AW i (P S0) 2024, 33(3) : 274-284
JOURNAL OF BIOSAFETY http; // www.jbscn.net

DOI: 10.3969/j.issn.2095-1787.2024.03.010

7 e 3 e i A R e R AT K B8 Y A i 0 1
B W) 7 2l 2510 535 Wi

A, B R, U AR
VEROL AR AL SE v ARl 614000 CARITIE AR B E GRS T RFLA W EEEREE,
I ARl 6140005 v )il E R LA, wl RAR 610066; “va )l h R WA 5 ALY R AP B R PT/
RERMERE LM RLFH N EEEERT, W KA 610066

T [ A0 T A0S 4 P PR K 4 P B0 OB IR | o R A 722 o sk 4 B M B2 25 2
VARIKGHREES # . [ J7 5] LB A PORE /K 2 1 B 3k L 38 5 0 S [ AR ( RW-Js , RW-Gy .
RW-Mz RW-Zy RW-Le ) A5 7K 52 FF 420 11 45 FF P A 0 e , 0 4 Y o 8 /K 42 P 9 B0 P ok e
FE (1.C.y ) FITESCTERI R (LC,y ) 5 433115 P 14 00 52 1 FE 09804 ) 0% , R 0 5000 4 G ot A Y e DR
TR G DA Py 2 T e I PR 2 5 B MOS0, [ 65 18 ) R I S 6 7K 4 P B 4 ok 4 P R *ﬁfﬁ;)“
HIRURAE DS SR AC RW-Js FIERY LCy (6 RW-Gy FIEERQ 13.45 4% IR 5 i K 5 e 2 W 300 )
B T 1k ( piperomyl butoxide , PBO) X4 H1 25 FY Pt Iz 4y DIy ) 34 20 FE FH 191 5 5 - 185 = %185 (wriphenyl phosphate, TPP) FilJI
T TR . 2T (diethyl maleate, DEM) ; HUMERNEE RW-Js R 3 Fl Al 75 BEGE M3 SUFP BE RW-Gy 2 48 5 (P<0.05) , H:
th Z e A AL ( mixed function oxidase, MFO) ZE AL A IH i o RE 7K G2 H Al o 20 G HR R FE I e LC &AM, HARPKIL
TRl O A S5 0 T8 R A, LB S 1 A T 8507, v MO 55 A 1 W00 2 A 301 140 449 0585 728 R Ak
(P<0.05) 3 S8 A I 1.C.p 1) J2k 501 A5 /K 2 P 4% 1 75 0 0 DL 30 % A 125 068 300 % A o 301 340 7 A S [ R E 1) 2 0
[ 5535 ) A2 I e T i 57K 5 PP 42 4 4 P PR O A 6 | MIF O 8 7K 552 P 420 ek A Y e 8 A 3ot 7 o e
TR, EBCET AR R S B T S BT Ak Sk A P T AE B Ak 2 P ol B — R sk 2 K R, 0 T
i e 3 T

SR RUKER; EHETR B WEGERR; A WRREE MR, RE S

Effects of sublethal doses of chlorantraniliprole on the enzyme activity
and field development dynamics of Lissorhoptrus oryzophilus
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Abstract: [ Aim] This study aimed to understand the sublethal effect of chlorantraniliprole on rice water weevil ( Lissorhoptrus
oryzophilus Kusehel) and to provide reference for the scientific and efficient control of L. oryzophilus Kusehel using chlorantranilipro-
le in rice production. [ Method] Using the overwintering L. oryzophilus adults as test insects, the median lethal concentration ( LCy,)

and sublethal dose ( LC,5) of chlorantraniliprole to populations RW-Js, RW-Gy, RW-Mz, RW-Zy, and RW-Lc were determined by
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measuring the sensitivity of L. oryzophilus to chlorantraniliprole. The effects of sublethal doses of chlorantraniliprole on the activities
of various biological enzymes and field development dynamics of Lissorhopirus oryzophilus were studied using indoor measurements
and field investigations, respectively. [ Result] Significant differences were noted in the sensitivity of different L. oryzophilus
populations to chlorantraniliprole, with the LCy, value of RW-Js population being 13.45 times that of RW-Gy population, reaching a
moderate resistance level. The synergistic effect of the detoxification enzyme inhibitor PBO on chlorantraniliprole was significantly
RW-Js, were

with the most significant change observed in

greater than that of TPP and DEM. The activities of the three detoxifying enzymes in the resistant population,
RW-Gy (P<0.05),

multifunctional oxidase ( MFO ). The activities of several biological enzymes in the L. oryzophilus treated with LC, dose of

