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Cross-resistance of the imidacloprid-resistant population of Aphis gossypii
Glover ( Homoptera: Aphididae) to other neonicotinoid insecticides and
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Abstract: In order to clarify the cross-resistance and the change in related enzymes of the imidacloprid-
resistant population of Aphis gossypii to other neonicotinoid insecticides, the bioassay method was used to
determine the cross-resistance of different resistant populations of imidacloprid-resistant A. gossypii to
dinotefuran and nitenpyram, and the synergism of three detoxification enzyme inhibitors to imidacloprid and
other two neonicotinoid insecticides using cotton aphids of the imidacloprid-resistant population selected in
the laboratory, the Xiajin resistant population in the field in Shandong and the susceptible population. The
activities of detoxification enzymes and AChE of three populations of cotton aphid and the inhibition effect of
insecticides were determined through biochemical analysis. The results showed that the imidacloprid-
resistant population and the Xiajin resistant population exhibited no cross-resistance to dinotefuran, but
showed 5. 28-fold and 4. 89-fold cross-resistance to nitenpyram, respectively. Dinotefuran could
significantly inhibit the activities of CarE, GST and AChE of the imidacloprid-resistant cotton aphid.
Nitenpyram showed little effect on the activities of CarE, GST and AChE of the imidacloprid-resistant cotton
aphid. Carboxylesterase inhibitor TPP and mixed-functional oxidase inhibitor PBO had obvious synergism to
imidacloprid and nitenpyram, while had little synergism to dinotefuran. Glutathione-S-transferase inhibitor
DEM showed no obvious synergism to the three insecticides. Dinotefuran and nitenpyram could inhibit the
activities of detoxification enzymes and AChE of the imidacloprid-resistant conton aphid, with dinotefuran

showing significant effect. The results demonstrate the great application value of dinotefuran in control of the
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imidacloprid-resistant cotton aphid, and its structure can provide a reference to the development of

neonicotinoid insecticides in the future.
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AW Aphis gossypii Glover & [B]3# HiF R}, £ &
PEFR, RS, RAEHEZNRIREFERZ
—o MTHYERENEREE, RERK, BF
&, JTLAFERG EE WSR2 Bia (Wang et
al., 2001) , PR A HLBE, 25 H ER W A4l
B HU 3G TR = RSG50, BN I Xk £ 2% a5 7 A
TAREE®HZ5 M (Furk and Vedjhi, 1990;
Grafton-Cardwell et al., 1992; Ahmad and Arif,
2008) . FEEHHEGBAK LG FIM I LM ZMEHE, %
fife TARSFOIZG TR R S, Horb BRI ) B il
FE Nt He ok (imidacloprid ) . 4R T B & Atk R ok B FH Y&
BRI AN T R A AR AN TG i, I 2 e 85 6
B B P A b B — , SCHE B e bk R R )3 ]
BIREIERTKIA, 1999) , Wen 2(2009) Wil T
4 b X AEHE G ES itk Bk, S U
HHEG, HBTHEREEE 26. 6 ~147.8 £, #4riX E
KBIREHUKF 5 B 55 (2009) MR 23 [X R 52
TBURARET , FFRHZRN AT ok R N BUEIE T 27
R, MRAE RS Ak Bk HT i B HF] 24. 96 £%, kT
TR 5 AR 2255 ntt ™ AR B Y B X B R R 24
FItL R LB YA (Liu et al., 2003 ; Wang et
al., 2008) . FrHHGEZHRE R & T S W AHm3Z 14
MR R, VBT B Bt & (BR SRR TUIT,
1998) , BA R, K5 . MEHEEMNIEESE
SR E, B xR 3h Y SR (R,
1998) , R HATHABEEKR, BiiABCRESFH—3K
2550, HATHTEIRZE A ORI B o5 JEAH L R E N
ERrT g m L, HARE HETE NI AR B
FERFABF A, FEMMA SRR, g R
DK 0 e | e bk, e R | e RN R
ABIFSE B FEIR BT AL R PR 357 X HLAth B A U2 24 51
PR EHUER RS R2ZER, NMZEDT
HUARIE VA B P SR A S B R R
N, GRS 2450 18 F e i, [R] R oA A
FRHUAMEIRER A W EISTE R

