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1.2 CK 3
1.2.1 Zn Cd 3 S1 S2 S3 S1 Zn 1000
9 Cd0(Zn10 Zn300 Zn600) 2 000 mg/kg S2 Cd 16 32 mg/kg
Cd25(Zn10 Zn300 Zn600) Cd50(Zn10 Zn300 Zn Cd 9
Zn600) Cd0Zn10 Zn Cd Zn Cd 1
pmol/L 2L ZnCl, CdCl,
5 3 2
0.1 mol/L NaOH 0.1 mol/L Zn Cd 2 kg( )
HCl pH 5.8 6 4
4 2009 2
70%
14 h 25C 20°C 60% ~ 70% 2010 10
1.2.2 2011 3
4 1.2.3
1 #HiX+1EL 2 Zn, Cd XSMN Zn, Cd LLIBIER
Table 1 Total and spiked zinc and cadmium concentrations of tested soils
(mg/kg) (mg/kg) (mg/kg)
Zn Cd Zn Cd Zn Cd Zn/Cd
X16 CK 101 0.52 0 0 101 0.52 194
S1 1067 8.73 0 0 1067 8.73 122
X11 S1-Znl 1067 8.73 1 000 0 2067 8.73 236
S1-Zn2 1067 8.73 2 000 0 3067 8.73 351
S2 3906 10.6 0 0 3906 10.6 368
15 S2-Cdl 3906 10.6 0 16 3906 26.6 149
S2-Cd2 3906 10.6 0 32 3906 42.6 91.6
16 S3 4 444 59.6 0 0 4444 59.6 65.5
20 mmol/L Na,-EDTA 15 min
Zn*t  Cd* 1.3
3 3 Excel 2003  SPSS 11.0
4
2 5~8
105°C
30 min 85°C 2.1 Zn Cd
Zn Cd
2.1.1 Zn
, 105C Zn
30 min 85C Zn Cd ( 1 2) Zn>Cd
HNO;-HCIO4 (v/v = 3/2) Zn > >
(Varian SpectrAA 220FS( ) >> Zn<Cd (Cd25Zn10  Cd50Zn10
220Z( ) Cd Zn HNO; ) Zn > >
HCIO, ( >>
GBW07602) Cd Zn300  Zn600
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Fig. 1 Zn and Cd concentrations in young and mature leaves of S. plumbizincicola in hydroponics culture
x2 BUEBTHT RXAEIMA Zn, CdKE
Table 2 Zn and Cd concentrations in different parts of S. plumbizincicola in hydroponics culture
Cd (mg/kg) Zn (mg/kg)
Cd0Zn10 323 £0.73 ¢ 26.5 +83b 1332 184 e 4975+ 670d
Cd0Zn300 1.70 £ 0.55 ¢ 39.1 £3.7b 2628 +189¢ 10110 = 752 b
Cd0Zn600 3.93 £032¢ 53.7 £ 1030 3204 £799b 11662 £ 894 a
Cd25Znl10 331 £ 16b 989 £ 258a 1284 £163 e 5243 + 443d
Cd25Zn300 308 £39b 1186 + 523 a 2493 + 167 cd 9056 + 309 ¢
Cd25Zn600 358 £ 72b 1092 +252a 3577 £252b 9658 + 764 be
Cd50Zn10 628 £ 90 a 1268 +230a 1736 £ 356 de 5914 &£ 799d
Cd50Zn300 721 = 31a 1245 + 384 a 4237 £ 444 a 9819 + 429 be
Cd50Zn600 690 £ 151 a 1367 = 327a 3790 + 736 ab 9997 = 1020b
P<0.05
Zn Zn10 Cd Zn
Zn300  Zn600 Cd
Cd0Zn600 Zn Cd Zn Cd
17 962 mg/kg( 1) Cd 25 50 umol/L
Zn (Cd0Zn10) Zn Cd
Cd Cd
2.1.2 cd 4 232 mg/kg (CdS0Zn300 )
Cd Cd 83 Cd
Cd Cd Cd
( 1 2) Cd Znl0 Zn600 Cd25 Cds0 Cd
cd > > > (Cd0Zn10)  Cd25 Cds0
Zn300 Cd 213 Zn Cd Zn Cd
> > > Ccd 25 pmol/L (1) Zn cd
Zn Cd 1 2 Cd
> > > Ccd 50 Zn Cd
pmol/L Zn Cd Zn
> > > cd” Cd 25 50pumol/L  Zn
Cd Cd Cd «“ ?
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cd cd i I
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&
cd (1 2 i
@  cd Zn = |
Zn Cd 1k ‘J_‘ ’I_‘
Z Cd V4 : : : : : )
n n 0 CK Sl1 S1-  S1- S2 S2- S2- S3
(D Cd x Znl Zn2 cdl Cd2
Zn y Zn 10 umol/L LIzt
Y ’ ’ ’ Fig.2 Plant biomass under different soil Zn, Cd treatments in pot
300 umol/L y= -3622.6x+21082 (R*=0.9745) experiment
(R =0.9859) Zn Cd Sl Zn
Zn Cd 7n
Zn Zn cd 1000 mg/kg 2 000 mg/ke
300 umol/L Cd50 Zn Cdo 7n 7n  Cd S
Cd25 Zn cd cd
Cd Zn ( cd cd
2) Zn Zn Cd S3
2.2 Zn Cd 70 Cd
Zn Cd 7n Cd
221 Zn Cd (
S1 (Zn 1067 mg/kg Cd 8.73 mg/kg) 223 7n Cd
1 000 mg/kg Zn 70 Cd
2 000 mg/kg Zn Cd Zn  Cd  Zn
Zn Cd (Zn 3906 mg/kg Cd 10.6 mg/kg) cd ( 3 7n
S2 Cd Cd cd
Cd Cd
Zn Cd (4 444 mg/kg Zn 59.6 mg/kg Cd 7n cd
) S3 (2 (

