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Advances of Cadmium Contaminated Paddy Soil Research and New Measure of Its Safe Production in China:

A Review

ZHAN Jie'?, WEI Shu-he!, NIU Rong—cheng'?

(1.Key Laboratory of Pollution Ecology and Environmental Engineering, Institute of Applied Ecology, Chinese Academy of Sciences,
Shenyang 110016, China; 2.College of Liaoning Professional Sanitation Technology, Shenyang 110101, China; 3.Graduate University of
Chinese Academy of Sciences, Beijing 100039, China)

Abstract: Rice is the most important food crop in China. Recently, rice safe production became the key attention point due to increasing
heavy metal contamination problem. This article reviewed the status of cadmium(Cd) contaminated paddy soil and rice grain in China, modi—
fier research of Cd polluted paddy soil, and the differences of Cd accumulation in rice grain among of different cultivars. In China, Cd pollu—
tion investigation in whole rice production area was not conducted till now. Some literatures from different rice growth districts showed that
some rice paddy soils have been contaminated by Cd. Accordingly, rice grains were polluted either. The main reasons were caused by improp—
er irrigation with wastewater. In order to control and improve these contaminated paddy soils, some amendments named modifier were deter—
mined to decrease Cd bio—availabilities and increase rice grain yield by using soil pot culture or field experiment. Besides of lime, sea—form
and kaolin, some organic materials showed better application potential. However, the role of modifier was limited. Too many research results
showed that there were significantly differences among of different rice cultivar accumulating Cd in their grains. It suggested that the identifi—
cation and application of excluder rice cultivar will be a new practical method and measure for rice safe production in Cd contaminated soil.
Together with some amendments, excluder rice can normal growth and produce high quality rice even in Cd contaminated soils.

Keywords: rice; Cd pollution; safe production
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T 3 R ROR RS R BURAEAT T 2538, X BUA 194
15 YA H B B RSB R 7 i AT T IR B 4
HHAFE RS 5, TECEERS b, R A HESR: BUKAS
At 5 TR H R T AR FH 42 2 OB T

1 KEREHIREREXK CdTERIK

HERE, XTFRREL =215 Je RO KR
LA ITIA A TIRIE , A )2 E AR A [R] i X A
e H 3 SRR T5 Y B DLHEAT T AHRAR ST . 1989
EMARERN, RE 11 X EZE(Cd)I5 K
HH TRIAE 12 000 hm?, P BHK - 3E X —[F P E 15 5L X
13 Cd FEHIE 5~7 mg-kg , FHK Cd HEWIE 1~
2mg kg, PEBE TRELAERKTESES
EPRHE(NY 5115—2008)", + V5 FERE & T
AP 5 KB LAY, Cd FE A TE LR, X g5
PR RO B Cd s RREE, BHE
] T B . EIGRALE T HE 16 N TH 75
YuX A HIEFIRE K P Cd S B RPIRIL, & FX Lo
J3% Cd s iy e A &P, His e 2R
& JERY RSP S 1R K KE Y, B AR TE
VXA ZE, BRI EC R REREFES
Wi, R HENRRO T EREESESR R &
TR R o QNHTTLAR 3% B BRI N b X84 AH 4K B R
Cd hEFM, FRPIHAREK Cd & &4r51A%] 1.17
mg-kg” 1 1.30 mg-kg™9, fREE & FEMX Cd B9FF
KESBITRARSRW, FEHlE Cd SRR,
XIPEE SN AW X LR RKAE L TR 5, S5 R
] Cd IR RHEAEF] 0.3~3 pg-kg'-a™, 4FI5YLE
B4 0.8x10°~10x107 kg-hm2-a™ , A X35 Cd 1975
Yuid B PR b AR IE e , DR o X+ AR T
Yo R EY, Yang SFHIAREIEE T ARG REBHED
JEH R 3 K HEWE 0.8 hm? £ H 38 K Ag ok vh Cd 19
BYAEDN, SRR, B LS Cd S EEREKMEN
29.68 mg-kg?, F/ME K 2.01 mg-kg?, 1K 13.59
mg-kg?, FEKH Cd FEFH 0.24 mg-kg'P, 5B
PR RV, BERSER(TD R GBS )13 4
7 (B RO 7 FERF I A RS- R EwI AT A
K Cd & E#BARIA 8.70%", Zhai & RAENE T #
BAT I TATHEM 2 415 km? % H + 58 KR K Cd
Ma R, +3 Cd 88 2.72~4.83 mg kg™, JLF
¥IER 1.45 mg-kg s ALY, FRKH Cd & &k 0.01~
4.43 mg-kg™, SEI{EH 0.39 mg ke, #brZEN, B
FELT SF FEALANE E N T BRE KA, (44 MK

