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pH 0.26 ~ 0.38
CaCl, Cd 19.4% 24.0% W184
cd IRA7190 Cd  0.47 mgkg
0.03 mg/kg 10 g/kg + 1 g/kg pH
pH 0.95 0.72 CaCl, Cd 79.8% 79.5% W184
cd 273% 44.4% 0.2 mg/kg
IRA7190 cd 0.03 mg/kg

X53 A
(-2 (Cd)

Cd Cd

cd cd [9-11]
Cd Zn( ) Cd
(Sedum
(3] plumbizincicola) Cd Zn
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2~4cm
1.3
pH 5.38 5.00 5.12 Cd
0.64 0.35 0.29 m/kg Zn 4 1
96.5 106 88.0mg/kg( 1) 32
W184 IRA7190 105°C
IRA7190 Cd 30 min 70°C
10 100
1 ZFHXELLTE pH KL E Cd. Zn KE (mg/kg) 1.4
Table 1 The pH and total Cd anq Zn concentrations in soils for pot pH
experiment 7n Cd
pH cd Z 10 ml HCI-HNO( Wb =1: 1)
5.38+0.08 0.64 +0.02 96.5+2.4
5.00 + 0.07 0.35 £ 0.07 106 £5.3 Zn Cd 8 ml HNO,-H.0x( vv=3:1)
5.12+£0.09 0.29 +£0.04 88.0£4.3 Varian
SpectrAA 220FS( ) 220Z( ) Zn Cd
1.2 ( GBW07406
GBW07603)
8 4
2 Zn Cd 0.1 mol/L CaCl,(pH 7.0)
W184 IRA7190 ) 1:10 180 r/min 2h 3 000 r/min
+ W184 5 min
(S+L 10 g/kg + 1 g/kg)+ w184 Excel ~ SPSS
4 + w184
(S+L 10 g/kg + 1 g/kg)+ (LSD) 0.05
w184 + IRA7190 2
(S+L 10 g/kg + 1 g/kg) +
IRA7190 2.1
2 mm
2 kg( ) 0.5 g/kg W184  IRA7190
KH,PO4 0.5 g/kg 2015 8 3 16.5%~22.1%  47.5% 16.5% ~
4 2 9 18 22.0% 63.9%( 2)
0.2 g’lkg KH,PO, 0.2 g/kg 11 11 W184
W184
(P>0.05)
%2 TRELEAKELNE Y
Table 2 Effects of different treatments on rice biomass
w184 IRA7190 w184 IRA7190
S+L S+L S+L S+L
32.1+£35a - 200+6.6a - 66.6t73a - 46.8+3.1a -
250+25b 27.7+14a - - 519+53b 574+28a — —
26.8+3.6b 253+36a 10.5+6.8b 99+£22 556+75b 525+74a 16.9+£109b 159+3.5
“ 77 ““S+L~” P<0.05
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2.2 pH cd Zn  (P<0.05)
pH CaCl, Cd 79.8% 79.5%
pH 538 CaCl, Zn 88.8% 88.5%
pH 500 5.12( 1)
(P<0.05) pH
pH 095 0.72 Cd Zn
24
650 Okijfiim @S+
w184 Cd
6.00r 0.90 mg/kg 0.2 mg/ke) 4
| b
= 5.50 ( 3
sook W184 IRA7190 cd
450 70.0% ~ 75.6% 93.6% Cd
' : 65.9% ~ 75.8%  98.3%( 3)
TR kR oF BEoF Zn (P>0.05)(
i+ % 4) W184
( P<0.05 ) Cd 0.2 mg/kg
1 #FZXEEFRRBRAUFIIE IR pH Tk 27.3%
Fig. 1 Changes of soil pH under different stabilizer treatments in N
different phytoextraction times 44.4% IRA7190
2.3 Cd 0.47 mg/kg
1
2 CaCl, IRA7190 Cd 0.03 mg/kg
Cd Zn 2 Cd
CaCl,
cd 19.4%  24.0%(P<0.05) CaCl,
Zn (P>0.05) IRA7190 Cd
0167 (a), oI @S+ Z'(B)a a  ORMEN BSHL
e % | 2
= 012} ‘I’ <7 «} -I-
é . é 6F
= S 5t ’ .
<, 0.08} S
2 =i
1%)% 0.04 4%&84 T .
3o 2 o
AR BREZF KMeE BEZF BE=F
it 45 it £

2 AEMEE R RFHILFIAIE L IE CaCl, 2SS Cd(A)s Zn(B)iKk[E

Fig. 2 Soils CaCl,-extractable Cd and Zn concentrations under different stabilizer treatments in different phytoextraction times

x3 FREBEXRBRAEATIIKTE Cd RUHI ST

Table 3  Effects of different stabilizer treatments in different phytoextraction times on Cd uptake by rice

