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Susceptibility to acaricides and detoxification enzyme activity of four

field populations of Panonychus citri
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Abstract The susceptibility of four Chongqing populations of the citrus red mite Panonychus citri ( McGregor) to four
commonly used acaricides, abamectin, azocyclotin, pyridaben and spirodiclofen, was investigated. The results show that
all four populations were least sensitive to azocyclotin, with LC,; values ranging from 209. 9 to 370. 9 mg/L, relative to the
other three acaricides. The Bishan population exhibited the highest level of sensitivity to abamectin; LCj, values of the
Wulong and Zhongxian populations were 12-and 11-times higher than that of Bishan population. Although the Beibei
population had significantly higher resistance to pyridaben, it had a low LCy,value to spirodiclofen. Investigation of the
activities of the main detoxification enzymes ( cytochrome P450 momooxygenases, glutathione S-transferase,
carboxylesterase) indicated that there was no significant correlation between resistance levels and detoxification enzyme
activity. These could possibly be caused by different strategies of applying acaricides in the field, differences in mode of
action between different acaricides and different resistance mechanisms in the four populations.
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B H (g ) = B HT LR 20 o A BT AR
Prbotk , H A T S B AL () X 2% He (g ) )
UM T RN & e i) AL, B AL () AR Y AL
SRR EERE R TR R (esterase, ESTs) 41l (0K
P450 [ Z ( cytochrome P450 momooxygenases,
P450s) , & Mt H K S - ¥ % B ( glutathione S-
transferase, GSTs) , B AMFFT R, W6 44 P9 400 924X
THERE 7 AR 1 o 2 0T BT 2 TR 2K L kR S K
S SRR D A N W TN 7 NG ]
Pt A T 7K i T e 25 22 o 28 R % i 5 7 A
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T A S B AR W T — 2R3 T S v B B
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1.4 BEmEESF

1.4.1 R EFEEEE (CarE) FEME S Van
Asperen (1962) J5 ik o Bk WU A7 4 JTC il fE i 15 200
Sk, A #E R 2% wh ik ( PBS, 0. 04 mol/L,pH 7.0)2
mL FoOKE A . F IR WE T 4°C,10 000 g
SEAF T B 15 min, WO EE W, G U S WA L R
W 75 L B R 100 L oo AR ZE MG (3 x 107
mol/L, & 1 x 10 *mol/L # i 7 % ) 7¢ i b5
A 30°C TR PR B 10 min, fITA 25 Ll i €55
(1% W R [E W B 35 5% 09+ 0 B o iR B4 LA 2+
SR SR A ) | Ak SE1E T AR AL 30°C T R I
SR 10 min, 7 600 nm b5 OD {E, Tl /i
EXT R OD {H 2 25 AR5 o-Z5 M br o i £k, 15 Hh AH
JO7 77 Wy, PR LAV T R S B A R R BIASOR
P2 T T L 7% 1 (nmol/10 min/g) .

1.4.2 BEKS -#% BB (GSTs) FENE
Z: I Habig 25 (1974) J5 5 o Pk IBUNT AR 42 JTCI M 1k
I 200 3k, in A Tris-HC1 2% #tp 3% (0. 05 mol/L, pH
7.5)2 mL Fykok# R A ST 4°CL,5 000
g AT B S min, ETHWR, dk2EAE 4°C 17 500
g AT B 15 min, 08 FIH W, U8 S BTN
MEGHE . 5 200 L K4 (0. 6 mmol/L CDNA [&] 6
mmol/L GSH LA 1: VRFR LI 2138 &) 78 M A3 {3
37°C T PRI SN 20 min, SR J5 44 100 L B ik [5] iE
WIS A, 37TC T i & 7E 340 nm b 5 min 4
oD ZZfbfH. M4 2 X GSTs % Jy B A ((wmol/
min) = (AOD,,,+v)/(e-L), H AOD,,, KWK
JE B3 8 B9 28 A AE (AOD,, /min) v A B B 4
F e NIREOL R EC [ 0.0096 L/ ((wmol-cm)
1oL oA (1 em) o AR I Mg 9502 1 3 & D &5
BOBRZIRH GSTs W% JJ (nmol/min/ pg) o
1.4.3 HiE R P450 BN A Ef (P450s) iF 4
E £ M Brogdon 2 (1997) , Penilla 5 (2007 ) Fil
Tiwari 55 (2011) J5 o Pk WORT A 42 JTC 56 e n 156
200 sk, AR BR 2% vhik ( PBS,0. 1 mol/L,pH 7.5)
2 mL Fukokis A s . SR 4°C,12 600 r/m