significantly higher than those in the sensitive population,
chlorantraniliprole increased first and then decreased, and the activity of MFO was significantly higher than that of the control
treatment throughout the entire measurement period (P<0.05). The LC,5 dose of chlorantraniliprole had a certain degree of impact
on the initial, peak, and final stages of L. oryzophilus occurrence in the field. [ Conclusion] The activity of detoxification enzyme is
possibly related to the sensitivity of L. oryzophilus to chlorantraniliprole. MFO is the most important detoxification enzyme in the me-
tabolism of chlorantraniliprole in L. oryzophilus, and plays a major role in the development of resistance. Sublethal doses of chloran-
traniliprole can delay the growth and development of L. oryzophilus larvae, pupae, and first-generation adults, shorten their lifespan,
and accelerate their extinction in the field.

Key words: Lissorhoptrus oryzophilus; chlorantraniliprole ; sublethal dose; biological enzyme activity ; detoxifying enzyme inhibitors ;

developmental dynamics

SPRANZ TINS5 3b A= W) 22 e i 1™ 5
M), 2 NS THI Mk e ™ B 1 AR S U 2 —  E e 4
THFE BN 3 B R Ry 28 B 450 2k (R E A
2023), FEKGW Lissorhoptrus oryzophilus Kusehel
JEESH A PR E R R EALO YA
AWy (AR N R IE A Ak AR AR, 2020 ), BN R
Je A BB 9 100 Fh PR AR AEH) Z — (Tin-
dallkv & Stout,2003) , FEH7/K G H IR T 26 [ 25 75 7
F 7R 37 dk ,E%{JII N B A7 Y Oryza sativa L.
Pl X 3 47 % £ ( Mohammad-amir & Godfrey,
2014) , AFEK G s HUBCE A T R AS -, 4 U
EKAEHRE , R M KRS 2 BEOF i A K28 A
WIS (FE/NaRAF 2018 ), AT RS AACRE ™ ™ , 3
A3 HLIX EL R T A8 R E\ Sogatella furcifera Hor-
vath FYZKAR S K (P3O, 2006) TR
HATYHRE 75 3 ARV ) | A 5k 38 PR A A
(T, 2017) , BiiA MEJE K, — BLAR AR MEAR
B FET 1988 4F B TR A0 i B A R s
(FFEE%,2012) % 2023 4F 6 K, 4 25 4
A (AR EEET) 492 AN B (T X D) A R
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FUAT, R E AT K G W B 3 DAL 7 B G o8 £ (£
NIRRE,2017) AP A FREC T R K G Bl
A€ 24 A HOOR LG Tk A T L — R R A O
AL A2 R R R S R R A T T AT B
8 AP R RO SR A, KRS 2R 7 N e 2

PR R Z — S HR H B ( chlorantranilip-
role ) & T —FROBUIE e 288 o 280 1 1k A% e ), L i
S R T AR, SR AR B e 4 N 55 e i
BERETIC, UL PR 40 B AN e WS A , 2 T B0 U g5
& A5 RIS (JEIRIEFIFE B2, 2008 ; Teixeira &
Andaloro,2013) . 5 HUA HI e 0 830 H 531 H |
KOG E 3 55 2 HOAT B ) B P R8O8R (i
KR A, 2019), Bfi 5 — AL 85 Chilo suppressalis
(Walker) FEKRHSEERHAFEZ K m ik, KREAE
7 i ] R A Y g ) 40 4 ok vy 1 m 1 A
FREE L RS (Sial & Brunner,2010), H ﬁﬁ, &
A LU RO T AN g AR R SR
Spodoptera exigua Hiibner . /N1 Plutella xylostella
(L) 850 G HCAR T B ™ A 1 AN R K P R4 (9
WE5F, 20175 JFRAE 20225 R GEAE,2021; Lai
et al.,2011a)

A BRI T T )5, s g B a) 4 5 32
BRI IR BN R DL TE B A 1) B 5 & (2
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4 2017; Vojoudi et al.,2011) , T fif 7% B3] % 3
RV R AE RN 3 PP I 285 ORIl A 24 XU A8 2
(1) X8 (Desneux et al.,2007) , FHIPIHLIAR BB 151
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FICAFID 2R, HE v fif 2 Tl 28 G0 PR 37 2R 48 2 o
BEIE W L A ,2014) o S EBE I A R
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WFIE (BRF I AR, 2017 S0 K AF,2022; S op4E,
2012; JVRAE,2014)  BEFEXT R 2R AR H
T OR UL BOHE ) e 58 H A Y I i 5 Ml i 7K S Y
VRPN A= Wy il 6 1 8 O S A SE TS . AR SE
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AL BRARE K G R A, 3 Ar LA PR £ B R i 55 1l T
PEAAR SRR FH ) 5 R 2 5 76 o) P S ke o T
i Xof R K G F AR ZRSE RS AL, SR Bk 25 24 3 ol
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1.1+

