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Abstract [Aim] To measure changes in the activity of protective and detoxifying enzymes in the F, and the F; generations
of the 3rd instar of Riptortus pedestris nymphs exposed to different concentrations of thiamethoxam. [Methods] Reniform
soybean seeds soaked in water were immersed in 25% thiamethoxam WG that had been diluted with different amounts of
water to obtain LCyp (5.2 mg/L), LCy (11.2 mg/L), LC3z(19.6 mg/L), LCy (31.6 mg/L) and L Cs; (49.4 mg/L) solutions. Water
was the control. Fo nymphs of R. pedestris were fed the treated seeds for 24 hours after which changes in the activity of
peroxidase (POD), catalase (CAT), superoxide dismutase (SOD), acetylcholinesterase (AChE), glutathione S-transferase (GST)
and carboxylesterase (CarE) in surviving nymphs was measured. Another group of nymphs was placed in cages and fed
soybean seeds treated with water until F; generation nymphs had developed to the 3rd instar, after which changes in the
activity of POD, CAT, SOD, AChE, GST, and CarE were determined in vivo. [Results] After treatment with different
concentrations of thiamethoxam, the POD, CAT, SOD, GST and CarE activity of F, generation nymphs was higher than that of
the control group. POD, AChE, GST and CarE activity of F; larvae were also higher than that of the control group. The POD,
GST and CarE activity of F; larvae was higher than those of F, larvae for all treatment concentrations. AChE enzyme activity
of F; larvae was higher than that of F, larvae for concentrations in the range of LC,-L Cs,. Protective and detoxifying enzyme
activity in Fp and F; larvae was positively correlated with thiamethoxam concentration. [Conclusion]  Fo R. pedestris nymphs
detoxify thiamethoxam by increasing their POD, CAT, SOD, GST and CarE enzyme activity, whereas F; nymphs detoxify
thiamethoxam by increasing their POD, AChE, GST and CarE activity. The observed changes in POD, AChE, GST and CarE

o B 3244 Chinese Journal of Applied Entomology 61 %

enzyme activity may be the mechanism responsible for pesticide resistance in R. pedestris F; nymphs.
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F 1 BHIENSESE F A SRERNSANE
Tablel Concentrations corresponding to different
lethal concentrations of Fy generation 3rd instar
nymph of Riptortus pedestris

FOILUEFEIR 2y (mg/L)
Lethal concentration index Reagent concentration (mg/L)
LCyo 5.2
LCyx 11.2
LCs 19.6
LCy 31.6
LCso 494
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B, 4 A HT B 7% HURESEA T O AR 3% o fF 7 B
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i, RRALUTE (g)  fEPOK (mL) =1:9
FLE A S I A SRR IES , VOKBAIHK . 5
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(67.692 6 U/mg) ; Frfi b3z [m)Jcn 2% 5% CK 4bFH 4 0.058 0 U/mg, LCyo ZbFH i K T CK
(P> 0.05) (Kl 1: C) . AChE &+ LCyo (P<0.05), LCg. LCyofil LCsp 5 CK AZbEETCIE
AhFR (0.066 1 Umg) , HIKCH LCyp #bFE 225 (P> 0.05), LCobBRE R T CK (P<
(0.0626 U/mg ) , LCy At A (0.0529 U/mg ) ; 0.05) (Kl 1: D), GST FGIEEAE LCyo b FH
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Fig.1 The effect of soaking soybean seeds with different concentrations of thiamethoxam on the activity of
protective and detoxifying enzymesin Fq generation 3rd instar nymphs of Riptortus pedestris after feeding

