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Resistance risk, cross-resistance and biochemical resistance mechanism of Laodelphax stria-
tellus to buprofezin. MAO Xu-lian, LIU Jin, LI Xu-ke, CHI Jia-jia, LIU Yong-jie* ( College of
Plant Protection, Shandong Agricultural University, Tai’ an 271018, Shandong, China).

Abstract: In order to investigate the resistance development law and biochemical resistance mecha-
nism of Laodelphax striatellus to buprofezin, spraying rice seedlings was used to continuously screen
resistant strains of L. striatellus and dipping rice seedlings was applied to determine the toxicity and
cross-resistance of L. striatellus to insecticides. After 32-generation screening with buprofezin, L.
striatellus developed 168.49 folds resistance and its reality heritability (h*) was 0.11. If the killing
rate was 80%—-90% , L. striatellus was expected to develop 10-fold resistance to buprofezin only after
5 to 6 generations breeding. Because the actual reality heritability of field populations was usually
lower than that of the resistant strains, the production of field populations increasing with 10-fold re-
sistance would need much longer time. The results of cross-resistance showed that resistant strain
had high level cross-resistance with thiamethoxam and imidacloprid, low level cross-resistance with
acetamiprid, and no cross-resistance with pymetrozine and chlorpyrifos. The activity of detoxification
enzymes of different strains and the syergism of synergist were measured. The results showed that cy-
tochrome P450 monooxygenase played a major role in the resistance of L. striatellus to buprofezin,
the esterase played a minor role and the GSH-S-transferase had no effect. Therefore, L. striatellus
would have high risk to develop resistance to buprofezin when used in the field and might be delayed
by using pymetrozine and chlorpyrifos.

Key words; Laodelphax striatellus; buprofezin; resistance screening; risk assessment; cross-

resistance ; biochemical resistance mechanism.
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WK RE\ ( Laodelphax striatellus ) J& 23 H & &l
LS T N AN N AN L7 s [ | 2 5 R Ry
KB e 1 R R — P EE Bl L BR DL
ORI ORI A FOKRR N VR A B AL R KA
FRBUM AR TR SRIRGI |/ INAE NI A KR 4
S Z M R, AL BE A 3 A 4 R R T
ER R CEEA TR R SR A )
KR .20 22 70 AEAZ AT, K E YK A
Az R B ) DU Bl AR VR R s |
IKFEHT S ANHET KA ZR e AR 2y KB, H
& BB AEY K, 2 R B I, fa F R H
I A U e ) A [ KRR A e i
Fl U PR AR S BRI
ST A< WA B S1 02 L ARy N kI UK L O 70
12 AEFRE L7 # X A /N2 SR bk 1 mT L4

AR R E LT M X R 2 B b IX e 3
BEREH K S ECE R a5 & A 3 )™
Pk AR IR RS T AR AR ANHEIR FOKE
1] 8], 3 R R T E R H S A B A K I
AU IR R G 32 BEAR A BRI KK
R FHOR CE G AL B 25 P R0 AR 1) A
WEWR A ( buprofezin , hEUR ) & —Fh il B 4 fz L
T B A IR T 3 a5 e L R A R Y L
TR A RS R TR R, S B B K FE T
WA R ) 5 A X s 7 T v MO R B B A ) 2 4
AT B AR K e VSO
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WE R A 470 245 1 7K B2 Bt P LB 1 AT A AR 5
3 Ik R R T X KR B A T B 0 , WY A LB
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S KRBT 24 7 K e 4 (AR 4h. 3 [ e 7 AN [+
DX FH [] 3R T R Xof W8 R R 29 7 £F T S [ 2 B 1)
ULk MR A 2 RS 2532 B S VT 1
WA S 22 TR 6 mURE WE R I 7Y B )7 LCy, oA 0.53
mg + L7k R A5 FRG 25 R B0 I 2 TC 8 b
) by DB Y TR X6 I R ) ) B A5 5000 301y 58.6
1 80.8 fi5. LA FIR AN E TV )25
M M KA R AR B BURITAE T A K
VR X R R IR ) B v, BT MRS R4 > 200 £
UKk B 7 7K . Zhang 2517 ) FH 168 12 I 6 K
REURIREHEA T 3% S 0 AR A U AR A 80.2 A5
BUPERNEE 3 2o 5 A R0 A 75 S I,
W20 M 2,38 P4ASO S Jn S AE K& X 12 18 i e
TG A bt B AR .