L1l BEKZ R 200 g - LM SRR R R0 (36
[l 6 5228 Al ) 5 BABUEE T /8 ( piperomyl butoxide,
PBO) MR — K5 (triphenyl phosphate, TPP) JIi T ¥
TR Z 15 (diethyl maleate, DEM ) ;98% % Jii &2 B .
98% . VU TR (ethylene diamine tetraacetic acid,
EDTA) \98% LiE & 1 .99% T ISR ( sodium
dodecyl sulfate, SDS); Triton X-100, a-Z, ik Z5 g (-
naphthyl acetate, a-NA) .a-Z51; 1-54-2, 4- fiHFER
( chlorodinitrobenzene, CDNB) |[&#% B £k X Al FE 2K H
Bk, 2% T 3 55 15 G250, T = %, NaH, PO, , Na,HPO, .
NaOH \85%TM& \37% 54 ; — i S5 ( dithiothreitol ,
DTT) , 7 H & 1tk Bt % ( phenylmethylsulfonyl fluoride,
PMSF) R4 e H K (glutathione, GSH) (i J5 Y
4 [ 11 ( nicotinamide adenine dinucleotide phosphate
NADPH) ,

112 X 0E S NEE I AR K R Wk
T 2023 44 7 1520 HR P9I AR s 1058
XAz LA (RW-Js FfRE) | 38 AF X 5 9 B3 (RW-
Gy FEF) 17 P X AR F4R (RW-Mz i) A EL AT

PelSH ( RW-Zy FPfE) Ak B2 W (RW-Le FHEE) o
F19.00—21.00 7EH# B 3 d UL /K FE IR, LA
TR AR K R, BT 50 mL &.04
Hh ) [R] Ak SRe B AR it FH AT A A 245 1) i K R A [
S A TUREE (26+1)°C DG L: D=14: 10 4
XFMRE 70% £2% 13545 11 ( £/ EE,2017)
1.2 EYNE

R TR 45 SR K G 2 T I i P T i )
1 g - L'AEER, F 0.1% TritonX-100 FBE e
WeRE, TAE MR 4% 4 1.25,2.50.5.00, 10. 00,
20.00.40.00 mg - L, L 0.1% TritonX-100 J =5 [
Xof BE BT B AL FRAE K 2 HH A 30 3k - I, A
AhPE 3 RS, 90 Sk AT A R0 E B S
BB ) 77 PBO . TPP 1 DEM LA P9 T 12 41 B¢ 10
g L'WY HE, B 0.1% TritonX-100 5 B A 100
mg « L7 Y TAER, LA 30 6 700 T A R ¥ 0K
b A R ) ST 9 ) R A VR R 0l 0 o)
FIFERTA 250 A B 100 mg - L',

FHRBUE (4 2012, FH RS 2014) HE
FFENTFEIME KK E S om AYHT EERL7E 25
HR T 10 s Je U BT (25 °C,2 h) A E A
PRATIELATAY B TR ML 5 43 e AEAH R o B8 1Y 25 v
B3 s JAE T WKAC W 2 2RI, AR5 K
A FRFEFRILT N TR [ R (26+1) °C D6
WL:D=14: 10 MXRE 70%+2% | 1757 48 h J5
Gt a5 b P H T BB TR, I A [R] A B R K 52
FAET WA ESE T3, Horp RT3/ % = (BET-
HE/ AR R x 1005 A2 IESE TR /% = [ (Ab3E
FET- 3R 25 FARHIRSET- 3R ) / (1-45 FAXTHIRAET-3R) |
x100,
1.3 THEFIESHFREBENBKR P EYER
IR R
1.3.1 fE#FBIE NN E  RIRBRM (carboxylester-
ase, CarE) T PN « 43 AT SBO8E 7] s S HU HH gk
Jp AT A4 7]+ I SOAE ) it S R R Y e A B VK 52
F R 3.12.24 48 .72 .96 h Wi e PV Us 5 I ik
A-80 CUKFEDRAF 98 1] o FRIBR TR Tl 1 I o 2 BB RE
IRAE(2017) W5 s, B VR AL 33 R e 7K 5 W ol
Tymss e get A 1 mL T BERR 2% ik (0.04
mol - L™, pH =7.0) 7E VK& 5514 T VB 584351 9%
4 °C,10000 r - min~"B5.0> 10 min, b 3EBAE £ 0 i
Wkt g, A RE AN 0.45 mL #ERR 22