1 #MR5EFE

1.1 AR
1.1.1 MRSFUEAHE(SS) . T2009 45 AR AL

RARIP R K T ARER, DR HS
gk 2y, Xt 2GR BBUR, ERE NA T
2R 2544 T AE B AR T 5 5%
1.1.2  FREFHUIEFRE (RT,s) . 42009 425 A =
2010 526 A, 752 P4 FH nbt B mboxst G50k i 28 TGS AL
HESRIRIE 45 AR, Xt PRIk 42. 19 £ AREF
HITLHEE T S IR £ JF 48 5L X (1988) 253 = 15t
2, EHIFETRTE 60% ~70% , K HUKIEM
BREE, BAHBPES ~5 s, HEFEL, Ff
EHB BB EE, R TF, XKL RL
PG RIS R
1.1.3  FReF E A (X)) : 2010 455 AR B IR
HEARAME, £I1R%E N LR R AR MR
.
1.2 #HRZ5 I R AR

95. 4% Nt B bk (imidacloprid ) JFU4S, 95. 8% ik iy
J# (dinotefuran)) J5 43, ILZREKG R 2 TAL A RAF

fts 95.7% M WE B (nitenpyram ) JE A, ILAR 52

BNV A PR F 7 s BERR =W (TPP) fL# 4,
A ARG B Ak (PBO) 98% JE, H
ARHELFAF 5 SRR (DEM) {h2
g, FgeEEon e s

UV-2201 BU 5043 000 BE, H A B EA A~
an; CR21 YR URESOHL, HAH AT Mo
1.3 FHME

KRB SR REATC RIS, AG%
FEE 5% Wt IR-80 fEFLALN, NE (4 trd, =
99.5% ) VE¥S o W %€ B K 245 351 43 31 FH K 7 8
5 ~6 IR BMIRTE BV BE A BE I R FIVRBE (1 ~ 15
mg/L) , B—WBEEALBEMR T 4 4, BAEMA K
BRWH— O RMRE, SRS LA T 50 ~
100 3k, DAVEZKALIE Jg X B, RH7 A 4 v K 5541
rRECH, BIEAZHI R 3 ~5 s, REHE,
IR ¥R G S BV 2 T 06 R, R AR R E
Fr, FRENBEERFE £1C, T E
50% ~60% , JHEEHA 141: 10D, AbHEJS 24 h s
FETE AL
1.4 ERHNHIFIXS 255 RO E S E FE

SN X (1994) 1 7 v T 2 Bl 41 ] 370 XoF 24
FIRIREAVE T, LA F 0 it He ik Bh BF (RT,, ) ik
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By, Ve P RR S5 AR AN [R] BT M SIS 1k H fie 5 E H
J A2, LA b PR XS B SR A A0 0 A
FFEZAH TPP, PBO I DEM, EA153 52 R BR AR G
(CarE) | Z I RESALEE (MFO) LI K 45 bt H ik-S-#%
W (GST) KM, # TPP, PBO Hl DEM 4} j
FANERYE R EC R 1% B3, - RZEBK R 50
mg/L; & 255 AN ERE A RO 1% &1, A 50
mg/L B R K 0K 250 R B R SR, R
FAR BB HTAL BAR ST , K7 A S0 ~ 100 k5
S RUF AR B TR RIPR 3 ~5 s, K ERIE S
BUR R 4 BB, 6T 24 h e A EImE R, St
3 WRES , DA 2G50 45 i LCs fHRRLAZY
FIFNIROGANR & 6 AR LCs [E 1T BB IE.

