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WE: HHR T KER(SA)Z AR 3T 42(CA) ot R R 8 At A — Sk 2 fdT E R AP T AR AL G ARG m, A
Cdphit F SARA 2t At 2 AH M S G AR N FH AT A G MR A AL, LR EN: (1)5& feixt Ak, 100
umol-L™" SAiZ At Bt & AHAAMHF T L 3F 5 XU BBk, (2185 2 FodT E 502 PG R K S F138m T 54.63%4232.94%; 4
SARE A1 000 umol-L'AF, %k & A ff & 5 &A1 F 498 3F £ 05 T4 T 5.33%493.33%, K55 T4 T 16.64%4227.76%; (2)
50 umol-L" CA4L 328 3% 5% T BAr 2 AHHAMAR 1 i3 B SU(H,0,) A4 B8R & T(05) 849 7= &, 3] T ARe9 1K mCdLL 2237
#9100 umol-L™ SAZA+4£ H,0,£20; /= & B E AKX, Cd4p#IARAR K A& K a4 A B Bl 32, BT, SAZ AT 80 23855 T Cdih
38T MY 2 A AR A AR B AL AL B (SOD) Ao 43R dn BR i B BEH(APX)E M. KT i B ABF(CAT) 89 &, %R
B SATZ FRCAHEF 49 F WA= &, XAPE MEZO 7T #6553 EASODAAPXE A X.
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Alleviating Effect and Mechanism of Seed Soaking with Salicylic Acid on
Reactive Oxygen Species Production Induced by Cadmium in the Roots of Two
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Abstract: Our study was carried out to explore the effect of seed soaking with salicylic acid (SA) on the seed
germination and seedling growth of two legume species with different cadmium (Cd) tolerance, viz. mung bean
and common vetch. The alleviating effect of seed soaking with SA on the reactive oxygen species production
induced by Cd in the roots of two legume species, and its mechanism was also investigated. Our results show
that: (1) compared with its control, the seed germination of two legume species was not significantly affected
by soaking with 100 umol-L" SA, but the root length of mung bean was significantly affected, increasing by
54.63% and of common vetch by 32.94%. The seed germination of mung bean and common vetch soaked with
1 000 pmol-L™" SA decreased by 5.33% and 3.33%, respectively, and the root length of mung bean and common
vetch decreased by 16.64% and 27.76%, respectively. (2) The production of hydrogen peroxide (H,O,) and super-
oxide anion (Oj; ) in roots of mung bean and vetch were significantly increased by the 50 pmol-L" Cd treatment,
but roots elongation was inhibited. By seeds soaking with 100 umol-L" SA before Cd induction, the production
of H,0, and O; decreased. In addition, after soaking with SA, the activities of superoxide dismutase (SOD) and
ascorbate peroxidase (APX) were increased but the activity of catalase (CAT) decreased, in roots of both
species. These results indicate that SA could alleviate the reactive oxygen species production induced by Cd,
and this alleviation is likely associated with up-regulation of SOD and APX activities by SA.
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B 7 ROR R S G, X EE RO RN S
K KRB A4 2> 7] 75 (FairbrotherZ52007; Rogan
2£2009; SwaddiwudhipongZ%2010). Mitt, Cdis 4
A BRI B NATI) OGVE, M CAtEY) ik, 1E
YICdifit PHEALER DL R 2 iy FE A C A PE ML B 58
B RS L P AR R A

WHFUR I, GARMEY I — M AR LR 5
HRE R PR B — 8 BIVE (R EALEE2002). i
T Wi (Vicia sativa) LAROEH BT . REREE,
T SR B 8 — AR PR N A ) GE s B 55
2015). FRATLAHT A 5E A B, AE 5 DL 100 A 2K
T HEE R A S RHEY T, 45 ‘Roxh.VC-3762°
X CA LR AURK, i Wi S P 4333/ Bfg — 2 1)
Cdii P (5K 25 %52009), FF K ILCAiie i X Jy Fi e 4
T 7 AN R R I A A 19 5 (Zhang%52009, 2011). 73
Ah, AN FEAUESE, /N3 185 4 B 7K M 1K (sali-
cylic acid, SA)R] DL it S AE A HUPE AR AR LA
G fife T4 5 1 36K R A0 34 1 P 49 5 (Drrazi¢ fliMihai-
lovic 2005; /K5 ££2012; Parashar2£2014; Belkadhi
2:2015). Mk, ASHEFE ACAIR 4 AN [F] 4% & Roxh.
VC-3762" F i & Bi 5 PEA333/A P Fh L RHE A
PRV, T 5T S AR il A B X C i 53X 1 FhAEL P AR 3
PR AR G SILHLBE, B AE IR S AICd
i PR AN C i e v BEER (A F BRI 3, SATY
A FRAE R AR IR R R TR

