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WE: RAKREZEFTX, FRATRENMERR 4B CD R ZREHZ: 0 mg/L(CK), 2 mg/L(TD), 10 mg/L(T2),
20 mg/L(T3). 50 mg/L(T4) F & RAL M0 A2 F R Hot K R AANH 2% xT Cd b wyvm R4 48, R AWM. 1) #d
Mt A MDA R E o # 5 CdMia RERAEZEZFEMXLXLZ, it 12d5 MDA RESHBREFZHm, LAY
ARG FPBEANFT RS T E@BERGRERLEE M, 2) REAREREF G Cdia T, M 8 E
PRI RE 4 B, REBERALERRGRE. 3) SOD fo CAT B iE I A Cd Aot M 9 3E Xk F TR
FEH I E A LA TS Y, S RBANLBARFAESERRES; ERAMBEIT Y, APX 8 B A 4 3 0 s
Fh, ECdMETHPTREIZNHEMN,; MECdWEaREA M, GREFHIZH, 5CAHARZTREENREEE
MFEE AR, AR P PODEBERLE CARAR R B REMALTFENL. 5) £ E Cd oy BMAR, SLmet i
REAH RSB EFRETANYRAER, 2R E Cd i, RAMKENR AT Z%5 Cd R LA MES L, 4T
Cd W o9 V5 R 12 5.

x # W A Cd kg ALEE

FESES: QI45.79 XEfIRERD: A MEHS: 1673 -9868(2017)10 - 0027 - 08

T4 R 5 Y B BRI WIS MR SRR AL, © R B R I R R SR A Y TSR S AR T
HEE, Cd s PAEY WOBOF AR N 4 XY 09 A air A 2 B W1 W (9 3 VR, ™ o i ] 3 350A
WreTe Y, BN E SRS RN B HAR. A E N AR PR E SR 0 H A R
ROk R 15 Y IR T I 5 S B AT S Y A . ©A WA AR, M0 JE ) L Le Y R B AL Y Cd it 2
LB AL R BE 7, RIGBAME R Cd V5 sz —1 o,

Cd FFEM YA B EHLH 25| E ALY A N 3% PE % (Reactive oxygen species, ROS) BYFH B, 38 5 44 g i
Ji Bt Sk . BE2RIE . DNA WR 24450100 R iR N 40 eI B A8 3R 8 2R A7 L et i Ak 4 3 5 Cd b3 it
BIEAHRCRD Y W R, A S SR — RN IIRE R . 0 A AL B (SOD) | IR i
Mt AL P CAPXD | i S AL M (POD) | HLIR I R 45 e H IRTE 2R (AsA-GSHD %% . i BR iR N id Z 19 ROS.
EEEEEMYIE YK (Picris divaricata V.U | J63% (Solanum nigrum LU 7K 5 K (Sedum al-
fredii) " AR N BT S Ak TS M A T A JE a0 TR AR A S TR R 4

FKAEMI (Salix variegata Franch. ) &M JE @A AR N, AP K, BRS T Z . FhmRASE
B AR XIIE SO X BRI Cd B AR 0N B A B IO ) ATF 5 e B, BK AR M BE T 32 K W RN Cd TG Y It

O WHHH. 2016-07-26
HEWH . BEEBREHLGELB(2015DFA90900) 5 =W J5 82 TAE PR X A& 5 4 9 2 #F R 1 & BT (5000002013BB5200002) 5 H K i
AR F SR ORI H GRFRENIE 2015 — 6) 5 Hh e i Bobfoll B 2 4 7 /R a3 B Gl Ak BRHEL 2014 - 10 D).
fEZEIA: A Q992 5, Lo, BHEIMA L BT A, FEMNE N A S F .
WEES . B ar, W+, H.
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X Cd A R4 & G AF ] EAR 2835 1A 2 X Bl B A W16 S LA . BB 5 Cd ¥5 4 Ry g (1
Xt FRKAEMIN Cd 1 32 fiff 5 ML) i AN B A, (ELARIE — 255G 0E. AR R FIK B 19 07 30, xR AE It AT Cd £
JE T i v AR PR, OB AN [R) Cd o 5 X Rk AR A I 1) S T R R % e SR A il AR S Y O X AR, A
HE— 25 T RN R XS Cd 38 14 T 52 A 23 AL

1 ME5RZE
1.1 Riear

2015 4F 3 JJ N T PO TT 52 B VL JA) X4 B T /52 (29°4172" N, 106°26'56" E) 87 (K 15~20 cm, 24
0.5~1 cm M BKAEMIFF46 55, W ML =85 FH A kK . BaiK bk T&, BE TRAWRGEHARSA
1/2 Hoagland 20 BB FR WA K G A8 h e 2O MBS /AP 597, WA 5 Mk, & 3 d B4~ ERMW. SR
WM BEARE T HRHEE 60%, IR 25/20 °C, JEMERE 10000/0 1x, YeIE/ IR 16/8 h.