23] LCs 18
(Z530) + HEOR)) Lo 18
1.5 EgEMNESE
1.5.1 FGURHIE: X hEs: 200 Fank dumk, wkl
Jie i WE B B BV BT LG, AR 2 300 ~ 500 Sk
BN . UM ORI R A R RO E . &AL
FIEA 31K, 24 h J5R 2550 A FE B4R I T N RV Uk
W T 5 A E R

FH T BEE PRI 2 I BEUR . B 100 Sk 038 Bt T
BB SHEN, MA S mL 0. 04 mol/L BEERZE vl
(pH7.0), ZEVKIBHRM T K, KB T 4C,
12 000 r/min FES.0> 15 min, B V5B 20 f754E
H IR
1.5.2 W5 J7 i RERWEEE IS M E 2 I van
Asperen(1962) (177 1%, WA Lk, LR & W+
74 1 mLEGYE . S mL 3 x10 * mol/L o-BtERZEHE,
30°C/K ¥R 30 min JEAIA 1 mL B @5, ZEHK
& 30 min J57E 600 nm ¥ K T OD {H, #R4EH 1E
PR T B 2 1 S BT E 45 2R, % OD fH
PR T o

A 06 H BR-S-#% %% B8 G M U € 2 BR Habig 4%
(1976) W5, WA, RIMIBRGHRPEH 0.2
mL R . 2.4 mL 66 mmol/L B§ERZE PR (pH 7.0) ,
0.3 mL 50 mmol/L & J& &I 24 Bt H B /K W A 0. 1
mL 0.03 mol/L 2, 4-—fEEGEA, 16 27 CKIB AR
TRRLS min, 340 nm 5 OD {8, R4 HIVERAR
HER AR R & B TE 4551, ¥ OD {H %k
BLETE ST o

T EL 3 T T 0 PR T 7€ 2 BB Gorun 4§ (1978)
W, AW, RVESGWTEH 0.4 mL i
JE. 2.2 mLO.1 mol/L pH 7.4 HIBEERSE PR N 0. 1

AL SR =

mL Asch-DTNB (1:2)B&W, 27 CIER/KBIRGG R
i 15 min JFIA 0.5 mL 10 *mol/L {7 i E.H7K
VEW, 412 nm TUZE OD fH, ARHE G VE b5 o il 2
MERELSRONESER, 1158 Z LB RS L
G

EHIEE H & B E , R A Bradford (1976) i)
O G250 Jufapk, WENEFUR 0. 1 mL Tk
B, A S mL % D52 15 G-250 ¥, X HE
B0, 1 mL AR ESIR, 25°CHEIR/KYA 2 min,
£ 595 nm T E OD H, ARyEFRHE LK 1 B i
TE.
1.6 HEHITSHH

FAMEZER, FH SPSS 17.0 B RS 4T
Siitadr, WEFEEIEFER K LGy 5%, 45T
BIE £ SE Fon, RABE R 2081 (ANOVA) |, 4
ML SR BRR | 1k B e s T i 3 24 351 A R e R M e
BEAHSCRETE PR 3 4, &4 7dk4T thEk, F+H
Duncan [T R 2R 158, HITE 95% K
EHBERE.

2 HREHH

2.1 1REFR 3 FMEFTEREEGT R ERZENE

HIZR 1 ATLAE H, BRSO I (RT,s ) Xof Ak 2
WP 42. 19 £, EE:H A REEAR ST (XT) BbeiE
5 34.50 'ﬁ;lz; %E%Xﬂ‘ RT,s, XJ *ﬂﬁi@ﬁ’ﬁﬁﬁ
(SS) By LCsp a5 Ry 1.353, 1.257 #11.227 pg/mL,
RT,s 1 XJ X ok U it 43 1) O 1. 10 i 1. 02 %,
ﬂitﬂfﬂféﬁﬁﬁﬂl?k, {E%%E@Xd‘ RT45 ’ XJ *uﬁﬁ
JEAPREAREF (SS) B9 LCso 43| 13. 713, 12.693 il
2.595 pg/mL, RT, il XJ X 0E Bk BT P53 5135
5.28 F14.89 £%, LEGiIMERE .
2.2 Bk HRBRANME IE BB X 4 0T O ) SR BR R ER R 1t
BRIP4 A

