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Effects of sublethal concentration of bifenazate on the activities of detoxification
enzymes against red spider mite 7etranychus urticae
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Agricultural University, Lanzhou 730070, Gansu Province, China)

Abstract: In order to clarify the effects of sublethal concentration (LC,,, LC,,) of bifenazate on the ac-
tivities of detoxification enzymes against red spider mite Tetranychus urticae, the sublethal concentra-
tions LC,, and LC,, of bifenazate were calculated according to the virulence regression equation. The
changes in the specific activities of carboxylesterase (CarE), glutathione S-transferase (GST), multi-

functional oxidase (MFO) and their Michaelis constant (K,) and maximal velocity (v,,,) values during

60 hours were tested and analyzed after treated with bifenazate (LC,, and LC,,). The results showed
that the specific activities of CarE, GST and MFO were significantly induced at 6~60 h after LC,, and
LC,, treatments and the specific activities of GST and MFO reached the maximum value at 12 h, which
were 1.25, 1.60 times and 1.63, 1.84 times of the control, respectively. The specific activity of CarE
reached to the maximum value at 48 h, which was 1.27 and 1.37 times of the control. Compared with
the control group, the K, value of CarE significantly reduced, and its v,,, value increased significantly,
while the K|, values of both GST and MFO increased significantly, and the v, values of both GST and

MFO significantly decreased. The results indicated that all three enzymes were involved in the
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detoxification against bifenazate in 7. urticae, but CarE had the highest affinity with the substrate and the

fastest reaction rate, and played a leading role in the metabolic process of bifenazate.

Key words: Tetranychus urticae; bifenazate ; detoxifying enzyme; specific activity ; kinetic parameter of

enzymology
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WA B EISW 913545 GST . CarE \MFO B , 4 °C A%
5. R Bradford(1976) % D25 % G-250 1%,
FREL0.0125 g% 515 G-250, 1 T 6.25 mL 95% Y
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B8R LTS 77, RIS ) HA A pmol pg ! 'minT .
HRATTE SR (2010) 9 75 VA I a-Z8 il 2k .

Z: M Kim et al. (2006) /7 150U % MFO HLi6 1) .
DIXTAS B8 F kR SIS , 40 NADPH $ ity 7, 78
37°CF K 30 min, MFO ik & A= U8 B 346 FH A
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B , 75 400 nm A0 FHBEAR G H: OD{E o AR 48 % i
FEOR T b o 1t 2 FNBEIR 2R 1% 1 L B OD (B 45 5 Al
Fbi& 71, FiE 71 B2 A pmol- ug ™ *min™', 2 & falfH
F(2010) (7RI VEXT RS R B AR vfE i 42
1.2.4  B3h 5 35 HonE

Z: 1 Wilkinson(1961) 7 , ¥ GST i) CDNB
FiRERL 0.75.1.5.3.6.,12 F124 mmol/L, CarE JIEY) a-
PR ZE TR (% ¥ W A2080) F B AR 0.075.0.15.0.3.0.6
F11.2 mmol/L, MFO Jit #) X fii§ 5 4% W ik s B g
3.144.4.192.5.240,6.288 . 7.336 #l1 8.384 mmol/L , %
1.2.3 [ 1 A 5 5 2 EA T AR R 52 , R4 Line-
weaver-Burk SUFIBVE E 1 R R FH Excel 4744k 1
]9 Aok FC B K, R R S i Ry, 0 K,
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B IWAN IO R (- 10NN S i 7/ P AN N
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2.1 BRERBHER T Z 3R IHR0 T B 50 iR B
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0.991x, R IT{H =0.620, 1 5C R 4L R=0.992, 1155t
156 2R U T 6F B i 6 48 h Y IV BOPE K LC,, N
0.259 mg/L,LC,, "k 1.533 mg/L.
2.2 MR SERILLE S
221 FBEEBEES AT GST 8 iE

I RS LC o LC, A0 — BE M0 5, AR Y
GST i J1 (AR fh i 355 % BREAR — 2, 5T
Je BT = ka3, HLIAE 12 hak 8K A, 5351
4728.48 umol-pg™"-min” #136.31 pmol-pg™" min™", j&
X REAY 1.25F5F1 1.60 % o LC,, AbEE [ LU 76 J1 7E 6~
12 h BT}, 12~48 h 542 T [, 48~60 h [T, ¥ 8 3%
5T LC, AL FRAIRS BR (P<0.05) ; 1M LC, AL FRAY L 7
J1HE 6~12 h FTF,12~24 h F%, HLAE 24 h{K T 1A,
AbTFAMFIRZS , BEJS 7 24~60 h 2818 T}, & T
Xif B8, 7E 24 .36 h 5556 RO k25 25 55, HAv b #t i)
Y 3 TR (P<0.05) (B 1) .