KFN 47 AR ), WA Cd S ERIE SR
£, 91 MG Cd & BEARE 10446, HT
T G RENLBURE 25 R, X FREK B HER R IR T
FE , W T A HS YR W Ui — 2 & /Y Cd
BRI S AER) o Sun 05T T MR RUBLE
7% HAERET JE R 18 /A H 38 S AR b A 7K F e i vp
Cd & &, 5RFW, A4 ERESLT CdEER
Br,Cd &5 &K 0.53~14.91 mg-kg™', JLATFHME N
1.05 mg-kg™'s HHNAY, FEKH Cd F &N 0.25~0.54
mg-kg™, JEEBHR", Zhao FFHEZHE1:50 000 L8] 1
fBEAE, RAENE T WL RIS H X 96 ~F5 H 158
KA B KRERERT Cd S8, 582FH, A4 11
HERE P Cd S BBFR, Cd &R 0.11~0.45 mg kg™,
SEHME R 0.31 mg-kg™; MNAY, REKF CdHERN
0.002~0.467 mg-kg™, SE{E A 0.072 mg kg™, F4
HEmAEmR, B RIEEMREN, RIL=MA M XK
Fe i 8 T E A BT RIG Y, R Cd.Cr.Cu Hg
MZn SESHNEESEMEWN 3.1.2.7.1.5.1.1 f1 1.1
1%,4 29.5%.5.8% 1.4%F i ) As .Cd F1 Pb & &
PR o X —HX TH %5, B R R Tk
K B E BRHRE LA™

iR XSRS AR M S HE, A ETEE AR
BA RGN 2tk BiiEAR 2 I — 255 RS
PRI EZ o MTETGHEX &R X T XA S 44
A SR, FE A Jr SR B AR & 3 b X LA — X 93 3k
P, XL X B 75 4 R IR 2 SR R B A B E TS
B5, BRI HRGLY KRG B ERE,
X EeyE I A R ZHARTE N RV AE P15 D), B
SRER T Y LR AR T RHE T L (B E —
AIFREE IR . LI, EIRRFR BT —E 2 BRI, R
K AE A 7= 1 SCAFEAE Cd 15 4L XU, 78 T S 1l X i AH
Y A A ER P — St e X MR I LA R A
KL arET=,