HIZR 2 AL, RT,s, XJ F1SS 3 NEhEFAREE HIFR
BR TG A LU G 14378 0,522, 0.279 #10. 182 mmol /
mg pro + min; ML HRk LC, RIS, 3 FhEE
FRERTE B A0 EL IS 7109 R 0. 489, 0. 247 #11 0. 155
mmol /mg pro « min, H 3 H K5 H K 6. 32%,
11.47% F1 14. 84% , Forb X GURFPRE 40 i 20 2 55
THRAGUERNRE, KRBTSRk TR R 5R
PRI B BB MERRARA ¢ 5 IR IR LC,o 371 & 733! Ak 2
RT,s, XJ #1 SS Fh e, o4 3 7 51| 1% 66.28%
40. 14% F01 30. 22% ;5 & H & LC,o 7] & 7 5| ik 28
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RT,s, XJ #1 SS Fhif, HAm #5508 27. 01%,
24.37% F1 18. 13% , %5 5150 B K 1 Jig A 0 0 o Jig
XeFAURLL e RO U5F 4 2R BR TR B AR A B B i R VR
Horp DA B i A i 3R A 1
2.3 BKHBRFNGEUE B B X AR T 4K 9 5 Bt H RK-S-HE
BERE R H(E A

MFK3 FEH, RTys, XJ FSS 3 PNEIEARET A
P H RR-S-#e ¥ B LU 3% 1 43 51 0 10. 183, 7. 611 FiI
6.432 pmol /mg pro * min; FARLHLHK LC, 7] & A0
JG, 3 AR e H K-S B BE L IE 1 4
10.072, 7.589 #1 6. 347 pmol /mg pro + min, H 4

HIRHH0.11% , 0.29% F1 1.32% , H XUk
FOREBINGR R & T 2 DU, R IR X ik
BG4 5t 5 2 e H K-S 76 1 ) R BE I
A K BRHI LC,o 1l &2 Bl 4L B RT,s, XJ F1 SS
FhRE, 5 ] 2 53 53k 36. 89% , 26.57% Fl
19.98% 5 JfiE B LC,o 37 8 50 AL 3 RT,s, XJ A0
SS A B, H & Ko 5 HK6.74%, 5.27% F
3.14% o SEALHA K UM AR BE BT BT Atk B AR
W94 B HRK-S-Fe B B BB IR/ A, Hoep
QEADRRE YRS S s

®1 FETEKZGFI RGN E WA ENZNER

Table 1 The toxicity of neonicotinoid insecticides to the imidacloprid-resistant cotton aphid (Aphis gossypii)

27 MR #13% Slope BB (95% BIER) EARE e ¢

Pesticides Population Mean + SE LCs (95% F.L.) (pug/mL) Toxicity ratio
ik Ha ik Imidacloprid Bk SS 4,452 £1.659 0.329 (0.201 -0.407) 1.00
Btk RTys 6.562 +1.553 13.880 (10.936 —15.768) 42.19
=Xy 5.013 £1.079 11.349 (8.348 —13.193) 34.50
ik i ¥ Dinotefuran Bk SS 4.760 £1.140 1.227 (0.872 -1.433) 1.00
itk RT,s 2.454 +0.759 1.353 (0.245 -2.185) 1.10
HHX) 2.263 0. 808 1.257 (0.061 —2.289) 1.02
7 Hi % Nitenpyram Bk SS 6.126 +1.292 2.595 (2.081 -2.942) 1.00
Btk RTys 6.470 +1.267 13.713 (11.560 -15.210) 5.28
B X]) 5.796 £1.226 12.693 (10.053 —14.432) 4.89

BUHEAE B = PidE R BER LCso 1/ R — 2570140 BRS SUR R BE I LCso fl o Toxicity ratio = the LCs of the resistant population/the LCs, of the susceptible

population treated with the same insecticide.

F2 Bk BRANEIE R AR Y R B BRI RO I HIE A
Table 2 CarE activity of cotton aphid ( Aphis gossypii) treated with dinotefuran and nitenpyram

AEPRA LETE

X B HE T

2551 HRF R LCyo . - . . M=% )
Peticides Population (pg/ml) Specific activity of tree.itment Specific activity of ccrntrol Tuhibition mate
(mmol/mg pro * min) (mmol/mg pro * min)

Nt H Mk Imidacloprid RTys 8.947 0.489 +0.011 a 0.522 +0.009 a 6.32
XJ 6.299 0.247 +0.008 a 0.279 +0.005 a 11.47