A HEAEYRE; B, A LERE; C BBAY LR ; D. JBHIBERRE; E AMHKEREE; FORRERNE.
B P HUE R PR EAR R, A B AF/NG F R AR B 7] 2 Duncan [C2H [LASAE P < 0.05 /K -5 3.
& 26, HEARPRH CK =35 KX, LCyo=5.2mg/L; LCyp=11.2mg/L; LC3=19.6 mg/L; LCy=31.6 mg/L;
LCsp=49.4 mg/Lo T[Ellﬁlo
A. POD; B. CAT; C. SOD; D. AChE; E. GST; F. CarE. Datain the figure are mean+SE, and different lowercase
letters above bars indicate significant difference between different treatments at the P < 0.05 level by
Duncan’'s multiple comparisons test. The same for Fig. 2. Abscissa axis CK = Clear water as the control; LCyo = 5.2 mg/L;
LCy =11.2mg/L; LC3y =19.6 mg/L; LCyp = 31.6 mg/L; LCso = 49.4 mg/L. The same below.
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B (41.224 2 U/mg prot), Lkl LCso b3
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Fig. 2 The effect of the activity of protective enzymes and detoxifying enzymesin the bodies of F; generation
3rd instar nymphs of Riptortus pedestris after feeding soybean seeds soaked with different concentrations
of thiamethoxam to Fy generation 3rd instar nymphs
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g M 7E LCoo A H i /5y (5.3805 U/mg ), Hik
5 LCso 4038 (5.040 5 U/mg), CK AbRHFAR
(28357 UImg); FiABRERT CK (P <
0.05); LC30 5 LCyo b BETE i 2 5+ (P> 0.05),
HAthgb ¥ a2 5 0% (P<0.05) (El2: A)
CAT FffifPEAE LCoso AP A i (44.927 5U/mg ),
HRA LCh kb3 (41.3321U/mg ), LCyolib Bl
fi% (21.977 1U/mg); CK 4b¥f % 27.885 2 U/mg,
LCobFE B ZEMET CK (P < 0.05), LCyx 5
CK MBI E2RF (P>0.05), HALL PR
FHET CK (P<0.05)(&2: B) . SOD itk
16 LCoo b Fi R 5 (75.3320U/mg ) , LCyohb¥ifR
fik (66.4695U/mg) ; HA LCy(72.9569 U/mg)
Ml LCso Ab P (75332 0 U/mg ) & T CK
(70.716 9U/mg) , LCyo il LCyo b3 i E KT
CK(P<0.05),LCs 5 CK AL G L& 22 (P >
0.05), LCao Fl LCsp b PR iR Z 5 T CK(P < 0.05)
(Kl 2: C) . AChE [il§iftETE LCyo AbH i 5
(0.0695U/mg ), HIKH LCsubHE (0.0684U/mg),
CK A3 (0.0555U/mg); LCy 5 CK b3
TREES (P> 005), HtkMHYEERT
CK (P<0.05)([& 2: D). GST Bl 7 LCso
AP AR (57.918 2 UImg) , HRCH LCoo b3
(56.5640U/mg ), CK kb3 (25.290 6 U/mg ) ;
A AL B 5 2 5 F CK (P < 0.05); LCy5 LCso
RITC R EXES (P> 0.05), HfthabRm a2 R
BFE(P<0.05)(® 2: E)., CarE G 1H1E LCso
bR E (1596 5 Umg), HIK M LCy i3
(1.4093U/mg ), CK kb Hi#AK ( 0.587 0 U/mg );
FiFA AL B T CK (P < 0.05) (F2: F).
XKW SOD 25 i e Lk Fo AR 3 0445 H X iy
W2 LCso MMFREACIA, CAT TEMEHUBEY | SVRE
Wy b & ¥A/E ], POD. AChE, GST Hi CarE
25 Fy AU OV [ e P e e e 1y it 2 ARl
23 ARARERRESESE FF F R 3
R E HRIPERNFSEEER WA LB
ANl B e e IS, X Fo Rl Fy AR e
S0 3 WA IR RN i R O TR R R AT
(K 3), &5FFEMH, % CK fl LCohbFR, Fo5

