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Alleviated affect of exogenous CaCl, on the growth,
antioxidative enzyme activities and cadmium absorption
efficiency of Wedelia trilobata hairy roots under cadmium stress
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Abstract:  In order to study the physiological mechanism of exogenous calcium on the toxicity of heavy metal cadmium (Cd) to
Wedelia trilobata hairy roots, the effects of Cd alone, and in combination with different concentrations of Ca on growth, contents
of soluble protein and malondialdehyde (MDA), activities of superoxide dismutase (SOD) and peroxidase (POD), Cd** absorption
in W. trilobata hairy roots were investigated. Cd concentrations lower than 50 pmol/L enhanced the growth of hairy roots, while
concentrations higher than 100 pmol/L inhibited growth, making the branched roots short and small, and also turning the root tips
brown, even black. In comparison with the control (0 umol/L. Cd), the soluble protein content in hairy roots was found to increase
when cultured with 10~50 umol/L Cd, and decrease when exposed to a cadmium concentration higher than 100 umol/L Cd. In
addition, the activities of POD and SOD activity and MDA content were significantly higher than the control. Compared to the
control (hairy roots cultured without 10~30 mmol/L Ca), 100 umol/L Cd or 300 umol/L Cd in combination with 10~30 mmol/L
Ca resulted in increased growth, causing the main root and secondary roots thicker and also an increase in soluble protein content.
On the contrary, MDA content and POD and SOD activities decreased. Quantitative analysis by Atomic Absorption
Spectrophotometry showed that W. trilobata hairy roots can absorb and adsorb heavy metal Cd in the ionic form of Cd*". The
maximum content of Cd*" absorbed by the hairy roots was obtained with a concentration 100 umol/L Cd*" while that of Cd**
adsorbed by hairy roots was achieved with a concentration of 300 umol/L. Cd**. The exogenous addition of 10~30 mmol/L. Ca**
was found to reduce the absorption, adsorption of Cd** and the toxicity of Cd significantly. This reduction in toxicity was caused
by the reduction in the absorption of Cd and decreasing the lipid peroxidation through regulating the activities of antioxidant
enzymes SOD and POD in the hairy roots.
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FAAR, WEW A B AR, i
SEARAEA NI AT B AR A P A K B R AR
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FIGFERT A RE R, AW EE Cd 557 1 e 35 1
2 B PRARAE 15 37 5 W A AR R ER B i AR B, R
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B, B RNESE Cd  BEFEER,
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20 d BRI R, AR Y (A A AR 31 12,475
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Hb, <100 pmol/L Cd K57 EARARA: ¥y £ 14 58
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Bl1 E4RBEMEESFEASEEYEEERRERKESHEMN

Fig. 1 Effect of Cd alone or in combination with calcium on the growth and morphology of hairy roots. (A-E) Hairy
roots cultured for 10 days in medium with different concentration of Cd. (A) 0 umol/L. (B) 10 pmol/L. (C) 50 umol/L.
(D) 100 pmol/L. (E) 300 umol/L. (F-H) Hairy roots cultured for 20 days in medium with 200 pmol/L Cd and 10-30
mmol/L Ca. (F) 200 pmol/L Cd+10 mmol/L Ca. (G) 200 umol/L Cd +20 mmol/L Ca. (H) 200 umol/L Cd +30 mmol/L Ca.
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AOSE N N R, BEIRE 25 d i, mvKEE
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BPRAR ff 7 B8 (E A5 R L IR R R, i DL
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fi5 . 5.22 4% 4.91 %A1 4.17 £ R, 5% HEAH
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HA . R R I EmEh (&1, F, G, H).
M-S % R (RN 300 pmol/L Cd 5 5711)) BAR
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B5 5% 10 B R AR A 48 720 A BRI AR AR < 32 410 il 7
FEWI I X B, MU BRI R A 2 n
SRR, RARKIESIER, WA, i
H 300 pmol/L Cd 5 10~30 mmol/L Ca #{ & 153%
) 6 R B R B9 AR A %S 200 pmol/L Cd Al
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[ORURSSIRAS SARCNE i:0% S SR T oy I €
WY, (RMRBE Cd X BARMRAE KRN, H 5
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Fig. 2 Effect of Cd concentration in MS medium on
the growth of W. trilobata hairy roots.
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Flg‘ 3 Effect of 200 umol/L Cd in combination with

10—30 mmol/L Ca on the growth of W. trilobata hairy
roots.
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A

Fig. 4

protein content in hairy roots of W. trilobata.