3 4]

ARG . BRSO P T e T e K 5 A A R T 1 % T ) % 7 2 25 5 i - 277 -

.50 WL A7 0 1.8 mLa-NA ¥ (3% 107
mol + L7 , % 0.3 mmol - L' % EWE) ,7'1&51‘3/5.”5:":
30 CILH 15 min, A 0.9 mL 3% (1% &% B £
W 5% SDS i =2+ 5, B, BCELA) , X
HRZH 7 B4 5 0 26 1E S 4 50 L i, 43 66 B
THINAE Do (H, FEAL L 3 R T, B & A7 3
Ko HIE o-ZRMbRifE M ZEIF15 H - 28 A8 i,
SEBFRE RS T CarE B HCTE 77, LA AL
FVAR ZR g2 s A 2V VR B AE AL T mmol a-2%
P X 7 8 it i — AR AL (U - mg ™)

AW K S-54 ¥ il ( glutathione S-transferase,
GST) i MEM A€ : 2 18 Wu & Miyata (2005) A5 45,
IR AR AL PR R K 52 F BB T B B S 2% b,
A2 mL WIARBHREZPW (pH=7.0, F 1.0
mmol + L™" EDTA) 7EUKI 55 F F il 780 51 %, F
4 °C,10000 r + min ' &5.0 10 min, b AE A A0
R vk 45 . LA CDNB SHJEY) , 1) 5 2 I A 4R vk
HIA 2.4 mL 8§ R 2% #h ¥ (66 mmol - L™') 0.3 mL
GSH (50 mmol - L), 0.1 mL CDNB (0. 03
mol - L™") 0.2 mL FFRIIESH , 7 BIVR AT, 78 27 “CoKi
FAF NN S min, S EEETHINE D, (8, X HEZL L
0.2 mL WERRZE M AU IR , T Ab P 3 WK A, g o
AT 3 WK, I D, (E AR (A RS
A GST Wi LT 7, ARG AL R N A & rh R 22 sw 41 40
B EBEIE D, [EAE 1 0.01 X157 A4 Bl o — 4
MG 1AL (U - mg™') o

Z e EALEE (mixed function oxidase, MFO) i
PN E . 2 M8 Yu & Nguyen (1992) By 77k, BUA AL
PEAREK S W B B TS AT AR P I A2.5 mL
VS W R 22 WK (0.1 mol - 7', pH =7.8; & 1
mmol + L' EDTA 1 mmol « L' DTT, 1 mmol - L'
PMSF .1 mmol - L' PTU 10% H ) , vkKiB 5%,
4 °C 15000 r  min~ B0 20 min, b5 T BERR 22 vh
TWHRE 10 VR MR E R vk is & . U kR
JA 0.2 mL XFASSEAR B ik (4 mmol - L7') 0.8 mL
%% M (pH=7.8) .1 mL NADPH (0.5 mmol - L™") .1
mL FENEHR , LAAS I NADPH A 5FIR, F 37°C {HiR
JK¥ 30 min J5 A 1 mL HCL (1 mol - L") 2112
N A S mL E45AH 10 min, BHET)Z 3.5 mL
55— N, A 3.5 mL NaOH (0.5 mol - L")
FEYFAEH 10 min, B 3 mL NaOH W2 H 466
FHMAE D o5 (8, BEACFE 3 WA, A F ST 5 3

UKo IR il A 1 A 7 T 2 0 45 H X i B R 1y
A I E B P AR BT i, TTAE MFO LE TR
77, LA A S0 A 2 g 222 ve 20 2B 1 g 03 B A
J 1 prool Xof i 5 R Py XoF 3 1) Tl o A — A T ) B
fi(U-mg),

1.3.2 Ry m@ELMNE WLRAHITER 1.3.1,
1 E AL A (catalase, CAT) |3 & AL ¥ B ( peroxi-
dase, POD)  #i % 1k ¥ 5 fb [ ( superoxide dis-
mutase, SOD ) ¥ Pl F g 50 @ il A= Py ok 5% Jor A 7=
ARSI AR B A T A | 4 A 2 1 5L ( thiore-
doxin reductase, TrxR) i P AL R ERHHE A
B A 7 A a0 6 7 0 R 7 v i R
WA G UL AT AT, CAT 1M B SO B2 5
HAE A2 1 wmol B H,0, Fr i
—ANEFE S AL (U - mg™") s POD JEPE BN E N
T e HEVE R EAL 1 g I BT 5 Bl
— G JTHAL(U - mg") 5 SOD {7 P L7 5E S
R A ZUEATLE | mL RO 0§38 50% B
Jv s Bl o — DG )AL (U - mg™!) 5 TexR I P
BARLE R B2 v 21 SV B 4 Bk AR B 1 nmol
TNB e i i R — WS B (U - mg™') o