JKRE AT AELLZR AL 0T R AL 5 3 X T
A RARAEZ RUPAE N Il HUR  Be A B /KAS L oK
MRS G T AR BE , SO 2 230 Bt A S
301 , W I A5 2 LB 25790 AR BIF T SRR A
AR % 22 T A CEVRF R i Ui & s K
TRETHE R E R, O R R B I AL
POPETEFIGTPEALRE, Dy R UGS 8 W2 R A4 47T 1 3 2
ST

1 #R57EE

1.1 HErk

111 AR L A XU R (TAS) 12011 4F 5
AR B IR ZEZ AR AR K 22 P AR X S 40 A2 Y R
TREURH, 7E(25+1) °C FHXTRE (RH) 80% 6 )]
W 16L = 8D WG REE AN R FH 3 SR K
SRR | I B N2 Al A ] 2% 3R AR SR A3t 7 A )
U AR

PUWEGRER 5 2 (TA-bup ) « FHMEBRF xR A ik
(7] — b, 5 PR R LR SR R 1 W8 25 1 0T 3 i 1
TS BE 32 105, Prik T3 168.49 %, 1E A
RGN

PUME £ Al &R (TA-D) K FH e 22 0 i 1k 32 /X
AL it 2R ZE AN A AT (] 3% HEUR A ' IR 5 54 P 4k
22 3% 10 4%, Bk iR & 130.03 15, /5 Mt iR
ih 2.
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PR F 5 109% M A bk a] W6 7010, VYL PH IE B A= 954k T
JBEAR A BN 7 5 109 WE HUBKFLIH , 16 B A S5 A A
AR F] ;480 ¢ - L' EEFEMFL I, s (b BB
JRE 00 A5 PR 1 5 25% W 57 T ] 3 P R 39, A S Gk
(b0 b A B F.

1. 1.3 iR B8 (PBO,90% ) T 4 — 2
—ZBE(DEM,96%) . Z -} R (EDTA) | %
TIHEIE (DTT) A BE G K (PTU ) | o288 S5 il Pt 9
(PMSF) % Dhlires ik G-250 25 I 3 1 40 J5 250
g T4 ER  1-50-2,4- L (CDNB) 38 JF U245 b
HAK(GSH) ,Sigma tb2#FH FRAF 5, 5-fn i3
ARHR (DTNB) |, L HOGERHE B0 A B2 7 5 LA
ik Z eSS ( ATCh) | Triton X-100, Fluka 2 & ;
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R — KR (TPP,99%) , LiEfb %25 —] ; a- L 1R
Z50E (o-NA) [#122 RR #h, Fig gl whm —
LU BEIR S A, R T LI b 2E R A BRA
X 3 HH Tk | 22 0 Se B R AR A7 BR A B 5 #i 45
W SRR, R ILE TR A BRA 7 5 PSR
i P S LA 7] 32 A L™ A 4.
1.2 5Tk
1.2.1 K KAWL S% TR Bk, ok
FHRE P WS 55 T EA T 0 6 , K 97 9% W& W Tl Ji 24 e '
T W B, F /NI 25 4 %) % HLUGE v i K R T B IR
TR T IS O, K R R AR I R A i 24 750, 120
h J5 I SRAET HUECR A7 TG 0K RIS 2 07 i T
R L SR B, AR TR KT B A
A FE R B T (25+1) CIEFRAEN, $E1TH
PR I3 G Fe I FERIFESE T3 30% ~70%.
L2 24 E ik RABERBE " He d
ZEATRS HICRS CEUR R A s ERE 3 5 F i AR —
EAE R IV 250 IR 10 s, BUH T B 3 Ak Bt 30
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RILE AL EE 10~ 15 Bk, R 3 K. ATE K AL B
St LA SO A5 K KL 3 R L 20 Sk AR A,
FXUZZATHLIT 1 h SR Z 0 AR I E 20 3k,
BFRE R (25+1) C SBJEWIN 16L : 8D ByIE
Farr.3 d JE 7RIS A i 8 K DA B A T T A
BEALUEAL I 72 h S s LIS 0 P | b R R B
JPRAL R 96 h J s WEWRER AL BE 120 h J5 K Ay &6 L0
HET-H I GH T R P T I:EZBL,‘H‘%T*EE
FET R A HIFET RAE 30% ~T70%.
1. 2. 3Pt BL IR AL S5 SR H Tabashnik ™' %
() MR A3 B VAR SR M R S8 AE T (R?)
h*=R/S
Ao R ke g, BV S5 AR 1 48 5 0 e i 2%
AT A R B 22 5l R SR FT IS 1Y LC, RN 8
AIREL n Yo ITHRAKCH  R=[1g( % LCy,) —lg (46
LCy,) 1/n;S ik 25 5% (S=ix8p) , 48 H T i ik
PSEAR S EAEARRZ B PR 25 they
FUGH 1 J5 - 359 4 A 8 SR P ORN O 3 A S R ) 1R
MRk e, o BRI § 2RI A K
i=1.583-0.0193336P+0.0000428P> +3.65194/P ( 4
10% < P<80%H , P= 100—F-IJ IEFET- ) & I
19, RIMBIBRIEZE Sp ETRHERTFEATE ) M4 B &)
ROREFRR) 5 o A S FEE 7 320 4
R (BRI EGEEL, B Sp =2/ (IR ERAER +

