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Abstract : Contamination of toxic heavy metals in soil not only causes the reduction of crop yield, but also poses a potential
threat to human health due to their uptake and lation in edible parts of crops. The heavy metals accumulation in rice
grain varies with genotypic, environmental and their interaction. However, little is known about genotypic and
environmental effect on the toxic heavy metal accumulation in rice grain. In this study, the genotypic and environmental
variations of Cd, Cr, As, Ni and Pb concentrations in rice grains, and the relationships between these heavy metals and
Fe, and Zn were investigated by using twelve japonica rice genotypes, planted at six locations in five cities ( Jiaxing,
Huzhou, Hangzhou, Shaoxing and Ningbo) of Zhejiang Province, China (Table 1) . The results showed that genotypic and
environmental effects, and their interaction were all highly significant on these five heavy metal concentrations in rice grains
(Table 2 and Table 3) . It was suggested that the concentration of these heavy metals in grains of rice could be reduced
through genetic and agn ic imp . Meanwhile, the stabilization coefficient of these heavy metal concentrations in
rice grains varied with environment, genotype as well as individual metal el indicating the imp of rice cultivar
based on environmental conditions. In addition, soil pH affected not only soil heavy metal availability and grain heavy metal
concentrations, but also the stability (interaction of genotype by environment) in grain heavy metal accumulation (Table
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4). Correlation analysis indicated Cd and Cr, As or Ni, As and Cr, and Pb and As levels in soil, and Cd and As or Pb,
Cr and Ni, and As and Pb concentrations in rice grains were closely correlated (Table 5). More investigation should be

done to determine the relationships between mineral nutrients and toxic heavy metals in their availability in soil and

accumulation in rice for developing the rice cultivars with a desirable concentration of nutrient elements and lower

concentration of the toxic heavy metals.

Key words: Rice ( Oryza sativa L.); Grain; Heavy metal; Genotype; Environment

AER,EEIRVAEFMERRE, TV =K #
BN, BAEEY(ERERT B LERE,
Ry ASEREELEGHARMEMMERE
FEHNAEERSRESHRS)NME , RELER
FEESREBARNMY, TP EEESA
ETEYBRAARYETEAGEA, ZER
B AR, AR BRSO B L R R R
BR¥RPL 2002 E BT HERKZLEMBES
B APRAELREEF, HPRTEMNE P, BIR
L% 28.4% , KR Cd, BHRFEN 10.3% ,As F Hg
miEEENEK, 8RN 2.80M3.4%, Bk,
BEBSKTEFEESRNTFR . HIREFAEES
B2 PESRTREESBRNREET EHE
TR, EER,RBREERE,EELRESR
EREMBELRARE RN E LSRRI, W®
REBTHRESRARSMREEAEYNESRIR
BAMBRR NTIRPSALXERNEAEESRSRE. &
BB SR N R TITRR R,

ABHRGTESROBREFEEAESHEETY
=5 ERTRRT , RITE Mk B R R
BELREBERENBREREENY, FOFRAR
B,ERNELRYBREKAMBRERSLIRESRS
EHFEMEX BFERRTEERSSRWESL

B2, AW, #ESHERTHERKBYESE
HEBESRE, HEAYHFREL RS RS,
R, B WA XBBERFR Cd.Cr.As.Ni 71 Pb %F
FELREBNERBSHEEREHBEE,H
EGERAZA HATHERESREHRALF
IR T U RHEXR LR LN
AP B EHRBARIFR P Cd.Cr.As.Ni #l Pb
SESRABNERNBSHREERBHBEE K
B A % A (DTPA B ) Cd . Cr. As.Ni §l Pb
LELHMESBEERSE Fen SEZEMRXER; LN
pHXFHESRBBMHEW,

1 HR5H*E

1.1 HRS5R%igit

RET 2003 FEFHBEKETGA -1
AT, EEMR Cd.Cr As Ni I P FEERS
BESEA HEWNIEERMN 2 ITREBER
ol ] Y b Eyave PRI b N
BI%E 5 H (N29°52' ~ N30°50’, E119°46’ ~ E121°
34 ) 6 MAFHE, BN LB H NESRARS
AERFE1L, MEEAH 1.8 mx3.0 m, EHLHER,3
WEE, HESEEYHAHEE>H#T,