1.2 RIiEit

2015 4F 6 . M Bk A R A — B RK AW i (B 22 K 29 40 co) AT ISR AL B, BENL 3R 5 4.
PIANA CdCL, » 2. 5H, O Bk 7 Cd Bt ik AR i, 3t 5 4> Cd B ik AL BKF-, 4350128 0 mg/L
(CK), 2 mg/L(T1), 10 mg/L(T2), 20 mg/L(T3), 50 mg/L(T4), £ 4bF2H 73 51 & Xy i vk i b B
H(TD, PREREABEA (T, SRERELBHE (T T4, B0 4 ~FEE, Hd, T1H Cd b2
Jo R VR P AT X A TS Y X ) Cd REVREE . 43 AE Cd ZbFE 0 d,6 d,12 d F1 18 d B SRRk AE
ot e, AR ph e T, IEAUE TR S E R A T A B4, BT —80 CUkAl . U284 5 4T
— YR
1.3 MEWIREF*

SR FHBAR B B 22 R 75 I 22 A 8 (Malondialdehyde, fAjFk MDA) it 4340 5 5840 o 6ol BE V6 i ik
AALEAIE (CAT) . W J Y EE(POD) | HUIR I AR i A ALY CAPXD | 4 e H KGR I il CGRO 6 Pk 5 00K P w
(NBT) G4 J5t 3k I e i 4 0 Uik AR it (SOD) 3 4
1.4 HIEDH

FIH SPSS 20. 0 e it o Hr 3k kAT B ge it o0 b » B R J5 2253 BT (One-way ANOVA) J 5 &l &
J7 25 BT (Repeated measures) 43 HT A [6] it 1 ¥ B 86 B Cd 38 X Rk A2 f0 it B v MDA i & 20 20T SOD,
CAT,POD,GR,APX FEiG 320 5 A Duncan £ % (Duncan’s multiple range test) # 36 £5 Ab Bl 41 2
(] Y 22 5 s HIAH G AT R FEAN TR Cd B 2t ¥k 3 5 BKAR M0 i I Bt S8 10 i 2R 48 4% 46 s 8] B9 A OGP R Origin
8. 5 AR

2 REERSHH

2.1 AEBRERE Cd B ENH K MDA RE
ST
MDA g BERg it S804k 19 7= 4, 2 e AE 20 M 2 5
2 E AL M EE SN ORBEST, BRI
MDA i it 43 505 Cd A B o vk B R0 B 38 B ] 52 0F
FESC R (B 1), Bl 25 W30 s (] 4 B, Bk AR M
20 it A7 AU Ak kA R B R MR AL P 6 d B, 45 Ab 3R
M FTGH 3 L (T4 BA; AbFE 12 d B, £ S 5 b B .
Ak SRAL MDA JiU 53 K 550 Ab3 18 d B MDA R /NG 8 67 AR ) 41 1) 22 5947 4212 35 X (p<20. 05).
P B K I 5, S A AR S 12 d i A 1 FEEIM B (MDA) R E S
L, (B T1,T2 Ab3M 4 ] 22 5 T4 12 5 L.
2.2 AREKBERE Cd BB BENMN FRSLEEENZE
BT 2T a KR, AR Cd &b 38 5 i e X B S0 i B S Ak il 1 A B R L O A R
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ik [F) 5 o ek ik 3 T) A 58 B 00 B H s B TR MR (3 1)L o, Cd ARERE ] R E] R B R SE HAk 34 X
POD BIEPEFE G it 2% 5 L (p<<0.01), AJE Cd Ab P& ¥ X POD B G PEEE it 7 X (p <
0.05), MALEMIT A H SOD,CAT, APX,GR 16 L3537 5 Cd Wy 1 76 B 8] L 5 5 v B M st 0] 5 ok o e
[] 4 58 B 08 = 77 T 14 22 570 Ge i 2F B L (p<<0. 01).