ARER).

K Tabashnik 257 FvE WK 73k, M bibE 0
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FEEIIF Btk BT 10 5T it AREL. 6= 1/R°S.
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Table 1 Resistance development of the susceptible population of Laodelphax striatellus to buprofezin
s 8 T 95% (7 < ] S LCso Btk
Selected Survival rate 95%CL Slope (mg - L™ Resistance ratio
generation (%)
F, - 40.30~69.92 0.83+0.08 52.85 0.00
F, 57.5 45.63~82.49 1.14+0.14 62.42 1.18
F, 63.6 47.38~89.01 1.06+0.14 66.11 1.25
Fy 76.5 104.45~211.88 0.98+0.14 143.88 2.72
Fy 64.2 195.78~367.72 1.08+0.14 262.35 4.96
Fy 71.2 251.21~519.61 1.02+0.14 345.45 6.54
Fy 65.7 297.64~680.51 0.97+0.14 421.23 7.97
F; 58.4 327.09~1163.79 0.81+0.14 525.44 9.94
Fy 62.1 352.09~1273.79 0.82+0.08 553.85 10.48
Fy 52.3 690.08 ~7015.08 0.73+0.19 1326.99 25.11
Fi 58.6 896.92~4753.76 0.76+0.14 1595.05 30.18
Fy 61.7 1167.60~5615.69 0.78+0.15 2026.18 38.34
Fi, 68.2 1977.31~5534.49 0.99+0.15 2957.32 55.95
Fis 57.5 2031.41~5698.82 0.92+0.15 3033.21 57.39
Fiy 63.6 2305.57~8188.17 0.84+0.15 3666.38 69.37
Fis 76.5 2437.69 ~ 6838.59 0.92+0.15 3639.85 68.87
Fis 64.2 2635.38 ~8249.96 0.88+0.15 4054.30 76.71
F, 71.2 3117.45~8950.10 0.89+0.15 4688.07 88.70
Fig 73.8 3683.20~9408.16 1.05+0.16 5334.39 100.93
Fiy 69.7 3491.48~8591.93 0.96+0.15 5029.02 95.15
Fyy 71.0 3952.27~11260.31 0.90+0.15 5929.47 112.19
F, 62.7 4530.46~13380.91 0.93+0.16 6856.08 129.72
F,, 57.3 4566.46~10310.90 1.08+0.16 6384.46 120.80
Fy 66.2 4973.39~12096.86 1.05+0.16 7106.85 134.46
F,, 61.6 5322.77~11400.80 1.15+0.16 7312.36 138.35
Fys 67.9 5761.74~13782.50 1.06+0.16 8190.00 154.96
Fy 59.6 5739.08 ~13532.16 1.07+0.16 8123.17 153.69
Fy, 64.8 5853.51~14336.48 0.93+0.15 8407.82 159.08
Faq 60.5 5890.43~15612.74 0.99+0.16 8666.16 163.97
Fyy 58.2 6009.73 ~16155.48 0.92+0.15 8876.37 167.94
Fy 67.2 5930.49~16154.27 0.87+0.15 8822.59 166.93
Fy 54.9 6341.06~13926.83 1.03+0.15 8835.63 167.17
Fy 65.2 6126.79~15299.65 0.90+0.15 8905.17 168.49