%1 SELAGIMpEVREMANS AR
Table 1 pH and available heavy metal contents in the solls from different locations

10 pH A T DTPA RBE XS AR
S A 3 pH DTPA-extracted meta} content in soil (mg/kg)

on .;.yipe pH - Sell pH Cd Cr As Ni )2}
B—% FICHER 2Zhuji, Shaoxing 5.3¢ 0.128 0.871 0.255 0.024 6.284
Type 1 RWNFM Xiuzhou, Jiaxing 5.75 0.077 0.767 0.138 0.061 4.448
B A 5.55 0.103 0.819 0.197 0.043 5.366
Bo% B 2 Wixing, Huzhou 6.03 0.074 0.561 0.157 0.056 3.316
Type 2 FTHME Cixi, Ningbo 6.13 0.095 0.838 0.208 0.085 3.3713
FE X B, Xiucheng, Jiaxing 6.30 0.058 0.566 0.125 0.033 3.732
FHE Average 6.15 0.076 0.655 0.163 0.058 3.474
?; 3 HUM ML Xiaoshan, Hangzhou  8.35 0.032 0.439 0.110 0.048 1.506
BB Total mean 6.32 0.077 0.674 0.166 0.053 3.7
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1.2 BESESRESRSH

KEERRE , 5/ MNXBEHLE 5 AR, % 30~40
B, FARBRERR0~15 cm 13, R ERBRREX,
BRERK,S0CTH 24 h, BRERBRILBRR
8.1t 100 Bff. SHESHM 1.5000 5, BA
30 LR, BA SS0C T K4L 8 ~ 9 h, ¥ A5 i
2mL 1:1 (V/V) HOEZ RS ER. AEZB T AR
BEESLAESRN, tMESTAREATR
F. 24086, 2B aR ABRASEERE, AT
BE4H .33 100 Bif. A pH HF®IE 38 pH, K : - |
#2.5:1(V/IW), $ Lindsay F Norvell"" iy 7 3% FHl
0.005 mol/L DTPA B+ W H W E LR, H ICP-
AES(TJA, USA) [ i 4 52 B¥ W A9 As.Cd.Cr.Pb.Ni.Fe
Ain &R,
1.3 R E5ZitaH

BB A Crossa B A4 0 30 # E 4 7T
SRASRI (AMMI) , #% 47 25 B3 20 0 55 95 A 6 4 308 , 3
BRKEEP NI BEEATRAS M ESLETM
HAMWBERE(D, H), 0 IPCAXEAERERS
) =P ERBRAR i WRSAWIEN,D, E8
X.ERXEEARA, BEHERE, B D, 1,
AMERBSHREE AR RERE .

D, = /i}yi, i=12,,6

bR, e HBER IPCA N, 7, N K
HERASLES s 1 [PCA_E0BS,

GEHH TR RS SORRGIAYE™ FF &89 DPS $f,

2 GRSH5%
2.1 TR ESRSE
HER1AR,6 MIEAW L pHEFHT 5.34

E8.35,Fy6.32, RHS KR LIEUMBE N .
BAESHERESRN LK DIPA RS SR E
RAR. UEREDIPARHESSBRBRESEN
fH 6 (R R R B9 48 % 22 (AD), KA Pb K,
4.17, KWK Cd #1 Ni, 4+ 5105 4.00 f1 3.54,Cr B
N, K198,
KEHFENESASTRASMENBEERS
E(E2), REAFEMHERY b BA, B TEHULR
K1 0.030 mg/kg % B A A9 0.264 mg/kg, AD &
% 8.80; As B/, AT I LK A A9 0.050 mg/kg
ZE /Y 0.089 mg/kg, AD 2% 1.78, MERM
H,Cd B AD K ,355.40, S T4 1L 101 £70.043
mg/kg EFHIK 52 19 0.232 mg/kg, FH{E K 0.144 mg/
kgsPb B9 AD K2, 0 4.83, % Z T H K 52 £5 0.048
mglkg ET 67 (9.0.232 mg/kg, FHH Y 0.112 mg/
ke; Cr 9 AD 25 3.00, 258 F %7K 213 £9 0.235 mg/kg
ZT 67 110.704 mg/kg, FIIEN 0.426 mg/kg; As B
AD %9 2.91, % 3 F#IL 101 £ 0.035 mg/kg Z FK
110 £ 0.102 mg/kg, ¥3{E 4 0.071 me/kg;Ni 9 AD
B/, N 1.43, 5 FHIT 101 £ 0.413 mg/kg B
F7K 110 9 0.560 mg/kg, 11 % 0.469 me/ke,

