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WE . B AR, TP AR EA A KA + A TEAFEA (0, 1.0,2.0,4.0, 8.0, 16.0 g-kg ) T, Zofk L Heh &
&0 P, Cd, Zn ST SRR | 25 52MEERI BN, 458K . O3 Pb, Cd 1 Zn 384 & S Bl
2 2H T 1 A 00t 2 0 3 o 22 T 8 PR A, A e S B i e TR B AR T 15.3% ~99.9% | 9.2% ~99.9% 1 7.0% ~
99. 9% , AR T /KFEXT -1 Ph, Cd Al Zn MR, QKRG KR GEAT 20 EE | Mk e I 2 i 78] A 50t ) = 1 348 o o 1= T
Wi HETE 1.0 g-kg ™ I, R = B, S X IRAH L, 387 60. 4% . /KRG A E X Ph. Cd. Zn iYW Wi 156 it 1 2 09 38 iz 57 1
R SxdREAHH B 1.0 ~16. 0 g-kg ™' A B E AL EREK R Ph, Cd AT Zn & 88 T FEIE BE 500 2. 2% ~13.1% | 29.3% ~
79.3% F119.5% ~43.3%.

KA A KA + LA, AR Ph, Cd, Zn; IR HIE, K

FESES. X171; X53 XEFRIRAE. A XEHS . 0250-3301(2014)02-0727-06

Effects of Group Matching Curing Agent on Exchangeable Pb, Cd, Zn Contents

in the Potted Soils and their Accumulation in Rice Plants

ZENG Hui, ZHOU Hang, QIU Qiong-yao, LIAO Bo-han
(Forestry College, Central South University of Forestry and Technology, Changsha 410004, China)

Abstract: A pot experiment was conducted to study the effects of a group matching curing agent (limestone plus sepiolite) with
different concentrations (0, 1.0, 2.0, 4.0, 8.0, 16.0 g-kg™') on the exchangeable Pb, Cd, and Zn contents in the potted soil
collected from a mining area in southern China and their cumulative distribution in rice plants. The results showed that; (D
Exchangeable Pb, Cd, and Zn contents in the potted soils decreased obviously with the increase in the amounts of group matching
curing agent by 15.3%-99.9% , 9.2%-99.9% , and 7.0%-99.9% , respectively, compared with the CK, indicating that the
addition of limestone plus sepiolite effectively inhibited the uptake of Pb, Cd, Zn from soils into rice plants. @ Growth conditions of
rice plants were improved, and the heights of rice plants increased with the increase in the amounts of group matching curing agent.
The rice yield reached the optimal level and was increased by 60.4% compared with the CK, when the amount of limestone plus

'. The uptake of heavy metals in different organs of rice plants decreased obviously with the increasing amounts

sepiolite was 1.0 g-kg~
of the group matching curing agent, and the Pb, Cd, and Zn contents of rice grains decreased by 2.2%-13.1% , 29.3%-79.3% ,
19. 5% -43. 3% with different concentrations (1.0-16.0 g-kg™") of the group matching curing agent, respectively, compared with the
CK.

Key words :limestone plus sepiolite; heavy metal Pb, Cd, Zn; pot experiment; soil; rice
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Table 1  Physical and chemical properties of the tested soil before amendment

- CEC LR TR g kg TR &/ mg kg
syl pH 4 3 -
/cmol -kg /g kg Pb Cd Zn Pb Cd Zn
pigaR: 5.58 2.22 14. 87 965. 84 9.24 1164.72 160. 25 8. 14 136. 83

1.2 Rkt

FEA R AE AT, % AR ERAE Ry v I A
7 28 NI S, AR 3 SR AE 16.6 ~ 19.2°C Z ],
SRR K B AEL 223 ~ 1421 mm ZJA]. BT
AR T AR T, B A 4.0 kg 1, AR AL
WERREL . BEFRER . IR, i & P.0.10 g-kg ™
(LA P05 3t) . N:0.50 g-kg™',K:0.15 g-kg™' (LA
K,0 i) , DAV BOE 2 m A 138 5 SR 1, f H o
AT FRE A A AR A KA+ A 4
it 2: 1R A A, &E 0, 1.0, 2.0, 4.0,
8.0,16.0 g-kg™' iX 6 DUIMIKN, 435l it A 7 Ak
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5 2 TR P S w1 e I e /B O < e A T A
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FUREK ) 43 FERREE, /N R R AL 182 , 3 100 B 2
T, PRAFAR M. SR 48 7K R M AR AR B 1338, L1 )
e, 430 10 H5 100 H i 454745 H.
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Fig. 1 Effects of the group matching curing agent amount

on the pH values of the potted soils
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0.891; n=6,R,, =0.841 R, ,c =0.657). 4jii
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Tt 9 pH (2 B E AL CR (R, =
0.721, R}, =0.760, R,, =0.762; n =6, R;, =
0.841,R; s =0.657). MusInatik B i & H i 16.0
g-kg B, I Pb, Cd.| Zn ZHAS AL TR
PR it AR B AR R 5, L3%rh Ph Cd | Zn A8 2
TR REARIRE 2 50 15.3% ~99.9% . 9.2% ~
99.9% F7.0% ~99.9% . FILAT UL, ZH e Ak
Tt FHREA AR AR T b B & R A S & i, B
it P 2 | AT 32 A
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Fig. 2 Effects of the group matching curing agent amount