133 ZameEllzE HARSENETES
18 Bradford (1976) >R 7% D5 i 1 . l— S H 28
A IA 0.1 mL £ A 0.9 mL 25 1% 7K |5 mL
F e G250 1, SR A R E 2 min, 7E
595 nm AT IE MO, LA i 25 F1 AR
HEHIVEPR L oK R D B AR 15 i

14 THERAFNESHXREBREFEKEAHBDEL
B SRR

141 REa %A P AR L BT 6
BEFL 300 73 ORI R K A HL ¢ (0 Bl 45 s 3
SEH AT a0 M o A% PR T (TR K RS A AT 42 B il
HILA) KR R B A 2115,2023 4E 3 A 15
Hiff,4 A 21 HBH, %447 (33.3+16.7) cm X
16.7 em , HtkAAA, T 4 A 27 H LS SR
LC, I WAL PR 1 hm® B4k iR KA, IR
a2y XTI, 5 A 1 H R A R IR A FH [R] FF K
SRS O 8cE, HE 8 H W i A A4
HT-BOT R

1.42 FEEFE R AL (BEK
85,2020) , B AL BEBEIL 5 AN T, B RE S A
15 DOKFR, WEE I R B R AR, 4e 3R N AR K
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S RG2S R 5 em 2EAR N 1,
A 40 H M5 AT IR, 0 Sk IR TEAR 2 Y 4
A PR AEK T 4 U
1.5 HUES AL

KT DPS 48 b 3 28 G2 %60 A= Wil o K gk A 7
F RS IR S mUE 2 LC,,  LCys  LCy S A
KA, AW S DU 2 £ 15 ] Duncan [GHT 52 1)
2T 2581, K Microsoft Excel 2007 % f4:
PEAT ] B SR R A

2 IR TR G W RW-Gy e o) 42 Ha 4 R Tk Jie
AU, 1.C, \LC,s \LCy, 4351 240.0406 ,0.1914
1.0728 mg - L™', RW-Js Fft B X G2 o 2 FH gk e ot
BB, LCyy  LCys , LCsy fH 43 511 24 6.5499 9. 5244 |
14.4378 mg + L7, G HUZE B e b RW-Js R )
LC,, 5 & RW-Gy FPHERY 13.45 475 HiAy 3 Rk 4
PR e e S R 2 Y T M ) SRR A 22 KK, LG A
T FEIH4.3543~5.8624 mg - L', £ [ Ui, B
B R 16,5499 19,5244 14,4378 mg - L7'HY

2 ZBRESR WA AL FAG K 4 T RW-Js FPRE A M1 48 h )5,
20 SRFRABEXEASRENTHENE 40 BREIE BE TSR 4Y B R 10. 56% | 24.44%
TRV R K % FR R RE X Gt Y e 0 BURRME 48-89% MBI 10% \25% \50% (K 1)
F1 SHFERABENEKEZENEN
Table 1 Toxicity of chlorantraniliprole to L. oryzophilus
ik ) 7 AR R EL LCyo LCys LCso p
Population Toxicity regression equation  Correlation coefficient — / (mg + LY /( mg * L‘l) / (mg - L‘l)
RW-Zy y=4.1374+1.3500x 0.9861 0.4893 1.3781 4.3543 141.2752 0.0003
RW-Mz y=3.7542+1.7758x 0.9853 0.9547 2.0977 5.0300 133.2483 0.0003
RW-Le ¥y=3.6192+1.7978x 0.9916 1.1356 2.4712 5.8624 235.7657 0.0001
RW-Gy y=4.9725+0.9012x 0.9939 0.0406 0.1914 1.0728 327.0120 0.0001
RW-Js y=0.6711+3.7334x 0.9505 6.5499 9.5244 14.4378 37.4005 0.0036

22 MESEEHIHFS SRR RBENELSSER
Pt 1) 550 5 S e R Y B i ot ) 3 3k 45 2R Roxk
FEK S B R S22 52 WE 1, 45 SRR, A TR g
il 351 55 S8 HL R Y Pk e 2 A B A P RIS AR L 3
ot 17 ) 750 Ach P J SR R HY T M X AR K S Y
LC, YRR T B, B 1 50 % RW-Js FREE (BT
FREE) Y 14 850/ i #c3ik , TPP . DEM A1 PBO (134 5%
B0 9N 3.56 .4.43 1 5.50 1% ; 4F RW-Gy Fitf
(RRUBFPHE ) 1 14 250V FH e 59 , 35 A 5003 0l o 1.