MRS 7EE

1 RIa Y

LM Bl N4k S [Vigna radiata (Linn.)
Wilczek.] CABUR A Roxh. VC-3762° 1 i 1 Hi &
(Vicia sativa L.) CAIfif P4 5l PEAL333/A° (T 5 5555
2009),
2 R

PRI 23 ks R /N — 5 ELARLG 1 2% &2 AT iy
HHEM T T, 10.1% (m/V)FHgCLZEATS min
R, 2 faHEE KRR Mk ka, T
25 °C R4 F0~1 000 pmol-L" JL64NK FE [ISATR
P16 he Jbja, Kt 1B TR 25 CHRIZMH K
25 e R (DLEE BRI R R R . RRAb 3
WIRELE, HEEE50RM 1. K26 da, &
G AR . KA, SR & B R R

Verh1 LAGERF — & B Ab Bk B 518 .

A2 73 Bkade K/ — B H A I Fh 14 T,
FH0.1% (m/V)FHgCLHEATS minf 3R HIH T, <5
R EB K7k, BEfG, 125 CHIRE ORI
100 umol-L™" SAEM 16 h. Phik &K % — S fFh 7
BT RAaEDMBERMES, WEETEEE
FRW[H A 0.51 mmol-L”' NH,NO,. 0.03
mmol-L™" (NH,),SO,. 0.097 mmol-L"' K,HPO,.
0.088 mmol-L" K,SO,. 0.38 mmol-L" KNO,. 1.30
mmol-L" Ca(NO;),. 0.27 mmol-L" Mg(NO,),.
6.6x107 mmol-L"' H,BO,. 5.1x10” mmol-L"
MnCl,. 0.53x10” mmol-L"' ZnSO,. 0.25x10°
mmol-L" CuSO,. 0.11x10° mmol-L" Na,MoO #Il
45x10° mmol-L"' Fe(I)-EDTA] {34 355k 15 55 .
KR 2 i EE 203 emit), KA R H— 214
B E ] LR E RS TR P gh 25 5 2
K210 cm. 2 J5, 4750 umol-L CACL #5537
WHEFR6 dfE Rk, MEA KEbr. SHEBE3 N EH
B, BEI PSS . EATE, & H 5
We N4l i LR BERR2 dEE 6 1 IS 7R (H
NaOHE{HCIifpH N5.2~5.5).

3 MEFE

K H M, FSFAE R ERK; DU 2 F
T HUMAFD T B8 Bx100% 1 5 Kk 28 3%, SODIEPE
5 2 B GiannopolitisFRies (1977)2. %, SODE
P B KR FHPAGE J7 7%, 6 14 &2 t4 R F Beauchamp
FiFridovich (1971)2.32:; APX i 14 i€ 2 i Nakano
FlAsada (1981)2 4, APXiE M HL Ik K HIPAGE 5
1%, 2 lRao%(1996) 2 % i th; CATFH I e 2 1
Rao%5(1996)2 7%, CATE M LR FHPAGE 75 ¥,
Z: M KlotzATHutcheson (1992)2 ¥%; O; =4 % i
ME Z M8 52 [FME | H(1990) 2 755 H0, & &l
5E 2 8 Jiang M1 Zhang 25 (2001) 2 5
4 YRR

JR U5 K4 K FH Excel 2488 43t il B, vt 43 i
K HIDPS ¥ A AT 2 7 W E AT

SKIEER

1 FEIKESAZRMI A ERENFMFiiLZRE
EREKE KRN
M2 AT, 7ESAIR AR IE H0~1 000 pmol L
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O N, BRI BE I S AR Bl AN 52 1 5 Fh AR 4 B 1
(R 2R3, Bk BE IS AR P L R 2R R R, (H
TEMAEY) 2 [MAFAE— B M 2 5.