AT B 15 min, W B B W, 2 0B 5 B £
B o PN F 2 20 L Bk, 80 I i R B 52
W (0. 625 mol/L,pH 7.2),200 wL TMBZ(0.01 g
TMBZ i F 5 mL H EEF1 15 mL 0.25 mol/L, pH
5.0 MO WG AR B2 vhi) ,25 L H,0, %l (B
F3% ). KRN IARETFER25 ~27C) TR
N2 hJ5,7E 25°CF ,450 nm b #EAT AL, TH T
DB [R) % B OD (2 22 . MRIGANIE (4 &K C brife
£, 75 27 Wy, B DABE W Th S8 PR 8 A A D
R {a E P450 L 36 1 (equivalent units of
cytochrome P450/mg of protein, EU of P450/( mg
pro) ) o

1.4.4 BEEASENE S M Bradford(1976)
Ttk B 50 L i, 200 WL 2% 575 i G-250
LA 4450, R B B R 28 W (0.1 mol/L, pH
7.0) B A W, 25°C A& R ) W 10 min J5,595 nm
Ab OD {A, 155 i i [ % B8 OD fA = 22, AR 4 b5
e £ 5 F S & (pg/mL) o

1.5 HiESH

2 A% Ul 7] A 00 B A >R ] SPSS 16. 0 4T AR B
K EE ) NE B BB ik B LG . ¥
S M IRAREE LC,, #E AT LA, 15 3 H AR X o v 5 21
RR, F SPSS 16.0 #FATHINE 5 2041, 2 7 i
F 5 DR H IR 50 25 1k A7 i 3 1 A B 1
ZH BT .

2 FERE5HMH

2.1 HiEsE

2011 A 5 PR Ml DKM A7 4 JTClE X 4 oA ) 2 7
WHRWR BT SRR 1, NE AT
B A A TCHG 4 A b JH DR X — s ) 3 L e
R, BFE ik B LC,, 7E 209.9 ~ 370.9 mg/L
ZIE) X5 5340 3 e 25 19 Bt vk K OF 4 R — A
X B 1 7K - o

R A7 4 JTCIH6 AN [v) by 3 B XoF oy 4 127 3% A ) 445
LRI BE L) bR T B A4 TR 2 A ol BURK, LC, AU
0.6 mg/L, -4 FLAE g AH X OB R BE . b &5 Pl RE
X IR A LCso oA 1. 1 mg/ L, [A)BE L REEAR LE ,
TORMEA B TR R 22 5 LR BN EE R
ABSLFRE X BT 4 T R 0 A R M A s B T 12
FE A 1T A LCo, 14t 2508 TR X SR B

R A7 2 JTCHHG AN () R o o) = e 55 A ) 45
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R EPRALRT BRI R B 4 A M X A A
e TS b A 6 = W ) B A R B ey, e B B
A O R R A B L K ol R R X B
SRR AR BE % =M B 4 LG o B H 22 57
A 2 JTCHE A [] Sy S o 20 o ik il 2R A= 00 45
W], BE LRI 2R 30 oy B0, DRI Ay A R R
P o 4 /4> HE PR 080 R LG, (6.9 ~25.5
mg/ L) AR KU < BE LD AP RE  BCRE AR B
FEE LA AR b BE L R L E 3 M IX