2 CdmEHTENRAIFR

X F RIS R HRUE, ANTIK B RE— 28
BfkITEs, BERERERPES RN EY AR,
T BH L HA AW 755, 6 — a5 Qe BRI AR
FE 3 P AGRSE 2 42 ) A 72 it o X — T YA I R 2R
PR I 1 {5 e T P R — e R, DIAR
SRTE TP RFIRRE, BERHAE T3 (T B 1
FAEYTRTF Y, % PEe R, HmEME
YixESENESE, N ES B EYEEE
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STEAE (g e JRRSE , e o A 550 i Ak 9 . 4R
T, SRk 50 4 e A 2 AN R AR B b i 2 3R A 4
B ACSENERT . BT ROVE AR AN B 3 kT
A EIET, o REX TS L 1 e A — S AL PE R T T R
X TN ST G ARk 3 R ) LS R
KFRERGH Cd i5 YL 3k B R H ik B3k
RMAREARE , RIEU R T RSRIE, KA Rk
B L AR L R IS AHURE R 3 K
I, TOHLEI R , 8 LA R — 2 Tl Fklak
JERL, A0 RT3 g 1 NayS0,0, A K — 2R
Ry B 0, BT EERA/NKIREE, BT
B 3 FORRIFIE A K SRR 8
oIS X RS V64T B4R Cd Mg S5 R EH, A
TR NGB AL A9 4 F 32 222 1 3 pH (E A%k 3
H Cd AR, A RIS s B ALH 87
Fl i Cd AT B A T AR LA A . 2R A
F, DAESEER AL Fh B A A A P B BERCR N
FEN, 2 R RER F H ARk R E R 2
Flt R &2, DA A RERE A B0 R AR B AT, k4548
BEAE, ARG —ATIRY, TR =EHRT T A K SRR ES
AAHLYRL AR R4 A k5 Y 3K RS Cd
BRI, AR+ BERRES X T R RS AR
HES RS BICRRITY, Li S8 a0 i T
7 FpREINPR CA K S R R S RS 45
BEBRAE . ZnSO,) XKAEELE Cd MM, Hp Ak
MR R B A, B 4 MRI P, AR R RN
[Tz, BESRNRE, X 5 HT R MR GE
Ko EARR%¥EZRINERBA —EER, X6
TR R /N 48 o e B8 R 2 8 LA SEA7E , BB TS [
5 B ) Na,S0,,Ca0,CaCO;,CaS0, ., 7 Y& 7 DL i 13
Rk 3P Cd A MAS S B URIERTKF Cd &
B2, AERH bR BB A RAE A, Pk
REFRAEAR 5T IER 2 , AnABEERE AR PIL K AR
AR JRE S, S FREAE A RACR B BUE T —
EHE RIS, A LA R T PR R R —
VLB R JE it Cd 75t 148, DIRER -8 Cd
RIS, ATE TS FEEDR Y RS K S A
Py AR, DA IR A A DA R B AR,
A, FEAHLERFN EDTA {9k RAE 7 ottt dT T —
eI, MR AR RN FE 2 BRI 5 A L
R S B TR BT, W K-S 1 B R4S B LR
RAEW™, 72 A NRELNIN T2 Bl ek B 57 7 s X8R
DB 5 RIS AR, X LYk i —

PR KRR, 75— il Rkt Cd
A R AR IR K Cd RO B 4., Bt RALBEEAS
—ERY, B 32 A W B e S AR R v
% pH HSFIXFIEIAL TP Cd WE B9, XEA—
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BERE , TR R SRS, A PR
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Yot sEsE—2k (i, AHLS TTAEHEIR S 6 AR
WSELEEDE -y R ek v 4= Bl B =Y €824
BT R BB, (B RTPRAR X5 Y 1
K RBCRTT I S, Tl R0 Mk AL 7 T e
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TR TG Y L PR I EOR B T B TR
B S SN SV Eoi

3 FRHAREKERMHREET B

R R Rk AR B SRR B T LUK T RS
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PR, 5 A U HREE A IR AR R Fp LA
Foi5 Yot A P AR HAZ D N IR RER X B 4
RRENFER, Z2PERTFRELAERKTE
4B BARE(NY 5115—2008),
KEKBEHFREES, B FEDRECY E,
6 EZLER R F, KRS, RS = R 2ACH
ZRIATRE L SRR B A A AR, TR A
IKFE EELUE RSN £ AR FER A/ NXKIRE:
MEFRAI A, SRR RE S A E S Cd BN
HAT TR, HEAAFR SRR Cd HEEFE
FWEER IE SRR /NI R 7, LR
WA b v X8 PR ARE Y 57 MR REK Cd &
EIFOHAT TS, R RW, /K H Cd & EEH
7 0.026~0.099 mg-kg™, AF 5 R EIK 39.4%, fh e 2
S E, PAEDERA/NGRE T, T £
BURHILAE WA oA J REMIES, %
| [ oK REF ST BT BN H AR 7 1 2258 RE i A,
16 38 FRIAE TR, 20 5 BB RS S AR Kk Cd
TENEFBR, BREAHMEE BEZRI, B2
MEHAFER S BEfm, KBRS ERED.
VSAIEY b Sl 4 N 0) SR 2 T e e S A
B, AT ANRE 46 MKRERFORM , RITE
T35 Cd B4 2 mg-kg™ B, 46 FlUkFEREK & Cd &
ABALTE RN 0.428~2.558 mg-kg™o 7 FPRALKRIREK
B Cd 8BS BRI R AR RS L LR RIRS L = R
ZRAC RGP R SR A RS L R BRI RS | R RS LT
HERE, TEWTTTAR MRS 37 X 3 2% M BN LT
BT 6 DR HEAS Y 12 B RERE K S
K Cd e EWMAABEERY, YodeRAH 1
F AT LU RIRS A 20 8 HLE FRAD 23 AN4esgFp
A, REUREK Cd & B s E MR INEMEZEE 6
i, Z43CHE Cd & Bl TR AEY, HMp¥Ed
BRUMKRI, W 1 P, LR, AR S