w184 IRA7190 W184 IRA7190
S+L S+L S+L S+L
0.90+0.19 a - 0.47+0.03 a - 5.16+0.18 a - 578+0.82a -
0.22+0.03b 0.16+0.06a - - 1.76 £043b 130+0.51a - -
0.27+0.05b 0.15+0.07a 0.03+0.02b 0.03+0.01 1.25+021b 097+0.56a 0.10+0.08b  0.13+0.09
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3
x4 FRZBERBREAFREFLEXKTE Zn RKAIFIE
Table 4 Effects of different stabilizer treatments in different phytoextraction times on Zn uptake by rice
W184 IRA7190 w184 IRA7190
S+L S+L S+L S+L
242+14a - 264+2.1a - 2477+235a - 2789+ 522a —
206£1.0a 17.7+£2.7a - - 162.1£353b 922+233a - -
20.7+£0.6a 18.1+13a 228+28a 208+0.9 1479+29.6b 825+20.6a 31.0+134b 28.6+6.8
w184 /n
(P>0.05) [18-19)
pH Cd
3 Cd [20]
pH ( pH Cd Zn
1) pH (2 .
() Zn pH
Zn Cd Zn
pH [21]
Cd Pb
Cd Pb
[14] [22]
pH cd Pb Cd Cu pH
pH CaCl, (InC)  pH
cd ( 2 (In( pH) )
Cd
Cd Cd
cd [23] [24]
CaCl, Cd Cd
Cd
Cd
cd (2
0.3 mg/kg w184
cd w184 IRA7190
cd (0.2 mg/kg) Cd
cd [25] [11]
[25] Cd ( )
IRA7190 Cd 0.03 mg/kg ( )
Cd
cd [15-16]
CEC 3~12 el
Cd
[17] Cd
pH
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[11] s , , .
4 [J1. , 2009,
cd W1s4 23(1): 111-116
[12] ) , , - —
Cd 0.90 mg/kg , 2006, 38(5): 632-633
Cd 70% [13] , , ,
[J1.
Wis4 " , 2008, 19(4): 838-844
1 , , .
Cd 0.2 mg/kg []. , 2013, 40(6):
IRA7190 Cd 169-171
047 mg/kg : " ’ ’ U] . 1999 19(1)C(1104 107
Cd 0.03 mg/kg [16] D1,
Cd , 2006
[17] s s , .
(Zea mays) Pb Cd As Zn [J].
, 2016, 35(8):1515-1522
[18] Gerritse R G, Driel W V. The relationship between
(1] : (). ’ adsorption of trace metals, organic matter, and pH in
o] 2015, 47(3): 435-439 temperate soils[J]. Journal of Environmental Quality, 1984,
’ ’ 13(2): 197204
L3 > 2015, 43(15): 92-94 [19] Hooda P S, Alloway B J. Cadmium and lead sorption
[3] ’ [’J]- T 2013, 3203): behaviour of selected English and Indian soils[J]. Geode-
409-417 ’ ’ rma, 1998, 84(s1/2/3): 121-134
[4] ’ ’ o [20] ,
. . 2014, 50(5): [J. , 2010, 30(9):
577584 1846-1853
[5] . [J1. , 1999, 31(5): (21] ’ i T
261-265 [J. ,2010(9): 2093-2098
6] 7 _ [22] , , , .
[71. , 2000, 16(2): 39-44 [J]. , 2014, 51(3): 555-563
[71 McGrath S P, Zhao F J. Phytoextraction of metals and [23] Chen S B, Zhu Y G, Ma Y B. The effect of grain size of
metalloids from contaminated soils [J]. Current Opinion in rock phosphate amendment on metal immobilization in
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[8] ) , ) 2006, 134(1/2/3): 74-79
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23(3): 39-42 1. , 2011,
[9] , , , . 20(11): 1758-1763
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Effects of Phytoextraction and Stabilization on Cd Uptake by Rice

CHENG Chen"? GAO Wenya'?, HU Pengjie’, WU Longhua®’, LIU Hongyan', LUO Yongming™”

(1 College of Resource and Environment Engineering, Guizhou University, Guiyang 550025, China; 2 Key Laboratory of Soil
Environment and Pollution Remediation, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China; 3 Key
Laboratory of Coastal Zone Environmental Processes, Yantai Institute of Coastal Zone Research, Chinese Academy of Sciences,

Yantai, Shandong 264003, China)

Abstract: A pot experiment was carried out to study the effects of phytoextracation by Sedum plumbizincicola and
stabilization on soil pH, extractable cadmium (Cd) and zinc (Zn) concentrations in soils, and on rice (Oryza sativa L.) growth,
uptake of Cd and Zn in a heavy metal contaminated acidic soil. Paddy soils after different phytoextraction times were collected
from Xiangtan County of Hunan Province. The results showed that after two and three times of phytoextraction, soil pH decreased
by 0.26 and 0.38 units and soil CaCl,-extractable Cd concentration reduced by 19.4% and 24.0%, respectively, compared with
unphytoextracted treatment. After phytoextraction, Cd concentration in the brown rice of variety W184 reduced significantly, but
still exceeded the national standard of China. Cadmium concentration in brown rice of variety IRA7190 was 0.03 mg/kg in
phytoextracted soil, which met the requirement of safety production. After applying sepiolite and lime (10 g/kg + 1 g/kg), soil pH
increased by 0.95 and 0.72, soil CaCl,-extractable Cd concentration decreased by 79.8% and 79.5% and Cd concentration in
brown rice of variety W184 decreased by 27.3% and 44.4% in the soils after two or three times of phytoextraction, respectively.
Whether it was added stabilizer or not, Cd concentration in brown rice of variety IRA7190 was only 0.03 mg/kg when grown on
soil phytoextracted three times.

Key words: Phytoextraction; Stabilization; Sepiolite; Lime; Acid soil; Rice
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