Z 8] AR 2 JTCR X 16 5 52 5T M K S+ Rk,
i 0 R - R T 80U Al A B, R R B A Rk B
T4 1%

AR A7 22 JTC g AN (7] iy 2R Aol 1 Xof 2R i 15 4 g A= 00
SER R LR AR EE LCs, S 1.2 mg/ L #5 J AHX
R RE o [A) FCAR LE, G R A R X A
N3 A% ZE SRR WA B LRI R (L R RE Y
XU R I O 5 A5 AT 8 A, X 12 4 i LC,,
3 R AR G A R R

F1HE2I0H 4 4> 32 BT 4 Fh R R BT B 45 R (2011)
Table 1 Concentration probit mortality data for abamectin, azocyclotin, pyridaben and spirodiclofen
on four field-collected populations of Panonychus citri in 2011
. . - . o LG, [95% R ] N
A% 16 711 e 58 KEMB RO A% (£SE) LC..[95% CI] RR [95% B {5 R ]
(4
Acaricide Population n Stage X Slope ( = SE) 50 RR [95% CI1]
(mg/L)
n 24 B 2% BE1L BS 643 J % Adult 6.13 1.36 (= 0.14) 0.6 [0.5;0.9] —
Abamectin Jbfi% BB 662 A Adult 6.28 0.56 ( = 0.09) 1.1 [0.7;2.0] 2 [1;2]
HBH7ZX 678 FC I Adult 7.33 0.68 ( = 0.10) 7.3 [3.9; 21.1] 11 [8;24]
®FE WL 621 S0 Adult 3.99 0.43 (= 0.10) 7.3 [3.0; 57.3] 12 [6; 66]
= o
. R ZX 596 J % Adult 5.59 0.97 (+ 0.10) 209.9 [137.4; 291.6] —
Azocyclotin
®FE WL 585 S0 Adult 7.42 1.44 (+ 0.13) 228.1 [173.8; 287.0] 1[1;1]
Jt#i% BB 572 J % Adult 3.62 1.10 (= 0.12) 233.1 [140.3; 336.7] 1[1;1]
BE 111 BS 601 J I Adult 1.49 1.36 (£ 0.14) 370.9 [270.3; 479.5] 2 [2;2]
K I T
pﬁ_ﬁ% BE 111 BS 690 J U Adult 6.02 1.80 (= 0.19) 6.9 [6.0;7.9] —
Pyridaben
B WL 646 A Adult 1.34 1.64 ( = 0.31) 7.5[6.3;9.9] 1[1;1]
HBHE ZX 609 JC I Adult 0.82 1.41 ( = 0.22) 9.9 [8.0; 12.9] 1[1;2]
Jt%E BB 712 S0 Adult 2.45 1.47 (£ 0.20) 25.5[19.4;39.3] 4 [3;5]
L6 .
.EL? ?ﬁgﬂ, Juf% BB 594 410 Larvae 1.74 1.44 ( £ 0.26) 1.2 [0.4; 2.1] —
Spirodiclofen
HpE WL 477 ik Larvae  0.45 0.79 (= 0.18) 3.5[1.2;6.7] 3[3;3]
BE ZX 626 410 Larvae 1.70 0.70 ( = 0.17) 6.6 [3.0; 12.6] 5[6;7]
BE 1L BS 551 411§ Larvae 1.86 0.69 (£ 0.11) 10.2[6.8;16.0] 8 [8; 15]

Wi A PR R F IR (5 S 2 5 A (P > 0.05) .
Chi-squared goodness-of-fit test indicates no significant difference between theoretical and observed values (P >0.05).

2.2 &2 UE A E i 32 7 B 3R B2 B B8 ( CarE)
EENELR

CarE {H PR E AR ILE 2. 4 D B AR 2
] CarE S 3G MG ¥ & 257 (P <
0.05) . CarE &3% Jy AR EN/NESIAR UKy - 18 L b

HE AU A e R AR BE LD R R H DB AR
CarE [V 77 76 4 A 3 33 FpOBE o S (IR, A 1,75
nmol/10 min/ g, JCHEFPRE 2 FE R RE FUEE (L AP HE
CarE (1 [t 3G I3 [F) A8 B B 09 A X L6 {8 53 51
3.25 4.51 5.71 f%,
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Table 2 Comparison of the activities of CarE from four populations of Panonychus citri

