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Screening of Suitable Rice Cultivars for the Adaptation to Lightly Contaminated Soil with Cd and As

YE Xin—xin"?, ZHOU Yan-li*?, SUN Bo"

(1.Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China; 2.Graduate University of Chinese Academy of Sciences,
Beijing 100049, China)

Abstract: Pot experiments were carried out to study the effects of spiked As and Cd pollution on the biomass and accumulation of heavy met—
als by 9 rice cultivars(Oryza sativa L.) in two different types of paddy soils. The results indicated that the rice biomass significantly reduced
in both soils when spiked with As. The reduction of biomass for 9 cultivars ranged from 29.4% to 54.3% in red paddy soil and from 29.5% to
53.3% in yellow paddy soil. There was a significant difference in the tolerance among 9 rice cultivars(P<0.05). The reduction of biomass for
Wanjing9707 (japonica ) was the least, which indicated that it was the highest tolerant to As, while the reduction of biomass for Zhe1500(in—
dica) was the largest, which showed that it was the least tolerant to As. For Cd pollution treatment, there were no significant differences in the
tolerance to Cd among 9 cultivars in two types of soils. Different rice cultivars showed a significant difference in accumulation capacity for Cd
and As(P<0.05). Denong 2000( hybrid rice ) and Zhe 1500(indica) were the most sensitive rice cultivar to As and Cd pollution, respectively,
which had the highest bioaccumulation coefficient(BCF). The cultivar Nangeng32 (japonica) had a lower BCF for Cd and As and was more
tolerant to As pollution. Among 9 rice cultivars, Nangeng32 was suitable for planting in the paddy soils with light contamination of Cd and As.
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P, IR AR TS HUER A Cd F As V5 4L AH
KARE™, KFEMEERESBR GRS, AR
AAFRW, BEERBEL EFAR, EELES
7, R TR 4 R 5 e KB, KRS A9 1E 3 A Kt R iR
TR AR, A PHIERI, AR KRR (R
Bt Cd As BYTRPEAS RN, 3 H X Cd As BT
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1 #RFF*E

1.1 REe 44

BRI R i ol A TS A AR B 1 b X D
w3 NSRS B 2000, K 6 S
MR 11853 AEERS APl : BRKE 9707 T8 1 S5 FIEaHE
32;3 MRS SEFE P E 15 =5 2 ST 1500,

P 88 (D) BPRH , M EGRKBA R L,
PR AE Rk HILAE ¥ B (31°36'N,
120°35'E ), (2)2LUe H , A @R RKBEA N L, B
PR LI R BT A , ok B VL 7S48 T T (28°12
N,116°57'E),
1.2 A

FKABRZEZRABN TS LEZBRRNT.
FRR BRI 5 mm #4352 AR 30 om KRR
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PR T ZRRIEY) , B h R U Rk
SR T A R 5 X K R e, R A R
AT AE , BRI T5 Jush PRSP B D TR - R 5 i
B RO ERYE R 2 5 1.5 53 (Cd: 0.6
mg-kg™;As:45 mg-kg) , AL ELE 3 1K, Cd AsSy
%"JL‘)[ CdSO4‘8f3H20 %ﬂ N33A504'12H20 %J—ZWDA()%/I\QE
Kt AIREA 1 g CO(NH,),.0.28 g Ca(H,PO, ),
0.7 g K;S04,

IKFEFIF A 1% EEKIRHEARE 30 min, 3
Bk, REAFR, B TEALGRAIIENT
b, BIRSRE E PVC ah, fHBE A 3 /X,
B3 R, KRR IRZRFREK (TE PVC AP 4y
2~3 cm KR ) o
13 H#mHRESSH

AWK KRR, AR IS R R AL
(LTIM-12, Fp )i 5e, FE oK 60 CHET /5 A R sk i
BL(FW-80, i [ ) e , it fb 43 H o

