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H E RAHE/DNXGRE, 75K T AR FRVEE X8R Cd 153488 H (e KR4 R KR ER Cd Wi . 455RKW, /I
MR 4 948 kg-hm™ B KRG = Bib Bl m , R ZAEHI R T K RBERARIE B, BT AR Ve RE B 38 3 38 pH, REAK +
BARMA Cd FBEME/PKRE Cd B, SRR RS AL, i F 2R3 3 000 kg hm (A BKFEHEF= 12.4%(P<0.05) , /K FEHR
Cd FAIK 22.0%(P<0.05) , #K Cd(0.14 mg-kg AR 40.8%(P<0.01), 35T E Z M & T AEFRE(GB2715—2005 ) 5 24 77 Ve it F g 4
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Effects of Red—mud on Rice Growth and Cadmium Uptake in Cadmium Polluted Soil

LIU Zhao-bing'?, JI Xiong—hui?, WANG Guo—xiang’, PENG Hua'?, TIAN Fa—xiang"*, SHI Li-hong"?

(1.S0il and Fertilizer Institute of Hunan Province, Changsha 410125, China; 2.Agriculture and Environment Research Center of Hunan
Province, Changsha 410125, China; 3.Xiangtan Environmental Protection Association, Xiangtan 411100, China; 4.Longping Branch of Grad—
uate School, Central South University, Changsha 410125, China)

Abstract: A field plot experiment was conducted to study the effect of different amount of red mud application on the growth of rice and Cd
uptake by rice in acidic Cd polluted soil (Alluvial Loamy Paddy Soil ). The results showed that rice reached the highest yield as application of
red mud up to 4 948 kg+-hm™. The main reason of yield promotion by red mud was that red mud is favor to form the rice effective ear. Mean—
while, red mud application increased the soil pH significantly and decreased the soil available Cd content and rice Cd accumulation. Com—
pared with the control of no red mud application, rice yield was increased by 12.4% (P<0.05), root Cd content was decreased by 22.0% (P<
0.05), and the brown rice Cd content (0.14 mg-kg™) was decreased by 40.8%(P<0.01) after red mud application up to 3 000 kg*hm=; Fur-
ther when red mud reached 9 000 kg-hm, the soil pH was increased by 12.0%(P<0.01), soil available Cd content was declined by 24.9%
(P<0.05), and the Cd content of root, straw and brown rice were decreased by 55.7%(P<0.01), 54.5%( P<0.01) and 69.9%( P<0.01) respec—
tively. It could be concluded that it was feasible for remediation of acidic soil moderately or slightly contaminated by Cd using red mud due to
its improvement of soil pH and decrease of soil Cd activity. Specially, the secondary pollution of red mud could be avoided due to its very low
heavy metal content. But it was necessary to study application parameters systematically for the widespread application of red mud in acidic
paddy soil polluted by Cd. Moreover, the relevant agricultural machinery and incentive mechanism should be adopted to encourage the farm—
ers spontaneously.

Keywords:; red mud; acidic paddy soil polluted by Cd; soil available Cd; Cd content in brown rice
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7 Jé (Red-mud ) 24 B AR R A 77 i 72 P 7 A )
SR, BRAEAE P i P RE VAT A BB A, FLIE 1
YA REARE, LR E  RIEEZR(A SR T
b [ (A B TS R PR IR M) (GB5058—1985) , A U
TR R, PRI SRS AR A
[, Je4it, 2004 AR5 E A e bR Bl 550 77 t,
BAEFE 1o SR AH 1.0~1.5 t 7, FRIEAIK
BT o T 3, T ELHCAR 1 b T B B0 5 5
TE AR A TR AT5 5, 45 R PR 2 i SR R
B I, 3R AR e B BT IRAL R T IR 42 2 A i 9
ST IR, o TR D H B — R R T VR
REST ] AT BOK AL R B R 5 P HIRRY B R B,
I A A ARG 2 YR R I B K R
SRFHRY, ANBEXTBRESRTRLT
EPIFEHGE" BT, ENS TR R IEA
ELHN T TSR BT A 18, RRAIER
RTAT MR N H LA TR & 42, AT
R AT T B T AR A R TR K X tECd 75
G- (RYE R KRB SO R Cd 1932, 1
RFRPENL T Cd 75 4LAE AR K& A P R AR
A%,
1 #BEFE

L1 fha#f#l

HERIRYE B N A B ARl AR W BB AP 3R
P, RERGEAHERE ., HALAME T pll 12.2,Ca0
39.9%,5i0,21.7% ,¥e,05 9.2% , A1,0; 5.9% ,K,0 0.4%,
41 Cd 0.09 mg-kg', 25 Pb 1732 mg-kg !, && Zn
73.8 mg-kg' MERIARTERTIE 2 mm i,/ BRE 400
TEE4R 23505 20 H A 100 H 5 FEALHAR & Cd
HEENE .