MSAZ RIS 1E500 wmol L7, 4% 5 F—F (1)
R PK(P<0.05), i BB ST RERY
FOOHIE A LE T 2 35 22 7 (P>0.05) . 5 SAIR R LI
PR AR A A 1 B RIS AR, BRI SAVR B 2
BT AR R AR K, BRI B I SAR XY
HApRK ARG MHEER. BRI, 7E50~100
wmol- L™ {3k FE Y [ 4, Bl SAIR Pk FE I3 K,
PR AR KA KR BTHES . Mk)E
5100 pmol L7, & 5 A o5 B 40 v AIAR K 4
SIEEAN T 54.63%H132.94%, 7% 57 5.3 (P<0.05); 24
ST 5K T-200 wmol- L7, P e 440 VAR F e
KAERK R NS, Bk L1 000 pmol L', 4
RN B 4 AR 2 0 R R T 16.64% A0
27.76%, 7= 573 5.3 (P<0.05).,

2R, SR M K 28 2R 4 d AR 1)
AT SATR A BR S ABURK

2 100 pmol-L"' SAZFtCdffiB T A E RIHEY)
IRAZEERWERZBIKEKNFMN

WF2 7R, 5081100 umol-L™ CdfifE T, 45
HEK 20 53] 9 3o HE B 72.3 1% H1143.68%, {H 100 pmol L™
SAIZF+50 pmol-L' CA4LFRAI100 umol-L™ SAWE i+
100 pmol-L"" CAbH i H 43 il 2% B 1790.02% 1
57.05%, 4¥ SR T 17.71%F113.37%. 5 AL,
5011100 umol-L™" Cdfifs F, 75 % & MR K43 51
%t HE 1185.58%4161.31%, {H100 pmol-L" SAEF
+50 pmol-L™" CA4bFEAT100 pmol-L" SAEF+100
umol-L™" Cdib A L 4y 5 I8 XF FE 9 95.41% Al
70.25%, 43l s 19.83%F18.94% .

REGIE &I, 50 pmol- L™ CAALFE 5, Gl &
(Bl1-A) 1293 d. Hid B R R (B 1-B) 7256 divt
o6 J5 A8 B, IXFERA1100 pmol L SAWR Flikk
PRk -

100 pmol-L™" CA4bH )3 dief, PIFEMIR 5
R BRI R (R L RIS ), I RER A
HHERS T I0IR -

R SAIZPIONT S AN B G A A S LG TR A KA B

Table 1 Effect of seed soaking with different concentrations of SA on seed germination and seedling root lengths of mung bean

and common vetch

SAME /umol - L' KL% R K/em
o35 FE B e i s
0 (%) 100°(100%) 100° (100%) 7.45+0.25°(100%) 4.25+0.13%(100%)
50 100° (100%) 100° (100%) 7.87+0.20°(105.64%) 4.47+0.30°(105.18%)
100 100° (100%) 100° (100%) 11.5240.17" (154.63%) 5.65+0.28(132.94%)
200 100° (100%) 100° (100%) 9.17+0.39° (123.09%) 4.96£0.20°(116.71%)
500 96.67+2.42°(96.67%) 100° (100%) 8.27+0.13°(111.00%) 4.15£0.12°(97.65%)
1000 94.67+2.73" (94.67%) 96.67+3.01°(96.67%) 6.21+0.02'(83.36%) 3.07+0.13'(72.24%)

R PR 3 UCE R BB AR AE R 22 155 O A B s B AR LU 22 5 B 0 3G A9 A NS P BERRFE P<0.05 7K B I

HRES. R2M .,

22 100 pmol-L™ SAJR st Camhil 1y ot S RHEA) 4y i AR A K A= K A 5
Table 2 Effect of seed soaking with 100 pmol-L" SA on seedling root lengths of mung bean and common vetch

b

R K/em

2351 Hi B

0 umol-L" SA+0 umol-L™" Cd (X )
100 umol-L"' SA

50 umol-L™" Cd

100 pmol-L" SA+50 umol-L" Cd
100 umol-L"' Cd

100 pmol-L™" SA+100 pmol-L™" Cd

6.03+0.23" (100%)
7.10£0.58"(115.04%)
4.36+0.21°(72.31%)
5.43+0.18°(90.02%)
2.63%0.19"(43.68%)
3.44+0.20°(57.05%)

5.48+0.19°(100%)
5.97+0.15"(108.94%)
4.69+0.45"(85.58%)
5.23+0.11°(95.41%)
3.3620.30"(61.31%)
3.8520.11°(70.25%)
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FIEEZ R, 100 pmol-L™ SA &Rl T.4E 50
umol-L™ Cd [l T 1 AR08 f A 55
3 100 pmol-L" SAZFhxFCdRfiB T’ FH E RHEH
RAO; FE RS20