SS 1.143 0.155+0.001 a 0.182 +0.008 a 14.84

1 S Dinotefuran RTys 0.697 0.176 +0.003 a 0.522 +0.009 b 66.28
XJ 0.632 0.167 +0.008 a 0.279 +0.005 b 40. 14

SS 0.604 0.127 +0.005 a 0.182 +0.008 b 30.22

JA e U Nitenpyram RTys 9.234 0.381 +0.018 a 0.522 +0.009 b 27.01
XJ 8.691 0.211 +0.008 a 0.279 £0.005 b 24.37

SS 1.603 0.149 +0.006 a 0.182 +0.008 a 18.13

PRI 3 WEE N PBEL + SE, W47 5 AR FRERR A B4 53 AL Z R 22 5 B3 (P < 0.05) o AP X B2 435 Hy £ 2557
AL BN A P24 700 b B FO AR I BRI LETE 0, 8 = (O HREEL A LU ) — AL BREH R LUTE 70 ) / %) BRAL i LT /) o The data are means of 3 replications
+ SE. Different letters following the data within the same row indicate significant difference (P < 0.05) between the treatment and the control. The
treatment group and the control group are those treated with and without insecticide, respectively. Inhibition rate = (specific activity of control — specific

activity of treatment ) /specific activity of control. F2[fi] The same for the following tables.
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F3  BRHBRFEIE R ENRTE R GST E R MEI MR
Table 3 GST activity of cotton aphid (Aphis gossypii) treated with dinotefuran and nitenpyram
21 KR LG, . &bﬁéﬁ HiE S .Xa‘,é"éé.ﬁ .HG?EJJ (%)
Peticides Population (pg/ml) Specific activity of tree.ttment Specific activity of cctntrol Tuhibition mate
(mmol/mg pro + min) (mmol/mg pro + min)

itk Ha sk Imidacloprid RTs 8.947 10.072 +0.064 a 10.183 +0.128 a 0.11
XJ 6.299 7.589 +0.527 a 7.611 £0.047 a 0.29

SS 1.143 6.347 £0.397 a 6.432 +0.061 a 1.32

1k 1 % Dinotefuran RTs 0.697 6.426 +0.080 a 10.183 +0.128 b 36.89
XJ 0.632 5.589 +0.150 a 7.611 £0.047 b 26.57

SS 0.604 5.147 £0.461 a 6.432 +0.061 b 19.98

J0E 1 i Nitenpyram RTys 9.234 9.497 +0.342 a 10.183 +0.128 b 6.74
XJ 8.691 7.210 +£0.148 a 7.611 £0.047 a 5.27

SS 1.603 6.230+£0.249 a 6.432 +0.061 a 3.14

2.4 BKHBRFNNE IE AR X 4 9T 4K 9 Z Bt B 58 e B
R EIER

F 4 RY, RT,s, XJ F1 SS 3 MFIHEAR I I £ Bk
JIE5% e B ( AChE) Eb i 7743 5124 0. 369, 0. 239 Fi
0. 190 mmol /mg pro * min; FAkH MK LC, 3 &AL HH
J& , 3 ANFRE S BEAE B B Y e i 439000k 0. 361,
0.231 #10. 181 mmol /mg pro + min, FAH|Z 55|
K2.17% , 3.35% Fl 4.74% , <B4t e mksief 14
P AChE FRUREE M A FEAIR; mk i LC, & 2
HIAL B RT,s, XJ F1SS R e, Hm &l 2705
50.41% , 34.73% #125.26% , 3 PFhEER) AChE X
Wk AR BURE; J 0E U LC,o 7 B 43 AL B RT,s,
XJ 1SS FhEE, HAmH 51k 20.05% , 14.23%
F110.53% , 3 NFhEER AChE Xt 43 BE B i th 3%