Effect of Cd concentration on the soluble
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AR BRR T A & Wb A
I ) F) J2E < 22 IR SE T v 5 R T T Rk, R
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23 Cd 8MERHES Ca tHEWREEWIEEE
1K1R POD JE R 2200
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Hrbr, 100 pmol/L Cd 557 BB POD 1 M 7E
FiFRE 10 d kB, M EIHXTIRAY 1.47 £,
{A5EF% 10 d 53 POD I PER A 15 SR 8] i) 28 1<
M R, =97 25 d iFH POD MR = 1
Xof BE e HAR i Cd $5 32 A9#3IK; 1 300 pmol/L
Cd B5 3R 1 EARAR POD 1 M I A 55 35 19 25 sf
# E O BRI A AR v B B R ) B AR, I
POD 15144331 LU [R X BRI A 25.6% . 63.6% .
77.6% .64.4%F1 44.4% , i 5| . KF (P<0.05).
X, E— Cd He B Py R 35 7t 45 bk
R AT 38 228 42 1 H POD {5 PR ANE Cd e 512 Yy
ERARA R Pl k%

& 6 4 200 umol/L 5 10~30 mmol/L Ca 41 &
Xof i S I M 4 T IR AR POD 1% 1 5 1] () 30 58 45 2
ME 6 7] W, 200 pmol/L Cd F1 10~30 mmol/L Ca
HERFRTBIRA POD 1 TEX LT IR (L0
200 pmol/L Cd) EAIARA POD i 4 B i FE K,
HEARMR POD IEHELESE IR G 5~20 d N IBERT H]
(AEK T W FF S s 20 dJ5, & 200 pmol/L Cd
130 mmol/L Ca 41A K537 1 BARM POD Pk
k22 THE AN, 200 umol/L Cd A1 10 mmol/L J%
20 mmol/L Ca 4L AR5 FFAYTE AR POD §if P il
TR, HEFRE] 25 d BRI XS BT 31.19% F0
38.0% . 1M 300 umol/L Cd #1 10~30 mmol/L Ca
HEBEFER TR POD iP5 200 pmol/L Cd
F1 10~30 mmol/L Ca 4 & 355219 BARM A POD
PR AL, o POD i Mt LA
300 umol/L Cd ¥557 i B IRAR B T REAI . X1,
HMIE Ca 5 CA 2 A 0] LU 8 B 1K e S8 087 1 4 Bk
R POD 1M, I 1T fgiE X POD & PE Yy
FFEPUEIRR E 4R Cd X R S I A EoRAR A=
KA a3
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Fig. 5 Effect of Cd concentrations on POD activities in

hairy roots of W. trilobata.
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Fig. 6 Effect of 200 pmol/L Cd in combination with

10—30 mmol/L Ca on POD activities in hairy roots of

W. trilobata.
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Fig. 7 Effect of Cd concentrations on SOD activities in
hairy roots of W. trilobata.

J&, MEEEARARE SOD JEMEgkLt Tt AR
WE Cd KR BIRME SOD IEENZ#T TR, B
FEE 25d W, 10, 50, 100 pmol/L Cd H555:HYE
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200 umol/L Cd 1 10 mmol/L 5§ 30 mmol/L Ca H
i35 5~20 d I5F, H: SOD i 1t K HR e [R A ER fin
200 umol/L Cd %7 BARMBAL, (HIFHFE
20~25 d IFH: SOD ¥ 1 5 5% BRAH Y 5 s T 5 5 110
200 umol/L Cd #1 20 mmol/L Ca H:FEHIBAIRAR
SOD JHMEAERE S5 5~25 d WfE] LA 2% e BE
ik, HigR=E 25 d W SOD I A [ Xt & i)
46.76% o IO, 4 EARARAE 300 pmol/L Cd 1 10,
20 #1130 mmol/L Ca ZH & HIEFEnt, TERAHEF;
R SOD WE MR eFHERER B, H SOD