%2 FTHRAFFHENDENOESRER
Table 2 Heavy metal concentrations (mg/kg) in grain of different rice genotypes grown at different locations( mg/kg)

BT Factor Cr As Ni Pb

BA THM® Cix, Ningbo 0.144 ¢ 0.644 b 0.080 b 0.141b 0.666 a

Location HiMH ML Xisoshan, Hangshou 0.1294d 0.213d 0.050 d 0.030 f 0.446 d

BNEY Zhji, Shaoxing 0.210a 0.728a 0.089 a 0.264 a 0.386 ¢

B R X Wuxing, Huzhou 0.160 b 0.2314d 0.083 b 0.09 ¢ 0.461 ¢

WX FM Xiucheng, Jiaxing 0.095 ¢ 0.364 ¢ 0.061 ¢ 0.051 e 0.492b

WM Xiuzhou, Ji 0.1274d 0.375¢ 0.061 ¢ 0.088 d 0.365 f
BEMpHHRRFE 125 Type 1 (5.34-5.75) 0.169 0.552 0.075 0.176 0.376
Location type based on 3% 2 2% Type 2 (6.03-6.30) 0.133 0.413 0.075 0.09% 0.540
soil pH 3 3(8.50) 0.129 0.213 0.050 0.030 0.446

FEE D %K 110 Xiushui 110 0.173 ¢ 0.380d 0.102a 0.070 g 0.560 a

Genotype ZH9826 0.209 b 0.343d 0.646 ¢ 0.076 0.428 §

%K 52 Xiushui 52 0.232 2 0.551 b 0.066 d 0.048 h 0.448 ¢

%K 11 Xiushui 11 0.100 f 0.426 ¢ 0.080 b 0.124d 0.517b

4* 67 Ning 67 0.169 ¢ 0.704 a 0.064 d 0.232a 0.389 g

K 217 Xiushui 217 0.094 f 0.373 4 0.076 be 0.181 ¢ 0.475d

#EIL 101 Chunjiang 101 0.043 g 0.545 b 0.035 ¢ 0.083 ¢ 0.413f

48 28 Jiashao 2 0.122 ¢ 0.362d 0.073 ¢ 0.115d 0.456 ¢

¥ 16 Yongjing 16 0.175 ¢ 0.530 b 0.080 b 0.079 0.424 f

K 63 Xiushui 63 0.156 d 0.282 ¢ 0.080 b 0.205b 0.493 ¢

57K 213 Xiushui 213 0.151d 0.235 f 0.012¢ 0.062 g 0.496 ¢

P 1S Jishua 1 0.104 £ 0.379d 0.074 ¢ 0.063 g 0.532b
S 3I{H Average 0.144 0.426 0.071 0.112 0.469

E:A-EFRUFRRANEFBRRERERBR.