FERT Cd W EEERH BEMNZERE IR EIH
X EEBRERTEAMN, IS TERNGEE,
B Fp S EAR AR A R RZE R Bk ok
E,E — kg SR cd B R EHsE UL E
HeES A, X R Cd 53 B3R 24 P32 4t T PR
T L IE B AR AR SRR U 55 1 — BT A
Tl FIH U

RS R (R 1), NBUA KRG R Fb i HE R
RSRYISEAIATH), EH R T — 2 B HE R Al
fEG R, FAC b, DR P ] A9 22 AT BB 5 S P E]
FEEERAH XK, 1 Clarke ZN Ny, BER/NER Cd R
FE MR R B B R R A B B A SR s fa e
P, X — R RS EMAR T mEA T
SEEME L, SRR SR TR

B,
4 RE

HafR Cd 15 9L A KR8 22 A 7= B B i Ik
RERIR T RREMLUMER , BRE Cd 53R H -
R FHAE A 7 K Cd 3P 5B, X Bk
WM RE YR BUB R 55 . SR, WBETT X T RIH
BRETS G R, IRRMERLH o A B YR
HERBUEH ERG R IEPES RS RRIA
HELFHTS  (BR B ERRRK BEREAR BE
T A=y B XE L AR PR S (R, B CYE KT AR o B0
H ORI RHERNEARHSA THEYERE
WARMERE H AT BT REE , WF T R E A Z Y
EEBAEE. B, 7E135H Cd MEBREERAR
TokAE S R A SEBLAYRTIR T, Cd HES: B KA b Al
A i 16 55 1) PR R SE B A A 7 ) — BT O R
it HES AR B AT ATE— R TS 4K A T AR
FIEWAERIFE T ASRER AR i, BT
REBEOAK—, ERRNRTFENESRGE

® 1 FEKERMFERN LD CdHRRERHR

Table 1 Differences of Cd concentrations in grains of rice cultivars accumulating Cd from soils

A FPRIR (X ) IKFEFp I FEER PN
IR MU (8 AH AL AR, 13 A ) TR KK Cd & B i S EMRILEAAZ 154, [43]
WA 2 57 A BB
195 HE GBI LILHA 86", HAAAAMNIM 6) HATRIALK: BRI Cd B RE ST T8 AR SR [44]

195 HIFEL(17 AEAL T
BRI (14 S HLRFI, 7 DNEHD)
HIT HIZI(138 EHLEFH)
WA (12 SRR, 98 A E AR )

ARdeX BERI(32 H AL )

NKRE

Kok Cd B B2 R B, HITIm = TR [45]

NXREE  FPRP Cd S RBEREE, RRERRERIE  [46]
NXREE  FPRCR Cd S REREE, RREEREN 14464 [47]
TEERAE KK Cd S REREE, RAEERKEN 104 [48]




H3BH T

SR U 1261

1 RS EOR 7 dh PP R R A B R O XU » U PRAE
o FHHES R R A = Z AT, RIS e T R, A
{H 2 RS , itk — PR R HES R 5E
FIER . ik, T3 RS HER U RBCA
IO R — T R

S 30k

[1] JEZTE. FRZEEFE I M BHERAY QTL S AZ[D]. Hu Wil K,
2007.
Tang Shao-qing. Mapping of QTL for cooking and nutrient quality traits
of rice[D]. Hangzhou: Zhejiang University, 2007.

218, 24, BB, 45 KRS 4R T5 Yo 5K RS & AR SR AT
FEI1. AP FFEERL 224, 2009, 28(11): 2236-2240.
Zhao Xiong, Li Fu—yan, Zhang Dong—min, et al. Relationship between
paddy soils cadmium pollution and cadmium content in Rice[J]. Journal
of Agro-Environment Science, 2009, 28(11): 2236-2240.