FF 75 PR 4.0, 5 & DU (nitroblue tetrazoli-
um, NBT) % A= B8 4 14 5 05 11 22 /D i E
bl A Ji B, R AN [R) Ak B 1 7 R A 4 AR —
SEWR P INBTYIR AL 31 5 (1 45 S E2-A . BFRT
Ne HEENHEAHEL, BA100 pmol L SAIZ Fiib

0 SA+0 Cd

100 SA

ER=2

0 S A 9 AR A A AL TG B R
S0 wmol-L CkbBEAE 5 R AE Y41 T AR AN [
FREERIRIE €1, Hap GARMIE TR, 1 HARA
YN O; PR R K, MCAAEFERTAI100 pmol L™
SAR P AL B ] A — 3 (I R

H E12-Cr] L, 5% B % AR LG, 5k 100
umol- L™ SAJR i kb 3 %t &3 5 AN 7 5 B S AR AL 4L
O; M7= A I8 i F % (P>0.05), HAI50
umol-L'Cd A {5 1 15 3% 14 i1 (P<0.05), 1 Cd4k

100 SA+50 Cd
e &

R e

1 100 pmol L™ SARFlxt Cdllpit 4% 5.(A) A & 5 . (B) 4 i AR 48 AL 1 5 1
Fig.1 Effect of seed socking with 100 pmol-L" SA on the brown stain on roots of mung bean (A)

and common vetch (B) under Cd stress
&H10 SA+0 Cd. 100 SA. 50 CdA1100 SA +50 Cd43 51482 0 umol-L"' SA+0 pmol-L" Cd (%), 100 umol-L" SA. 50 umol-L™" CdFll

100 pmol-L™" SA +50 umol-L" Cd4t¥E, FE[F.

0SA+0Cd 100SA 50Cd 100 SA+50Cd

A % /nmol-g! (FW)-min!

2

o-

00 Cd+0 SA
B8 100 SA
B850 Cd
300 - @ 100 SA+50 Cd
250
200
c
=
150 |~
100
50
0

P2 100 pmol-L™ SAIZ Flixt CArie T 4% TR & Bi AR PN O ZH 44k 2 i 5 6 K L7 A i R B i)
Fig.2 Effect of seed socking with 100 pmol-L" SA on O localization in situ and production rate in the roots of mung bean and

common vetch under Cd stress
A 5, B BB . RS EARVNG AR ON ZE 5T R E (P<0.05). NEIFE.
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HRT100 pmol L SAVRFf b 2 Xif Cd4b 3 24 v H
AR N2 i E H (P<0.05).

PR EL, SAIRFITCAT S 4O I fiRAE
FATESE EAR SN R B Sy B 2
4 100 pmol-L" SAZH¥FCAHEB T’ FHE RHE
TRZALAAH, 0,77 R AV 20

MR 48775 1 5 H,0, 5 = H R COR J#%(3,3-diami-
nobenzidine, DAB) J IV A& B ER 41 (59 ifi 1) & 5
H,0, 112 /b B IE Eb (4 JEUER, OB A [R] A 35 ) 7 Fol
T4 AR P — 2 B D ABYRIR Y Ab 3L /s (1 45
RunE3-A. Bz, 58 BB, 54100
umol-L™ SAFft kb 3 %o 45 & A 1 B & M A 6
A TG W B, 50 pmol- L Cd b B4 b
TP 4y B AR AN (R R B AR A0 6, HL 2% SR B
VR, BB AR AR NI R 2 H,0,, T CdAk
HEETAI100 pmol- L™ SAIZ FhALHL AT —# A i 4
B, HEB3-CaJ I, 5% 3 EXAHEE, ol
100 umol L™ SAJR F b Hf %o} 4 &2 A& o5 i G AR 4
ZUNH,0, 1 206 W 3 52 (P>0.05), HFAMEI50
umol-L'Cd b Il i H: I 2 14 in(P<0.05), 1 Cdb
HLRT 100 pmol L™ SAJR Fh kb EE X Cd A F 25k w7 HL
53 IR A (P<0.05). FifiAHLL, SAIR AT

0SA+0Cd 100 SA

50 Cd 100 SA+50 Cd

H,0,% &/nmol-g' (FW)

Cd i 1 35 RS G2 AR A F R REAE 4 AR 2L
(R ITE N B &
5 100 pmol L SAZFhxFCAffi8 T’ FH 2 RHEH)
HRZALDAISODSE M K [5] T EgiE A0 2200