HUPEREEL Resistance ratio=LCs(n)/ LCso(Fy) 5 CL: EAFIX[H] Confidence interval.
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Fig.1

Resistance curve of Laodelphax striatellus to buprofezin.
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Fig.2 Generations for increasing 10-fold resistancee of Laodel-

phax striatellus to buprofezin under different selection pressures.
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2.3 K REBTEERR R T AR PR R e

25t 32 BTk AR Bk i R 5, FEA T il
TR 255 B9 250 s 220 5% 10 AR e 45 SR e,
Bl M 168.5 FEREAR S 130.0 1%, Bt A R e, (HAS
SR, AT VR B i B 8 7K ST T 5 9 e 1)
23 fABTAY 134.5 {5 %I (% 2).
2.4 K REBTHEVERR & F 38 B U

MZ 3 ATLIFE Y, 5 TAS §h & H&, TA-bup &
FTBE R (42.6 i) FNAL HUMK (34.4 %) 5 B KF
EH M N E BB (29.0 7%) A T &K A2 BT
P ISR (1.2 £%) FIEEAEE (1.1 £%) a8 BT
Pk 5 TAF & & &S, TA-bup & 2 5% il g1k (12.5
£5) A A K28 T AU, X 8E H R e L bR BT PR
fE% s R 8.6 F 7.7 4%, A AR A BT, XT itk
UEF IR (1.0 £ ) FIEEFEME (0.9 £%) JEag HHitk.
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Table 2 Resistance stability of resistant strain of Laodelphax striatellus

e 95% 1K) e iy B HOHEWE R R
Selected 95%CL Slope (mg - L") Resistance Resistance reduce
generation ratio coefficient
TA-bup(32) 6126.79 ~15299.65 0.90+0.15 8905.17 168.49 -
TA-D(10) 4602.17 ~12991.86 0.97+0.16 6872.67 130.03 0.01
TA-bup(23) 4973.39~12096.86 1.05+0.16 7106.85 134.46 -

TA-bup(32) : | P e R ] 28 55 32 AR I 3R 454 i 2 Resistant strains after 32-generation screening with buprofezin. “FIA] The same below. TA-D
(10) : Btk i Z 2EAEE Al AT AT 25500 09 25 P8 R 21 3% 10 £ 3R 45 19 5 &R Resistant strains without touching any pesticide after 10-generations.
TA-bup(23) : | P e R i 25 3k 23 10 0% 08 B 3545 B8 i 22 Resistant strains after 23-generation screening with buprofezin. i P4 Ji iR & Bo=[ lg( 48
LCsy ) -lg(# LCyy) 1/n,n A TGA BFIESEE 1 5048 F 1837 402X Resistance reduce coefficient = [ 1g( Final LCy, ) —lg( Initial LCyy) ]/n, n was gen-

erations under the condition of no pesticide selection pressure.

F3 KCERAREMAERRZERE
Table 3 Cross-resistance spectrum of the buprofezin-selected TA-bup strain of Laodelphax striatellus
AR B E FRES 95% E {7 X[ LCso HUPERTEL AR
Insecticide Strain Slope 95% confidence (mg - L™ Resistance ratio Resistance ratio
interval (TA-bup/TAS) (TA-bup/TAF)

W5 I TR TAS 0.83+0.08 40.30~69.92 52.85 168.49 34.46
Buprofezin TAF 1.04+0.15 189.51~366.63 258.45

TA-bup(32) 0.90+0.15 6126.79 ~15299.65 8905.17
W5 1 TAS 1.51+0.19 1.79~3.50 2.64 42.63 8.57
Thiamethoxam TAF 1.19+0.15 10.02~17.46 13.11

TA-bup(32) 1.13+0.16 63.01~176.42 112.33
RN TAS 1.10+0.15 3.13~6.41 4.70 34.40 12.47
Imidacloprid TAF 1.08+0.15 9.08~17.53 12.98

