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Uptake and Partition of Cd and Pb Among Rice Genotypes in Contaminated Paddy Soil

YANG Xiang-tian', ZHOU Cui', HE Xian-biao', HU Liang-liang?, TANG Jian—jun?

(1.Taizhou Institute of Agricultural Science, Linhai 317000, China; 2.College of Life Sciences, Zhejiang University, Hangzhou 310058, China)
Abstract: To test whether rice genotypes varied in response to heavy metal polluted soil, a field experiment was conducted by using 11 rice
genotypes in a heavy metal contaminated paddy soil in Wenling, Zhejiang Province. Uptake and partitioning of Cd and Pb in the 11 rice
genotypes were investigated. The concentrations of Cd and Pb in grain, leaf, stem and root of rice plants significantly varied among the 11
rice genotypes in this experiment. The concentration of Cd in brown rice of Xiushui09, Huanghuazhan, Xiuyou5 and Shaonuo9714 did not
exceed the maximum permissible concentration(MPC) of heavy metals in the edible parts of crops(GB 2762—2005 ), while the concentra—
tion of Pb in brown rice of Qianyou8704 and Huanghuazhan did not exceed the MPC. The partitioning pattern of Cd and Pb in various parts
of rice plants was similar among the genotypes. The distribution pattern of Cd concentration in various parts of rice plants was in the order of
root>stem>leaf and brown rice. For Pb, the pattern was in the order of root>leaf>stem>brown rice. The data analysis showed that Cd concen—
tration in brown rice, stem and root highly related to rice subspecies. Indica hybrid rice had highest Cd concentration in its brown rice, and
then japonica hybrid and indica. The japonica rice had lowest Cd concentration in its brown rice. For Pb, however, only concentration in root
showed to relate with rice subspecies. Results from this experiment also indicated a significant difference of heavy metal accumulation a—
mong various male sterile lines. This result suggested that using male sterile lines with low heavy —metal —uptake trait in hybrid breeding
could be an important approach for food production safety in the metal contaminated paddy soil.
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Table 1 The physical and chemical characteristics of soil for field experiment

+ 5 S b, pH HHLFi/g ke Bl A /mg - kg™

A /me - ke A /mg kg Cd/mg- kg™ Pb/mg-kg™

KFEt Bt 5.29 59.3 271

21.6 60.0 0.88 95.96
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Table 2 Agronomic traits of different rice genotypes

Al A o EFAEY R/ hm” BEESRE BRESORE AREEEC T -hm? TRIE/g BT/ hm? SEBR R/ hm™
BRI 757K 09 12.36 109.0 105.9 259.74 26.11 7.18 6.60+£0.24CDde
K 9714 11.42 98.5 96.1 240.59 28.27 6.54 6.09£0.23De
H RIS e 13.48 128.6 1235 279.72 22.96 7.93 7.62+0.50Bc¢
PR % 11.88 1173 105.2 237.26 28.31 7.07 6.34+0.19CDe
RV fE B 12 5 16.84 329.4 3203 137.36 22.48 9.89 9.52+0.41Aa
5% 12.55 181.9 176.7 157.34 27.19 7.56 7.10£0.44BCed
I Zeschg ML 8704 16.46 175.4 164.8 202.30 27.73 9.24 8.78+0.44Ab
AL 8704 15.88 185.4 165.0 235.60 24.53 9.54 8.98+0.25Aab
ik 8 5 13.26 188.3 180.4 176.49 24.58 7.83 7.50+0.13Bc¢
WL 13.63 177.0 159.3 191.48 26.57 8.10 7.7120.12Bc
ik 5 16.30 188.6 175.8 200.63 27.26 9.61 9.22+0.48Aab
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Figure 1 Cd concentrations in the organs of different rice cultivars
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Figure 2 Pb concentrations in the organs of different rice cultivars

F3 ABEAREREBREXK CIFA P HEE
Table 3 Cd and Pb concentrations in brown rice

among various genotypes

Al A Cd/mg-kg™ Ph/mg-kg™

R 757K 09 0.10£0.01{fE  0.24+0.02bcdBC

A 9714 0.15+0.03¢fDE  0.22+0.05bcdBC
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8704 0.26£0.02¢deBCD  0.12+0.02dC

U 8 45 0.39£0.05abAB  0.2720.01bedBC

WL 0.3040.07bedBC  0.35+0.07hcBC

At 9%  0.3120.02bcdBC 0.31x0.14bcdBC
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Table 4 Correlation coefficients between Cd concentrations in rice organs and genotypes, agronomic traits