100 pmol L™ SAJE i itb F Xof &t &7 A1 577 15 Wi &5
MR ZH 2R P 1) SODE 1 Ao L [) Tl 1% 11 5 i 2 (&1 4
Fim. Bph100 wmol- L' SAKLFH A {8 4% & A
W i AR 2H 21 P SODYE 4 & A i 3 AR 40 (P>0.05),
7% AR L[ TR, 1 A0S0 wmol L Cd4bFE
J CARLFERTHI100 pmol-L™ SAJR F b1 14 i 5 12
T AR LN SOD & 1 (P<0.05), FAHH [ T
By 1 95 (B 4-AZE 3 4267 sl B0 in(E4-B5S
3. 4%k TR TR) . 5% EXTRRAI L, S0
umol-L™ C4hHH 43 7] {5 £ BRI & 6 Bl 5 AR 4141
SODVE I IN112%F1123%, T SAR M hnCdib ¥
Ay S N1 75%M1151%. PIAhAE E, CAAbBE AT
IS AR Fh Ak 38 4f 4 TR 4 23N SODE 4 14 n
HZ,
6 100 pmol-L" SAZFhxFCdffill T/ FH 2 RHEH
REAL B CATIE M X [F TEGiE A 5200

100 wmol-L™" SAJR b 4b % &3 5 AN 1 i 5
MR 2H 23 1) C AT v P B e [R) T i ot 1) 52 el 2 141 5 B

00 Cd+0 SA @100 SA

@50Cd @100 SA+50 Cd
400 g

350}

300} a

200} T /

2
%

HEHE

150

100

50+

MAANNNN

>

3 100 pmol-L' SATRFlxt CdJfifs T 4% BRI o B 5 AR PYH,0, 41 40k 2 et i o7 K L2 B i
Fig. 3 Effect of seed socking with 100 umol-L™" SA on H,0, localization in sifu and coutent in the roots of mung bean

and common vetch under Cd stress
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00 SA+0 Cd
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1100 SA+50 Cd

b
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SODJEM:/U-g! (FW)

201

101

B

14 100 pmol-L" SARA X CaMfpie 4 S A H % % AR Y
SODJE 4 L H [7] T ) 2 il
Fig.4 Effect of seed soaking with 100 pmol-L" SA on SOD
activities and isoforms in the roots of mung bean and common
vetch under Cd stress
1. 2. 3F1448 B4 EO0 pmol- L™ SA+0 pmol-L™" Cd (W ).
100 umol-L" SA. 50 pmol-L" CdF1100 umol-L"" SA +50 pumol-L"
Cdib¥E. TEM.

TRe HJH100 pmol-L™" SAKL I £ T AN i
RAZIN CATIE 737l FFE 117.23%H114.12%,
5% B0 BRAR b 22 57 5 35 (P<0.05), {HE A B ik
AR L) TR M D A (B S-ASR 1. 24%71); BS0
umol-L™ CdAbH 3 3% (P<0.05) 2 = 1 P FH 4141
WINCATIE M. 5% B XML, 2Rl s T
46.42%H195.06%, Ff-f8 oy Aot (14 [=] T il v 14 s W) 3
195 (BIS-AFIBEE3 4671, SR, 50 pmol L™
Cd AZLFERETHIN100 pmol- L™ SAJR FhAb B 43 Wil 4 &
M EB TR HALCATIENE T 716.34%H
11.22%, H: [] Tl A 3 P 3t 5t B 38 4 (P 5-A R
BEE45%7), (ELEEE R ATI R 40 0 et 2% G E
23.33%#1173.20%, [7] T F 5 14 3 7 96 T % B 6
RR . P RPAR b, Cdep o 4k 250 A5 5 5 B0 52 AR 2H 41
W HJCATE 3G N 58 2 1y Cd4d B AT IS AR Rl Ak
P4 AR N CATIR M R £
7 100 pmol-L" SARFhxCdffil T A FPHE IR LA
LN APXHIS N

100 pmol-L™" SAJE il &b AT 1l ) Cd b B LA
Je CAALFE BT NS AR b BEIA R 5 1 4 S AN o i
TR APXYE M, A4 L[] T 1 PR 1 A S