TA-bup(32) 1.30+0.16 124.26 ~225.02 161.80
IE bk TAS 0.53+0.15 0.17~5.57 2.32 29.03 7.72
Acetamiprid TAF 0.72+0.15 4.21~13.73 8.71

TA-bup(32) 1.02+0.15 46.31~92.27 67.27
5 i TAS 0.97+0.15 6.07~13.61 9.66 1.17 1.03
Pymetrozine TAF 1.02+0.15 7.25~15.12 10.96

TA-bup(32) 1.01+£0.15 7.50~15.67 11.33
FEALIE TAS 1.19+0.16 5.82~10.54 8.00 1.05 0.90
Chlorpyrifos TAF 1.08+0.15 6.71~12.60 9.34

TA-bup(32) 1.10+0.15 6.00~11.29 8.41

TAS: U & Susceptible strain; TAF: Al 2 Field strain. T [6] The same below.
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Table 4 Synergism of TPP, DEM and PBO on buprofezin in different strains of Laodelphax striatellus

TS ARG FR 95% E- 17 X 1] BOEPRIE IR
Strain Synergist Slope 95% confidence interval LCs(mg - L") Synergism ratio
TAS Buprofezin 0.83+0.08 40.30~69.92 52.85a 1.00
Buprofezin+TPP 1.22+0.16 35.51~66.47 50.30a 1.05
Buprofezin+DEM 1.14+0.15 37.61~74.68 54.21a 0.98
Buprofezin+PBO 1.29+0.16 38.59~69.25 53.18a 0.99
TA-bup Buprofezin 0.90+0.15 6126.79 ~15299.65 8905.17a 1.00
Buprofezin+TPP 1.13£0.16 3621.80~7668.68 4964.42¢ 1.79
Buprofezin+ DEM 1.23+0.18 5694.17~13843.15 8100.29a 1.10
Buprofezin+PBO 1.16+0.16 2694.92~5143.60 3595.20d 2.48
TA-D Buprofezin 0.97+0.16 4602.17~12991.86 6872.67a 1.00
Buprofezin+TPP 0.99+0.15 3037.78 ~6816.23 4267.87c 1.61
Buprofezin+DEM 0.91+0.15 4165.65~12073.02 6275.01a 1.09
Buprofezin+PBO 1.10+0.15 2577.37~5049.95 3477.26d 1.98
TAF Buprofezin 1.08+0.14 195.78 ~367.72 262.35a 1.00
Buprofezin+TPP 0.96+0.15 185.10~379.71 258.96a 1.01
Buprofezin+DEM 1.01+0.15 175.09~343.39 241.37a 1.09
Buprofezin+PBO 0.95+0.15 192.78 ~399.63 270.06a 0.97

TA-bup: IGE 122 WP e ol R Buprofezin resistant strain; TA-D Ptk IE fh & Recession-resistant strains. [F]51 A [ FhEFR R 25 55 5 % (P<0.05) Diffe-
rent letters in the same column meant significant difference at 0.05 level. T [A] The same below. TPP; B2 =g Triphenyl phosphate; DEM: JIi T 4

TR ZTiE Maleic Diethyl; PBO: 34%{f# Piperonyl butoxide.

2.5 HUASGRIAE K RIS [] i 28 Xl nE e i 114 384 55
YEH

FIH TAS [ TA-bup \TA-D Fll TAF /& 2223 510 5
PBO ' TPP F1 DEM X W3 i () 338 25015 . 45 R 3R
£ TA-bup 1 TA-D & F& 1, PBO R W I i 114 15 250¢
oy Ry 2.48 F1.98 4% 38884 FH B 12 3 5 TPP Xt
WE R ) ) B R B0 500k 1,79 i 1.61 3%, B3UVE
B 55 s DEM X8 W2 i 1) B4 805 50043 501k 1.10 A1 1.09
5 WSRO AN . 7E TAS F1 TAF §h Z& 3 Fhi
SR Xof W M ) 12 A B B B R B E T (6 4) .

x5 IEARERRNKIHEED
Table 5 Detoxification enzyme activities in different strains
of Laodelphax striatellus