+3% pH #/K £ L 2.5:1 EfukiE, HiE kL
AR WA I € ,CEC ] 1 mol -L™ ZR 8% (pH
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SMInEEEDE . 13 Cd 22 A HF-HC10,~HNO; 7H
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Table 1 Basic physico—chemical properties of the studied soils

LHER pH AHBeke'  CEClmol-kg'  BEILMiimg-kg’ KEHL% Cdime-ke” Adfmeke’
e A ol B

ZIJeH 5.07 12.0 9.39 1.99 18.8 0.25 0.18 4.29 0.22

HIEH 6.15 26.7 18.0 4.11 26.1 0.33 0.16 9.04 0.31
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R EARIE
RN Lt vk <1007
TR AR R LTS R A R (TSRS
e LA AR WRE (.
SCIGEER A SPSS 16.0 & Excel 2003 Z {4317
B AHpT

2 H#R5itie

2.1 As.Cd B—TAREABRIMERKB T
MFE 2 ] LIE WA T3 As WRE A3, £
Ff 18 EARFKRE SR AEYEA B & IR FELLTR
H I, K FE A ) 2 PR AR NE N 29.4%~54.3% ; TE # TR
H b, 7K A8 My 2 W PRI R 29.5%~53.3% . FEW
Fb R HERAY | ORRKAE SR RAE R A Y B B
FYEER A 22 R (P<0.05) . FELLYRH b, AHXT A Y &R
K/NBF R KA 118>FHE 32> B4 9707>4F = %% 2
B> 20005 F 1 5>KW 6 5>TH 1 5>H
1500, X 118 A= ¥y & iR B /Iy, % As BT P B i 5
THE 15 ¥ 1500 Y ERERERK, HH17 SR
Z 5B E(P<0.05), UiB L3 dh As ST T8 15| i
1500 A= K A BHAS B R, X As BTt PR AR, FEFEUEH
b, FEXT AW B R RN O R =R 2 B>
9707>Fa k8 32>fE AR 2000>X] 4 118>k 6 S>THF
1 5587 150> F 15, F=8% 2 SAYERFIER
AN X As BT YRR PR 1 SAYERIERK, -
B As XPHAE KB BEAG IR, X As AT f AR
AR KRN A R B E =
SERTLATE S, BAE 9707 Xt As BITRHAEBSR , B 1500 Xt

As WTHPEEAR . KFEFIMETLE As 5 Y 138 RV EE
AR, K BAR A KEE A EFEM WK
FIRTEARA P BE, b B BB AR R B TE R,
HETAES, £ LEPR As J5 , KRBAEYES
Xof BEAH LA B 08i/D 3 T BB B T KRR i A A 3K
S EEROB/ D ISR s Khan S804 13 2R SLIR ST &
B, 24 IS As WREEH 10~20 mg-kg™ B, AKAFAE
YWEH B %K, Rahman SFPF5TH R, 13EH As
W B B I K AE A BB U=, 24NN As VR
PRI 60 mg-kg™, KAF A REIE B A K B B 3F A
KR AKBERKAM-BOFREHEZESEAX,IF
2B EIFAHRRKR . APIR L2 ERER X A YR Y
HMHFERELS ADP S, B THEREE-
ATP, AT I3F T 40 i A< B 9 RE ROR IR, S 304 A
FET o As t2—FPIR 3R RPN K150, ZEARAK A VR
TEEREIM IR IRAE . SHREERY As XFRFIRAE R A
TR Z, T T HRAE 1 A, AR E RS E
YER™,

X Cd i 5, & T3 Cd ¥R BRI hn , ZE R 1
B EARKESMEESUABE, EQRHL,
AFEKFE SR AT A Y 22 F R B3 (P>0.05) , 1
FERRH b, U =5 2 SHXT YRR, HAtk
AR Y EERABE (R 3). AP+
HE KRS AR R AR 7E 3K Cd Wk
AT, 9 FkRERT Cd TSR AR, BEiEEE
H R EARIAR, PRRA T CdERImER 1.0
mg-kg™ B}, Cd X /KRG =B ITHBEZM, X54KE
AEML. —MAE 3 Cd Sk T 60 mg-kg™ A AT RES|