31.1.73 F12.53 £ ; %F RW-Zy .RW-Mz f1 RW-Lc¢ %
3 ARSI BT R 2,14 ~ 3.76 A, Rl R] 22
SRR, EEMEHF TPP XF 5 ASFEK G H B e 38
BAEE R 1.31~3.56 4%, DEM XA [ Ff ) 3i4
AR R 1.73 ~4.43 £, PBO HOBERLAE 55351
K 2.53 ~5.501% , W [ — Fefr il 4100 6 550 XoF AN [ei] Ao
MBS E AR FE W] 0 22 5 Horh PBO 5 & s R
Pk Fie 1 o R334 4 FH A S /&5 T TPP il DEM,

157 F B IEHEEE Chloramphenicol 2L
O B G H K AL T M R — 4B Chloramphenicol & DEM
%D 14 B3 SRR W & BERE = 28T Chloramphenicol & TPP
3 g B & 42 B & W1 B T B Chloramphenicol & PBO
Q -
—
i 1.00
s 3.56
+ 4.43
§ 73 h.712:42 & 5.50
& . ER376 100 ., :
[24] 6% | ] 1.73 = 2.53
x e [ O T | ] T by
RW-Zy RW-Mz RW-Lc¢ RW-Gy RW-Js
F ¥ Population
E1 B S SRR RB RN ESRER

Fig.1 Synergistic effect of enzyme inhibitors and chloramphenicol
TR P TS 94 7 3 s TR A ) 4 ) 575 S ek 25 P I e 1) 14 B ) B 28 A5

The numbers on the top of the bar chart mean the synergistic effect of different enzyme inhibitors and chlorantraniliprole for each population.
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23 THEHEFESRFRBEINFBKEPRSE
E R0

it BE S PR DU E 45 2R (3% 2) AR BT, RW-Js FhEE
TRPY 3 Fh i 75 Tl 05 ME B RW-Gy FRE & 35 1
(P<0.05) , Hrr MFO 1& MR LA W 3K 1 1%
DA b BRI () o G A Y T e S 1) 25 S R
fif TR BTG PEIE A 96 RW-Js FRRERS K 42 1P A th 48
SFHORHBERE LC,s A 5 A H 5 , CArE i 14 B Ak
Af ] B GE EFh#H 7E 3 ~48 h P I 3 T X R
(P<0.05) ,AbBRJ5 72,96 h HE K Fa i 2 | 5%t g
PR T E (P>0.05) ; GST i M Fifi st [1] (38 i 52

J5 FRER S AP 312 h BES 8w Tt
M (P<0.05) ,24 h 55X ERA R E (P>0.05),
48~ 96 h J5 b AR, H 2 7 8 & #F oK F
(P<0.05) ; ZIReAfb B H 7 3~48 h W& L Ft
a3 72 .96 h JE BT T R ABAT B E T X R (P<
0.05) o ARl 58] + G2 A 2% H e LG5 9] i Ab 34
J& , RW-Js FEERE K G T B AC PN 3 7o fige 45 il 1%
A PR — G U Y T A P AT, L it 5 B ) 1
TG i 328 W ik /) | G v 22 3y R A il S T R
% KR Ik 33.78% ~63.60% .,

R2 FELEFAKRENBESEHILEN

Table 2 The specific activity of detoxifying enzymes in L. oryzophilus under different treatments

BAf7 Unit. U - mg_l

IRIRBRRS CALE

Qb3

Treatment 3h 12h 24 h 48 h 72 h 96 h
RW-Gy Ff RW-Gy population 0.3810.022¢  0.595+0.032¢ 0.442+0.027¢ 0.5730.020c 0.6470.021b 0.527x0.032b
RW-Js Fiii (4 B8 ) RW-Js population (CK)  0.518+0.019b 0.751£0.036b  0.663+0.047h 0.8070.012b 0.924+0.048a 0.734+0.014a