Note:* The values within a columa followed by a different letter are significantly different at the 0.05 probability level.
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¥ XATTEpHBER SN 3 A(FE 1),
$F1K, 1M pHS5.34~5.75, AIE AN EBNREN
FW ;55 236, 138 pH 6.03 ~ 6.30, IEHM RN,
THEEAEXFR 3 ML H 3 %, L
pH8.50, fLH ML 1 MK LREH, KR Ni
ShOBEELMpH T, L P HAI4HELRSE
B8 EAGR ;R P E Pb4h, Kl 4 F
ESREEHEE 1% pH BREKTI M (E 2),
2.2 FHESRERNEERNSRENN

AMMI RIS HRBE(E3) AR TSHES
BASN, AR ERIURATAEHEREE.BE
fIHAHERAXNEESRAHERFMAE —EMNE

Fo CdHEER BB K, M (SS,F )&
B (E SS)AHHk 44.3%  HK A E R M 5K
BEERA, & 33.3%, 3K & SS 21.1%;As # Ni
HRESHEAMEHERNREKR, F5 4 59.8%H
51.0% ;Ni BIRSEAR H K , 34 38.2% , 2 B B
U5 9.9% ;T As BZER BRIBMHESS —, o 21.8%,
PR AL 5 16.2% ; Cr 71 Pb BA B KR EH
B, 58 42.2% M 47.7%,Cr NERMNS5FET
PR K, o 38.6% , BTN 5 17.9%, 7 Pb
REERIBA G 28.4%, AR K, EEREHFHEE
YER R Ky 23.8% o

23 FERSRAERMN AMMI SR

Table 3 The results of AMMI

lysis for grain heavy metal concentrations

ERER Cd Cr As Ni Pb
Sources of variation S5 F value 8§ F value S§ F value S5 F value S5 F value
B Total 0.853 12.988 0.179 3.624 1.781
4t B Treatment 0.841 72.9"°* 12.81 73.1" " 0.175 547" 3.53  120.8*" 1.770 166.9" *
st © 0.318 211.1 2.323  g5.5*"  0.039 7.8 0357 T.5°T  0.505  307.4
gﬂ’* (B) 0.180 220.8 5.476 443.5 0.029 129.1*° 1.38  661.4 0.850  1138.3
GxE 0.284 31.8"" 5.011  36.9"° 0.107 431" 1.850 8.3 0.415 50.5""
PCAl - 0.147 9.8°° 3.953  29.0°° 0.056 7.7"* 0.801 4.0*° 0337 21"
PCA2 0.077 5.9"° 0.594 5.2 0.035 5.5"" 0.591 3.4""  0.056 17.6" "
PCA3 0.045 4.1°° 0.323 3.3°" 0.009 1.60 0.246 1.7°°  0.018 6.6""
% Residual 0.016 0.141 0.008 0.213 0.004
23 Error 0.012 0.178 0.003 0.030 0.011

H:SS, FHRM; "M HHARRERBFABIK.

Notes: SS, sum of square; * and" * : significance at the 0.05 and 0.01 probability levels, respectively.

23 FNESRSENERNMFERELESH

ATEAFERAN S FEAT/ERM ST
FEERMGRBEMHENBE®,. EGTTERS S
FRMERARSFERERYE D, HMNITE, ERS
S (PCA) BB (E3) 3AMXERATRSH
(IPCAL3) A BE, HR4TRSHESRG
DifA¥ BB N K FRHEBKN, L Cr ¥ Di
BRI NiPb fl Cd, As B/, BIR A 5 ER
— B EE CRBRABE A BT, B4R ME
4% pH T RE, ¥FRE Cd.Cr.As & BIK, T Ni 8/,
Ph KR BEL, BH, ABIFRNESRSERK
BEHARE XRAVEHATR, FRELRMHL
iR, B, AEERXFHTESREE, MEY
HERERHBTEANEE HANEBFRES
RemmERBNB .
2.4 BWXFL Mt DTPA RES Cd.Cr.As.Ni,
Pb.Fe ¥ Zn & RENEXE

MAES TR, pH( L BRI ATRE Cd As.