i~ ——CK

36 48 60

KbERI 8] Treatment time/h
B 1 BREBHEE I BISE R E R X —BEM i GST L iE 1R %20
Fig.1 Effects of sublethal concentrations of bifenazate on the specific activity of GST in Tetranychus urticae
[ PSS T Y B bR . AN TR K/INE S BRI () — I ) AN [] Ak 38 7] — b BHAN [ Bsf 1] ik 2 18 L4 155 7 28 Duncan [G#7
AR 2R AE P<0.05 /K F-25 57 .3 . Data are mean+SE. Different uppercases or lowercases indicate significant difference in

the detoxifying enzyme activities at the same time between different treatments or in the same treatment between different times at

P<0.05 level by Duncan’s new multiple range test.
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Ab B 48 h B Ik B K, 5350 1.05 pmol- pg ' 'min™' il CarE Hif S 5XT IR B3 22 5540, LC,, LC, ¥ 3%
1.14 pmolpg 'min”' JEXT IR 1274581 1.3745%, blif5 & TXHIR(P<0.05), H LC,, 3 % T LC,,(P<0.05) ;
TE ML FH 48~60 h f A s B AL 6 h I LC AL BHAY  WFREZH il Sy 3 AE 60 h(&2) .
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Fig. 2 Effects of sublethal concentrations of bifenazate on the specific activity of CarE in Tetranychus urticae
Pl R P B RR . AR R/ ING 2 () — I TS () Ak 0[] — A PHLAS [] i [ igp-25: g U375 148 Duncan FOBT
22K FE P<0.05 /K F-25 7 B3 . Data are mean+SE. Different uppercases or lowercases indicate significant difference in
the detoxifying enzyme activities at the same time between different treatments or in the same treatment between different times at P

<0.05 level by Duncan’s new multiple range test.

2.2.3  BEEBHES X MFO # L& A 12~36 hil} LC,, SER#AIRJ5 T, 1 LC, A FRRFEEREAIR,

IR BRAR LC, LC,, Ab B — BE i 5, Ry AbFE36~60 hif LC,, A LC, AT R R AR, ST
MFO [biiG I FEAL B 6~12 h il b, 4b B 12 h BRARfERAASAR—3, HLC, M LC, AbBLIE 2 & X
Af 3k B e K AE L 49 50 0.031 pmol- pg'-min™ I BE(P<0.05) ; BRALFE 36 hist LC, M1 LC, AbFH ] i 2
0.035 pmolpg " 'min™' EXTHANY L.63F5A 1.84 65 AbBE 22548, LC, AbHIA i 55 F LC, b3 (P<0.05) (K13).
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Hei% #7 Specific activity/(umol-pg-min)

0.010 1 1 1 1 1 J

KbFER 8] Treatment time/h
&3 BARMHEE LB R E K B Xt B i MFO LEiE 7189550
Fig.3 Effects of sublethal concentrations of bifenazate on the specific activity of MFO in Tetranychus urticae
Pt R P B bn iR . AR R/ NG 7R [l — 6 1] AS [7) Ak 28 s ] — Ak A (] sF ] i 25 Flg L 145 /) 28 Duncan FGBT
B 22 A I 7E P<0.05 /K- 2453 1 % . Data are mean+SE. Different uppercases or lowercases indicate significant difference in
the detoxifying enzyme activities at the same time between different treatments or in the same treatment between different times at P<

0.05 level by Duncan’s new multiple range test.
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2.3 B NFEEHNE
231 GST##hh 3 wH

AR FRR LC AP — B i =, 7EAb PR 6,12 .36
60 hif, HOR FCH 5L K, .38 5 T X IR (P<0.05) , b F
12 h i} 5% & N 6.085 mmol/L, &b 3 24 h i ¢ ik Ky
5.435 mmol/L, i L TXFHE, 1 AbFE 48 h 5 %F HE TG ik
Fi2aS s RIS LC, AbHE — B v, AL 6