CarE 7% £ CarE activity

kit HEHE&E —
Protein ( wg/mL) ISSCp]

Total activity ( nmol/min)

i
Specific activity (nmol/min/pg)

Population

b s BB 20.90 =1.25d 8.89 £0.73b 5.68 £0.36b
BE11] BS 4.95 £0.70a 4.70 £0.01a 9.99 £0.22d
P WL 14.27 £ 1. 04c¢ 8.46 £0. 14b 7.90 +0. 13¢
BE 7ZX 8.08 +0.61b 10. 57 =0. 23¢ 1.75 £0.39a

T < (R 9 B8 5 b T S ) 57 B R A 70 5 1 22 e (FRAT [RBT A 2275, P < 0.05) . TR,

Data followed by different letters within the same column indicate significantly different at 0. 05 level by Duncan’s multiple range

test). The same below.

2.3 HEBLNHAEMEMBESRER S -%B
B (GSTs) iFHMELSE R

GSTs {5 S5 2R U3 3, X 4 /> 1 B A R
GSTs Gl i 1y #EAT HL#, e BLAL G5 Bl GSTs &L 7%
J1 i, N 264. 58 nmol/min ; BB R EE GSTs B iE
1B A, Ky 41. 67 nmol/min ; 7 BE 1Ly Ff 7 AL B A
RE GSTs GG AR A4 . JUREFPRE GSTs G i
7183 T HALFIEE (P < 0.05)

KPERHE GSTs Ui Jyd /)y, AL G FAFE A% L

P G EL AP GSTs HLiE J1 2051 2 603. 09 nmol/
min/pg.727. 43 nmol/min/pg.1199. 10 nmol/min/
pgo ANOVA JpHr 4 SRR W, LG5 b e BE L A |
EERRE R GSTs LG J1 2 6] ¥ 00 8 3% 22 5, 6 5L
Rt GSTs LU I U0 0. 35 ey T Bl 1 B 1L o
FE(P < 0.05) . [A] 2K B 3 AR LG, 6% b R L BE
LU R R0 B R BE GSTs B 3% 1 A4 AR X HE A 4R Ik
N 2.84 .3.42 Fi15. 64,

®3 MBI 4 A IBREF GSTs FHELLE

Table 3 Comparison of the activities of GSTs from four populations of Panonychus citri

GSTs 1t GSTs activity

it HHE R

Population Protein ( wg/mL)

Total activity ( nmol/min)

B i

Specific activity (nmol/min/pg)

Jb#% BB 23.40 +5. 13D
BE LI BS 10.48 +4.42a
R WL 9.81 +0.26a
B ZX 4.69 0. 12a

264. 58 +70. 25b

111.80 +4. 86a

41.67 £8. 86a

112.56 +39.03a

603. 09 +162. 73ab

727.43 +251. 62ab

212.45 +45. 18a

1199.10 +416. 02b

2.4 HEETUEAEMEMEMEMER P450 2
& B (P450s) iE M E

P450s 1% P E 4550 W3 4. JLEEFHRE P450s
BT 74 K (14. 98 PASO 5207 ), [R) B M
(11.90 P450 ZE&L ML) FH HL , 22 52 AN %, H I 2%

fe TEELLFPAE (6. 04 P450 45 2% 57 ) Fi Ak B i
(7.72 PASO S50 ) o 4 A b BRFPHE P4S0s b
WGBTS, B BRI PASOs FLE 1 i/,
5 AE LY, BE L R | R AR ORE R RS AR P450s
FE 3% F1 B AR FEAE 43 50 4 1,05 1. 31, 1. 46,



24 TR A AT ARG A TCR L (6 A A 0 R = o = A 2 Tl O 1 L -+ 387 -

x4 WESIE 4 > HhIEFhEE P450s iE M LL &

Table 4 Comparison of the activities of crude P450s from four populations of Panonychus citri