F 1 CdBBEXBENMN KR EXEEENENR

SOD POD CAT APX GR
F P F P F P F P F P
I ] 315.996  x 1. 644 x % 48. 281 % * 125.413 % = 151.794 = *
JoT 2 e FE 59.994  x * 2.587 * 37.104 * % 90.248  * * 37.244 % %
W] SRR 24.809 % % 2. 640 x x 6.725 * * 16.158  » = 13.988  x *

T ox o FRN AL 2 BA G L (p=0. 01>, * FR A 411 2 B4 41253 L (p<<0. 05).

Bl 2Ca) AR SOD B G . B Cd Bra i ] 9 28 K, B At SOD il 3 1 rb 1% 5T 5 vk B b 23
T1,T2 HEFFLE LT, @B EREAR T3, T4 2T, P 6 d i, &R kELAE T3, T4
4 SOD FEiE P 2 & T CKLT1 M T2 41, PR EAR T1. T2 415 CK MERLHE 58 X, HiE
WYY T CK AP 12 d B, T3, T4 ARG AR, 203 18 d i, T1, T2 RS ERZE B, T3, T4
Y BETE MR R R, AAEREE @RS, SR 2 R g X

B 18 d B, & i vk FE AL B T4 40 POD I 1 1 35 & T e A B4 51, Bl Cd Ak 3 5T 5 vk B 1) 348 i F
BF A SE 4, 50 BRAR LG, BRI POD B & M3 Jo g it 2% 3 LB 2(b)). BB ZE R A v POD il X
Cd i3 A SR,

BE & AL B A AERC, T1,T2, T3 20 CAT BgIE MRS R B LG T RS, & sk i T4 A3 4l
it M U R 2 - TH (B 2Ce)). AbBE 6 d I, & AbFRZH CAT BESG R I B . T2, T3, T4 Kb BE 4 B % PE 14 5
FHm T CK 4, B T2, T3, T4 AbFREH ) 22 S ICGe it 2% 2 . A3 12 d #0118 d W), & 7 K/ Cd JikaE i
HIRERIEM G R, SXIRA 2R A S .

Wi Cd &b 3B ] (9 JE 4, =5 0 hk ok BE A B T3, T4 41 APX [ i 7E 1 58 26 30 s R AR i i 4, ab g
18 dBF, T3, T4 4 APX FiG W3+ T1. T2 4l 5@k Al AR, T1, T2 4 APX [l i %
16 Cd o e 5 22 B (R 2(d)). AbH 12 diF, T4 AbHE4 8 % F CK,T1, T2 4b 34, T1.T2,T3
AhPHAH (A] 22 R IC G A . AP 6 d BF, @ B R B T3, T4 41 APX g Mk B (E, B E S T CK,
T1, T2 4; 5XFEAHL, 5550380 1. 87,2, 28 £, LB W E T1, T2 4HEF LA ITFE L, HYH
F CK 4.

WE 2Ce) o, FRAEHIM: GR BTG PEAEAL BERT G 2202, AbPE 6 d B, A m B v BE A0 3 T3, T4 4

B iG 1E 22 RG 8 L. A3 18 d i, T3, T4 4im), T1,T2 425 LS55 L.
2.3 CAMEBRERESHMENH FRHENXBRESIERBNHEXESH
ANTE] Cd A BT 55 e B2 X B AR A0 T A AR I 38 S B A AL I R Gt A& I A JARE AR 0 52 e R R R
AHA] S A DG 43 B 45 SR AR 4F M S e T AN [A] Cd A 3 J5T o5t v B2 0 Bk AR 0 I 70 40 Ak Bl 3R 408 45 48 A 19 52 T
FERE (3£ 2).
%2 FE CdMERERESRAEMI A& &£ RIS E B HE X%

oy 36 st 15 / MDA P A I 1
d SOD POD CAT APX GR
6 0.916" 0.921" 0. 236 0.924" 0.976" " 0.785
12 0.994" 0.903" 0. 268 0.987"" 0.966" " 0.767
18 0.985" 0.712 0. 635 0.990" " 0. 067 0.976" "

V. onox FoR AR RN 2 5 AT GE T B (p<C0. 01D, FoR AR [ 4L 2% 52 AT 2 3 X (p<<0. 05).
GERRW, E Cd ALBE 6 d i, BRI MDA it 0 805 Cd i e B 5 e 35 IEAOC G &R (p<<0. 05)