R2 INKBERMELER A SERLEBETHTE(s- DB EWE(%)

Table 2 Dry weight(g-pot™) and relative biomass(% ) of nine rice cultivars in soils spiked with As

. AR HJEH
it e As JbPH HAXT YR it e As Jb2E AAXTAE IR
P ] gk 2000 75.4ab 45.9ab 60.9ab 70.3be 45.1c 64.2¢
K65 85.2a 43.1bc 50.5be 78.2ab 45.9¢ 58.7de
RIHE 118 73.2ab 51.7a 70.6a 89.9 a 55.6a 61.8cd
RS Mt 9707 49.7¢ 33.7de 67.8a 51.7d 35.5de 68.8ab
TH15 76.1ab 374cde 49.1c 64.4bcd 35.5de 55.2de
A 32 76.6ab 53.7a 70.2a 71.5ab 50.8b 65.5bc
GillLiE FE1E 70.4ab 41.4bed 58.8abc 73.3be 34.2¢ 46.7¢
=825 64.9bc 41.5bed 64.0ab 54.3d 38.3d 70.5a
#i 1500 67.2b 30.7e 45.7¢ 60.5cd 30.0f 49.7f
S 70.9 41.2 59.7 68.9 41.2 60.1

T Al LSD BB AR Rl 22 57, b 2 B Rt Rl Rk n 22 535 8 5% B & K. TR,
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EKFEE YR A B TR, BAFHFICRA L IEAH
JrEk, BEEH3E Cd AbBEST 3 KRS A R AE
i, Z5RFMW: X HHE CdWKEH 60 mg-kg™ 3 90
mg-kg™ B}, $H% 6 S FIHHE 9538 A= &= S5XT FAH L
AR ZE, 2 Cd WRE#IT 120 mg-kg™ I =& B3
Rk, TRIEHE 7 578 Cd ¥R EE 60 B (47> B0 B
BERK, Cd AT KRS G R KB HE R
FSAZEHETREESE, R Co EH k
Fto MR SR TR, G E ob HEHFE, 51K
T A= ) 2 R R A
2.2 M TIEEERIIEEK As .Cd FENZIN
MK E SRS EHTHITAIR, BMINE As
HINTRK As &R (R4). 75 As BT LaIRH
|, 3 Fh AR KRR A R E R A AR ERR
(0.7 mg-kg™) , HA A I IR, Hp ERKAEL
TeH ERKFEREK As ST REBER THIEEH, HF%

JRE PR 3 pH (5] ARG -3 As 19
WD, JF HEE MR ALY & BN X As
AW BT

X CAdTE, FME Cd BN BZERS I T /K Cd
B &, TELL R A YR H B 3A 5 Fhfn 2 FokAg
Ak B e E R A PAARERR(E (0.2 mg-kg™);
RHENFK G EREERTERHGGE4., H
FEFEERBARA pH EFA YLK & R Cd ZEL TR
H ER#E AR
2.3 mFpA0 T BIFAFHL As . Cd BEEMF I

ME la ATLVEH, FEPRN T EEEA FORRIKFRE
P ORFRL As B E % R %0 (Bioaccumulation coeffi—
cient, BCF)FZE R FEZE R (P<0.05), T CK Ab3# 2T
JeH | As 9 BCF ZR4L L & 0.028 4~0.062 4, TN 7E
B H A RENE 0.013 6~0.023 7; X F As 75 444b
B, 218 1 As B9 BCF 254k & 0.004 9~0.020 9, T