Fu At 3 #4345 Hi iy POD B TE TG & 225% (P >
0.05), HAhk AR, Fy U HLA) POD B
HREET R (P<0.05)( & 3: A), 1£ LCypo.
LCoo Fll LC3o b F T, Fy A HUIY) CAT Blih M ik
FZRT Foft (P < 0.05); CK Fll LCoib3H T,
Fo'5 Fi iU HLAY CAT BTG R A (P >
0.05); LCsob¥HT, Fy U7 Ay CAT il i1 i
FET Foft (P <005) (K 3: B), LCsokbHt
T, Fo A HURY SOD MG i & s T Fof(P <
0.05), HAWMKELHT Fo 5 FyfUA H SOD
FHEE L FH2ZS (P> 005) (KE 3: C), Fy
A HUY) AChE BTG ETE LCyo AbFE T BT
Foft (P < 0.05); CK 4 Fol5 Fy 075 ALY
AChE i 15 PE TG i 35 25 5% (P> 0.05); HAMKE
REFRR FUH5 By ACKE IS 1 B35 5 T Foft
(P < 0.05) (& 3: D), & CK Il LCyo kb3,
Al BEAL IR Fy A T GST il 6 P 1 3
T Rt (P < 005) (Kl 3: E), FAUAHRW
CarE fiii% 17 LCyo A FE N B EME T Foft (P <
0.05); CK AN Fo 5 F LR CarE B I 1 25 7
AEE (P> 0.05); HAWKEAAIE F AAH 5
mT Foft (P < 005) (K 3: F), XK CAT
Fl SOD & it 2t Fy fCAF BN HE I LCoso )™
gy TR 5, POD, AChE, GST Hl CarE
S Fy AT HO i HOWE AT v B e AR B 2
FR) X I

24 ARAREERBESREEKE Fof F R 3
RE R R EE T REXE

SIS FofC 3 1A HUBCE AN ] ve i ik iy
WRIR TS 1) K KT, o8 R W vk i 5 1 W 25 0
Fo Al Fy A B4 PN TG 19 28 AR A7 A S o3BT

(3R 2). S5RERW], Fo Ml PG BURP LR
Tty i B T R PR 2 S A FVR B R IE ARG, o,
FofUAF LAY CAT ., POD Fll GST il iifi 4 5 WE 192
W W IEAHDG, AHR R B0 0.76. 0.76
0.82 (P < 0.05), SOD Al CarE it} ¥4 5 24 71 v
JEM R EARDG, OGRS 0.88 Fil 0.99

(P <0.01); F A3 SOD i 5 24570 ik
JE R EIEADG, HXCHRECH 084 (P < 0.05),
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POD. AchE. GST Fl CarE i M 5 2455 e BE DAL B i fre i AR M O, O HLELAT 4k A%
WETEAE, MERBHIN 093, 0.92, 0.92 UM, Fo AR B A A4 il R0 A8 233 il 1 335 1 A
F10.92 (P <0.01), ixXFH7EME g 50k B v fbia$h 5 Fo AL, Hrh POD. AchE I GST
BN, W TR T A% Fo O HRUR BREPER I R AR AL .
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Fig. 3 Difference analysis of enzyme activity in Fyg and F; nymphstreated with the soybean seeds
dipped with different concentrations of thiamethoxam
A. IEAYEE; B, WEAER; C SREAYIELEE; D. CEEIHEERG; E. ADEH KRS, FORIRERRE .
P b BB R (AR LR o * SR AN [ Ve JBE Mg R R i K O P IR nl e i Fo U U, HE R MRS R AUA Y
R (B 2P %% Student T £330 P < 0.05 K22 5 i %
A. POD; B. CAT; C. SOD; D. AChE; E. GST; F. CarE. Datain the figure are mean+SE. * indicates significant

difference in the mean between the Fy and F; generations after Fo nymphs fed with the soybean seeds dipped
in different concentrations of thiamethoxam at the P < 0.05 level by Student T test.
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Table2 The correlation between thiamethoxam concentration treatments and the changes
of enzyme activity in Fo and F; nymphs of Riptortus pedestris
Foft Fo generation F. 1t F, generation