12,60 it B T3 (P<0.05) , kL FH 12 hit] K, %
{653,191 pmol-pg ™ min™, 4b5H 24 36 hith &5 T
Xt LB 24 hitf K, 462,112 pmolug 'min™, 48 h
U550 BT . M 22 5 o LCy Ab B BREM i I,
K, ¥ 2 v T B LC  Ab B (P<0.05) , 12 h i)
4 6.647 mmol/L, T v, 4 it F A% T-XF AN LC,, (P<
0.05),12 h%fik }749.020 pmol-pg " min"' (£ 1),

F1 BKABETIBILRERENES "M GSTHIH IFEEH

Table 1 The kinetic parameters of GST in Tetranychus urticae treated with sublethal concentrations of bifenazate

At i) K [GH % Michaelis constant/K RN HEK Maximal velocity/v,
Time/h XFE CK LC,, LC,, X E CK LC,, LC,,

6 5.456+0.003 Cc  5.639+0.011 Bb  5.798+0.032 Ad  59.772+0.184 Ab 55.556+0.159 Be 54.645+0.070 Ca
12 5.57540.002 Ca  6.085+0.010 Ba  6.647+0.019 Aa  57.471£0.060 Ae 53.191+0.101 Bf  49.020+0.382 Ce
24 5.482+0.002 Bb  5.4354+0.007 Ce  6.183+£0.006 Ab  58.824+0.018 B¢ 62.112+0.175 Aa 52.356+0.137 Cd
36 5.460+0.004 Cc  5.512+0.010 Bd  6.021+0.012 Ac  59.018+0.097 Bc 59.524+0.212 Ac 53.476+0.091 Cc
48 5.396+£0.007 Bd  5.436+0.009 Be  5.967+£0.042 Ac ~ 60.976+£0.092 Aa  60.606+0.198 Ab 54.348+0.116 Bab
60 5.570+0.006 Ca  5.607+£0.007 B¢ 6.165+0.004 Ab  58.140+0.073 Ad 56.180+0.155 Bd 53.882+0.053 Cbc

LR PR . [T RIS 58 FFURIR NG R 37 4 Duncan AT S22 R 1E P<0.05 KT 22 5

{23 . Data are mean=SE. Different uppercases in the same line or lowercases in the same column indicate significant difference at

P<0.05 level by Duncan’s new multiple range test.

232 CarE#93h /1 % &

XA FIR LC, AbBE —BEM- i 5, BRALEE 6 h Y
K, v, 5% BTG i 3% 25 5240, FLAT A B ] K, 1)
B ELT X (P<0.05) , Hirp 4B 60 h i) K B fikh
0.459 mmol/L, v, 34 i 35 /7 T XF B (P<0.05) , kb 3!
60 h v, fix = 4 2.632 pmol-pg ™ min™, LC,, AbFHE —
eI, H K, 3 0 T XS IR (P<0.05) , b3 6 h

i 5% /% 4 0.436 mmol/L, v, ¥4 @ 3 /5 T % B (P<
0.05) , &b 6 h i} Fe =5 4 2.754 pmol- pg " *min™'; 5
LC, AL FEAHEL , K, FEALFE 6,12 .24 .60 h i 2 Z (KT
LC, AbHH (P<0.05) , HE B[] JC i 2 22 5, 1M v, 7F
AbFR6.36.60 hitH] 3 5 T LC, Ab B, 12,24 148 h
HLC A TR EER (F2).

R2 BRAMBT B R ERENESE R CarE I N FEEH

Table 2 The kinetic parameters of CarE in Tetranychus urticae treated with sublethal concentrations of bifenazate

st fi] K ECH U Michaelis constant/K F KN 3 R Maximal velocity/v,,,
Time/h X HE CK LC, LC,, X HE CK LC, LC,,
6 0.452+0.003 Ae 0.449+0.002 Ae 0.436+0.002 Bd 2.665+0.003 Ba  2.666+0.002 Ba  2.754+0.003 Aa
12 0.474+0.002 Ad 0.462+0.002 Bed  0.453+0.003 Cbc  2.596+0.008 Bb  2.625+0.007 Ab  2.632+0.005 Ac
24 0.505+0.003 Ab 0.468+0.001 Bbc  0.457+0.002 Cbc  2.545+0.003 Bd  2.612+0.001 Ac  2.619+0.009 Ac
36 0.489+0.002 Ac 0.471+0.003 Bb 0.461+0.003 Bb 2.576+£0.002 Cc  2.603+0.002 Bc  2.623+0.005 Ac
48 0.514+0.002 Aa 0.480+0.003 Ba 0.472+0.004 Ba 2.531+0.004 Bd  2.589+0.002 Ad  2.597+0.003 Ad
60 0.511+£0.002 Aab  0.459+0.002 Bd 0.450+0.002 Cc 2.536+0.008Cd  2.632+0.003 Bb  2.659+0.005 Ab