[3] HARZE, TRESE, IR, 5. KR E SR S A5 Y GAP 3
Pt SR B A TT]. T AR 2@ R, 2009, 25(21): 130-136.
Xiao Xiang—fen, Zhang Jing—ting, Zhou Li-li, et al. Analysis on key
points for controlling cadmium and lead contamination during rice pro—
duction[J]. Chinese Agricultural Science Bulletin, 2009, 25(21): 130-
136.

[4] RHE, Br 7, k. LK L XGRS YA SRR 435
23, 1989, 9(1): 21-26.
Wu Yan—yu, Chen Tao,Zhang Xue-xun. Pollution ecology of Cd in the
Zhangshi irrigation area of Shenyang[J]. ACTA Ecologica Sinica, 1989,
9(1):21-26.

[5] EFIZE, 3B #%, fTHIR, 55, ELJR TS YXI AR BRI B 5Y
[J]. A FRBE A7, 1993,12(6): 254-257.
Wang Kai-rong, Guo yan, He Dian—yuan. Studies on the influences of
heavy metal pollution on the qualities of brown rice[J]. Agro—Environ—
mental Protection, 1993,12(6): 254-257.

(6] Btk LA RESRBREE KRR RR KL 5B R]).
o EIFEK, 2004, 2: 10-12.
Hu Pei-song. Cd toxic in soil and low accumulation rice screening and
improving[J]. China Rice, 2004, 2: 10-12.

[7] B 3%, BT, BEZ, . KFEESE I ZHEHEAR W5
RN W R BSE, 2005,1(3): 40-43.
Xiao Mei—xiu, Liang Yi—yuan, Liang Kang—-jing, et al. Advance in re—
search on pollution of heavy metals in rice and its control technology[J].
Subtropical Agriculture Research, 2005,1(3): 40-43.

[8] XU, 24 28, ZR70, 45, MM X HE bk FH - 48 o 7™ i v
S RTBYR RIS T %L 5FEER, 2006, 6(5): 60-63.
Liu Hong-lian, Li Yan-hui, Li Lian—qing, et al. Pollution and risk eval—
uation of heavy metals in soil and agro—products from an area in the
Taihu Lake region[J]. Journal of Safety and Environment, 2006, 6(5):
60-63.

[9] Yang Q W, Lan C Y, Wang H B, et al. Cadmium in soil-rice system and

health risk associated with the use of untreated mining wastewater for ir—

rigation in Lechang, China[J]. Agricultural Water Management, 2006, 84:
147-152.

[10] EE4, AR ZF WK S BERET AR IESBESIHFER
HAYA R [T]. 2824, 2007, 27(3): 890-897.

Wang Chang—quan, Dai Tian—fei, Li bing, et al. The speciation and
bioavailability of heavy metals in paddy soils under the ricewheat culti—
vation rotation[J]. A cta Ecologica Sinica, 2007, 27(3): 890-897.

[11] Zhai L M, Liao X Y, Chen T B, et al. Regional assessment of cadmium
pollution in agricultural lands and the potential health risk related to
intensive mining activities: A case study in Chenzhou City, China[J].
Journal of Environmental Sciences, 2008,20: 696-703.

[12] B34, SR, AR, 45, sp EF 1T KoKk Cd\Zn Se BYE
B RHEYRETM]. %L 5FRFER, 2008, 8(1): 119-122.
Zhen Yan-hong, Cheng Yan—jun, Pan Gen—xing, et al. Cd, Zn and Se
content of the polished rice samples from some Chinese open markets
and their relevance to food safety[J]. Journal of Safety and Environ—
ment, 2008, 8(1): 119-122.

[13]Sun HF,Li Y H, Ji Y F, et al. Environmental contamination and health
hazard of lead and cadmium around Chatian mercury mining deposit in
western Hunan Province, China[J]. Trans Nonferrous Metal Social, Chi—
na, 2010,20:308-314.

[14] Zhao K L, Liu X M, Xu J M, et al. Heavy metal contaminations in a
soil-rice system: Identification of spatial dependence in relation to soil
properties of paddy fields[J]. Journal of Hazardous Materials, 2010,
181:778-787.

[15] BARYE, ZHEE, 2400, KIL=AMX HEMKEES I
FRAEBFIE (). el Bl 2010, 38(19): 10206-10208.