*ﬁjﬁ Cd ni Cd ;f_; cd ?f‘E Cd i@ﬁ Hb b ‘ﬁf%’ ”ﬁ?ﬁ el ?Jc THE SR
o o Grht ot Byl R RRIEL STk HEEL

Bk Cd 74t 1

- Cd 2 it 0.478 1

2 Cd FiE o 0.892% 0.417 1

M Cd FriE 0.643% 0.242 0.703* 1

IKAFZAE Y 0.757% 0.347 0.697%* 0.694* 1
Mo EERAEIE 0.695% 0.243 0.8227 0.496 0.640% 1

FREEARIEL 0543 0.179 0.770%* 0.435 0.416 0.732% 1

SRR 0512 0.150 0.747%% 0.399 0.359 0.701%  0.996%* 1

R -0.505 0352 -0.635%  -0.528 -0.443 -0.394  —0.804%%  —0.809%* 1

Tk -0.052 0.458 -0.235 0.152 -0.041 -0.384 -0.555 -0.565 0.103 1
SEPRF 0.644 0.187 0.7977 0.491 0.666%  0.985%%  0.778%*  0.746%%  -0.437 -0.468 1
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Table 5 Correlation coefficients between Pb concentrations in rice organs and genotypes, agronomic traits
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ZEPb i 0.331 0.430 1
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K Cd Fra AR AR, AL 8704 Ak SRk Pb %
T ARHR s KA AR E (BRIAM)Cd & 5 KA 2SR
BEAME, REARH Cd &8 IR 28 SR> R R 2 58
> BRI > 7 RS . BRAFAR SN, AR B Pb
[R5V CEESILYRTE 3 PSP N = A NIl D
& FURINES BRI, SOTE i i e 4
JRARFR R EA, Nt EnPA R, 58 4w 5
A P BL A RSB o

S

(1] URHRE. K R 2R G T <5 Ji 25 1) X 7 G 3R L H AL BT 52 D).
BUM #TT R, 2010.
ZHAO Ke-li. Spatial relationships of heavy metals in soil -rice system
and the quantitative model[D]. Hangzhou : Zhejiang University, 2010.

[2] L7 3L, XIEH, TR, &5 MY EHARTEE SR I5 g L i

S FHT. Bl B, 2008(3):31.

MA Ning—yuan, LIU Lu—xin, LIN Cai—xia, et al. Application of phytore—
mediation for heavy metal—contaminated soil[J]. Xinjiang Journal of A -
gricultural Science and Technology, 2008(3):31.

BIAEAT, X LB R, 55 BEUETINA T BN R B R R E K

HYRRUR R S B R A FO LA L]. A0l PRIRERR 22224, 2010, 29(12)
2260-2267.
LI Yue—fang, LIU Ling, CHEN Xin, et al. Plant growth, lead uptake and
partitioning of maize(Zea mays L. ) under simulated mild/moderate lead
pollution stress[J]. Journal of Agro—Environmental Science, 2010, 29
(12):2260-2267.

[4] FAO. Statistical databases[R]. Food and Agriculture Organization(FAO)
of the United Nations, 2010.

[S]FBEH, B2, |, 5. LIPS s Y UK S PG 7]
IS EEE, 2002, 11(1):79-84.

ZHENG Xi-shen, LU An-huai, GAO Xiang, et al. Contamination of

heavy metals in soil present situation and method[J]. Soil and Environ—



PAkE I, 4 - HERA50 4 PF T RIRIE UK RRXS Cd Al Pb (9005 BUAHE 443

mental Sciences, 2002, 11(1):79-84.

[6] 1 I M A B4 VS YR B e A NI RR RS2 IR[]. ML B R
52255, 2011, 36(4): 14-17.

LU Zi—xian. The influence of heavy metal pollution of grain on food se—
curity and human health[]]. Grain Science and Technology and Econo—
my, 2011,36(4):14-17.

[7] McLaughlin M J, Parker D R, Clarke J M.Metals and micronutrients—
food safety issues|]]. Field Crops Research, 1999, 60:143-163.

[8] Grant C A, Buckley W T, Bailey L D, et al. Cadmium accumulation in
crops|]]. Canadian Journal of Plant Science, 1998, 78:1-17.