R R R R . FATASRIRE R RS [F)/ING 7R 7R 22 Duncan [RGB =R 256K 50 18 P<0.05 7K-F-22 57
{2 % . Data are mean+SE. Different uppercases in the same line or lowercases in the same column indicate significant difference

at P<0.05 level by Duncan’s new multiple range test.

2.3.3 MFO#3h A 5% 3% AL T IR (P<0.05) , AbBE 12 h B 541K, 49 51 0
R FEE LC,, LC A0 B —BE i /5 BRALFE6 h - 0.043 pmol-pg min~' F10.042 umol-pg'-min™", H.B&
v, 50 IRJC 25 Ak, Ol A B R 38 AT 6,12 hitAh, LC, A FE 4 B &% T LC, Ab 3 ,
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LR/ B T

47%

TEADIE 12.36.48 h i LC,, 1 K, b 2 75 T X% iR (P<
0.05) , ZAbFH 12 h B F 5 M 4.031 mmol/L, H 43 i) [a]
S5X TN E 2% LC AN K, 1 B #F & T X

HE AR 12 hif 5% M 4.112 mmol/L, H7F A 36,
48 .60 hi i & T LC,(83).

3 BEMBR I BIE R E R X B MFO B 3h 12 E 5

Table 3 The kinetic parameters of MFO in Tetranychus urticae treated with sublethal concentrations of bifenazate

Fis} ] K IGH % Michaelis constant/K, F K 3 R Maximal velocity/ v,
Time/h XHE CK LC, LC, XHR CK LC, LC,

6 3.031£0.010 Bc  3.100+£0.077 ABd 3.218+0.010 Ad  0.063+0.000 Ac 0.064+0.000 Aa 0.062+0.001 Aa
12 3.25340.004 Ba 4.031+0.055Aa  4.11240.097 Aa  0.062+0.000 Ad 0.043+0.000 Bd 0.042+0.001 Be
24 3.136+0.005 Bb  3.332+0.106 ABc  3.529+0.004 Ab  0.064+0.001 Ab 0.061+0.001 Bb 0.054+0.000 Cc
36 2.9844+0.003 Cd 3.268+0.006 Bcd  3.365+0.006 Ac  0.065+0.001 Aa 0.0624+0.001 Bb  0.059+0.002 Cb
48 3.24440.002 Ca 3.761+0.052 Bb  4.024+0.023 Aa  0.062+0.000 Acd  0.048+0.001 Bc 0.045+0.001 Cd
60 3.128+0.006 Bb  3.150+0.013 Bed  3.5324+0.003 Ab  0.064:+0.000 Ab 0.063+0.000 Bab  0.053+0.000 Cc

RHBE P I B DR . [FAT AR RS i RSN RN 7R3 7R 48 Duncan [T & R 22 A 30 78 P<0.05 /K125 57

2% . Data are mean+SE. Different uppercases in the same line or lowercases in the same column indicate significant difference at

P<0.05 level by Duncan’s new multiple range test.

3 iTig
B MR YA 1 it B R S SRR AT ()
PR A AR AR . A Bk
JF g V. 55 B 57 B Ab BE T BE N3 )5, GST ., CarE Al
MFO i S 35976 R R BE B T, FEAS T B[R] A B
WG B B 25 5, U B ki o) iF AR
AR JIR TR 77 A — R %) I 38 I, 7 S i ] B mT
308 AR R LS T, DX A R I A fig A
HERE , AR B g e EC R TR P B , 2
5 IE 5 A A BEAC I, o nT R R IR Pl X — B
0 ) MU | M IR S A 3 TR A T, LR R B A
KNI AE | 2 WA IR kG X A 1 — BRE i fk
(2 B AT SR, 3 AR 2 5 T IR JHE S
(A f A
R G LC, b B S , AR N GST(BR 48 h) |
CarE . MFO (% 36 h) i i 1 ¥ . 3% & T LC, Ab
B, U0 BH B e o vl e vy, O Bk Pl Ak
i RE RS SV RO (., A AR IS A G
W R EE 5 (2018) TAK FH U A4 TR X 32 SR 2k ik Cydia
pomonella Vi N fif- B i (10375 S FH BE v 2 140 186 S T
58 5 47555 (2019 ) W5 25 S I, B 4 6 i o 6
JE I 9 GST Al CarE A9 155 54 FH BV B A 38K
TINS5 o AN [ i i il T A [ e R T 2R JF g ) S A7
FEZE 5%, T RE A BREN i 7E N [R] v B 1 245700 s
SR B — B A A7 0 (81 1656, 2005) o {HARLAG fF
SR LG0T B S AR P i e il o R B AR
FH, 4y 2 R 45 (2015) % 9010 35008 7] 4 1 960 o e