RW-Js Ffrfif+ 58 HO 2K FH ke RW-Js+chloran-

traniliprole

0.874+0.020a

1.210+0.050a

0.922+0.019a 0.891+0.012a 0.963+0.035a 0.797+0.041a

RW-Js FIEE+ %00 26 H Bk i + SR IR R M 4 0.420+0.021c  0.574+0.031c  0.530+0.040c  0.641+0.033c 0.712+0.051b 0.445+0.031b
7l RW-Js+chlorantraniliprole +carboxylesterase
inhibitor TTP
b BWEH BK S-#5R5H§ GST
Treatment 3h 12h 24 h 48 h 72 h 96 h
RW-Gy F¥ RW-Gy population 10.69+0.32¢  6.81+0.21d  8.98+0.74b  10.94+0.09h  9.88+0.34b  10.58+0.37b
RW-Js Ffiit¥ (X #8) RW-Js population ( CK) 12.55£0.67b  10.55+0.67b  12.48+0.53a  15.96+0.59a 14.78+0.27a  15.05+0.39a
RW-Js Ffrfie + 580 Hu 28 F Bk Je RW-Js+chloran-  15.77+0.55a  13.12+0.41a  11.16+0.33a 9.82+0.39¢c  7.43+0.39¢ 6.57+0.18¢
traniliprole
RW-Js FEE+ UK BRI+ S DR H K S-5585 11.35+0.32¢  8.77+0.09¢c  7.77+0.55b 6.78+0.25d  5.71+0.32d 6.94+0.38¢
T RW-Js+chlorantraniliprole+glutathione
S-transferase inhibitor DEM
Qb B LIt A AL MFO
Treatment 3h 12h 24 h 48 h 72 h 96 h
RW-Gy FH¥ RW-Gy population 1.09£0.02¢  1.11x0.06c  1.04+0.07d  1.13+0.06c  1.18+0.09d  1.21+0.08d
RW-Js Ffti¥ (X #8) RW-Js population ( CK) 2.2840.06b  2.34+0.07b  2.51+0.17b  2.38+0.11b  2.60+0.18b  2.52+0.13h
RW-Js FhBE+ 400 25 B Bk RW-Js+chloran-  2.83+0.03a  3.19+0.09a  3.59+0.12a  4.38+0.12a  3.52+0.12a  2.96=0.16a
traniliprole
RW-Js ﬁﬁ¥+’%£z§ﬂﬂ@ﬁﬁ+zﬂj BAILEE  1.03£0.03¢c  1.25+0.05¢  1.78+0.13¢  2.11+0.08b  1.96£0.09¢  1.96+0.09c¢

7] RW-Js+ chlorantraniliprole+multifunc-
tional oxidase inhibitor PBO

PR S E R RISV R ARG PR R 22 5 3 (P<0.05) .

Dates show as means+SE. The data in the same column with the same letters mean significant differences ( P<0.05).

24 THEEFIESIHFPEBREITEKEBRPE
AR

bR IR TR 25 2R (3R 3) KB RW-Js R
FEK G AR DY 4 PRI EETE £ 5 RW-Gy FpfE TG
FH2E5(P>0.05) ; RW-Js FHERG K 42 Y Rl i 28 S o
ARG LC, A AL B 3 .12 h CAT 36 43 51 42

= 17.99% .26.45% , 5 % I 22 5 i 3 ( P<0.05) , &b
PR 72,96 h LT RE R % 26.59% (37.83% , RN
SEIAE IS T POD 1 M AE S HUR H BERE 1L.C,, 571 2

AEPRJE 12,24 h B35 TR (P<0.05) |, HAx ]
B 5 X IR Z 6] JC W 3 25 5% (P>0.05) ; SOD i PE7E
FHURFBEN: LC, R AL H S 3~24 h PN HEXT HE 42
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5 3.25% ~7.92% , ik 8. 2 5 (P<0.05) ,48~96 h
ST IE 2 N 3 (P> 0.05) 5 40 U FY B g

LG, FHE AL BEAIRGE K S F TexR 6 P 78 384N 5 S
BN 5 X IRTC 3 22 57 (P>0.05)

x3 TELEBAKBGRRIPEELLES

Table 3 The specific activity of protective enzymes in L. oryzophilus under different treatments