2.5 3 T o 7R xot R R 3K 2 7R Y SR S 4

TPP, PBO #l DEM 53 5l 2R ERBEHE (CarE) | £
IRERACEE (MFO) F4s ot H RK-S-#% 5 B (GST) i
IR, mR S AE S, B BT ek R R
(RTys) , 3 7l0n i 550 F R o bk Fr) 38 280 2000 311 36
2.32, 1.98 1 1.07 %, RHRMRE AN Z IEER
PCBELE AR F T itk L obk B9 T4 PR BRAE A5 TPP,
PBO 7l DEM Xif 4 B i 1% ) 3 28 (5 2003 5l 5k 2. 59,
2.19 70 1.03 1, ViR ¥R BR MR B A1 2 2 B ML B 72
ATURF E PR 557 X 4 U Ek % FR) 58 B B0 R R R A
Fi; TPP, PBO 7l DEM Xif bk s i i 388 218 2050 5l ik
1.31, 1.67 F1 1.01 A, PS40 At oh B AR: 507 X ok bt g
ToSRE AU, 3 R AR E BN

T4 BRHBRFNGEIE BRI AR AT A ACKE R (E A
Table 4 AChE activity of cotton aphid (Aphis gossypii) treated with dinotefuran and nitenpyram

AbBRLH LT Ty

Xof B2 U3

257 HREF R LCyo ) . ) . MR (% )
Peaticides Population (pg/ml) Specific activity of tre:‘itment Specific activity of ctfntrol Inbibition Tate
(mmol/mg pro * min) (mmol/mg pro * min)

Nk H4#bk Imidacloprid RT,s 8.947 0.361 £0.017 a 0.369 +0.006 a 2.17
XJ 6.299 0.231 +0.007 a 0.239 +0.003 a 3.35

SS 1.143 0.181 +0.006 a 0.190 +0.003 a 4.74

1% B4 Jf Dinotefuran RT,s 0.697 0.183 +0.010 a 0.369 +0.006 b 50.41
XJ 0.632 0.156 +0.007 a 0.239 +0.003 b 34.73

SS 0.604 0.142 +0.009 a 0.190 +0.003 b 25.26

JA e U Nitenpyram RTys 9.234 0.295 +0.016 a 0.369 +0.006 b 20.05
XJ 8.691 0.205 +0.009 a 0.239 +0.003 b 14.23

SS 1.603 0.170 +0.008 a 0.190 +0.003 a 10.53
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TS5 3 FEGHD G 3T 7 A A 2 25 7 AL IR S A HR AR BF B9 SR
Table 5 The synergism of PBO, TPP and DEM to three neonicotinoid insecticides against
the imidacloprid-resistant cotton aphid (Aphis gossypii)

2| 401 59 #}2% Slope IR BE (95% BRI AL
Insecticides Enzyme inhibitor Mean + SE LCs (95% F.L.) (pug/mL) SR
itk d1 ik Imidacloprid 6.562 +1.553 13.880 (10.936 -15.768) -
+TPP 4.509 £1.209 5.991 (2.458 -7.377) 2.32
+PBO 4.811 £1.237 7.017 (5.312 -8.201) 1.98
+DEM 6.692 +1.284 12.949 (9.660 -14.921) 1.07
1k 1 i Dinotefuran 5.054 +1.233 1.285 (0.937 —1.487) -
+TPP 4.248 +1.207 0.983 (0.575-1.192) 1.31
+PBO 3.793 £1.259 0.768 (0.340 -0.958) 1.67
+DEM 2.608 +1.225 1.269 (0.054 -2.067) 1.01
4 IE HL % Nitenpyram 6.470 +1.267 13.713 (11.560 -15.210) -
+ TPP 5.046 +1.253 5.297 (3.891 -6.141) 2.59
+PBO 5.850 +1.532 6.269 (4.567 -7.177) 2.19
+DEM 5.333 +1.386 13.371 (10.103 -15.373) 1.03
3 i I KA 25. 22 find, kTAUpE RO