JHe X B SRR Spodoptera exigua %) HUAR N fiff 55
PEAAFFREE IR . B PkA (2016) HiiB 25
VI IR 7 SO0k B b B, /N3 i &) RIS DAY G T A
Z ) he A S 74k B S B, e e i A
FHHGE , M GST Feil JAUAEAL B 1 h i, ZJa
PR X AT BRI SR LA [ A 4%
AR o it 25 B O S e A (], 0 A0 5 5 AR 2
PEIRES A B AGSAT EEC R, RV A28 5k [
— & AN [F AP SR B N i R Bl TS 158
Mt 25 25 5%

fiti 5 12 HBUK AE A v, E 5 7E B P25 L
il FR VR A 3 A B 0T R A AR AR A
BRI 2 B R R 5 7 A 1 CarE ANMYUST TR
RO, WA R T AR, X 5 A
(2003 ) 538 AR -6 Xof oy 24 1 28 7 A pribk )i, HLA
N CarE 2 3 S HT 5 X PR AT (2012) & 30— B -
XoJ A R B A3 B T BE 55 CarE A KRB E5 18 —2.
A 1 E T2 (2000) 238 HHAE 4 )N Panony-
chus citri I N CarE {i 14 %) 338 i 2 S f 06 il 1 72
RN A R 1 oS AL T e AR (2012) & BBt
U BT A TR ZR UM FPREAAR Y GST 1 M v T USRI A
F/NEEE(2017) 238 + B B30 v Tetranychus
turkestani XJ BT 4E P& 28 77 A UM ) 32 22 5 R 0T RE 2
GST .MFO I P T e 5 X1 7 425 (2018) BF 5% & 3R
MFO i 77 3 b TH I A g Xof BT 24 7 3= 7 2
U2k R B EJE A [FR CarE FIGST 3 5 1 B4
FRPUET RIE AL AN R0 R AN R 245751
o [\ — 2550 A A BT LRI AS IS AR R , 7T fig 55 1
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AR B HE R 2500 B PRI e 24500 e g
] R A S VIR DG . ASWFFALIRT T HROR T XS
R gl RS A 140 0 R S 1 B Bl ) R
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IR 2 TN A 1 T3 — 2B 5T

& #¥ 3 Bk (References)

BRADFORD MM. 1976. A rapid and sensitive method for the quantita-
tion of microgram quantities of protein using the principle of pro-
tein-dye release. Analytical Biochemistry, 72(1/2): 248-254

CAO LJ, ZHOU XY, GONG YJ, WEI SJ. 2018. Molecular identifica-
tion and genetic diversity of spider mites on strawberry from 12
regions of China. Plant Protection, 44(4): 158-161 (in Chinese)
(ORI ZE, R, B, B2, 2018, TR [E 124 Hu X Riggn)
WIS T M ROBAE ZREE . R IR, 44(4): 158-161]

CHEN GJ. 2005. Occurrence regularity and control methods of 7et-
ranychus urticae in Pingliang City. Gansu Agricultural Science
and Technology, (9): 48-49 (in Chinese) [F4E 45 . 2005. —HKEnf
E-IU T ) e A MU S B T i R R RHEE, (9): 48-49]

CHEN LZ, WANG KJ, CHEN JM, LU ZX, ZHENG XS, XU HX,
ZHANG YF, YU XP. 2005. Effect of Tripterygium wilfordii alka-
loids on diamond back moth (Plutella xylostella) larval growth
and 2 detoxification enzyme activities. Entomological Journal of
East China, 14(3): 238242 (in Chinese) [FE% &, T FF 4, Mgt
B, BARSE, FBVRRS, IRELAE, SKEREE, ATIRET- . 2005, TEAEAY
B /NS e 4y R A I R FLA R B FR AR L AR AR B IR, 14
(3): 238-242]