Xiao Jun-qing, Yuan Xu-—yin, Li Ji—zhou. Characteristics of heavy
metal pollution in soil and rice of Yangize River delta region([J]. Journal
of Anhui Agricultural Sciences, 2010, 38(19): 10206-10208.

[16] B33, ¥ 4,48 K,%. ARBRAEREEEHIRR

BOSEIFFEL] A FRE AR, 2000, 19(6) :324-326.
Tu Naimei, Zheng Hua, Zou Yong, et al. Effects of different modifier oil
rice growth and Pb & Cd contents of rice and soil in Pb—Cd-contami—
nated paddy field [J]. Agro—Environmental Protection, 2000, 19(6):
324-326.

[17] SR B4, TR, PhER 50, 55, 3 R R AIXEA R L3 — KRB R G H
Cd 77 R ma ] Al B R# 2 472,2006,25(4) : 834-840.

Zong Liang—gang, Zhang Li—na, Sun Jing-ke, et al. Effects of three a—
mendments on behaviors of cadmium in different soil —rice system[J].
Journadl of Agro—Environment Science, 2006, 25(4) : 834-840.

[18] TR =, W4, M@, % AR RN ES B IR HKFE
PR FIE R R AEASFRE, 2006,15(6) : 1204-1208.
Ding Ling—yun, Lan Chong—yu, Lin Jian—ping, et al. Effects of different
ameliorations on rice production and heavy metals uptake by rice grown
on soil contaminated by heavy metals[J]. Ecology and Environment,
2006,15(6):1204-1208.

[19]Fan J L, Hu Z Y, Ziadi N, et al. Excessive sulfur supply reduces cadmi—
um accumulation in brown rice ( Oryza sativa L.)[J]. Environmental
Pollution, 2010,158: 409-415.

[20] Li P, Wang X X, Zhang T L, et al. Effects of several amendments on



1262 & NS RERMRBERIR R R 24 B

201247 H

rice growth and uptake of copper and cadmium from a contaminated
soil [J]. Journal of Environmenial Sciences, 2008, 20: 449-455.

RUXIME, S, 2 4, % RREBEL YT Y+ KR

W e RAR Cd Pb BRI R HLELT]. ARV BR824 224, 2010, 29
(1):78-84.
LIU Zhao-bing, JI Xiong—-hui, PENG Hua, et al. Effects of calcium
compounds on uptake and accumulation of Cd and Pb by rice and its
mechanism in polluted soils[J]. Journal of Agro—Environment Science,
2010,29(1):78-84.

[22] XURELES , 20 NE , EEHF, 45, RUBXT Cd 5 Yu A HK AR R Je Bl
ZH Cd BRI R IR ERI IR, 2010,29(4) :692-697.

Liu Zhao-bing, Ji Xiong—hui, Wang Guo—xiang et al. Effects of red—
mud on rice growth and cadmium uptake in cadmium polluted soil[J].
Journal of Agro-Environment Science, 2010,29(4):692-697.

[23] 7K B3z , 2700, JR AR , 45 B R AT AL R RIS YL 8 K FEAT

ki Cd SBR[, EAIRE 2R, 2009, 18(3):909-913.
Zhang Liang—yun, Li Lian—qing, Pan Gen—xing, et al. Effects of phos—
phorus and foliar zinc fertilizers on reducing grain Cd concentration of
rice grown in a polluted paddy[J]. Ecology and Environmnet, 2009,18
(3):909-913.

[24] Mohamed A J, Chen J H, Zhen F R, et al. Effect of different N fertilizer
forms on antioxidant capacity and grain yield of rice growing under Cd
stress[J]. Journal of Hazardous Materials, 2009, 162:1081-1085.

[25] Du Q, Chen M X, Zhou R, et al. Cd Toxicity and accumulation in rice
plants vary with soil nitrogen status and their genotypic difference can
be partly attributed to nitrogen uptake capacity[J]. Rice Science,2009,
16(4): 283-291.

[26] B SR, 222K, B 5L, 5E. AKX 0 BRE 7  R R R OK

Hg.As.Cd &R AYRIA[]]. H ER @], 2011,27(7):30-33.
Teng Bin, Li Zhi-lin, Xiao Li-zhong, et al. Effects of nitrogen applica—
tion level on yield, quality,and Hg,As,Cd concentrations in grains of
high quality rice[J]. Chinese Agricultural Science Bulletin, 2011, 27(7):
30-33.