T A B AR AN 300 wmol/L Cd £57% 1) E
RIRARIRERE AR, AT, S00UmE W Cd
BRI B RARAR ., AMIEIA 10~30 mmol/L Ca
A FEARTERAR Y SOD 71 . 11 SOD 1N —FhE
T B AR, H T R ) R RN 4 R R A T A2
Cd by iz —. x40 R, mMEY
WA ERAR KT Cd Wi A ~% (it 32 58 715 T Ak
PRI — W R Ca W REM I PR EARAR 19
SOD i, ﬂédﬂé%@iéﬁﬁ’%ﬁilﬁ Cd X F FE M ML
2 B RAR A K B B0 B
25 Cd BMEES Ca tHANEEWIHEE
R1R MDA &= /Y520

I 1 4L 7 ) MDA 5 2k 114 v G 2 40 i s
ZHGRERE R R bRZ — . B 8 I L, it
I AG BORARSEAE 10 pmol/L 5% 50 wmol/L
R EE Cd, B EFEmWEE 100 pmol/L Cd Fl
300 pmol/L Cd H13 5%, H MDA % & 3 Lu ] 1%t
Wb, JF ELBEA Cd W B 3G g it e ;
Hrb, L1300 pmol/L Cd 353 MY EMRIR MDA &
SR, RS R, H MDA &85

——0 pmol/L Cd —=—10 umol/L Cd ——50 pmol/L Cd
—¢— 100 pmol/L Cd —x—300 pmol/L Cd

< 0.009 1
0.008
0.007
0.006
0.005
0.004
0.003
0.002
0.001

0

MDA content (mol/g FW

5 10 15 20 25
Culture time (d)
E8 CdREMEEWIHFEIRIR MDA S 2N

Fig. 8 Effect of Cd concentration on MDA content in
hairy roots of W. trilobata.
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[l %t HE B R AR MDA & 8AY 1.53.1.49.,1.23,
1.17 F12.10 5. X AJRERW], E4JE Cd X3k
7 Wt 2 B R AR A A A sl 7 5 AT R S N B
SR 24 L B i o S A P B R O

5% (XA 200 wmol/L Cd) #H L,
200 pmol/L Cd 1 20~30 mmol/L Ca A& 15351
B LI 35 B AR MDA & LU X IR AT, T
200 pmol/L Cd Fl 10 mmol/L Ca 4& 1 FEHE
JRAR MDA & HAE 5~15 d 5537 11 16] L Xt PR g
W, MG 15 d JFWE IR, 255 25 d
i H: MDA & e [R FEREAIR T 33.729% .
9 4 300 umol/L Cd 5 10~30 mmol/L Ca ZH& %t
25 45 EOR AR MDA S iseim ., MWE 9
Al SXFHR (X 300 pmol/L Cd) AHEL,
300 pmol/L Cd F1 10, 20 FI 30 mmol/L Ca ZH &84
FEIERMR MDA & 7R TR 5~20 d #1), JL
MDA 7t #B Lt R S REAEG ; 1hT45 5% 28 25 d i,
300 pmol/L Cd 1 10~20 mmol/L Ca 4H-& 1551
ERRAY MDA & &0 & TXF I, {H 300 pmol/L
Cd 1 30 mmol/L Ca £55=EAMMRAY MDA & &
FEX IR AT DL, AMJEANA 10~30 mmol/L Ca ]
FEAREAIRIR Y MDA & i XA ERB, SME Ca

I 3 Ao AR A1 2 R 200 i B i o A A R B T

4 6 B RAR A A g ) 5l 8 T A S B
BEER S e
26 CA'REE Ca"HEMEEMEFER
R U Cd* BY S0

B 10 MEEFRIE Cd™ e 3 X g SE 0 4 Btk
R 4R Cd™ B . E 10 AL, 45
RARTESA 100 pmol/L F1 300 pmol/L Cd* HyH;
FRILHREFENT , EARAR AR G IR I I o 4 )
Cd™, Hr YR AR 100 pmol/L Cd* i,
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BN Cd™ Byl B, B Cd™ W b
Fr B[] (4 AT B W T . AR, Y BARMRAE
300 pmol/L CA* 53 kb3 2d . 4d Ml 6 d )5,
Hcd™ W 451 100 pmol/L Cd* 537 1)
A BIRAR B LY 40.23% . 32.35%H1 42.53% .,
XEW, LA TR BE I E 48 Cd,
AT Cd® MR s Cd® ik i Fnd 37t
[N TR IS g S

——300 umol/L Cd

——300 pumol/L Cd+20 mmol/L Ca

—=—300 pmol/L Cd+10 mmol/L Ca
0.007 ¢ =300 pmol/L Cd+30 mmol/L Ca

0.006
ot ;Q—‘Kﬁ
004 B

0.003 |
0.002
0.001 |

MDA content (mol/g FW)

5 10 15 20 25
Culture time (d)

9 300 pmol/LCd 'ﬁ 10~30 mmol/L Ca A& X R E
i/HE 3 EAKIR MDA & 289800

Fig. 9 Effect of 300 pmol/L Cd in combination with
10—30 mmol/L Ca on on MDA content in hairy roots of
W. trilobata.