CLARK JM, LEE SH, KIM HJ, YOON KS, ZHANG A. 2001. DNA-
based genotyping techniques for the detection of point mutations
associated with insecticide resistance in Colorado potato beetle
Leptinotarsa decemlineata. Pest Management Science, 57(10):
968-974

DESNEUX N, DECOURTYE A, DELPUECH JM. 2007. The subleth-
al effects of pesticides on beneficial arthropods. Annual Review of
Entomology, 52: 81-106

ENAYATI AA, RANSON H, HEMINGWAY J. 2005. Insect glutathi-
one transferases and insecticide resistance. Insect Molecular Biol-
ogy, 14(1): 3-8

GAO P, ZHOU YS, MENG XM, LI ZZ, PIAO JZ. 2012. Changes of
detoxification enzymes activity and analysis of their isoenzymes.
Journal of Shenyang Agricultural University, 43(5): 599-602 (in
Chinese) [, A £33, dokitf, 25000, AMTT-. 2012, k2
TR Y B e B ) 728 A S R AR ) TR AT . TR AR
MR #2447, 43(5): 599-602]

GONG Y]J, SHI BC, WANG ZH, KANG ZJ, JIN GH, CUI WX, WEI
SJ. 2013. Toxicity and field control efficacy of new acaricide bife-
nazate to the two-spotted mite Tetranychus urticae Koch. Agro-
chemicals, 52(3): 225227, 233 (in Chinese) [& W7, f1 54, T
PEAR, BEBL, R, fESCR, LR 2013, 7 B R R A
JHFE X BRIl 4 2 S IS B TR R . AR 24, 52(3): 225-227,
233]

HABIG WH, PABST MJ, JAKOBY WB. 1974. Glutathiones S-trans-
ferases the first enzymatic step in mercapturic acid formation. The
Journal of Biological Chemistry, 249(22): 7130-7139

HE FL, JIANG XY, SANG DL, YAO CT, TAN HL, LI XD, ZHANG
JW. 2019. Induction of the protective and detoxification enzymes
by cyantraniliprole in Agrotis ipsilon. Plant Protection, 45(2): 90—
96, 102 (in Chinese) [fi] &bk, 22 24E, i Je, Wk /=, 5L I,
ZEIAR, SKTFIE . 2019, PR R BN R0 X /N 8 R DR 7 B fi%
BRI PR 75 R0 . AR A, 45(2): 90-96, 102]

HE HG. 2010. Fenpropathrin and avermectin resistance, and esterase
gene cloning and expression in Panonychus citri (McGregor). Ph.
D Thesis. Chongqing: Southwest University (in Chinese) [ {i] fH
2R 2010, Ak 22 JTUIIE 0T F U3 P 70 9] 248 T 2% A0 B P i
KA e R 5 FAMFTE . 2 Ae 3. R PUR ]

HE L, TAN SL, CAO XF, ZHAO ZM, DENG XP, WANG JJ. 2003.
Study on resistance selection and activity of detoxification en-
zyme in Tetranychus cinnabarinus (Boiduval). Chinese Journal of
Pesticide Science, 5(4): 23-29 (in Chinese) [ #k, -4k, H /)
35, B, XS, EHEZE . 2003, AHS - AT 25 ML T S L
fREERTE MY . R 2242441, 5(4): 23-29]

JIA BT, JIAO P, YAMG SM. 2016. Effects of sublethal concentrations
of lufenuron on endogenous protective and detoxifying enzymes
in the diamondback moth, Plutella xylostella (L.). Journal of Plant
Protection, 43(2): 293-299 (in Chinese) [ %% A5 4k, £2108, 47 2 A .
2016. FAHE IR AL BOL e L X /NI 47 i 2 R AR B AR 05 0 7Y
SN AEYR AR, 43(2): 293-299]

KIM M, SIM C, SHIN D, SUH E, CHO K, 2006. Residual and subleth-
al effects of fenpyroximate and pyridaben on the instantaneous
rate of increase of Tetranychus urticae. Crop Protection, 25(6):
542-548

KUANG HY. 1986. Agricultural acarology. Beijing: Agricultural Press,
pp. 1-290 (in Chinese) [ . 1986. Al . LT A H
kL, pp. 1-290]