R 3 INKBRMELE CdFRLETHTE(- A FENENE(%)
Table 3 Dry weight(g-pot™) and relative biomass(%) of nine rice cultivars in soils spiked with Cd

e EARVA:E] HYEH
XFHE Cd b3 AN A i *FHE Cd 4b3 AR A=Yy
R FG &4 2000 75.4ab 76.9a 102a 70.3bc 77.0a 110ab
K65 85.2a 73.8ab 86.6a 78.2ab 79.1a 101b
X4k 118 73.2ab 64.7abed 88.3a 899 a 80.6a 89.5b
b ke 9707 49.7¢ 52.3d 105a 51.7d 46.7d 90.4b
TH15 76.1ab 65.9abe 86.7a 64.4bed 61.9bc 96.3b
FEHE 32 76.6ab 68.6ab 89.6a 77.5ab 76.1b 98.2b
HIFE HE 15 70.4ab 64.1abed 9l.1a 73.3be 66.1b 90.1b
RH=%25 64.9bc 60.9bcd 93.9a 54.3d 66.8b 123a
#r 1500 67.2b 54.6¢d 81.2a 60.5cd 57.5¢ 95.1b
SEXE 70.9 64.6 91.6 68.9 68.0 99.2
R4 AN LEREBITER As .Cd SERIRI (mg-kg™)
Table 4 Effects of cultivar and soil type on the uptake of As and Cd in rice(mg-kg™)
e ARV HIEH
XFHE-As As jib3 %fHE-Cd Cd 4b38 XFHE-As As 4bFE XFHE-Cd Cd 4b3
JAZHE A 2000 0.21b 0.99a 0.071b 0.21b 0.20a 0.33a 0.039b 0.17b
Xih 65 0.25ab 0.89a 0.076b 0.17¢ 0.21a 0.31ab 0.037b 0.15b
XItE 118 0.27a 1.03a 0.051c 0.20b 0.21a 0.26¢ 0.029¢ 0.11c
b R RE 9707 0.26ab 0.63b 0.052¢ 0.13d 0.18a 0.33a 0.017d 0.12¢
THE1S 0.15¢ 0.42bc 0.016d 0.17¢ 0.13b 0.19d 0.008 9d 0.090d
TkE 32 0.12¢ 0.24¢ 0.017d 0.16¢ 0.12b 0.14e 0.010d 0.055¢
HAE HE1E 0.25ab 0.65b 0.068b 0.20b 0.19a 0.24¢ 0.043b 0.16b
RB=EE2 5 0.21b 0.61b 0.092a 0.33a 0.20a 0.23¢ 0.052a 0.22a
#7 1500 0.21b 0.43bc 0.094a 0.36a 0.23a 0.29b 0.052a 0.23a
SE¥ME 0.21 0.66 0.060 0.22 0.19 0.26 0.032 0.15
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1EE YR H FASLIE FELE 0.002 5~0.006 2, A [R] % #
FPRLH As (1) BCF Z24L KRB - 84 2000, XA
118 . Kt 6 B>HF 15 H=5% 2 5 W 1500>HkE
9707 .74 1 5 Bk 32, LR A% IEPIFP L HEAA |
AFEIKFESFP BCF B E2 5, 4 2000 XF As &
ERRBJIELHR , X As BOAMBUR, TR 32 X As B4
BB S 855, % As AU, H3ESSAINT BCF Mt ik
2T W E KK (P<0.05), KB MR As BYERERE
FIHELL R H P TR TR H

M 1b ATLAE H, 7EFRN L8 A AR
s RN R Cd B ER I FAEREER
(P<0.05),%}F CK 4b¥ , 2T H | Cd #) BCF ZE4LiE
Fil & 0.065~0.374, T 7 ¥ U H b &Y 28 1k ¥ [l 2
0.027~0.159; % F Cd V5 444k 3, 2T H Cd f) BCF 2%
fLYERE & 0.155~0.419, e e H b A2 fLyE FlL2
0.059~0.246 , A [r]H:HAFFR H Cd /9 BCF 220 REK
BHERPE 15 R85 25 87 1500 >FE4 2000,
XL 118 . Kt 6 S>B8E 9707 . T8 1 5 . FgHE 32,
TER R 32257 | HE 1500 % Cd B4 BE I8, X

Cd B BUR, TR 32 XF Cd BHERE /1855, % Cd
AU, HHERAIXT BCF ks3] T BE f/KF
(P<0.05),7k %% Cd iR BE 7R H L3 T E U H o
Cd 1 As fAEYIA SOHETELL IR H B s F e H .