4 BHERXFFHROAAAFZR http://xbbjb. swu. edu. cn % 39 %

12 d A1 18 d if A 25 IEAH SR G R (p=<<0. 01) » BEWIREFE Cd Ml Jo i e 52 A0 Ak B [ A9 369 . Bk e 4 -
200 I A A7 R R S B

M #CK & T1AT2 +T3 T4 2 B CK Tl AT2 +T3 T4
21} : 2 b
18} — 20
~ ~
#H= 15 # £ 18 .
o2 9 S & a
g 2 22 12
6 10
3 8 .
0 6 12 18
Rt ig) /d HYig) /d
(a) FXEEMIT SOD 5E4 (b) FAEEMIIT POD &M
200 2 CK 0TI AT2 T3 T4 B = CK STl 4AT2 T3 T4
-z 2
s s
= 20 < ~
< % Ao
S < g
— =

RiE) /d RiE /d

(c) FXEEMIT CAT &1 (d) FAEEMIM APX SE4E
40 2 CK Tl AT2 13 T4
3.5f

3.0r
251
201

GR &M /
[rmol- (g- min)*]

1.58

1.0
0

RYiE) /d

(¢) FLEANH GR 5E M
Pl o B0 49 0 7 459 (8 BRI G =) o ST/ 5 R 2 A ) 40 1) 2 55 B8 12 8 L (p=<0. 05).
B2 FEMME fR R EEYE

ANTR) T o e B Cd A 38 55 B A MI I 5 e S8 Ak il 306 P ) 19 A O OC RN AR 25 R R, POD B s #E
ANTR] Cd A 35 o R 52 ) A 2000 W B PE A G 6 &R . GR TG PEAE K I R] Cd AR FR (18 ) T 45 H 2 i 3 IE M
KRKFR(p<<0.0D). 1M SOD,CAT,APX 3 FhHi E AL B & £ 5 Cd &b P 5w 2 i B 0] A A [/ B2 RO AH DG OGR4
6 d B, APX BgiEMES Cd o 5t i v B AR B 3 IE AR XC O R (p<<0. 01), SOD, CAT fiff 1 P 52 b 35 1E A
FFR(p<<0.05); AF 12 d B, SOD A% TS Cd 4B &8 2 8 FIEMH XX R (p<<0.05), CAT,
APX B PER S B E TFAH LR (p<T0.01); AbBE 18 d i, CAT BEIEYES Cd 4b FH v B 52 W 5 25 1F
MR K R (p<<0.01), MHIKFREL » Fik 0. 990.

3 #
Cd XA 4y 38 15 3 A T 2L 2 — 2 5 DR AR P R s P SR BUR S BBREIE 3 /0 B ) B A2 B4, A AR

AJA T R AR AZ B, TP R EAE Y SET. MDA S8 4 B AG o SAAk 1 2, T o B AR
P T AE— g AR L b S WA ) TR 52 4 8 S AL A K ST AR RIS R R, BAEHII i MDA B 43
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5 Cd Wt i AR A 2 B A G R, AL 6 d i, BKAEMIE A i MDA Ji & 4 Bkl Cd B i ik
JEE B T BN, E 4% Ak B2 2 [ o i R R B T4 AR ERZH (50 mg/ 1) Ak, BKAEMIIT MDA K- 5 %t BEAH L 22
SIFTGE T8 S, ULIIRKAEMI I Fr 40 i B0 A 58 42 40, A BA BAF AR BT GE, X Cd B — 2 1Y Tif
P, (LB 2 A0 3T R A G, MDA B A BGIGE o, BB Cd W6 o &t v B 09 189 i img b = 19 I, 158 1
T VR B Cd B30 5| RS T RK AR AIAA P P AR E 3 BN 5 A A AL R, Cd 5 & S B N iy 3k
FVEE O K A s, IR T AN s FamiE 450 . X5 Cd g R yE w320 | 28 | R
SRV AR MDA JB S 43806 Cd i Jilk a6 i i 25 4B

4w AR NS S AR KB ROS, 35 AN REHE KB IEBR . 2510 — &R 50X 9 1R A % A IR
mno* M H,O, fE—E &M T LGl i i« FH W (O +H,0,—> « OH+OH + O,) f 251 Iz i
(Fe?" +H,0,—~Fe*" +OH + « O « OH. « OH 7T L5 |4 4 40 i 152 45 X A s . S8
A PR K FE T S T U ROS X 4 M4 i i 461 5, AR 4 B0 4801k 2R 40 2 00 B 3 A R R B2 iy
M EZHLH . DL RR RN S 210 ROS.