Cr.Pb fl Fe A RS SR, XA EM,.CAA
CtAsTE NI HFAEBEEHL, HUREESRE
PR RREEAT R, SHHEM, W C M As
ZEME PR As ZEBRHANBENEHR, W
MEFRTEFeMZn 5RP - BHERELBRAN
FERZAIGFENR—EHXE,Fe Ml Cr ZHEU
BInfNRPb2ZEFEBETEMR, T Fe M As
ZAR G ZAMABENRMEX, BABY
T Fe HERMES W Cr HIERMEA As HHE
X, R, L8 Zn HRER, A2 N M Pb
FYA S PE W, T Cr A3 BB

Rk, BRSTR,BHKCdE As.Pb &R Fe B
B.Cr5NiSRE.As 5 P SEEILLRBK Fe 5
InERAYNBEHEMX, HEBKPIHEHN
CIARFTABAMBEEEN As R Pb K, 5HH
fLEBHN - SRUFEMESH N TR . BHH
As S RAFEWHFEN P K, TTHFAP Fe SR
Ww, TR FRY B8 Cd S MAYIE M. BESH KPR Fe
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Table 4 The stability ters of g and envi t based on AMMI analysis
FHEEEY D,
Envi and genotype Cr As Ni Pb
K FHPER Cixi, Ningbo 0.305 0.813 0.337 0.640 0.349
Environment U #4 # 11 Xiacehan , Hangzhou 0.125 0.240 0.154 0.506 0.320
ZNHEE Zhuji, Shaoxing 0.409 0.811 0.265 0.275 0.548
B R Wuxing, Huzhou 0.443 0.527 0.300 0.429 0.276
BN IR Xiucheng, Jiaxing 0.227 0.322 0.086 0.524 0.209
FENFE M Xivzhou, Jiaxing 0.305 0.7712 0.208 0.368 0.151
HLW pH AN #—2% Type 1 (5.34-5.75) 0.357 0.567 0.237 0.322 0.350
% =2 Type 2 (6.03-6.30) 0.325 0.554 0.241 0.531 0.278
Location type based on =25 Type 3 (8.50) 0.125 0.240 0.154 0.506 0.320
soil pH F3{H Mean 6.302 0.581 0.225 0.457 0.309
FTEE] %K 110 Xiushui 110 0.172 0.347 0.141 0.355 0.090
Genotype 2ZH9826 0.229 0.303 0.206 0.144 0.088
%K 52 Xiushui 52 0.233 0.518 0.223 0.260 0.223
FK 11 Xivehui 11 0.131 0.460 0.054 0.350 0.178
% 67 Ning 67 0.363 0.643 0.210 0.360 0.335
57K 217 Xivshui 217 0.185 0.262 0.308 0.293 0.339
£ 101 Chunjisng 101 0.105 0.543 0.020 0.558 0.174
MR 2% Jiasheo 2 0.380 0.368 0.213 0.448 0.201
i ¥ 16 Yongjing 16 0.191 0.59%4 0.199 0.281 0.282
%K 63 Xiushui 63 0.236 0.367 0.072 0.072 0.300
K 213 Xiushui 213 0.174 0.401 0.087 0.192 0.236
WA 15 Jishua 1 0.138 0.315 9.113 0.58% 0.228
F3{8 Meen 0.211 0.427 0.154, 0.325 0.223
%5 Wk LM DIPA #RE Cd.Cr.As.Ni.Pb.Fe f1 Zn TMMMX &
Table 5 The correlation coefficients among grain metal concentrations and soll DTPA-extracted metal contents
3 3% Soil pH cd Cr As Ni Pb Fe Zn
pH 1
cd -0.367" 1
Cr -0.750"* 0.580" * 1
As -0.469"° 0.742* " 0.438" 1
Ni 0.101 0.553°* 0.238 0.203 1
P -0.365" 0.323 0.139 0.465" -0.314 1
Fe -0.705"* 0.228 0.486" " -0.528" " -0.087 0.012 1
Zn -0.042 0.087 -0.528"" ~-0.234 0.7%" * 0.340" 0.028 1
K Rice grain cd Cr As Ni [ Fe Zn
cd 1
Cr 0.157 1
As 0.329"" 0.052 1
Ni ~-0.058 0.229" 0.067 1
Pb 0.235" 0.208 0.229* ~0.003 1
Fe 0.326"* 0.177 0.059 0.034 0.204 1
Zn 0.208 0.047 0.140 -0.135 0.165 0.364" " 1

A" AURAERBFNBREN.