RN E B EFLRREL BA PR HEK 13 Cd SRR
B (7). o EERERLE,2009,29(10):1093-1099.

Ge ying, Huang Dan—dan, Zhou Quan-suo, et al. Influence of organic
material addition on the variation of Cd activity in submerged soils[J].
China Environmental Science, 2009, 29(10):1093-1099.

281% 1L, BREBR, £ R AR AREE SRS 1R L BN EERTE

DRI (1] B EASR 4R, 2004, 12(1):95-98.
Gao Shan, Chen Jian-bin, Wang Guo. Effects of organic matter on the
forms of added Cd and its dynamic transformation in soil with or with—
out growth of rice[J]. Chinese Journal of Eco—Agriculture, 2004, 12(1):
95-98.

[29] Liu C P, Li F B, Luo C L, et al. Foliar application of two silica sols re—
duced cadmium accumulation in rice grains[J]. Journdl of Hazardous
Materials, 2009, 161 : 1466-1472.

[30] Wu UL, Lin DY, Su D C. The effect of planting oilseed rape and com—
post application on heavy metal forms in soil and Cd and Pb uptake in
rice[J]. Agricultural Sciences in China, 2011,10(2):267-274.

[31] EBLZR, K E b, B8 AR L EY R A ERES R R L%

KRR AR & R AR RO FFERE 2, 2007,26(2)

476-481.

Wang Kai -rong, Zhang Yu -zhu, Hu Rong —gui. Effects of different
types of soil amelioration materials on reducing concentrations of Pb
and Cd in brown rice in heavy metal polluted paddy soils[J]. Journal of
Agro—Environment Science, 2007, 26(2) :476-481.

[32] Xu W H, Li Y R, He J P, et al. Cd uptake in rice cultivars treated with
organic acids and EDTA[]]. Journal of Environmental Sciences, 2010,
22(3): 441-447

[33] TR =, W S4E ARV 55 AR B R AN E 4R 15 5 R HKFE™

BEHNESRIREIRNI]. 43535, 2006,15(6):1204-1208.
Ding Ling—yun, Lan Chong—yu, Lin Jian—ping, et al. Effects of different
ameliorations on rice production and heavy metals uptake by rice grown
on soil contaminated by heavy metals[J]. Ecology and Environment,
2006,15(6):1204-1208.

[34] 2235 22, 0 WS, LR MR, 55 78 S p R /K AR e R AR Cd,
Pb RYRZIRAIARL]. BRI R Bl2#, 2010,5:50-53.

Gong Hai—jun, Liu Zhao-bing, Ji Xiong—hui, et al. Effect of new soil
amendment on absorption and accumulation of Cd and Pb by rice[]].
Hunan Agricultural Sciences ,2010, 5:50-53.

[35] )R B, REIS. 154 LB R 575 kM. Juxt: Bz b ik,
2004.

Zhou Qi —xing, Song Yu —fang. Principal and method of remediating
contaminated soil [M]. Beijing: Science Press, 2004.

[36] M4k, B AN GEEEF KB EHSEN LEESRB TR
Pb.Cd.Hg.As FURAYZ 5[], TLIRAV 2447, 2006,22(4) : 331-338.
Zhong Wei-gong, Yang Jie , Chen Zhi—de, et al. Differences in accu—
mulation and rice cultivars and their organs distribution of Pb, Cd, Hg
and As in(Oryza sativa L.)[J]. Jiangsu Journal of Agricultural Sciences,
2006,22(4):331-338.

[37] Chen F, Dong J, Wang F, et al. Identification of barley genotypes with
low grain Cd accumulation and its interaction with four microelements
[J]. Chemosphere, 2007 ,67: 2082-2088.

[38] Grant C A, Clarke J M, Duguid S, et al. Selection and breeding of plant
cultivars to minimize cadmium accumulation[J]. Science of the Total
Environment, 2008, 390(2-3): 301-310.