0.14 o 0 umol/L Cd
0'12 #8100 umol/L Cd
) 0 300 pmol/L Cd

e
=

0.08 +
0.06 +
0.04 +
0.02 +

Cd* content in hairy
roots (mg/flask)

Culture time (d)

10 CA*REMBEWMHFERRBY Ca* By
5; ur]

Fig. 10 Effect of Cd concentrations on absorption of
Cd*" in hairy roots of W. trilobata.
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K11 A& 12 43508 100 pmol/L Cd* i
300 pmol/L Cd*" 5 10~30 mmol/L Ca*"#H & 555
Xt B S LA BRAR MM Cd™ A 45 51 . A
11 AT, SXFE (LA 100 pmol/L Cd* 537 1Y
EIRM) AMLE, AMBEER I 10~30 mmol/L Ca® al i
E AR BRI Cd® M, A & B KRB A
FEHeh Ca™ VR IE R TH R AT PR, R 9REI 6

= 100 pmol/L Cd
m 100 umol/L Cd+20 mmol/L Ca
o100 pmol/L Cd+10 mmol/L Ca
0.14 - =100 pmol/L Cd+30 mmol/L Ca
0.12 +
0.1 -
0.08 +
0.06 +
0.04 +
0.02 +

iry

roots (mg/flask)

Cd?*" content in ha

2 4 6
Culture time (d)

11 100 pmol/L Cd**5 10~30 mmol/L Ca*"B& X}
EESATESES NG ol B EA )

Fig. 11  Effect of 100 umol/L Cd** in combination with
10-30 mmol/L Ca*" on absorption of Cd*" in hairy roots
of W. trilobata.

=300 pmol/L Cd

300 umol/L Cd+20 mmol/L Ca
8300 umol/L Cd+10 mmol/L Ca
0300 umol/L Cd+30 mmol/L Ca

ettt e ettt

coocoocoooo®

RO EGRERIDBD—
:

Cd* content in hairy
roots (mg/flask)

2 4
Culture time (d)

12 300 pmol/L Cd**5 10~30 mmol/L Ca>"B& *f
EES A EES /L of b Al

Fig. 12 Effect of 300 umol/L Cd** in combination with
10-30 mmol/L Ca*" on absorption of Cd*" in hairy roots
of W. trilobata.

FKHF, 100 pmol/L Cd**5 10~30 mmol/L Ca*" 4H &
B SR BARARXT Cd™ A Wi B 43 31 B ) 300 ) B
FEAR T 71.56% . 87.49% 1 85.32% , A% i /K
S (P< 0.05), MM 12 AT 0L, S8 ((UE
Jll 300 umol/L Cd* 535 1Y) BARMAALL, SN
A 10 mmol/L Ca* i, FBARMRAF Cd* i it A
ETEAT AR, S E X A I R R, 359% 2 d.
4 dF16 dRTHTRIRMR Cd™ &3 51 R 0t iR
EMRA CA> WY 2.26 155 1.31 1501 1.26 1355
{EAMNE A 30 mmol/L Ca? Bt AR Cd>Ffmg
WA SZ BB A, FEIRE 6 d i, HRAIRA
Wil Cd™* B 24 LR UI 6 HE R 61.58% ., AT UL,
AMIRERAN Ca™ FT LASY i g 6 1% 144 B bR AR X B
&)@ CATHMIRE T (H S R Cd™ R
AR, A IR = e AN Ca™ A A i
HIBARMEXT Cd” Hm I, T3 e B AN Ca” 1T i
i 1 FAAR s D BIRAR AT Cd™ i, M e
B R Cd™ X BRAR A K A I B
27 CA*REE Ca™A&SXMEEWMEEIR
R Cd* B9S2 0m