[x_\tl‘ = NN A ,'é\ = N ) N
et et CER smm T em e e BER zpm B g

LU e UM pkse pRRAEZ B <
Yl A e i Wi Bilg WMy S el ik i B i il
CAT POD SOD AchE GST CaE CAT POD SOD AchE GST CarE

WE IRk B

Thiamethoxam 0.76° 076" 0.88 020 082 099 058 093" 084 0927 0927 092"

concentration

152 TCOI T R ARG AT BT, 44T Fo Ry AR 1 5 18 HUBR IR B2 22 [R] AR DG HE o * 7R AHSCHETE Spearman AH G
PE4r#r P < 0.05 /K F-22 57 3, ** KR Spearman AHIEVEMTFE P < 0.01 K22 S i 3% .
Select the correlation analysis option in the multivariate analysis to analyse the correlation between Fy and F; enzyme activity

and thiamethoxam concentration. * indicates significant difference in Spearman correlation analysis at the P < 0.05 level, **
indicate extremely significant difference in Spearman correlation analysis at the P < 0.01 level.

3 itig

TEAS [ B2 e R () JpihaE X A i 2 i
Fo £ 3 &4 LR3Il A7 fgf 75 Wl 1) 36 A T oA
%P, POD., CAT Fil SOD fiff it bifi 24 77 e & (1)
T s B E TR, iR R 5RREES (2019)
FH W B 58 v B AR e 196 0 W 8 KR R4
Cyrtotrachelus buqueti 4 H# 3 d J5, 4)H %) POD
sG] s 5 SR (2017 ) FHECE
VI BOFE VR JE B 38 R P it i Tetranychus
cinnabarinus FEfCHEREE 24 h 5, HikKN CAT
Mt i PR AR AR AR SR ARk S (2016 ) FH U
IR 25 HE e i Ab B /N i Plutalla xylostella 3 #%
M 12h )5, HHRARPE SOD B PR fk a3
—H, FIR, sESE FofU LR AChE B
PERSE FIHE TR S S, GST M k5t
T JE TR, 1 CarE B G 3k 2 T =k .
X 5 2 R (2020 ) 5 W U ge Y 3508 ik B iy
i A F= KA Macrosiphu rosuomm 12 1 24 h
J&, HARN AChE BTG R—3; 57
VERRAE (2021) A 25 A I AL BN A -
8 12 h 5, HARPY GST i 1 A fk ka3 AH ] 5
53R Z A (12020 ) HIWE HZE BBk B X H 2
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AR BAN, AR T Foft 3 A
BB AN A B e R R ) KR G A1), FfR 3

WA LA PR LR ol R e 7 BTG PR R AR L a3 Bl
e R B Ty, B A IR CAT Al SOD il
TR TS TS, POD. AChE
1 GST G MW S 5 T, CarE BTG PEE
TRE LT X R LEAS [R] o 3 e He s b 3
T, FoftA B P-I POD Fll CAT i i $2 i
PSS | R e R G , F AR R
POD Fll CAT HEAHIAS [m] v i g s g 1 JifriE , SOD
W RETEER ST Fo AU B[R]k B g
R MR GST Il CarE i #2
FEES ST Fo Ml Fy A HUGAS ] e i e e
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AR O AN [] e J5 W o R 1 e A il o
TERFIVREBERIEIA T, Fol5 F R
i 3T I TR R LSS SRR, R AR
() POD MG PE7E rp | vk BE W HUR Ab B | CAT
F1l SOD MihHE7EME R LCso A0FET, DIK
AChE, GST Fil CarE [iffi M 7EAS [ i e s
T B ERT Fof, X R SESISG A
A (R AR a2 = i MR B il POD i 75 il
AChE. GST K CarE XJWg gtz /= i 257k .
ARG AEE NS, ] I e 0 2 0
Foft 3 e, oy 718 (R AR) Fb
B, JFIE T Fo Al Py A0S H A PN TS 22 1k
AR = B, AT 25 it 25 7 =X SR
B SRR R, T —
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