PR 8 Sl vh AR 2 R MR YR I, I
5.20, ALK 353 g-kg?, 4 N 2.0 g-kg ', Bf# N 357.0
mg-kg !, HRL P 6.1 mg-kg™, AL K 101.0 mg-kg, &
B Cd 1.17 mg-kg?, %% Cd 0.39 mg kg™,

PEEOKAE MR 31 5, FRE T Y I B
17,2009 4£ 3 A 20 H#EFP,4 A 25 HBRBE,7T A

13 Bk,
1.2 REigit

K H ()N, ZE AR o7 0 3 XA i AT
(E 112°58'26",N 27°54'45") , %X 38& I PiF B X
AR, R E R, 4K ESN 1200~1 500 mm,
4 H IRETE 1 640~1 700 h, F3SE 16.7~17.4 C,
RIS FEHITL 1500 m, K¥EIRFF ,(H il TR
Z YLK FBAIE Cd &5 BB,

R E 6 MRRHEKYE: ORM-0, AHEfR
72 ; @RM-1,750 kg -hm2; @RM-2,1 500 kg-hm?; @
RM-3,3 000 kg-hm?2; ®RM—-4,6 000 kg+hm?; @ RM-
5,9 000 kg-hm?, BEBA AWK, pH 6.42, HLJRE
Cd & &N 8.0 ng- L7,

AR TFHERAT 1 XSk A B3 GRS H B
PHE a1 2 0 2T 15, ZNE A B AL (NPK 11-11-11),
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FEOFEMAE (FR R ), B A EBELE 5 38, phidiR
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PEER, K FERIE SOREK Cd SR A HNOs-HCIO, ¥
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B EERA ], R R AR TR FHR K TR R A K % +

R B — M (R 1), SR BE(RM-0)Ai L, 201
PRI A5 . 45 ALK R B 7 OB TF T 000 — e e
B A AR B, (L ok R SRR S 050 e
AAHIR . SR RIAE] 3000 kg-hm? B, 7k Yowl © b w )
FEA B BOB N 16.8% (P<0.05), F=EILE 124% 2 a0l ab b
(P<0.05), TR 3.4%(P>0.05), At i S ool
6000 kg-hn? it KRS BIFI T W BT 8 |
Mo MR TRE AR AR

{RHE KRG = ) F R

KFEFE R (y) 5aRTEi AR («) 2 ki &2k,
HEETREN:

y=—2.7x107° 5240.267 2x+6 444.87

(N=18;R?=0.367 9,P=0.0320)

H LRI, KRS = S AR i i R B A T
WA RS, MWAR KRS B 3 7 () 2R VR e FH &= 43
Br, BN AR TR 4 948 kg RS =R A . FRIENT
IR FER 3 P RCR S AR AL, A —E T R
FR4y (e SRS ), it A 385 Xt + SRR A Motk 6
Bt RAVE KRS A S B 1= R BUK R ™,
2.2 FRieXt 1 pH #0 Cd BRIERI I

B 1R, i —2 B e B E R L3 pH
FIFRAS E A Cd &, 4 pH B RHEFA 2
FIHE AT 3RS , B HARES Cd S EEZ E K. 4
AU IR E) 6 000 kg-hm? B, HHEA A Cd &
B X B (RM-0) 4% T 20.8% (P<0.05) ; 24 7R JE it
FAEIEINE] 9 000 kg-hm2 B, + 13 pH HXFHRR 5
12.0% (P<0.01), MLit £3EAH A Cd & BFFIE R
24.9%(P<0.05), #E—Xt HIEHHE Cd H&(y) S
FRVEHE & (o) HEATEE 08T, A5 BHLA T R

y=-8x10"%+0.346 6( N=18; R*=0.356 6, P=0.008 9)

RM-0 RM-1 RM-2 RM-3 RM-4 RM-5
AbT

B EARVNKE FAE BT LSD k2 H HRE {8 % (P<0.05)
Itk 83 (P<0.01), F 1A

B 1 FEAEFRELENLTE pH RS Cd EETHE
Figure 1 The changes of pH values and available Cd content in soil
with the application of different amount of red mud

A, DA Cd SRS REHEZMR T
F R

A ALPE A ES Cd 5 pH RIS (1 2)
RO, I Z 6 B AR IR B T B B 2 K, Ui BT
FIFRYRJE 13 pH 125 RS ECA A Cd & B
FERRH BEA, AR R A R U R, JA
3R AT RERS AR B BT e, AT A5 13
Xt Cd BRI RE ), SBCARES Cd S8 T
2.3 FiEIFAFERKRR Cd KRG