SOD JEMP ARG ML —EB 2, A O B h MRS H, O, il O, W O X9 ik
MEEEER, BHDER OF W EEEE . CAT M POD WA HKR H,O, A L. CHVEEY, Cd @
HARAE Y TSR AE Cd W38 N H A AR IS MG e Tt . JUIL SOD, POD 7E & i Wk B2 Cd e+, i& P4
B3 ETF. CAT st B AN B, (B4 T B4 ARWF 58 dh X Bk e dint B SOD Al Gt 5 Cd Wil
S BE AR DG AR BT 45 SR s s ARBT Rk E Cd 55 7 RKAR M SOD il 3 1 /9 T, 1 g BT vk B Cd sl i
[E] /9 Cd B3 W SOD B 6 M FEAR . SOD B & M AEFE — A BIE . BEAE — & J i vk Cd A 38 s b 3 ) 1]
P YRR DL T AR RS, B X A B, B TR AR SR S ERY R Y KR
F R AR ARSI LT, SOD il I M A R GF 386 58 1 36 s 52 TR [ A e R s . XA R RE R
SOD W& A &K, 15 Cd kKA AR, FEHHK LMW, WA TRER Y Cd 5 H 48 [F T.# 1) Fe-SOD,
Cu/Zn-SOD, Mn-SOD %5 (1% 4 J& 4 Bl X ¥ 18] A .55 4 25 53 18, Dm0 1 1 4 8 56 B I % 4 @ 1 ik
W, SOD Tl HEE Cd Bkl T A 3 Ff IS T 5 #0500 A A AT BB 2 PR Ol 8 0 | R B 19 HL O, fiff Fe-SOD, Cu/
Zn-SOD Fl Mn-SOD 36 Fr 8. 55 —Jr i, BKAEMInt CAT B 5 Cd Ab B BT 2 vk 5 1] 4 ¢ &2 1 3% 16 A
K F, HBEHE Cd AbFRA fa] 0 28 K, 78 B vk 3 A F2E i 05 Pk — B b TR, b R R A B A Y
it % M AR AL SRS A BT R R, RTREE S Cd T T 4 F 45 Mg sl ol 48 7 2 (Rl 25 49, {5 55 00 BEAH L AT O7
Frs @ i MR A, CAT BEAERARMI M v iy & 3 PR T BE R 8 CAT MR B2 5 H. O, Mot f& . 1 J2 il
20 R E S H, O, O AR R i S AL B i MR, CAT BEFRK 1 20 719 HL O, Ak, Wi 58 s 40 it i
UM CAT B Ho O, M 855, X Ho O, BIKICH B0 Km (HE K, LA T bR 25 K 5 & ik 1
H, O, 375 T Y R B2 (LA 2 w5 W6 R 1) CAT B A R sE 3.

WHE T, YRR ZE H,0, EEH AsA-GSH fE¥H K, M GSH,GR Ml APX J& AsA-GSH
PEA FE S 55 Cd e A# S 5F GR BHE MO M &L Ak, Wl SlmEAMER G .
HETI 4 R GR B 36 M. GR IS 2 48 = ol (AR 2 A i I8 GSH/GSSG 1 HAE 2 35 76 58 = 1 K -, (A4
R Z A T ARG, MO 4 R R, BKAEMD APX WV PE S GR TG MR B R 1 A8 1k
Bk, APX BTG PEXF R HL O, W BRSCRE &, 1 GR 8 £ 24 H, O, M5B & 51 . 3l
e Cd A ET ], GSH & APX B 7E Cd 8¢ hl EZAEH, Bl & Mo B ) 9 2 4, BRI Cd 5 S A4
Y% &2 (Phytochelatins PCs) f& 1, 14 PCs & MATIA M) GSH K AT A ¥ B it 43 80 F B . GR BT 45
R EEAEM. FE, 56BN GR MR GEEEY Cd 456 M D, J5 W10 Mt A0 5 22 2, Bk
AsA-GSH X H, O, MTEBRFCR I GSH Bt 43 B 98 /0 1 GR BTG PR I REAIR T 55 . & i 1 H. O, 78
20 M P R R, R R BB AR i A R i — L LR