R/ S ES Jit i 2
Enzyme/substrate Strain Enzyme activity Ratio
L TAS 36.16+6.11c¢ 1.00
EST/a-NA TA-bup 60.68+3.27a 1.68
TA-D 51.96+2.12b 1.44
TAF 47.38+2.69¢ 1.31
AT Ik -s- T RS il TAS 12.47+4.07a 1.00
GST/CDNB TA-bup 17.46+3.53a 1.40
TA-D 14.96+4.07a 1.20
TAF 12.47£5.39a 1.00
AR P450 BRNAEE  TAS 97.44+3.36d 1.00
P450/ECOD TA-bup  229.15+2.23a 2.35
TA-D 200.15+2.04b 2.05
TAF 143.8122.07¢ 1.48

2.6 K CE\FEER AU T VE

R KR B R B AEDUE  VE R e T
NI 2R 0 200 M £, 25 PAS0 BT 48 TG | TG I RN A e
HRK-S- AL Bl 16 1. 455 % TA-bup H1 TA-D 11
YU ZR PASO S AR IS MR A, A3 )& TAS Y
2.4 F1 2.1 %, TAF H40H€0 3R BRI AU TG 2 TAS
[ 1.5 45 ; TA-bup F1 TA-D ()8 B Pt B 3 755
J3JE TAS B9 1.7 F1 1.4 1%, TAF f g B 15 /1 2
TAS 11 1.3 £% ; & B H IK-S-F6 85 Wl 75 45 5 R BN
F 25 TA-bup [ TA-D FI TAF FBIE 1143
SISh TAS i 1.4 1.2 A1 1.0 f5 (32 5) . KM (0 &
P450 BATIAR B P ) X e R R U PR TR iR %
B BT M T — R AL

3 i

TR [EI R 5 AN 7] Hl DX FH ) ¢ Y Tl Xo) W i ] 12
FEA T R BE B HT 2 pE ) Zhang AR FHE
WX R A = F 28 e AR G R BN 7
TG A ST FHE R A 7 2 32 X, 3845 168.49 1
(A1 KT it 3R, 7 3 o R v Y TR XS A R T 1)
YUK 2 S” AR B X RS Zhang
L) G e 25 SR AE DL Zhang 2517 2850 42 fRE N
e , iR 80.2 1%, ANBIF oY 2tk 32 ARk, $L
PERE K 168.49 %, Uik 34 B B B /. 20 b7
N, TR 5 224000k 48 4 kR EVRP R FH ) Ol FH R
AT, KB S 5L R 3 2 A G
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JR QBT E R R By e v B SE 5 4% 01 R 0,11, 4%
FEZH 80% ~ 90% I}, Tl 11 K & T X WE 1 ] ) e 7
IR 10 5 LT 2 5~6 X, 77 7E GG 188 153 i B
A BT I XU 7E F R BRBE T, 5 ot & 2 1
WEEZ , MR AT AR S FEHA R Ttk
I HH T HTE A B0 KU FLSE 50 = A /N Btk &

R P AU I 2218 K KA R R SR A
X%, T S B RIAESE TR K 30% ~70% , IARIE

FRELI . e B8 ok e, i eSS AR E A 2 T IR
Tk SL % , B E J) AR, Ptk R R 2218, i
55K 25 388 FE 1A 22 KRR e B A A 2k
PR R By Y B AR i

i 2 32 FUE 5 1k i 10 X, Ptk By —
TR AR ER B e, AR MEYR S B 7 35 B 1 AP B
Thm S AN 4SO BA T 4l R 8 T 1 = A
K EVE AT S 2 55 WE HUgE itk HUehk | mE B PR AR AE
A EPUPE B B, R AT FH (DB W a8 A e R 5
PP, BB AR et s e A ol A A
AR T B A& R, DLSE M KR R S B A
ROR.

4 4 it

W IR i 32 8 0 16 K R EURRRE 32 18, Bk 21
168.49 . Kt mU KT E W [ (%) B 1 R S 35t 4% 1 o
0. 11, XTWEBREAAT = A= 3¢ R Bk 1) RUB: . K R L e
W T iy 7 5 0 R i bR E DR AE AR A B
L5 i e AN EE SRR TCAS BATYE. AT G R P450 FRN
SRURG AE T U R I8 R T B 1 R b & R T
YEH.
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