B 3 A [ 7 Yo K SF TR RS R 4 5 (IR
R ZEHFREKOR Cd S B2k, LA, K408
KBRS E R Cd & BEENEA—F, BEREM
BKPAHR KRR R R ATRER Cd & TR
HAHIARRAIKRESHE Cd SR 518 Cd &/
FLARCRT A 2UAH D288 B Aol R B0(K) iR &R 2
FREA B AR 200 51 0 2.3(K>1) 0.9(K<1)F1 0.2

F 1 BARENKBERKELFTRTENZI
Table 1 Effects of applied red mud on the growth and development of rice

LBz Pei/em  AHBEHUI0Hhm™ s FESOR B % Py ST RAghm® W%
RM-0  933:5.1a 284.0£20.6b 116.9:162a  96.3+10.3a 82.7+5.5a 24902a  6333.7x122.2b -
RM-1 95.4+1.52 296.0£25.5ab 115.2+7.0a 94.9+8.7a 82.3+3.7a 254082 6 652.6+2444ab  5.0%
RM-2 97.125.4a 319.7+29.9ab 11512492 97.2+14.6a 84.2+8.9a 25.5+13a 6 867.0:340.2ab  8.4%
RM-3 96.7+2.1a 331.6x23.4a 1209+157a  100.6:9.6a 83.5£5.3a 25.8+09a  71205:5107a  124%
RM-4 96.4+1.9a 318.0+21.2ab 122.6+1.8a  100.5+5.9a 82.0£6.0a 252+13a 6 880.3x1744ab  7.9%
RM-5 95.6+3.7a 311.2+27.0ab 121.3+8.6a 99.0+8.9a 81.6x4.8a 254122  6694.7+371.7ab  5.7%

IE  RPFAFIBRIE AR/ NG FRAR LSD S E 2R B# (P<0.05),



& W F OB OB ¥ % # 695

F208E 4

050
_ o040t ¢ .
¥ ¢ 3
Fosor *® o *
3 L PN
¥ 020}
ﬁ y=-0.100 5%+0.921 3

010F  R04675,P=0.0017

0.00 1 1 1 1

5.00 5.50 6.00 6.50 7.00

+3% pH
E 2 S4EIEEHS Cd 518 pH WEIFS#

Figure 2 The regression analysis on available Cd in soil and soil

pH value under different treatments

3.507 HE

2t
O K&k

3.00F T
T, 250
2

2200
g I
150
=

S 1.00f

0501

0.00 —

RM-0 RM-1 RM-2 RM-3 RM-4 RM-5
bhsi)
3 AEASEFELEMNKBEHEE Cd FEHRI
Figure 3 Effect of different amount of red mud treatments on Cd
content in different organs of rice

(K<1), Tl WARZXT Cd HA R ERAEM , kA
Rk BFR Cd B EERR T,

&AL HKREA RS E 1Y Cd & &2, 24
YR EIAE] 3 000 kg-hm? B} , iR R Cd FEBE
R0 B, BRI 22.0% ; M H A =42 9 000 kg+hm™
BHR R Cd &8 HX BRFEAIL 55.7%(P<0.01), 2E1} Cd
R B ERT N BRI HE &R 6 000 kghm™,
FENRIR 36.5% ; LR Z 9 000 kg-hm? By 2K 0t
Cd & B2 FEIE N 54.5%(P<0.01), 27585t H &k
3 000 kg-hm? B}, B& K Cd &8 (0.14 mg-kg?) e X R
(0.24 mg-kg MR T 40.8%(P<0.01), 5 H M
T AFRHE(GB2715—2005) (Cd<0.2 mg-kg™); M
B ZE 9000 kg-hm™ B fE K Cd & EF%1E R 69.9%
(P<0.01), #F—AKFEEAHE Cd S8 (y) SRR
& ()BT R34, 5B LT LG IR

R Cd-FRiB & y=—1.44x10%+2.535 2 (N=18;
R’=0.7216,P=0.0000)

20} Cd-FRIB I y=—6.0x10"%+1.028 6(N=18;
R’=0.644 5,P=0.000 1)

Bk Cd-FR B HE y=—-1.9x10"%+0.224 3(N=18;
R>=0.808 9, P=0.0000)

GERFH KFER Cd BE R REAEER &
A, T HEA S Cd FERIESBUKTER Cd
B RERURE A BT R R TR
24 KERILER Cd 5LIEEH Cd RABAIERHE
BEZE Cd EENHEXXE

MR 2T LG B, A BKRER R RN FTREK
Cd 5+8AREE Cd B B E FAX A HIERARE
Cd XK REAREE Cd REME R EAER K2
5, HRR ZEMBRORK GBI . TR Cd Xt
IKFER AR Cd W AR B 2R 2R 2 4%, o ke
KTEES. KBARLSRERK Cd FRETIHX,
REK Cd 5220 R AR Cd 24 B E A%, HZX0
Cd XPREK Cd Rt Em EIR R 15 4AG , U
Cd TEAKFEARIG B Z RN A EHRES, Hit
BRREESRKE) Cd B,