80 -
2 6ot

_,:) O0SA+0Cd @100 SA

< @50 Cd @100 SA+50 Cd
g

S 40}

g

-

2 :

s

>

o 20}

35 HEBE

K5 100 pmol-L™" SAZFIxCAlff 4% &A% 5 0 T M 20
G CATE T e He ) T g il A 52
Fig.5 Effect of seed soaking with 100 pmol-L"' SA on CAT
activities and isoforms in the roots of mung bean and common

vetch under Cd stress

B9 (E6-ARIBHE2. 3RI4%7), Ju /et CAibFHi
MISARFAL AR BN R . HXHRAREL, Cdib
AT A S AR A b FR 3 71 £ A o 9 AR A 41
IAPXIEMETH i 1 73.01%4186.65%. {HFE, 5 #
B50 pmol L™ CAALFEHMILL, CAALFRTH100
pmol- L™ SAVRFift 4b #4351 £ 7 0 5 15 i ALY
APXIH YT T 44.87%H136.00%. I iEA, Cd
Ab TR Y S ATR P AL R AN A8 4% G AR 2N R I BE

1 7

SARTEYIE N —Fh EZ 1550, 7T RE
TE 2 2 A 6 A= 0 R0 A 2B A o e P i 4 TR A
Hij & (Horvath#52007) . ZMES AR S AN 5 i
YIRS — LU 75 M (Ahmad 2£2011). fE A%
BT W S iz (Shifll Zhu 2008) . -1 &
(Agami 2013)F15% & 1E FH (Liud52014) 45 A4 BEYE 5,
1M HLIE 7] 22 fif 4 (PasqualiniZ£2002) . #h43(Khan
42014)F1 H 4> J& (ZhangZ2011; BelkadhiZ2015)
A FAE

AR T RIN, 75— FIRFETE I A, BARIKE
(RS AV A 52 Wi AL A7) S & AN o B S 1 1)
RBF R, R e W A M R AR BRI BRI




5K B SE KA IRIR AN 15 5 T b SR AR S P 580 A B G2 i B LB 1675

301 A B
1 29985 1 9980e3
E 00SA+0Cd @100 SA
~ 90b O50Cd 2100 SA+50 Cd a
on
=
5 b
5
[
- -
H10+
5
0

B

K6 100 pmol-L™" SAZFhx Cdlifiil F 4% TR % i T AR 40
SN APXGE 1 1 e [ Tl i ) 52 )
Fig.6 Effect of seed soaking with 100 pmol-L"' SA on APX
activities and isoforms in the roots of mung bean and

common vetch under Cd stress

JE IS AR Flhont 4 7 RN 7 B PARAR K AR KA {2
HEAE R, T v A A (R 1AN2), X5
Luo%(2001) 451 45 A& — 21

Metwally%5(2003) ) 58 & FL, 0.5 mmol-L™ [¥)
SARFHFALEEA Rty 1k T K AR KA E Cd
MEEE . HUARLL AT, 100 pmol L™ SAIZ
Tl b 2 B 2 22 A T CAXS PR AR 4 ) AR A K
ARKPMHEIERGEL 2).

AERATHRIE H, HH100 pmol- L SAIR F4b
HEA 5| R S M & B S ARA L T 05 B ER
Z(P>0.05, [&]2), 1M 40150 pmol- L™ Cdkb 2 I
P R LA (105 S35 3 in(P<0.05), FHtAENICd
A FE A ARIAR (0 A K A K 5 5 05 P A K,
T Cd kb P BT FrS A TS Al dab F3L4e 793 odke 47 0 M Ao K 22
KA BT i v] 8 A& SAVR Fh AL ER M H] T O (177 A
(B12). FATE ERIW TR, CAifs T 5 G F &
Wi G PR A 05 5 CABE i ik 45 A N ADPH A
k45 5% (Zhang?%, 2009), Cdib B f5 19 & 2 4 774
O, J& 15 5 CAIE H 40 i 53 JE E [{INADPH % L. g
A KL KLSARFh AL FAE CAiF 5 7= 4 05 B2
5 5 SAEIE F IINADPHE AL B IS 1 26 1 &
BB AT

SRR Fp AR R O5 (RS LA, g )

SAIR Fh kb B X HARH P H,0,M B R EE &
(P>0.05) 52, 1717 B fr) C.d A T4 ) 4 I8 2 488 o
(P<0.05), Cd4bFH i A S AT i kb 3 4 H: 5 25 A%
(P<0.05, KI3). TEMEMARN, HO,MRIE2 — =&
O, HBi Ak, BAEHE I A B 52 H HLO 38 Il FEAR 5
O; BN ARG 3¢, H 5CdAbFERIS AR Rl Fi kb B
P

EYTEE NS R C R8T — MK
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