[9] Nan Z R, Li J J, Zhang J M, et al. Cadmium and zinc interactions and
their transfer in soil—crop system under actual field conditions[J]. The
Science of the Total Environment, 2002, 285:187-195.

[10] Morishita T, Fumoto N, Yoshizawa T, et al. Varietal differences in cad—
mium levels of rice grains of japonica, indica, javanica and hybrid vari—
eties produced in the same Plot of a field[J]. Soil Science and Plant Nu—
trition, 1987, 33:629-637.

(L] FRIEKR, sKIEF, BRI, 45, MOREREAF R As (Cd (Cr Ni \Ph S5

) ik BB PR B S PR AL K LR E PET]. AR A4, 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, Cd, Cr, Ni and Pb
concentrations in the grains of Japonica rice[J]. ACTA Agronomica
Sinica, 2006, 32(4):573-579.

[12] ZE3A, A [, Bl /N, A5 7 TR AN [ s 7 Xob 500 WA WA % 3 . 14 22
S A IR A=A, 2003, 22(5) :529-532.

LI Kun—quan, LIU Jian—guo, LU Xiao-long, et al. Uptake and distribu—
tion of cadmium in different rice cultivars|J]. Journal of A gro—Environ—
mental Science, 2003, 22(5):529-532.

[13] ZEIESC, TKHEFS, WA, 45 ARIKFE sl FokFRE Cd . Cu Fil Se 155

22 e N ZE T BEOX R [T]. FREE RS, 2003, 24(3): 112
115.
LI Zheng—wen, ZHANG Yan-ling, PAN Gen—xing, et al. Grain con—
tents of Cd, Cu and Se by 57 rice cultivars and the risk significance for
human dietary uptake[J]. Environmental Science, 2003, 24(3):112-
115.

[14] SV ], AshA, SRAELAE, 45 KRR ASIR] S IO A I A 43T 1 2 5
KAL) B A2, 2004, 15(2):291-294.

LIU Jian-guo, LI Kun—quan, ZHANG Zu—jian, et al. Difference of lead
uptake and distribution in rice cultivars and its mechanism[J]. Chinese
Journal of Applied Ecology, 2004, 15(2):291-294.

[15] Zeng F R, Mao Y, Cheng W D, et al. Genotypic and environmental vari—
ation in cehromium, cadmium and lead concentrations in rice [J]. En—
vironmental Pollution, 2008, 153.:309-314.

[16] XBE AL, #1585 & WEAKRI5 Y L HHRIE 7 (L # (). SRR

2F4%, 1995, 15:142-147.
ZHEN Shao—jian, HU Ai-tang. Effects of flooding on the transforma—
tion of cadmium fractions in contaminated soils[J]. Acta Scientiae Cir—
cumstantiae, 1995, 15.142-147.

[17] Reddy C N, Patriek W H J. Effect of redox potential and pH on the up—

take of cadmium and lead by rice plants|J]. Journal of Environmental

Quality, 1977, 6:259-262.

[18] Tz, W SEE, MRAET, 55, N[l RIS B 45 ) 175 YAk FH /K g™
AT G R AR AT AEASFRBE, 2006, 15(06) - 1204-1208.
DING Ling—yun, LAN Chong—yu, LIN Jian—ping, et al. Effects of dif-
ferent ameliorations on rice production and heavy metals uptake by rice
grown on soil contaminated by heavy metals[J]. Ecology and Environ—
ment, 2006, 15(6) : 1204-1208.

(1912 F& AEas, X 0, &5 iS5 ey 48 1 434 Ko Tad

HISEIAT]. FREEREE, 2000, 21(3):52-55.
ZHA Yan, YANG Ju-rong, LIU Hong, et al. Distribution of heavy met—
als in polluted crops seeds and the effect of heavy metals in the food
processing[J]. Chinese Journal of Environmental Science, 2000, 21
(3):52-55.

[20] XU AEP, J IR A B4 e 1 Y 0T it ol B 7 L 5 B 7 00, A AR5
2£4%, 2010, 19(6) : 1452-1458.

LIU Wei-tao, ZHOU Qi—xing. Selection and breeding of heavy metal
pollution—safe cultivars|J]. Ecology and Environmental Sciences, 2010,
19(6):1452-1458.

20195 M, SR AKRIRTK s A I 5 R 22 S A AR D). =
RV K222 4], 2002, 22(3) : 37-40.

JIANG Bin, ZHANG Hui-ping. Genotypic difference in concentrations
of Pb, Cd and As in polished rice grains[]]. Journal of Yunnan Normal
University, 2002, 22(3) :37-40.