Bl 13 Sk Cd™ e B 3T 1 9 7 LA T IRAR WL
CA My, MIE 13 Al L, YERRIESTH
100 pmol/L F1 300 pmol/L Cd* {357 kb
if, BAIRMREMLFRIE IR i ed®", I HH: cd™
Wi R Bt 5 i ™ e JBE A8 i R 3% 3 ek I £
FEK TR 5 o 300 pmol/L Cd™ i 32 Y BARM
W RM Y Cd> & BEEL 100 pmol/L CA> 55 3: 1/ , 1%
F2d, 4dMed, HCd WML N
# 100 pmol/L Cd* 1 0.82 1% . 3.74 f5%F1 5.26 1%,
X, R I WA 4G B RAR ELA 008 14 WK B R 4
J& CA™ RYBE ST, HLB IR X4 A4 W B FH 45 BT
f) Cd™ M J3E B I i 1K 4 25 6
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0.025 - 00 umol/L Cd
o100 pmol/L Cd

0-02 1 @300 umol/L Cd

0.015
0.01 +

0.005 +

0 1 1
2 4 6

Culture time (d)
B 13 Cd"REX EDTA SEBRMERREEE Cd™*
BENEM
Fig. 13 Effect of Cd*" concentration on Cd*" content
diluted by EDTA solution from hairy roots of W.
trilobata.

Cd?** content diluted by EDTA solution
from hairy roots (mg/flask)

& 14 24 100 pmol/L F1 10~30 mmol/L Ca*"
OB % B S A T RAR I B Cd™ AT e 5
& 14 AT, 53R (X 100 pmol/L Cd* #5557
BRI AHEE, SMEIA 10~30 mmol/L Ca**
BRI X CA™ B MBS Ca™ WREE R THES
HEINT WAL ;. o L3R 4 d B 100 pmol/L
Cd*™ 5 10~30 mmol/L Ca® 44 K555 1 BARAE R
Cd™ M I i T PR e A 2, L Cd™ W B4y
I EE IR0 RE R 624 38.16% .62.26% 1 66.90%
KF B EKFE (P<0.05), 15 100 pmol/L Cd**
5 10~30 mmol/L Ca®> 20 -& 411t , 300 pmol/L Cd*
' 10~30 mmol/L Ca® £ 4 ] [ % B R AR XF
CA> T B ik s 35373 6 d iF, EARARXT Ca> MY
W B st 3 1) B T 300 X6 R (AR I 300 pmol/L
CEHFHRMTIRM) FHET 66.01% . 71.13%F
97.53%, 25ikEREKF (P<0.05), AL,
AMEHIA 10~30 mmol/L Ca® REA [FIFEEE M F A%
BARARIT Cd™ B i, 7 PR /b Cd™ X g 26
7 ML A T R A 0 ) B
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= 100 pmol/L Cd
m 100 pmol/L Cd+20 mmol/L Ca
o100 pmol/L Cd+10 mmol/L Ca
0.005 0100 pmol/L Cd+30 mmol/L Ca
0.0045
0.004
0.0035
0.003

roots (mg/flask)

airy

o _o
=)
SodS
=30
W N D

0.001
£ 0.0005

2 4
Culture time (d)

Cd*" content diluted by EDTA solution

E 14 100 pmol/L Cd**5 10~30 mmol/L Ca>"¢A& %t
EDTA BRIERIR Cd &2 RFM

Fig. 14 Effect of 100 pmol/L Cd*" in combination with
10-30 mmol/L Ca*" on Cd*" content diluted by EDTA
solution from hairy roots of W. trilobata.