&3 [ Zn. Cd LB AEF FRUM EAR Zn. Cd HKEFIIRYLE B 200

Table 3 Zn and Cd concentrations and uptake amounts of S. plumbizincicola shoots under different soil Zn and Cd treatments in pot experiment

(mg/kg) (mg/ )
Cd Zn Cd Zn

CK 4.67+£2.00c 126 + 84 ¢ 0.012 +0.000 f 0.33+£0.08 ¢

S1 34.6 £4.0 be 1138+204d 0.156 +0.001d 5.13+0.40d
S1-Znl 84.8+20.8 b 5040+ 635a 0.383+0.008 b 22.8+0.6a
S1-Zn2 82.7£6.5b 4581 +793 ab 0.088 £ 0.001 e 4.88+0.45d

S2 63.4+17.6b 3467+ 586 ¢ 0.171 £0.003 d 9.34+0.55¢
$2-Cd1 177+40a 3810 + 866 be 0.406 £ 0.016 b 874+ 1.10 ¢
$2-Cd2 211+90a 308841098 ¢ 0.327 £ 0.029 ¢ 4.80+0.92d

S3 77.4+52Db 2155+276d 0.499 +0.003 a 13.9+£0.5b
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4 Zn Cd «“
Cd (1 2) Cakmak U3
DNA 18] 7n
Zn 19¢d Zn 2.8%
Ol Zn Cd e 109
Zn 0.1 pmol/L Cd
(6.5%) Zn 1
Li ® 109,
5 pmol/L Cd 4.3%
Papoyan [* Zn S. alfredii 1.3% Ye 06 7n
T caerulescens  Cd 500 pmol/L S. alfredii Cd
Zn Cd 7n cd
Qiu [ Zn P
Cd Zn Cd oriffihii cd Welch [
500 pmol/L Zn 7n cd
Cd Zn o Zn 1 pmol/L
wu cd cd
Zn Zn Mckenna cd Mckenna ¥
[13] Cd Zn 7n cd
Zn Cd cd
Combs!'*! Zn Cd Cd 7n (+2)
Zn Zn Cd
Cd Zn Cd Cd
(D Zn(10 pmol/L) [19] cd Zn
cd Zn Zn cd (200
Cd Zn Zn
(D Zn 300 pmol/L Cd Zn
50 pmol/L.  Cd Zn Cd « 3
Cd Zn Cd 5
Zn ( 2
cd 7n Zn Cd
7n/Cd cd (  Cd25Znl10 Cd50Znl0
Zn Cd Zn )
Zn Zn Cd Zn Cd
Zn Cd Cd Zn
Cd Zn Zn
cd Zn ( 3) Zn Zn
Cd Cd “ v
7n Zn Zn
cd (D Cd Cd Zn Cd
Zn Cd Zn
Zn Cd Cd
cd Cd 25 50 umol/L cd Zn
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Interaction of Zn and Cd on Heavy Metal Phytoextraction Efficiency
of Sedum plumbizincicola

LIU Yun-jun"?, ZHONG Dao-xu?, LI Zhu?, LI Si-liang?, GUO Feng-gen', WU Long-hua®"

(1 School of Agriculture and Biological Technic, Yunnan Agricultural University, Kunming 650201, China; 2 Key Laboratory of
Soil Environment and Pollution Remediation, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China)

Abstract: Growth chamber hydroponics culture and glass house pot experiment with Zn and Cd polluted agricultural soil
were used to study the interaction effects of different Zn and Cd concentrations on Sedum plumbizicola growth, Zn and Cd uptake
and distribution in plant. Hydroponics culture results showed that Zn and Cd concentrations in all part of plant increased
significantly with Zn and Cd concentration in hydroponics solution, but there were no significant differences between the two
high concentration treatments; the uneven Zn distribution was found in the plant and had relationship with Zn and Cd
concentration in the hydroponic solution, for the concentration of Zn > Cd in the solution, Zn concentrations in plant were as
following: the young leaves > mature leaves> the other parts >> roots, on the contrary, the order showed as: mature leaves > other
parts > young leaves >> roots; Cd distribution in the plant different parts had no consistent regularity; the interaction of Cd and
Zn is mainly reflected on the young leaves: when the solution was presented with Cd, low Zn concentration in solution had
synergy effects on Cd concentration in young leaves, and high Zn had antagonistic effect; Cd also had antagonistic effect on Zn
concentration in young leaves. The soil pot experiment results also showed that the high Zn could promote plant Cd uptake, and
Cd had antagonistic effect on the uptake of Zn. Extremely high Zn or Cd would significantly inhibit plant growth, and thus lower
remediation efficiency.

Key words: Sedum plumbizincicola, Zn, Cd, Interaction, Uptake, Distribution
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