AR 24555 6] B 52 EL AL 1ol SR TR 128 2
FIRERTR IR, RIS, SR
ZEFBOR, M H ORI U o I T 5 — AU A Bk
RS (ERH R, 2001) , HL2AEEHIAREL, B 5™
HEARE it kR T =AU a1, H
S-SRI —E M A RKRR A, AL S R iEh
BT SR — AR AL BE 2R A3 — AU AR e 3R
(BEHSF, 2007) . ABFTERY, ZEATHEEL M
Lk HEL AR 42. 19 A5 AR ASF AR 20 o 5 W B g A D e K
5.28 0%, WiESLEHIME R, MIRGIIEREERT Ik &
RETCACE UM, FT BT, AR 7 55 T R X it H ik
PR RIKF LR, AN R D 26— AUBT AR R
HOLABZGFRI A BT 2 PR 5 B (ELHT At H AR 157 ol
HEXT RS20 (B AL 2 4 22 BRIk U A0 TE 32
bubk, AR B AT R E B2 Rl
BB, VR H i R A A 5 o 7T Pt ER PR 57 ) R R i
B, 26 H K-S 7% i K £ Tk RE 5k 163 FH) EL 3
T E BN 3 o I ) 0 4V PR35 o T A T i 2
AR AR AR AT 2% PAY G 49 2 T X A 0 SRR R AR AT
FRFEAE, (R ok L A 3 AR B R BT 5
I SRR B S8R S LR X 4 5 BT IR RS 25501 ) O 42
AT R A T B B B AN R B

HATPTIERI, SRERERAEA PASO i A A 7
PRI TR O itk k= A ST A B AL B
RIHESE (2008) BIFFE R I, Ptk L mfca pa i 6% B

P EER 2 Y B A LB AR R IR B 5 113598 ; 4%
M7 55 (2009 ) H5E X Ak Ha BT IR B 24. 38 £ AR
WHAR IR BRBRRE LG ) R BUR S R 2. 73 %, Bt
HAR-S-FEAEEG Y LIS 1 2 BURG R 57/5 . ABE
FERI, Xt HmbT A S 42. 19 R AR AU
WFAR AR BRI B LU 3 7 43 5112 0. 522 F10. 182mmol/
mg pro - min, FiPE i FR H HLIE J7 & BUR G R 192, 87
£, TIHU AR I AN URAR BT 9 23 I H BR-S-54 R il
Y EGTE 743 5] 2 10. 183 F16.432 umol/mg pro * min,
PG R I LTS SR U R0 1. 58 £, Z5 R UL
BEEDUERIIG N, AR IS P9 PR T B ) L Y
o, HrP R ERE EE I R, A DE H RR-S-F
HEINEENE , 33Xt PR AR I X v b AR B R B
FRERBEERE A O, TA B H BR-S-H B EETEST
PR R PR T IREAEM . R AN ER
ZUIRERALEE B N IR EI Y, H 2D RE S ALEE 1)
T B EDEARERHANIE . {EAHF5FIH PBO #17
FAM RS B, PBO Xfnik Mk LA B 2 3 351
F, HIHC AT DA 22 3 Be AL B T ) R AR A X
Ik = AL — . AChE BAAARS SHH
BRZEA R AR A R AR R, BB R Pt
FPHER) AChE 5 1 LU BURFPRE e, XTI B R 1R
A, EGH—BRAT

S bra =R VAL RN AN e A NS R
P, THEGIEMEEEHZGE RBENER, BEZH
FHEMBUEMEE. —BOokU, LR FIIRITITE



9 S BEIRAE + BT A HR SO S 0ok R AT AR B 2470 B 52 B S A SR 5 AR Al 1033

R 2 R 5| & Pt & J o BE 22 PR (Hoy
et al., 1980; Roush and Hoy, 1981) . [&]A H [A)F
BT PSS, SBOENEE N E S, Kbtk
RHEMERET K, B 20 4 50 FRLSKE, ILARER
WSFE T T AILE. BB, PR, PIERE
SR AL H ek oAy X0 PR T 8 0K T K 2 24 3R] Y Bl
1, AU & 2550 ¥ 7 A4 T B m K P B B
(Wang et al., 2007 ), T EL X a5 ok i) 40 M 3k
34.501% . WEFTOL Rk ER R LR R A, W EH A AR
S X bt R PR R R LR . DUPE ML R BT AR
THGUER, FEATHUEXK IS, (BXT H AT
FHHEIREIE SR BN S5E HRGTEREEXT
FUBFSE, ATAEER— 2450 Bt UK A 25 A |, B8
SETH FY AT RO 3 SR g AL, e
BHERA X R
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