on the exchangeable Pb, Cd, Zn contents in soils
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Fig. 3 Effects of the group matching curing agent amount

on the plant heights and the yields of rice

2.3 AP KRR A5 2% B i 4R % i s
2.3.1  ZHBECFEALHIE P XK AR oh 4 e A
A

FH% 2 Al X REZH K A AR o Pb | Cd | Zn &%
T3 K1278.95 32,78, 163.15 mg-kg™'. JitiJH
THBEEFE AR Ph, Cd &= KR R, Bk
i R Iz B R S RN 16,0 gokg
W AR Ph, Cd & 43 5 B 694. 63 mg-kg™' |
11. 60 mg-kg ™" 5XFREAH EL , 4 20 e [ £k 550 it FH o
HF1.0~16 g-kg "B, KFEARH Ph Al Cd & 5 3
TRET 5.1% ~45.7% F11.0% ~64.6% . W Zn
B N R, e 5 8.0 g-kg ' B, Zn
FrE IR FIEAR. SRR E i T 4L AR R S
AR FEMR A Zn SHTFET 17.5% ~46.4%.
UL, WL AT + 1 KA AR K R AR b 4R
Pb. Zn & BABHHCR X Cd ROR A 5, %) 3 Fh
4B MG R Cd > Zn > Pb. AR, AR
A+ A A RS K AR AR X B 4 S A IR, iR
PRL 2 i o 2 B T PR 700 s, 3 ss i S T 4 A
i i AL, v R A E AR (F2).
2.3.2 HRCFEAFIIE XK RSP E SR S EN
A

H 3 Al X REZHZE P Cd | Zn & 5205
h34.18 . 1.98, 126.52 mg-kg ", 411 [ 4k 77 75 0



730 AN 5%

B % 35 %

A+ ARAHZET Ph, Cd, Zn &2 FEG
P MR ZE Zn SR SO + A K A0EH
BB ENAE (R, =0.852; n=6,R.,, =0.841,
Ry s =0.657). Hjfi i R 16.0 g-kg ' B, 250
Cd, Zn FH50A R ERARE 0. 72 mg-kg ™' F157. 32
mg-kg ™. 50T MR LY it FH 4G AR RS kK
FiZE Pb, Cd, Zn S &M TR T 51.3% ~
58.8% . 4.2% ~63.9% . 23.2% ~54.7%. X i}
B I + A KA e RUE ORI 22 h B 4 )8
Pb, Cd, Zn &, it JH & K B Y &, XoF 3 A
HEJRAINHIRBCEREI N Cd > Pb > Zn.
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Table 2 Effects of the group matching curing agent amount

on the contents of heavy metals in the rice roots

£ L [ Ak Pb ik Cd it In EhE
/g kg ! /mg-kg ! /mg-kg ! /mg-kg !
0 903.77 +4.70a  13.64 +1.08a 243.25 +1.00a
1 881.13 +18.45ab 11.91 +0.95a  241.80 +2.78b
2 884.13 +27.88bc 12.51 +1.72ab 241.40 +5.20b
4 932.38 +13.78¢ 10.96 +0.60ab 240.28 +4.08ab
8 893.38 +1.53d 13.09 +0.33ab 242.93 +1.33b

16 937.15 +31.14¢ 13.36 +0.74b  234.43 +7.39ab

x3 AREAFNKEERESENIZN
Table 3  Effects of the group matching curing agent amount

on the contents of heavy metals in the rice stems

ZH T [T Ak 57 it Pb i Cd &t Zn i
/g kg ™! /mg-kg ™! /mg-kg ™! /mg-kg !
0 34.18 +6.06a 1.98 +0. 32a 126.52 +3.74a
1 16.63 +3.12b 1.90 +0.28ab  97.18 +6.83b
2 14.37 +4.21b 1.13 +0.53bc  84.02 +7.05¢
4 15.23 +1.38b 1.05 +0.55¢ 74.85 +3.85cd
8 15.58 +1.73b 0.75 +0. 40¢ 70. 88 +3.18d
16 14. 08 +2.84b 0.72 +0.23¢ 57.32 +3.80e

2.3.3
Al

H 3 4 A1 X RRZAAY5EH Ph, Cd| Zn F R4y
MR 2.73,2.02 ., 33. 85 mg-kg " Fifi 5 4 I [& £k 570 it
MR, 52 Zn S =2 B TRE%. £
Zn &t SAHBCELN (A + A K0) i &2
B 2 A E R (R), =0.776; n =6, R, =
0.841, R; o5 =0.657). 5XFREAI L, 24 41 Fic [ £k 71
it &R 16.0 g-kg ' B, Zn F E AR, 4 9.02
mg-kg ™' i 4 8.0 g-kg ' I, Pb., Cd & &
1%, 4390 11. 38 mg-kg ' #10.33 mg-kg™'. W T
ZHE AR, KR5S Ph, Cd., Zn &40 0 R %
T 33.5% ~70.7% . 46.7% ~ 83.9% . 27.8% ~