P450s 1% P P450s activity

kit HEE

Population Protein (pg/mL)

RAE J1 (PA50 45550 )
Total activity (EU of P450)

LT 3 (P450 G530/ pg)
Specific activity (EU of P450/png)

Jt 4% BB 31.87 £5.67b 14.98 +3. 88b 26.91 £11.50a
BE 1] BS 16.43 +3.51a 6.04 £1.02a 19.42 +3. 16a
EQF% WL 24.61 £0. 50ab 11.90 +0. 22ab 24.18 £0. 33a
B H 7ZX 19.30 £0. 58a 7.72 £0. 58a 18.43 +2.01a
AJ . *lt:lho

3 itig

ARHEIE PR T R 4 4 i XONT AR 4 T H [
R, 3 ) %o o o 1 2R . = Ik 485 | ik 0k 2 1 Ll g 4
T AN ) 24 2 g 2% gl 700 AT T SRR M R AR 4
JTCHHG AN [7) b 28R 10 XoF BT A4 B 28 1) LG, FEFE R R 25
S [RVBE L FP R AR L, X R A 1) A X B A ARk
F 712 5,3 0T AE T M X R) it 25 35 5K R A7 TE
—EMIIEFR . 2009 A H ] PR W g5 R 8o,
s b 0T BT 4 TR 2R 9 LC5, A A 0. 02 mg/ L, 4
2 A s [ P 2 DX R A7 4 TG g S BT 2 B 2R 1 b
W TR ARSE,2010) o FE 4 oA g 5] o Al
A7 4 T e — e ) 3 B0 fe AN UK, 3X 55 2010 4F
BRIV 1] My DX A A7 4 TC g (8] B 1 W 0 2% 2R A
(Niu et al. ,2011) . SBE L FpEE 2R FpRE AT B
T BE AR B, bR ol 0 o ik il SR 1 80U 1 i A1, o b
S AT ARAE B PE W 45 L, & B OB R R
T B 5 2 I A i A T [R] 7 A P Y
M (R AE B E FFE , 2000 ; X1 Ak 42452010 ; Niu
et al. ,2011) . SE R & —Fh 2= R 2 R 6 7, A
2005 AF5] A E LK, PR R Y R B0 40 i K
g 3 P R A A el R P R 6 R 2 —  E X g
I 5 SRR B, AR B 9 SR P 4 6 o) R 6 1 3 AT T
V] R M AR 2 R SR, 4 A b B o T R
WG Y LCs 7E 1.2 ~ 10. 2 mg/L Z [i], [F] 5 KR AT 4R
W 45 B (2006, LC,, = 10.49 mg/L;2009, LC,,
= 3.29 mg/L) #EAT HL A, 16 B 7 S M XA A 42 T
ol X Rl T P K R I P R N 218 (Hu et al.
2010) o AFF5 & PR, B DS ML IX A A 4 TCHE i3 FH A
Wi 24 BT 2 0 Ik il SR AR T R 1 AR B, e A 4
A b FE R 356 H A 24 5700 7 A TR TR AR B 1 5 B
P, PR btk e B — R 2 ) 3 SRl T B AN R 2R
T 2R 5 390 =2 ) ) 6 4 2 AE 2% PR kR 1 BE

S (i ) K PN A 25 1 22 X 2% U () 590 9 4
AR T2 B () STt IE il b & e i) 32 2
K Z— o UTAFE A, X T A () 28 78 3% i 550 470 M AL 1
AW A N S A 4R T o B TR 45 (2003 ) i
Tk U5 TR I G T T A TSR T AR BB AR Y i
BEMEG ), R I BUIE G & b 2 D e AL (MFO)
M1 GSTs [36 P 214 B e v o 78 JE A7 R A0 i 0 3
o] Ak TR 2R PR AIL A A5 b e B, 3 AR G T
7303 5 7E 5T VETE Y o 72 b ke ) 5 2 AR
A, IFH MFO B8Rt R %8 H (He et al. ,2009) ,