[39] ZRIESC, BRHEFY, WRARDE, 46, ARIKFEMFFPAL Cd. Cu 1 Se B2
25 RN KRERRBUNE [J]-355812£,2003,24(3):112-115.
Li Zheng—wen, Zhang Yan-ling,Pan Gen—xing, et al. Grain contents
of Cd, Cu and Se by 57 rice cultivars and the risk significance for hu—
man dietary uptake[J]. Environmental Science, 2003, 24(3):112-115.

[401 % 3, 5kEM, FIUE, % RSB TREERI] £
AR IFEZR, 2006,22(1) :67-69,83.

Zeng Xiang,Zhang Yu—zhu, Wang Kai-rong, et al. Genotype diference
of brown rices in Cd Content[J]. Journal of Ecology and Rural Envi—
ronment, 2006, 22(1):67-69, 83.

41 FREER, TREY, SRR, % WREARSFPAIH As.Cd.Cr.Ni,Pb &
&R B 02k R B 5 PRI RO B HAR RE PRI AR 2 4k, 2006, 32
(4):573-579.

Cheng Wang—da,Zhang Guo—ping, Yao Hai—gen, et al. Genotypic and
environmental variation and their stability of As,Cr,Cd,Ni and Pb



H3BH T K b B O\

G ¢ 1263

concentrations in the grains of Japonica rice[J]. ACTA Agronomica Sini—
ca, 2006, 32(4):573-579.

[42] Yu H, Wang J L, Fang Wei, et al. Cadmium accumulation in different
rice cultivars and screening for pollution—safe cultivars of rice[J]. Sci—
ence of the Total Environment, 2006,370: 302-309.

[43] BREAE, fhdETh, B AN, 55 RNRKFEGFITE Cd.As Fl Hg a8 T
BIBCER BRI, Hh E AR 258 iR, 2008, 24(2):389-393.

Chen Zhi—de, Zhong Wei—gong, Yang Jie, et al. Response characteris—
tics of difierent rice cultivars under Cd, As and Hg stress[J]. Chinese
Agricultural Science Bulletin, 2008, 24(2):389-393.

[44] BB , 2RAH R, 227000, 5. 2 R 2 ST KRB N 2 FARTR] L4 Cd
WO 43 AL Ry ELEE [T]-80 VPR R RS54, 2008, 27(5) : 1895-1900.
Cheng Yan—jun, Gong Wei—qun, Li Lian—qing, et al. Comparison of Cd
uptake and partitioning in plant tissues by two hybrid rice grown in two
contrasting paddy soils[J]. Journal of Agro—Environment Science, 2008,
27(5):1895-1900.

[45] Zeng F R, Mao Y, Cheng W, et al. Genotypic and environmental varia—
tion in chromium, cadmium and lead concentrations in rice[J]. Envi—

ronmental Pollution, 2008,153: 309-314.

[46] Shi J, Li L Q, Pan G X. Variation of grain Cd and Zn concentrations of
110 hybrid rice cultivars grown in a low—Cd paddy soil[J]. Journal of
Environmental Sciences, 2009,21: 168-172.

[47] FRAfId 2R 06, PR 2 iR 55 RN IR) R K AR RE K X Cd Cu Zn FRBRHF
PERIBFTELT]. R IR 244, 2010,29(5) : 844-851.

Yin Jing—feng,Li Hua—xing, Lu Wei-sheng, et al. Variations of Cd,
Cu,Zn accumulation among rice cultivars[J]. Journal of A gro—Environ—
ment Science, 2010,29(5) : 844-851.

(48] MR, B, Hibe B 5. RIu XARRIKFE S FPRT Cd iy 2R
FRHERTST (] AV FRE R 22447, 2011,30(2) :220-227.

Liu Hou—jun, Liang Ji—zhe ,Han Xiao-ri, et al. Accumulation and dis—
tribution of cadmium in different rice cultivars of Northeastern China
[J]. Journal of A gro—Environment Science, 2011,30(2):220-227.

[49] Clarke J M, Depauw R M, Thiessen L L. Registration of five pairs of
durum wheat genetic stocks near: Isogenic for cadmium concentration
[J]. Crop Science ,1997,37.297.

[50] Clarke J M, Norvell W A, Clarke F R, et al. Concentration of cadmium
and other elements in the grain of near—isogenoc durum lines[J]. Cana—
dian Journal of Animal Science ,2002,82.:27-33.