3 W

— LB RE], Cd XHEY AR . RES
FIAR % A= S R 35 1 52 Wil B A Ik 38 59 £ 340
R A2 50, Ik 2 (0.1 mg/L) Cd
AR /N SE Brassica chinensis LMBEKR AT,
M =5 mg/L Cd WIAMfi/NA SR AR AR, S
Bz, AR Y T2 A R E A TR
MR RASAB AT 2, SR, T X 264 56
Cd X AE P A R T 58 KRR 3l o /K 8
PRGBS Cd X S B A R AR R 1Y)
SR, /D WA DG Cd XA RS 5 4 2H 21 B
BMRMWA K RGN IRIE, RIACEHSE
J& Cd X R WA W, trilobata BAIRM A KT R
J AL CATi 3z G JIWF5E 48 . Fornazier 55 & 81,
R BE (0.01~0.1 mmol/L) CdCL, figH] WAL H
WE Saccharum officinarum L. SRR,
HE B (0.5~1 mmol/L) CACL, NIF&Z il HoA
KU, 3 5ARI M 45 RAE S — B, FEASE
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B3R A Cd<<50 pmol/L I BEAE 7 13 26 i it
FBARMAE K, 1T 100 pmol/L Cd M| E
PAARAAC, HHMAR N, AR ER,
R A R AR R TR, T
ARSLEH, TSR B AR S Cd KRR
R BARM, Big% 10 d R IHLE . MARARAR
KL, o St B MR B IR 41 (5 A8 R SR 41
Z 5, WA RE SR ] 4R A 3R 5L Cd R 1
K, BRRRREEH LR, HERWER,
ORI, A A5 AR 3% B B IR AR Bk & B
Cd<10 mg/L fgfeiff BARM ALK, IFMRIGH,
M Cd=15 mg/L A 6N BARARAER, iR
RSN, R KRR AR, AR
ARLT AN, CAd<<50 pmol/L JL-F-AS52 M4 ik /b
HHRFEBRRERK, R AEL;
fH=100 pmol/L =¥k Cd MIFFEaIIHIA K, H
VR S A AR, B RAR M AR AR AR
WA, B!, X G AR B EE R 4
—H, MXFEFRAELIE Cd XY TR
Az R S () AR AN S R, 1 L
AT PR A A B RAR S AR

CA IR, Cd WHEY IR E AT 2
0 FE A AN PO B POD il SOD
(I P B R A A I A AR AR B R
R BE Cd REfEHAEY) 8 A BT B, H R EE Cd
VU)o 6 11 R AR A TR s 7 T ke Rl 2r
SETERESE Cd 15 Y b /N2 AR R IR o 2B AR 5
AR R, BEE Cd VREEMRG, NELIE
SOD. POD il Cd ¥ B i ik " i
ANRVESE Cd H5 3500 8N BARR TR A & =
AR 2 45 75 I ] K I 087 T %, {HH SOD
M POD IEENIZME T, SRimiE B g Cd

K50}, 3% Brassica napus L. cv Drakkar fH ik
HIHTE LB SOD FI CAT i M 2R F R (Hi
WeRE Cd W] i 2 P11 3¢ Brassica campestris
L. ssp. chinensis (L.) Makino " #1755 Phragmite
ausralis L4 SOD . CAT & POD 2122,
SR AHIERY], TERMBEMYIESE Alyssum
maritimum LAY, EVREE Cd AP Srz Y m
SOD 5P i 3% Cd Ml it , EPEEFFEE Brassica
Juncea L AR B30 S A B P 0] R4 1E 2 sl L
AAFRA AN, BEESRHERN, 35 Cd B
&MY RHERGIT Arabis paniculata Franch f)
SOD it 5 T R, (A POD Al CAT 2 1
U 522 51 T 5 I PR AR R AR A A 32 ik e 15 AR 52
BARA B TEARLR Y, KW Cd Bk
(1 S 745 B R AR 1Y) POD il SOD 1 MM Bt
Cd W AR R iz THis , e JE LA POD {6 P Y
THECNWIE, 300 pmol/L Cd K9 BARM
POD {5 £ BT 5y T HAbv 15 55 1) B AR AR i3k £
Z5e R, Cd X R YT A A ORI S P Y 52 )
FEFETTRE S T A Cd WREE . YRR A E
NN N R Y S

B (MDA) 2 A8 4 40 it IR A ik 4 A0 A
H= iz —, Hmn) s — e FE L he
W JEE I ok S AT T 45 ) 1) 52 5 R 8 R A ok
1 ARIBEERE . ¢ Cd {2 dEHE Y 4 MRS
HEMAEAADWRIE ., WH 10~50 pmol/L Cd K5
FRENETF AR R B, Cd il AU ik SR 44
N A BT A KSR, TTERBE ST MDA
B MR AP B B Prunus dulcis L0
£ 0~150 pmol/L Cd /KI5 A, o1t EARIL &
M, R EE Cd AT I B e s o AR A KT T
SRR = AR AR O, e ARSI, e TS
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L AG BRARAE R B < 50 pmol/L Cd, £/
TERRE (=100 umol/L Cd) #4537, H MDA
Fm KA ORI Cd b3 FHi, I
H 300 umol/L Cd AbHEfY MDA & & 7E 15 7 145
ANE LT #B 2 fo e 14 o Tt AP 2l R
M EE Cd Ki R MHe ik 16 B 22 AR MDA &
S PRI IR S B, R Cd TR AR
HRANERG it ik, SR, #E Cd s kb3
HHE N Daucus carota L. FHAR S HBIRR HIfA
H LA B A B AR X AR S ARSI 1 4
MR o TRk 2 5= AR Cd X4 AN i
NG 3 S A A2 T RE DR BT R A Cd VR B
FEPI RPN B RAR A M 5