ZH [0 P 300t T 7K e 7 o i < i R Y

73.4% . UiWIEAT + A KA RE A UK AE 7
H4JE Pb, Cd., Zn 54, HFfE B A5,
IR BEBR. X 3 e 4w A SR R Bl Cd
>7n >Pb.
*4 AEREAFKBEBEFEEZENZN
Table 4  Effects of the group matching curing agent amount

on the contents of heavy metals in the rice husks

ZHC [E AL it Pb it Cd it In &k
/g kg ! /mg-kg ! /mg-kg ! /mg-kg !

0 2.73 +0. 60a 2.02 +0. 09a 33.85 +1.59a

1 1.82+0.25ab  0.58 +0.29bc  24.43 +1.22b

2 1.22 +0.57ab  1.07 +0.45b 22.65 +1.34b

4 1.15+0.35ab  1.08 +0.08b 16.83 +0. 98¢

8 0. 80 +0. 00b 0.33 +0. 03¢ 11.38 +2.03d

16 1.47 +0.46ab  0.37 +0. 13¢ 9.02 +2. 84d

2.3.4  AUBECEAL G XK RERE K Th AR

(14 5 M

Bl 45 it FH 2t B 80, WA + A KA RS K
Cd, Zn GRSV NEEH. Rk S5 alH % g
(K Pb, Cd, Zn & HE 400028 5.21, 2,18,
76.03 mg-kg ", 24 [ Ak )t FH & 16 g-kg ™' B,
Cd . Zn RN ARK 0. 45 mg-kg ™' F143. 08
mg-kg ™, KRR EE 530K 79.3% 1 43.3% . il
A1+ AR AT XK T Ph SBR[k
IR o 4 g kg ' B, Pb & & [y 5 X 4. 53
mg-kg ™' SXFIEAIEL, Pb S P 13.1%. n] I,
TEA + A KA IR R R T E 48 Cd, Zn
AR SR AT, T )it P B A, R AP RR B d , (F 2
XF Pb &R — M. XF 3 FPEE 4 A I ROR R B
Cd >7Zn >Pb. 5 MEEEET, BRIk K Ph, Cd
KB AR, MR R I8 B & 5 b s Y 1 R o s o
(GB 2762-2012) H1 k&K Pb<0.2 mg-kg™', Cd<
0.2 mg-kg ' FJEK.
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Table 5  Effects of the group matching curing agent amount

on the contents of heavy metals in the brown rice

MRS Pb & Cd &4 In
/g-kg ™! /mg-kg ! /mg-kg ! /mg-kg ™!
0 5.21+0.48a 2.18 +0.05a 76.03 +6.59%
1 5.09+0.43a  1.44 +0.42ab 61.22 +7.05¢
2 4.98 +0.32a  0.91 +0.36bc 57.88 +1.63b
4 4.53+0.35a 1.54 +0.39ab 53.80 +3.00b
8 4.78 +0.25a  1.23+0.48b  51.30 +0.20bc
16 4.64+0.17a  0.45+0.35¢ 43.08 +4.87c
3 g
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K FR , T4 pH (H 5 4L &4k 7510 B4 it FH = S A
WEEMICOCR. HIEEW D OH ¥, 5E4&E
e S A ALY DTVE , V6 60 A 38 2k W 5 8 - 28 464
FHAL AT [ 5 — ¥ 70 4 s, A PL B e &
VB I i o 4 Jm ) E AR, S E A RS A
AR, T PR EE 4 A s e R AR
P Ca’ X EE R E T HAHIEN, 2 55%
SAEIAR FR L WSS A 00 R 0 4 Y
W, IR T A R XTI R E VR, R kel T oK
B AR 2
3.2Pb, Cd, Zn 7E/KFEMR, 25| 58, AR PR R
o3 SRR e T 0 2 Sk

FEFR 2 ~5 ™, Pb ZEKAF A bR & i 40 A AR
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FI N KGR Cd > Zn > Pb, 250 Cd > Pb > Zn,
5¢H1 Cd > Zn > Pb K&K Cd > Zn > Pb. f LRI %I,
ZH L AT Cd 1 B AR B 4, Zn IR Z, Pb 1
2% X SEEREKEEKRTNIBR AL |
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BENFI N Cd > Zn > Pb. Xt 554 ZHF 55 1Y
S5 — 5. T AR K AR bR i B8 BE 7 1 KM
KH.:Cd,Cr> Zn,Cu> Pb.
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K AR R
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SR 4. 5% ,58. 2% ,23. 9% ; 18 H K 16
g-kg ' ARIALIE 77 39. 6% , BEKH Ph, Cd. Zn
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F10.45 mg-kg ™" WABSRBEA LB A 5 YR
HPRE(GB 2762-2012) K Ph<0.2 mg-kg ™',

Cd=<0.2 mg-kg ' HYER.
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~79.3% . 19.5% ~43.3%.
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