LI HX. 2006. Sublethal effects of several pyrethroids on Helicoverpa
armigera. Mster Thesis. Taigu: Shanxi Agricultural University. (in
Chinese) [Z=2x1ill. 2006. JLFLER L 2% g X H 4% i 0 BP0,
WL . B2 AR S0 KA IOl R

LIU LJ, LT P, LT HR, YANG HX, NONG QL, LIANG ZH, MA XH.
2018. Breeding of cassava Tetranychus cinnabarinus with abamec-
tin resistance and change of detoxification enzymes activity. Jiang-
su Agricultural Science, 46(23): 94-97 (in Chinese) [XI]i% 7%, 22
P, BEEL, IR, AR, BR1E, SANME. 2018, ARFARIPN:
SO IR AR TR 2R R B T B AR I TS MR AL VAR,
46(23): 94-97]

LIU QJ, LIU YJ, YU Y, ZHOU XH, MA H. 2012. The study on resis-
tance and its mechanism of Tetranychus urticae to several com-
mon insecticides. Chinese Journal of Applied Entomology, 49(2):
376-381 (in Chinese) [ X R 41, XA, T8, ML, B
2012, ZBEM: g 0T - R A 0 AP M i B H AL L
JHE HUAR, 49(2): 376-381]

LIU QJ, YUY, LIU YJ, MA H, ZHANG AS, ZHANG SC, LI LL,
MEN XY. 2011. Progress in the occurrence and control of Zetrany-



1154 [i- N7/ A= S 4745

chus urticae. Shandong Agricultural Sciences, (9): 99-101 (in
Chinese) [XIJRIH, T3¢, XA, B, ik m%, sk U, 22T,
1270, 2011, BEHEERY K 2k SRR RS EERE . AR AR
2,(9): 99-101]

LU CY. 2010. The molecular mechanisms of insect resistance progress.
Hunan Agricultural Machinery, 37(5): 253-254 (in Chinese) [ i 7
. 2010, BTGP AL BB St R . W R AR L, 37(5):
253-254]

MA SE, WANG JH, XU CR. 1998. Occurrence regularity and control
technology of Tetranychusurticae. China Fruits, (2): 34-36 (in
Chinese) [ Uk, ERLL, RAESR . 1998, B & A= FLA: K
BrifiEA . AR, (2): 34-36]

MENG HS. 2002. Comparison of the effects of two biological methods
on the determination results of acaricide toxicity. Plant Protection,
28(3): 49-51 (in Chinese) [ F1ZE . 2002. 1l 2 0 7 3 56F 3%
FEE TN E SR s HLE . RIS, 28(3): 49-51]

MENG HS, WANG KY. 2000. Selection and biochemical mechanism
of the resistance to pyridaben in Panonychus citri. Chinese Jour-
nal of Pesticide Science, 2(3): 30-34 (in Chinese) [ A4, £ FF
12 . 2000. A4 Ul ki R HTHE ML & SR AR LI . e 2y
4], 2(3): 30-34]

MENG HS, WANG KY, JIANG XY, YI MQ. 2001. Occurrence charac-
teristics of Tetranychus urticae and its control methods. Entomo-
logical Knowledge, 38(1): 52-54 (in Chinese) [# fllf=, T iz,
LEVLEN, AXSEST . 2001, BEM i R A fE AR AU BT IR R . R
HUHI, 38(1): 52-54]

SHANG SQ, LIU YH, LIU N, ZHANG CH, TA GC. 2018. Effect of
sublethal doses of fenpropathrin on the activities of detoxification
enzymes in Cydia pomonella. Journal of Fruit Tree, 35(3): 326~
333 (in Chinese) [ F 55, ML, X7, SKAEZIT, M55 . 2018,
45025 TR IV BP0 79 o % SE S 28 1% Cydia pomonella {15 2 1)
. SRR, 35(3): 326-333]

SHANG SQ, XUE YL. 2019. Effect of sublethal concentrations of bife-
nazate on detoxifying enzymes in Tetranychus truncates. Chinese
Journal of Applied Entomology, 56(4): 728-735 (in Chinese) [ i
FIF, BRI . 2019, PSS e BE IR R T RO - il i 2
RS2 . N B He 24, 56(4): 728-735]

TANG L, HE H, KONG F, YANG FX, WANG WC. 2017. Develop-
ment status and suggestions of strawberry industry in Gansu Prov-
ince. Gansu Agricultural Science and Technology, (12): 86-89 (in
Chinese) [V#%, BU3K, FLoF, R, £ TR . 2017, Hl 48 ks
PR SRR B L. OO RHE, (12): 86-89]