[22] RJa s, bR/, E) . KA R AT Cd B Y 22 55 R
HLERBIFTELI]. A 25240, 1999, 19(1):104-107.

WU Qi-tang, CHEN Lu, WANG Guang-shou. Difference on Cd uptake
and accumulation among rice cultivars and its mechanism[]J]. Acta E-
cologica Sinica, 1999, 19(1):104-107.

(23] TR INTE, Wi, £l 55, KRR 48 ou R e 5 3 O LB

POBFFEE L)), A 2=l 2005, 22(5) :614-622.
XU Jia—kuang, YANG Lian—xin, WANG Yu-long, et al. Advances in
the study uptake and accumulation of heavy metal in rice( Oryza sativa)
and its mechanisms[J]. Chinese Bulletin of Botany, 2005, 22(5):614~
622.

[24] A5 B, FRER A, WISK A, S SRR /N2 ML A B B SRR A e

R HAZHARAI]. Bl K741, 1998, 21(2) 1 54-58.
YANG Zhi—-min, ZHENG Shao—jian, HU Ai—tang, et al. Accumulation
and distribution of cadmium and phosphorus and their interaction in
wheat suspension cultured cells[J]. Journal of Nanjing A gricultural U-
niversity, 1998, 21(2):54-58.

[25] MR, BRIEH, VI, 45, 13 Cd (As Ph fE/K FEAE IR P A i
AT WA R, 2010, 5:1056-1058.

XIE Huan-sheng, CHEN Mei—jun, XU Xin—miao, et al. Accumulation
and distribution of Cd, As and Pb in rice[]]. Journal of Zhejiang A gri—
cultural Science, 2010, 5:1056-1058.

[26] Robert L. Zimdahl. Entry and movement in vegetation of lead derived
from air and soil sources|]J]. Journal of the Air Pollution Control Associ—
ation, 1976, 26(7 ) : 655-660.

[27] B, 28 SR A e PR 28 7 A X6 B J58 A R A5 0T 22 e
FLEEBIFSEL)). Al BRI AR, 1996, 15(4):145-149, 176.

WANG Kai-rong, GONG Hui—qun. Comparative studies on the differ—



444

RAIEFF 2R ERET IR

ence of the uptake and redistribution of environmental Cd by two geno—
type rice[J]. Agro—Environmental Protection, 1996, 15(4):145-149,
176.

[28] Z1E3C. FRALHL R AN ) R it Rt Pl LS P S A MR e 2 H

HBIAD]. faL: TR LR, 2003.
LI Zheng—wen. Uptake of Pb and Cd by 2 rice cultivars in 2 soils differ—
ing in physio—chemical properties under spiked Cd treatment and its
dynamics in growing period[D]. Nanjing: Nanjing Agricultural Univer—

sity, 2003.

1297 X120 [l A it ooy~ 478 o <5 o A B W A 2 G 1) 22 S5 S HEATLHRAE

FEDL M I K2, 2004,
LIU Jian —guo. Variations among rice cultivars in the uptake and
translocation of cadmium and lead from soil and the mechanisms[D].

Yangzhou: Yangzhou University, 2004.

[30] FEHEAR, FAx e, FIRRA, &5, ANIF 2SR KR bt R AR R R 22

SHIL FER41, 2002, 11(6):749-755.
DONG Gui-chun, WANG Yu-long, WANG Jian—gang, et al. Study on
the differences of root traits between various types of varieties in rice

(Oryza sativa 1. )[]]. Acta A gronomica Sinica, 2002, 11(6) . 749-755.

(317 W AR, AR DCAR. KRR Rl B IR R e S R 2 BT SE [). A

Yr#4t, 1987, 13(4):266-272.
CAO Xian—zu, ZHU Qing-sen. Study on characteristics of the relation—
ship between source and sink in rice varieties and their classification

[J]. Acta A gronomica Sinica, 1987, 13(4 ) :266-272.

(32147 i, BT, FRGEAE, S, KRR R AN 5 A0 A4 2800 A7

[J]. 2587k A5, 2010, 25(5) : 80-83.
YANG Li, CAO Ying—jiang, ZHEN Jia—kui, et al. Analysis on genetic
effect of cadmium and arsenic contents in rice grains[J]. Hybrid Rice,

2010, 25(5):80-83.