ZEA AT H (& 1a F0 b)), A [A] 3 R R 7K 8 X
Cd.As RN ZREE, 255X HETH As &
LRI, TRIREXT Cd KRB 1358 . X —J7 TH
UiHH Cd.As mR BRKBRFT, ZMERBINTEE
EOEFTREEARRENRBEES ;5 — T Hw i
AFKFEEEIN Cd As BEERBINZER SHARM
EREIEA X, Cd KEEEZMAILEI TS Zn AL,
RFTREVARE S s E 2 S W RIE X Bk iz i, HAE
YR ZHEE R SEYRIEA R, Lasat 245
WFITERE T Zn ZRAREE B (ZNT1), Ik % 5
AT LR Cd e RN iS5 . T As ZEAEPI 1K
iz 5 Cd AE], As( V)2 38 i B R £k I o 18
ATKFEARFR , As (I ) U 28 1 AU BEE P 8% 2 3 7K
T HE AKREARTER , 28 18 XFRAE Lsil, & R A 2 R
(Si)F PG TER, Ma EXRBF 5T R, ZEKFE K

0.08~ a %IﬁJﬂ(ﬁlﬁlﬁ: As B"Jg%%ﬁ
0.07F O 498 H-CK
0.06- B ZJRH-As
a@% 0.05} B #eH-CK
Aﬂ\% 0.04 D #Je H-As
1= 0.03-
0.02}
0.01}
0 1 Il ! Il 1 1
§ ‘ : ‘ : : ‘ : ‘ : : ‘ : ‘ §
N o A (=) — % — N —
= = = i #
f\é K K % i . -3 ]ié =
P ] KRS HAE Ry
050+ b AR Cd B EHERE
045} O 498 H-CK
8“3“5): @ 1y H-Cd
£ 030l B #JgH-CK
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Figure 1 Bioaccumulation coefficients of As and Cd in different cultivars
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24 REK B kTS mFHGE

HESRIGPWRELIT, B 32T Cd.As
HYRABIREERES (FK Cd As WEBA B H
ER R LT, HX As SR BERAEL
SR AR o LRI PEIE S R TE R Cd .\ As 1534 A5 H
AR B dL RN, TWEER S H KRR AT E R E5H
RE LA AW B4k, BIE 32 X 9 IKAE M
Foft b B T EL AP ARL A i of , R AT e XU B3 /) o

X B 4 R 5 G T VA BT A B AT
KA , (HOX ST e A T A R & T
77 TR LR B BUHRCRS 85 A 2%, Rt vl
BRI E R W E R HITE R VRERIN, S8R
BT Y I B5 Je A Rog e, FHAER H 2 TEE
JR/NAE b R R 15 R 3R S K AT  BR
TR EA BRIREBE A ESRT
ety -3 , DR o ok A N < R AR AR R i 1
IKAE SRR — B E e B AR A TS
RS A RO H TIRZ L EE SRR AL
BRIGYY, & B M S E SRR R
FRIK R b

3 &g

TE As 7544 (45 mg-kg! ) T3 |, &5 Rk R4
YR EERME, AFZEER K KREXT As 15 e
BREZESR, B 9707 LW EREIRE/N, X As 1554
AT PR3 G 5 TITHT 1500 FENRECK , X As V5 4L A it 14
B, 7E Cdi544(0.6 mg-kg™ )y 13% F,9 Rk A M
Xy Cd IS QL RA R

AEZKFE TR 148 Cd As RIS ERE 1A
BEER, EFM A A 2000 X As B4
RE T 858 , X As 15 QL UR%; #7 1500 Xf Cd E4ERES)
R, %) Cd 75 JeBUR%; TR 32 X Cd As E4ER/ET
B8 55 , % Cd As 15 YR BURE, I X As 15 et A
B, ik, B 32 BNE A ML Cd.As 2
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