VAN LEEUWEN T, DERMAUW W. 2016. The molecular evolution of
xenobiotic metabolism and resistance in chelicerate mites. Annual
Review of Entomology, 61(1): 475-498

WANG GF, ZHANG YJ, BO LY, WU QJ, XU BY, ZHU GR. 2003. Ef-
fect of spinosad on the polyphenol oxidase and carboxyl esterase
in beet armyworm, Spodoptera exigua (Hiibner). Chinese Journal
of Pesticide Science, 5(2): 40-46 (in Chinese) [ T Y65, 5K & %%,

M1 B, R, Rz, RE{. 2003, 2R R XTI
T3 S AL IR R BR B A M0 . A 24252447, 5(2): 40-46]

WANG L, ZHANG YJ, WU QJ, XIE W, LIU YC, WANG SL. 2016.
Control effects of garlic intercropping on spider mite Tetranychus
truncatus on eggplants. Journal of Plant Protection, 43(6): 995-
1000 (in Chinese) [ ¥, 545, SFH, WHC, X MaTE, £/ .
2016. [RIFERFEX BB IS B8O . AR 24, 43
(6): 995-1000]

WANG XJ, BAO JH, ZHANG YN, ZHU RW, ZHAO YY. 2017. Selec-
tion for insecticide resistance of Tetranychus turkestani strains and
change in the activity of detoxification enzymes. Plant Protection,
43(4): 70-75 (in Chinese) [ F/N%:, ALY, SKHEME, HLIH AR, B
GRS 2017, - - T HH 96 X 3% 5 0] AT 3o R T O
J172EAk . FEYIIRA, 43(4): 70-75]

WANG YY, GAO N, LI HH, FENG GF, XIAO YP. 2011. Studies on
synthesis of miticide bifenazate. Fine Chemical Intermediates, 41
(6): 8-10, 13 (in Chinese) [ £ICIC, T, ZEMFHE, D HLEE, 1 W
- 2011 SRR R IR 04 5 A . R AL TP E, 41(6):
8-10, 13]

WILKINSON GN. 1961. Statistical estimations in enzyme Kinetics.
The Biochemical Journal, 80(2): 324-332

XU DD, LI WJ, ZHANG YJ, WANG HS, WANG SL. 2019. Feeding
and oviposition preferences of Tetranychus urticae on different
melon varieties. Journal of Environmental Entomology, 41(5):
1070-1075 (in Chinese) [#& 7P}, 45 SC#, A %, EWR, £
11 . 2019 ZBREPH 56 XA [ TG At o g SR 1™ B e P . BAEE
e di2#4), 41(5): 1070-1075]

YANG L, GAO JT, BAI YL, SHANG SQ, CHEN B. 2019. Effect of
sublethal concentration of scopoletin on activities of detoxifica-
tion enzymes in Tetranychus truncates. Journal of Gansu Agricul-
tural University, 54(1): 117-122 (in Chinese) [#%#%, = iE#k, FI
&, MRS, Bt 2019. H AT M EOAE e B0 HOY i Ter-
ranychus truncates fif 8¢ BEE VEAE (LAY SZMR . HA PO P24,
54(1): 117-122]

YIN XH, WU QJ, LI XF, ZHANG YJ, XU BY. 2008. Effect of subleth-
al concentrations of spinosad on the activities of detoxifying en-
zymes in the larvae of diamondback moth Plutella xylostella. Chi-
nese Journal of Pesticide Science, 10(1): 28-34 (in Chinese) [J' .
BOREH, BEE, KK, IR s 2008, 2R LB
JEXT /NS SRRE G R IG IRUREN . ARZGEAAR, 10(1): 28-34]

YU HL, XIANG X, YUAN GX, CHEN YQ, WANG XG. 2015. Effects
of sublethal doses of cyantraniliprole on the growth and develop-
ment and the activities of detoxifying enzymes in Spodoptera ex-
igua (Lepidoptera: Noctuidae). Acta Entomologica Sinica, 58(6):
634-641 (in Chinese) [ R, 1%, 5%, BRALE, £ 5.
2015, 5SS B I S BOVE TR i TSR A AR T A i
TEHE TR . B U, 58(6): 634-641]

(FTiEHH: 2 5t)



