lugens

Nagata T, Moriya S, 1974. Resistance in the brown planthopper,
Nilaparvata lugens Stdl, to Lindane. Jpn. J. Appl. Entomol. Zool.,
18(2): 73 -80.

Numata S, Nakatani K, Umemo M, Gohbara M, 1992. Research and
development of a low toxic insecticide, Etofenprox. J. Syn. Org.
Chem. Jpn., 50(2) : 160 —166.

Otuka A, 2009. Migration of rice planthoppers and simulation
techniques. In: Heong KL, Hardy B eds. Planthoppers: New
Threats to the Sustainability of Intensive Rice Production Systems in
Asia.  International Rice Research Institute, lLos Bafios,
Philippines. 343 —356.

Punyawattoe P, Han ZJ, Sriratanasak W, Arunmit S, Chaiwong J,
Bullangpoti V, 2013. Ethiprole resistance in Nilaparvata lugens

Delphacidae ) : possible mechanisms and cross-
resistance. Appl. Entomol. Zool., 48(2): 205 -211.

Shao ZR, Feng X, Zhang S, Li ZY, Huang JD, Chen HY, Hu ZD,

( Hemiptera:

2013. Guidelines for Insecticide Resistance Monitoring of Plutella
xylostella (L. ) on Cruciferous Vegetables. China Agriculture Press,
Beijing. [ HRURIE, B, 3R, HIRT, WAE, Wi, #12
B, 2013, RN BT MBI PR MR e P



114 RN + WALAE DA QR P[] X 3 A% HOR e 244 1231

Al A ]

Wang P, Ning ZP, Zhang S, Jiang TT, Tan LR, Dong S, Gao CF,
2013. Resistance monitoring to conventional insecticides in brown
planthopper, Nilaparvata lugens ( Hemiptera: Delphacidae) in main
rice growing regions in China. Chin. J. Rice Sci., 27(2): 191 -
197. [ EMS, T3, kb, F I, R,
2013, F [ 32 LEAF IXAE R A% S50 08 B e .
TRk, 27(2): 191 =197 ]

Wang YH, Cang T, Zhao XP, Wu CX, Chen LP, Yu RX, Wu SG,

LFI‘I?k

Wang Q, 2009. Susceptibility to several types of insecticides in the
rice planthoppers Nilaparvata lugens (Stal) and Sogatella furcifera
(Horvath) ( Homoptera~ Delphacidae ). Acta Entomol. Sin., 52
(10) : 1090 - 1096. e, O, P, RE2S, BRmE,
A, R ﬂ% 2009. # € B R ED LI
R BURENE. B R, 52(10) : 1090 - 1096 ]

Wang YH, Chen J, Zhu YC, Ma CY, Huang Y, Shen JL, 2008a.
Susceptibility to neonicotinoids and risk of resistance development in
the brown planthopper, Nilaparvata lugens ( Stdl) ( Homoptera:
Delphacidae). Pest Manag. Sci., 64(12) . 1278 —1284.

Wang YH, Gao CF, Xu ZP, Zhu YC, Zhang JS, Li WH, Dai DJ, Lin
YW, Zhou W], Sheng JL, 2008b. Buprofezin susceptibility survey,
resistance selection and preliminary determination of the resistance
mechanism in Nilaparvata lugens ( Homoptera: Delphacidae). Pest
Manag. Sci., 64(10) : 1050 - 1056.

Wang YH, Wu SG, Zhu YC, Chen J, Liu FY, Zhao XP, Wang Q, Li
7., Bo XP, Shen JL, 2009. Dynamics of imidacloprid resistance and
cross-resistance in the brown planthopper, Nilaparvata lugens.
Entomol. Exp. Appl., 131(1): 20 -29.

Yao L, Qin CH, Lu P, You H, Li JH, Xu W, Zhang KX, Peng CH,
Luo HG, Wang SQ, 2010. Monitoring on resistance of Nilaparvata
lugens to imidacloprid, buprofezin and fipronil. Chin. Bull.
Entomol., 47(1) : 115 - 119. [ Bz, BHHEAE, fl8, Wi, S
oE, VR, SREUME, M, BIHI, FREHE, 2010. BIAEA
TR Lk Lk m”ﬁ@ﬂ&éﬂﬂﬂﬁ PTG PRI, B R, 47
(1):115-119]

Zhang S, 2016. Resistance monitoring of national agricultural pest and

guidelines of application of insecticides in 2015. China Plant
Protection, 36(3) : 61 —65. [ 3K, 2016. 2015 ﬂ‘:ﬁﬁﬁkﬁkﬁ
F AL M I 25 R R R 2 2 . b A R R T,
(3):61-65]

Zhang XL, Liao X, Mao KK, Zhang KX, Wan H, Li JH, 2016.
Insecticide resistance monitoring and correlation analysis of
insecticides in field populations of the brown planthopper Nilaparva
lugens (Stal) in China 2012 - 2014. Pestic. Biochem. Physiol.,
132, 13 -20.

Zhang XL, Liu XY, Zhu FX, Li JH, You H, Lu P, 2014. Field
evolution of insecticide resistance in the brown planthopper
( Nilaparvata lugens Stal) in China. Crop Prot., 58 61 - 66.

Zhang YX, Zhang YB, 2003. The application of the pyrethroid in rice
field. Modern Agrochemicals, 2(6): 9 —13. [ kI8, k—1,
2003. R IE AR B2 R 2 % BRI K R R g R . B
75, 2(6):9-13]

Zhao XH, 2010. Study on Phenylphrazole Insecticide Resistance Risk
Assessment and Cross-resistance in N. lugens. MSc Thesis, Nanjing
Agricultural University, Nanjing. [ #X2%4E, 2010. & K@ AR 3L
MR R BT XU WAl M S AT 5. Rt B ARl
PN TR R LA S

Zhao XH, Ning ZP, He YP, Shen JL, SuJY, Gao CF, Zhu YC, 2011.
Differential resistance and cross-resistance to three phenylpyrazole
insecticides in the planthopper Nilaparvata lugens ( Hemiptera:
Delphacidae). J. Econ. Entomol., 104(4) ;. 1364 — 1368.

Zhuang YL, Shen JL, Dai DJ, Zhou WJ, 2004. Genetic analysis of
resistance to buprofezin in the brown planthopper, Nilaparvata
lugens (Homoptera: Delphacidae ). Acta Entomol. Sin., 47 (6) :
749 =753, [JEKAR, EHE R, BAEIL, FECH, 2004, 5 REl
XTBERERIIE R e 0. B Hi=zdl, 47(6) : 749 -753]

Zhuang YL, Shen JL, 2000. A method for monitoring of resistance to
buprofezin in brown planthopper. Journal of Nanjing Agricultural
University, 23(3) : 114 —117. [ FE7RM, 0 B, 2000. FHt §
KT I A 0P A G B R R RO R A i, 23(3)
114 -117]

(THL . RIEHO