BAA; Unit. U - mg’l

W RAL S CAT

Qb B
Treatment 3h 12h 24 h 48 h 72 h 96 h
RW-Gy F#f RW-Gy population 11.23£0.47¢  10.83+0.33b  12.73£0.35ab  11.50+0.32a  10.84x0.10a  12.08+0.46a
RW-Js Ffifif (X} ## ) RW-Js population ( CK) 11.67£0.41¢  11.57+0.43b  13.77£0.57a  10.09+0.49b  11.47+0.38a  12.82+0.23a
RW-Js Fife+ S U8 e RW-Js+chloran-  13.77+0.49b  14.63£0.52a  13.07£0.61ab  9.22+0.49bc  8.42+0.26b  7.97+0.17b
traniliprole
O3l &L POD
Treatment 3h 12 h 24 h 48 h 72 h 96 h
RW-Gy Fifif RW-Gy population 6.7120.46b  6.92+0.20bc  7.11x0.17b  7.30+0.21a  6.52+0.32a  6.81x0.16a
RW-Js Ffff (% ## ) RW-Js population ( CK) 6.89+0.29b  7.25%0.13b  6.93x0.09b  7.17+0.18a  6.81%0.20a  7.09+0.12a
RW-Js Fffif + 58 H 28 F ke RW-Js+chloran-  6.58+0.17b  8.28+0.21a 8.96+0.15a  7.34x0.29a  6.97+0.17a  7.23%0.15a
traniliprole
Qb B ALY B AL SOD
Treatment 3h 12h 24 h 48 h 72 h 96 h
RW-Gy Fl#f RW-Gy population 79.39£0.98c  82.07+1.47b 78.43+1.65bc 79.71+0.56bc  81.33+£1.04a  83.24:1.04a
RW-Js it (%18 ) RW-Js population ( CK) 78.67+1.37¢c  81.88+0.94b  80.47+0.98b  81.47+0.83ab 82.25+1.19a  81.25+1.20a
RW-Js Fffie+ 58 H 28 F ke RW-Js+chloran-  81.23+1.48b  85.63+0.55a  86.84x+1.18a  82.84x0.95a  83.52+1.28a  82.52+1.28a
traniliprole
Qb i A FR 1R R TrxR
Treatment 3h 12 h 24 h 48 h 72 h 96 h
RW-Gy ## RW-Gy population 0.767£0.027a  0.780+0.017a  0.823x0.023a  0.803+0.012a  0.746x0.023a  0.743+0.019a
RW-Js Ffifif (% #8 ) RW-Js population ( CK) 0.746£0.030a  0.773+0.030a  0.847+0.038a  0.813+0.012a  0.697+0.047a  0.830+0.023a
RW-Js FhiE+ 50 BUE k2 RW-Js+chloran-  0.75320.021a  0.850£0.021a  0.850£0.046a  0.793x0.052a  0.843£0.027a  0.767+0.030a

traniliprole

R I EL bR RISV R ARG PR R 2257 B3 (P<0.05)

Dates show as means+SE. The data in the same column with the same letters mean significant differences (P<0.05).

25 THEIEFESHFABEIIFEKEEHEL
BEHSHRN
H ] 2 T Sl RO HH ot e Ak LR 7K 52 4% 1
AR WA KA g AR & AR R S X IR —
(225 S8 SR 2 Pt i Ak TR0 AR K 4 PR & AR
H W TG 52 ) H X AR A A L 5 i S i K
FE 6] FE X PR AT O d 28 AN LA AL (&1 2A) s K 42
&0y sEUBA DL AT HE XoF BR B SR 3 d, &)y e W B N & A
AT BRAEIR 6 d 247 (18] 2B) s R /K 5 i Y
LI | A e W B RN R A AR ) L BRAESR 6 d
(B 2C) s ARG Ak du h WL | % 2 e 0 0 1
XFHRAEIR 6 d, KR BITCH W25 % (&1 2D)
AR BN E AR I LC,, 77 it kb PEAS
JKGE WA [] He 285 19 ey e S50 e 0 280 o R O /b
30.20% ~35.05% , 45 H.Z5 H (8] B H 0B {E ol
8.7073k + A\ AT IR 13.227 3k - ATUZ034.17%

SEHUR H BRI 1.C.5 7] 8 ALk 3 FH e 1B A AR B R, %)
LA Y S Ay S Y gy R N YW g
Fe 151535 K 89.81% 84.12% .59.84% F11 55.89% , 5
XTRETCH B 25 53 (P>0.05) , 251, W 3AE5
S EE RS P T e b 3R ) A ) R 2 S G R K R R 4 o
WA R AR K R T, T B 4 R
FH (] )l R T T 1 BE A
3 g
3.1 kKBNS HREABROSRE

2011 AFE T IRAEPUNIAS SR LT | P VT 45 b 30
KRG Az (T 2= FT 42 2013) DUk, | R
FH ot e S L 52 T 24 7] — T2 12 M DX R 7K 4 HE B 45
B FEHELG ) (X A4 2012 X243 2020) , Gl
RH B R B S ERE KW — E A&
FERERESRAET 380 T H2h e xR
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Fig.2 Development dynamics of L. oryzophilus in the field
A HRA B A CL D — AR,

A; Overwintering adult; B: Larva; C; Pupa; D: First generation adult.
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