Note: * and * * : significance at the 0.05 and 0.01 probability levels, respectively.
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EXESRBPEGRMLEE BERES
THEYRSETFERBYRLE, FHEEH, B
HR FEERERRNESFE T ENIFR CdCr.As,
Ni.Pb SBHAEHRBEL . B Pb.Cr HFEHK
MBS R 3 FESRAEEBMNYHBX
FIRBR, AR C, RERMN & ESFH0E, 2

~ 35 UESE T 3 9 2 9 G A TO M L Cd.
As 1 Ni SRR, 53— H, b FHH Pb.
CERBFREFRARLBEM)BHEK, B
MBE R LM RS £ 3% P R Cr A SRR
BOKBRRESTER T, REBKF B A C
HEABTRENHE M. ETHH Cd.Cr.As.Ni.Pb
TREFEEREEMERD SIRBEER, MK
HUMEELRMERNFEEFENREE. 8
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REFBEFRELRFRBENAEXABEBEN
ERUESMHEFNEEHR, A, B THRER
FRESRSEREHOAERRER B, £
FHESRSRTRE /B3R kM #h X =R H
TREB/REFH, EECENKMANEE, #
mo TR RN P SR, BXANEESEL
HHEBEH{E S (0.264 mg/ke), B D, 8 (0.548)
WEA, MRRFERE 0 TSN LR
HREEFR P &R, 45 . N TEYRRESR
TEMENR SRS ER N REIHSE RS
AHZLE, AR H—S TR

EPHERIRATREZEARZAEESR AR
BRARREFEEARER) ABHRESLR
FERHERBEROLEARSRE™, ABY—
EEBESRYRUAFREBRRFARENE
REAAMEMETFRELRBARABREBRRT
EXBIMRGHR. 2TWAFTRAN 2168
TREERE, HHFEFR Cd.Cr.As Ni 71 Pb &R
BBEER,L CdHH,FK 52 BHFIL 101 ¥ 4.40
. AMEELREBENEEBGEE), ¢
AMEFHRESREFRMNKRARGH, TR P
EESBBRLIBERELETREBERRE—£2
T ERNRR. FX L ELTHERREEYR
B Cd RS D B EMBERE EHTT,H
ERBT—E#RB",

TR pHREHBESRAELBPHE L.
EBRAERUENBEERTZ—™, BELX
pH 7%, X} Cd\Cu-Zn SHBR I EFH , HAEH
HHHMEEDY ., SZHR, L RRE(EMpH T
BGEXMEMESROERE, 2B %H, +
WMpHHNELRARESERADELH HTHXE
HABNESROBREARR, i, -8B+
WRC(RE T pH N REE R (NERAKS)
THAREKLNP - HEREER AR, AT
BEABEFRNPIXEESRORE., AXEHERE
ARENERESRNAEE, EUBSH KIS,
REMRAE F R EED,

HYBRESEATRAN IO REYXYE
SRABHRARR™, FHRBR, T ¥P—HE
ERETMBEFEEAER, AN, — 27K LE
Fe fl Zn AREMB R LT R E—LEEELR
BRI, I0 Fe PR Cr RO, Zo #im Ni A0
Pb, FWI#E, RKPHEH Cd S ETRBAMERRRN

AsH PSR BEMNCIRBABERTNINSY
B EEMARBREMEREN PSR FRTE
BEARTE Fe RFEITHULSHEERRN Y
B, Fe Ml Zn SBAEARERE. XERH,
A MG TFHILAEZEEHESBRB AL
ER, JEAER 8 of 5 B FF R 1R A AR A /K 7S S B A
BH Fe.n SEHTENEREERI —XR
AP, B EACHER A B R (R ) 65 R
Fh,—~ERE LRBTHRF CaFeZn FAMEL
EEFRAOSRY, Bl THE Fe.Zn $K X
RESTBRSBEFRELRFBRHFEREEHX,
BEFRaRY BN RS SRR S5 E
BEERAEOMM, XBRAMELEKRGEELRF
AW, X R A AR — SRR,
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