Wik il R A Sy — 28 O A H 1 A% i 0 4 R
(METIs ) , 72 [& 2y Ah ) iz 4dE 1T, PRl 46 o o4 1
[ia) et AN T 2 Y, F 8 L 1 L o) R R AR A
2 RARIC N, AR OR I 45 R SR B, A (R
DAY b B e il 22 of mik gl 2R 57 A TS [ 7R R
TP, I A B[R] JHE At 258 Y 2% W96 57) =22 ) 7 7E 38 1
Ptk (Van Leeuwen et al. ,2009) , B2 A WF5EIEH,
R ol ) A R A AT T RE 5 MFO A CarE 1Y
TG PERE SR AT 5C , JF BAT OF 58 4 98t mk i R 9 /E M
BEAR AT BB A AE TP EE [ 19 NADH-CoQ % fLid
Ji it (8 TLZR 45,2003 5 Liimmen , 2007 ) i i X Af
A7 4 TG HE 47 5k B R B ek i &, OF F R A= 1k B
BRI, e LA A 42 I 4K ) MFO f CarE 1%
P P 8 5, 2 EL A G I 1 T RN e S 1) B i [
(i AR A F JFi2 ,2000) o 76 8 K PO 1] [7) 1 2
PR XoF Wk 96 1) P () AR s 000 ) B il b, X GSTs
A AT B R PEEAT ST, R LC, 5 GSTs LBk
FERIEME(r = 0.93) 1R T GSTs &5 TH
A 4 JTC G XoF wk s I 1) ik 2 A 388 2 F2 (Niw et al.
2011),

A AL 2 % W R A 4 R L I H R 5 A 3 il
IR IE C A 40 2248 19 Iy s, RO g | = SRR I 7
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XCH B = s 5 0 2 32 2 i TR 6 570 o RO A
AU A 22 35 X6k 5 o g 9 BT PR L BT 5T Ok B
i Tt [7) T il A ST T 0% e %) 722 1 7 S i i e v 2
Jl A e P B — 5 A VR T (Van Leeuwen et al. ,
2009 ) . T B -l A% DAY B AR R S T T Y G 0, 5
BNt = G B 1) BEUER M B IR ( Fergusson-Kolmes
et al. ,1991) . #Z HAY, [F A S = w8 5t AL
il BT A AR T B AR o AN W8, A7 ik — 20
e

W P E A TP [ 2T, WA AT T
TRE 6 0 R 6 T 11 R XU B Ay B e e R e 0
HAUHENLBE 217 A2 4 Ko 7 /K B R BIESE, 3R W]
TR I X MR G T R K P BB RS & R TR
P450s GSTs K [ B (ESTs ) f 2 A 5 fE J1 A4 1 52
A > (Van Pottelberge et al. ,2009) , i i A< BF 5%
20 v R A 4 TC G of B2 5 T 1) 1 W DU, O &85 5
NSEHAUE W 58 3 W, 0805 I B 1k KT 2 24
AN ZE NG SUIS R X TR (R Y AR S LR
WEFE 5 T 2 —

N T BRIIAT AR 4 JTCRIE A A = O ik 7 Tl 28 78
Xof T[] 2% 06 550 470 v i e 24 v RS B Y AR T AR F
X8 R A 4 TCIHG I A ol B B L R 7 L 28 o B A
BN 3 Rb A8 B IE AT T A b B B AR R M )
B, W05 Gl 3% K LU 3 o [R) 4 il % 06 500 1 e
B 4 S o B, IR A R BN T AF AE AR
UM DG o AN ] Ml X 2 (8] I 25 35 SR TR, 9 B
5 Hb DR A7l £ 6 45 A= W B IR 1 D0t O [ A7 el
ARG R Z AR 22 5 KR 5E T BN A 42 T ik
RN R 284k o AP A RIS T 01 e O )
W O3 T 4 Fh 2R, AR AP BE S 3 AR o A ]
A B () A7 S e vk AR BTV B B AR B 1Y
FEAE W] RE R 4 A Ml DX A 4 JTC il 4G 3 il T
PE R RO 22 1) 35 A A DG M 8 T A
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