PR ARG U [ B AR POD B & PR 25 S JE4e 122 2 L (18 d B, T4 BRAM) , Ul IZERK LM it POD
it Cd prift AU, SHE RSB & EMAYE Cd Bri BT POD B iG MEAYAS LR A R 58 4 — 3. X ]
it 5 POD B AR A ¢, — 5. POD BEfE N 4 M P AL R AW AL 5L 2 —, RN POD g X}
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H, O, MFEH/E, AI7E B sl 2o W3R, WEBRIE N 20 H. 0,5 75— 71l , POD H Al 1E 52 248
Fr. R K POD BExT H, O, MPRREIER , nIFEi ok w2 5 3Rk, S 5 AR E . e R %,
IREDI KB g T AL Y BARLE A R ik — 2B 05T

25 Bkl Cd Wit st Bk Aemint 3 sl e i . 51 As Bad Ak . B0l MDA J i 4 80 s, B
WA Cd Wi o it v B 2 B IR A DG OC R R AL E A0 0 40 I R 8 b, BRI I T R L R S
R BRI B AT P 2 9 ROS. S ) J5i 2 3¢ B RS ) 19 Cd ikl R o BRARMI I R S S8 Fk i T35 1 0 1) 35
PR AR LR, o SOD, CAT J& 2 Fhs G PE R, B Cd W3[5 ek vk B 1% 38 fin R Ak 3858 Bsf [ £ 428 4
IR LR = TG PR AR RS a AT . APX BB S MBS P, BE Cd e 8 i3S m . GR BT 1
ThiE s i AsA-GSH E¥E B ROS. AEEMI I th POD F T Cd a8 AU, N R P 4 A g s M 77 e
ANTR) Y B AR . AEAE T 32 Cd 5T it ViR B 0 BB PN o e A0 Ak B 3R 03 0o 3 M AR AR i B IR0/ D R TR % Cd
6. A B B R RS Cd BE A i T Re . W2 Cd 2 m/E A .
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Response of the Antioxidant Enzyme System of
Salix variegata Franch to Cadmium Stress

ZHOU Cui, ZHANG Wen, WANG Ting,
LIU Yuan, MA Wen-chao, WEI Hong

School of Life Sciences/ Key Laboratory of Eco-Environments in Three Gorges
Reservoir Region (Ministry of Education)/Chongging Key Laboratory of Plant Ecology and Resources

Research in Three Gorges Reservoir Region, Southwest University s Chongqing 400715, China

Abstract: The degree of oxidative stress can be determined through the amount of malondialdehyde
(MDA) present within the leaf, while information about the anti-oxidative defense systems within the leaf
can be obtained through the abundance of super oxide dismutase (SOD), peroxidase (POD), catalase
(CAT), ascorbate peroxidase (APX) and glutathione reductase (GR). A hydroponic experiment with dif-
ferent cadmium treatments (Cd*" 0, 2, 10, 20 and 50 mg/L.) was conducted over 18 days in order to in-
vestigate the effects of cadmium on oxidative stress and the response of the anti-oxidative defense systems
in the leaf of Salix variegata to cadmium stress. The concentrations of MDA and the aforementioned en-
zymes were then analyzed once the experiment was completed. A significant positive correlation was shown
to exist between MDA content in the leaf of S. variegata and cadmium concentration, MDA content being
significantly higher after 12 days of treatment, which implied that the degree of oxidative stress increased
significantly after a temporary repair of the plant physiological function. The enzymes that made up the an-
ti-oxidative defense system in the leaf played different roles when S. wariegata was under cadmium stress.
This implied that different enzymes of the anti-oxidative defense system had different thresholds. The ac-
tivities of the SOD and CAT showed a similar trend in change: they first increased with increasing Cd
treatment concentration and time, followed then by a decline, always maintaining a relatively high activity
in comparison with the CK. In the early stage of the oxidative stress, the activity of APX maintained rela-
tively high activities, suggesting an important role in defending against the toxicity of cadmium. The activ-
ity of GR in the leaf of S. variegata increased steadily with increasing cadmium stress, exhibiting a highly
significant positive correlation between them. No significant correlation was detected between POD activity
and cadmium concentration. There were different thresholds for Cd tolerance of the anti-oxidative defense
system, in which different enzymes helped to cope with varying degrees of cadmium stress. These defense
mechanisms also worked in conjunction with plant synergy. The antioxidant enzyme system of S. wvariega-
ta was useful in defending against the toxicity of the cadmium ion. Moreover, the enzymes could also act as
an active site for the cadmium ion and be subsequently harmed from this interaction.

Key words: variegated willow (Salix variegata); cadmium stress; antioxidant enzyme
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