3 it

3.1 FiRHEAKBE KM

Vi E7 NS Sy O YA i V= i 4, 9
BEMIRR A ARSI, HoKRE™ 25 R entH
BEEIUEG T R, SR XK R K &
PR SE BB WEKE , BB
HI%, BEE— R TR (R S AIEAE) fA XX
AT EEARE, I EE pH A BRIk,
A E—E R E PO FAE R EEA b al
2 PR (pH L FLERBESE ), 3k SN R AR 1k
EOPO ) i a o8 e 5= 2 1 : <1: 211U 28 <Pl D
WER T SR IARE, SIS Br A K, 1l
MARTRSE TEEA HR S B — i st R I 7 B
F—AEERENA, EHEAERYLBE A S RADIL
Tt P 2R 08 s 77 B 4 B PRL - H o 5 R SR e

R2 KBERE CO)ELEEHE Cd)ER
FH/EZE Cd EEMEAEADH
Table 2 The regression analysis on Cd content in different organs
of rice(y) with available Cd content in soil(x) and Cd
content in different organs
JH EHHHR A R P
HWE CAd-FHA Cd  y=8.002 44-0.500 3 18 0434 0 0.002 9
ZEnF Cd-AA Cd y=2.683 0x-0.027 5 18 02543 0.0328
K CA-FHA Cd y=0.965 6x-0.146 9 18 04150 0.003 9
BEk Cd-ZErf Cd 9=0.226 24-0.026 4 18 0.644 5 0.000 1
Bk Cd-HR & Cd y=0.107 0x-0.058 5 18 0.7519 0.0000
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TSR, Tr #5 T G AR R TE A 21 F
LRI Cd V5 e L P RHAS Cd Mg, 455
FHIFRP AL T3 Cd Y LB RTE 15%~25%, Brown
LI R, Cd 5 Y3 PRI AR R AT B
ML Cd A&, TR A Y8 . Brunori 2509 FAF
FEHLIESE , B A R TR AL B 5 7K Ky G - 35 T I8 AR
Cd A%, 7% pH 254 T R R IR AR 4T

IKFEW M AR Cd B 7 YR Bt A B AR 38 i PR AE
HIFHEFZ 556 MR RE A %S Cd &2
AR MO ESBWREERES L BAMES
BEA BRI AR K RBIR R ZE0HFIREK
Cd 533G Cd AR A WIEH Tk —5. i
A, FBOKRER Cd 2R 77 e i 2 B9 35 in i A% A4
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RAEE R RAA NG 39 &G s
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6.5,Cd<20 mg-kg™), FHAKIMEE , AR Vet A &=
473 000 kg-hm?, 7 AR HE) Cd 4578 0.27 g-hm?, &
W —ZFOK BRI R A FIZEME Y Cd 2331250
1.01 g-hm™? 1 5.90 g-hm2, Hi F¥F B HEL R
6.91 g-hm?, RPZid —ZFKAFFE S L3 Cd g
HEH 6.64 g-hm?, VB R PR A 2k il 13 Cd
B MG R R, Friesl FPBE5TAN, B0
5%(WIW) BIFRTestgitIEh s As Cr fl V &1,
M FTREFR BRI VBN . BRI EAGE, MZR e
A4 HH Rt P R 3 1125 t-hm, T SE BRI
Tk, AL E R S As Cr F1 V &1 R,
3.4 FRiRe R A Fi5 A8 B AR

YT AR YN TR Cd 75 YL A8 F 5 BE REA 3L
PR RREOK Cd &, B EA —E M= 80R,
T HEE AR e RN, F FARML AR 77 B E A YR
FAAE— S E : (1) 2488+ kI A 7= T 25 0%
W) , FRUEIL 25 SR, T AR A Ao A 5 PR
¥, DR PR B TG 4 (2) FHE KM I 247
He , B T AR R ZR T8 BECR A BB IR 218 7 FA R
fREK Cd S RABCR , XRS5 RS R
PR A HNEIXE, R REAE TR L2555, I A
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ANFIZEE (I = TR Cd R EEE R, LT
R G A SR AR PR T AR Cd 15 347K S FIA
[F] 3R BI  HSE SRR L2 s (4)T/E
P57 Ue 5 HAW SR B BT Cd A WA Btk B9 M i
Bla i, DIEEHN Cd s L s B3R E
BB A 7= it R A B 5 (5) FR E A Ve Ko
Bt itstf L3 Cd LA R RR SRR Wi
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4 &g

R Cd 15 4L R 1 U8 F it F — & B R T
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