Ca BRHEYIEKAFTLHFNRKELE, BOF
RFZE 2, AMNIRAS ] R XA E T ROCR I
TP 4R m AP AL R B R G i
F1 PRI R S AR AT A (1 2R e i T BB A K HE AR
o WFEFRMNRA T, KM B LS T i o 4% o 1
SOD. POD Fl CAT ¥k, FEATHM N /&
#®, WTE Cd¥EHET, 5 mmol/L Ca®'Fll
10 mmol/L Ca* RbFH F K Fh )5, HAIHH) SOD
1 CAT iSRG, W MDA &&%HT NI, %
A Ca BEW/D LA ZE TR CA™ Xt R 115 S Agh i 4
Kpyag B P, SR, ks fFFe# 2 LA Se Bkl
Y hktEL, D IAT G Ca A Cd 256 % BARMA K
ST IEHGE . FEARSCE T, mE SR s Bk
HRAS R I 55 v WS R €™, i L, BF
R R Cd™ A BB S R Cd> MR 1Y
ThE i HAMNEMA 10~30 mmol/L Ca**
JE T DR MR AR B Ay C ™ 5k DU % 47 AR A1
HAME KB, HAUE cd B IR, A
10~30 mmol/L Ca® AN fif i aof B 45 Bt i Jai />
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BARARNF Cd™ By, BRI cd® & &, i ELAT
FEAREARMR AT PR & 5 MDA &8, 25
HAUALET SOD Tt , FEARH AR & bKF,
T R B T 4 i Cd™ 0 Hi A K iR
WMEEPVE L, SRR TR 2 pmol/L
Hehn#] 0.6 mmol/L B, 4R SOD, CAT
M POD % i A 1k W 6 M @ & BEAK, Tim A
10 mmol/L CaCl, W AT#i#l MDA 7=4:, Fffili4
CA*' e 5 25 4 it - SOD Fll CAT i P 4558
M A 25 X Cd> Bt o T3 5 AR S A 45
BRIl XU, ANE Ca il IRt cd*
30 5 | P B G 2 ST AR R SR 0 4 B i S AL
WG MR s , TN C> B B A K i
B F P AR B AR ROR
BRI, SMIE Ca 75305 B8 e b 4
ATRES Ca’-CaM HIMEHIES Ca™ TERa e AN Ls
P Tl 2 4 AR F A PO e oY Cd” X 3
Raphanus sativus L. #—15 & f4 i K BHE &
B, Ca* H AT WiRE CA™ X R T2 KA Cd™ MR
AL, 1 CPARALT S Ca™ 354 CaM IZE S
7455 AT Ca® -CaM AR B AR — R WY
Wik, X R Cd™ XAl & 5 L ed”
Xt Ca®*-CaM HYRZ WA &2 #EVE AP, T2 FRATHY
gER A ANEHELS 10~30 mmol/L Ca*'J5, TR
R AT T JF 1) Cd™ 5 B Lot R O S ARG,
Bt 1 77 v Ca ik BRI R MK, (8 3 AR 2
F A CA™ IR IRAR S e B 1 A L xR
BAAME I AR Ca™ I A BESE 44 il B IRAR X
Cd> HY MR 5 1 3 75 42 WA 7E Cd-Ca F59T
AR, ANE Ca™ R R Ca®-CaM A Ml
FAFAE? SUE Rl R A P Ca™ HY
MRS & A B e R E
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JEA 3 R R Ca®'-CaM D REA S 15—
B

AL ERRY, R A TR A

BRI )R Cd M 528807 ; iZMEIA Ca Al #5

P Cd X BARARA: K A ] ki 7

Il B IRAR

Xt Cd H MR R o FRATTRIEE R 4 Ja R E

SRR AR A T 56 07 B A B R B L PR A A Ok

Xtz EAaJE Cd 9P BT MBS 3 E T
FH AR AR JERE T P24 1 T RETE
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