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Abstract: The safe utilization of paddy soils contaminated with both Cd and As is considered a major and urgent problem in South
China. This study compared the effects of four carbon-based amendments on the absorption, enrichment, and transportation of Cd and
As in spring and autumn rice plants through field experiments to screen suitable amendments for the safe utilization of polluted farm-
land and provide a scientific basis for the safe utilization of polluted soil. Rice varieties ‘Ruanhuayou 6100’ (spring rice) and ‘Yexi-
angyou 9’ (autumn rice), commonly grown in Guangdong Province, were used as the test rice plants. Four biochar-based amend-
ments were investigated: BO (biochar : organic fertilizer=1 : 1), BS (biochar : sepiolite=1 : 1), BB (biochar : bentonite=1 : 1), and
BA (biochar : alkali residue=1 : 1). The measured parameters included grain yield and both Cd and As contents in the major organs
of rice. The biological accumulation (BCF) and transfer factors (TF) were calculated. The results showed that biochar-based amend-
ments significantly increased the spring rice yield by 26.87%—48.93%, whereas only the BO treatment significantly increased the au-
tumn rice yield by 26.16%. Biochar-based amendments induced a large reduction in Cd content in both spring and autumn rices by
40.23%-67.89% and 7.64%—32.91%, respectively. However, the amendments increased the As content in spring rice by
44.09%—67.73%, although with little effect on autumn rice. Generally, BS amendment showed consistent performance in spring and
autumn rices, with the greatest reduction in Cd but an increase in As. Soil available Cd was significantly and negatively correlated
with soil pH and cation exchange capacity, whereas soil available As was not significantly correlated with soil physicochemical prop-
erties. The Cd content was significantly and positively correlated with the soil available Cd in brawn rice, and rice straws and roots.
There were significantly negative correlations between the As content in brawn rice and the Zn content in brown rice, rice husks and
straws. It is evident that different methods based on the absorption and transportation mechanisms of different heavy metals must be
implemented to control both Cd and As contents in rice. Our results provide a theoretical basis for controlling Cd and As content in
rice in South China.

Keywords: paddy soil; Cd-As compound pollution; spring rice; autumn rice; biochar; assembly materials
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H Excel Fl Origin #fF #4740 3FAE &, H SAS
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ZH B o IR 500 A0 RS P R v #1) 8 425~9 890 kg-hm 7,
FEXS IR I 35 i R 26.87%~48.93% (P<0.05); M ™
J 6 104~7 745 kg-hm >, Ho i BO 40 FH Fb X 1R i %45
1 26.16%, H A3 AP 5 X6 BEAH HL TG B 3% 25 5% 0 Xl
HH i 36 20 T e B 590 M A G R v R A A 7 i, IR
PR A AL, BO Ab BRI RS P R AR
22 REABRYURFINTETEHS CAsESEN

=AU

Fe 1 o, ANt FH R R TR R Ak B ) RS
3 Cd F N 0.33 mg-kg |, 8 AR A M - 3975 e JXURS:
i & (5 (0.30 mg-kg ); MaAE + HEA AL As & =L
3mg-kg o i F 4 P o A C Bl BRI, PR ) 1 4
AR Cd & B AL 0.18~0.19 mg-kg ', X IR B AR
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?‘E a a
8 a
3 T |
< h
< 8000
Q
=
8
~ L
{jEF 4000
£
Vé‘ﬂé
%

0 | 1§ ' ' ' L
CK BO BS BB BA
AbHE Treatment

CK: X i BO: AE ¥ - AHLIE=1 : 1;BS: AW : WA =1 : 1;
BB: AE ¢ ¢ B =1« 1; BA: Bk - Blik=1 ¢ 1, [l —RE A
N AR SR O () Ak B R) 22 5 B 3 (P<0.05). CK: control; BO:
BS: biochar : sepiolite=1 : 1; BB:
biochar : bentonite=1 : 1; BA: biochar : alkali residue=1 : 1. Different

biochar : organic fertilizer=1 : 1;

lowercase letters for the same rice season represent significant differences

among different treatments at £<0.05 level.

1 ER4MREHARMRFEBIGE-ENESR
Fig. 1 The difference in grain yield of both spring and au-
tumn rices received 4 biochar-based amendments

41.74%~44.74%; {H B 75 + 584 20 Cd % 2= 5 4 B
LU 22 S AN b 35, i HL 4 P o SR 21 TG 0 R ) 2 ) A
WEMENZESR . M 4R aE A Bk RS, FAE
AR As R E F 3.11~3.62 mg-kg ', H X R
PER 9.12%~27.02%; BRAE 1A RS As 55X AR
WA &R

Jiti FH 4 b i 56 28 TC e R 500, R R e e 1
pH 43 51 H 5 27.79%~35.15% Fl 25.75%~28.54%,
LB &1 0 942 55 7.86%~10.71% Fll 24.58%~29.42%,
CEC 43 142 & 5.96%~9.02% Fl 6.95%~8.65% (3 1),

®1 HBATEREARYRANEBMGERETREEAMFERMERE Cd As 8

Table 1 The basic chemical properties and available Cd, As contents in the rhizosphere soils of spring and autumn rice plants
received four biochar-based amendments
e s At N A
Rice season Treatment pH Organic Igatter Cation exchangeﬁlcapacny Avallableﬁlcd AvallableilAs
Ng'kg ) /(cmol'kg ) [(mgkg ) A(mg-kg )
i CK 4.21+0.02b 35.87+2.68b 7.210.44b 0.33+0.09a 2.85+0.48b
Spring rice BO 5.4520.08a 38.99:1.85a 7.82+0.65a 0.190.05b 3.1120.58ab
BS 5.59+0.14a 39.71£1.05a 7.64+0.46a 0.18+0.02b 3.49+0.55ab
BB 5.38+0.09a 38.87+1.78a 7.86+0.49a 0.19+0.04b 3.62+0.38a
BA 5.69+0.05a 38.69+1.11a 7.72+0.71a 0.19+0.06b 3.44+0.47ab
WA CK 4.31+0.12b 33.52+1.44¢ 7.05+0.33b 0.25+0.09a 3.34+0.99a
Autumn rice BO 5.48+0.11a 41.76+1.58b 7.54+0.70a 0.224+0.09a 3.12+0.81a
BS 5.48+0.11a 43.38+1.58a 7.66+0.40a 0.23+0.08a 3.20+0.63a
BB 5.42+0.14a 42.24+1.77ab 7.65+0.33a 0.20+0.06a 3.01+0.91a
BA 5.54+0.17a 42.87+2.01a 7.58+0.61a 0.23+0.08a 3.65+0.53a
CK: Xf i BO: 2B - AHLIE=1 : 1; BS: AW : A =1 : 1; BB: AE¥k : [ =1 : 1; BA: B9k : Blidi=1 : 1. FZIE—RERR/NE

TR FR R AL BRE] 22 573 5.3 (P<0.05), CK: control; BO: biochar : organic fertilizer=1 : 1; BS: biochar : sepiolite=1 : 1; BB: biochar : bentonite=1 : 1;
BA: biochar : alkali residue=1 : 1. Different lowercase letters in the same column at the same rice season represent significant differences among different

treatments at P<0.05 level.
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FERE K . FEoe . ZE0F AR R Cd & &4 5 BT
40.23%~67.89% . 22.74%~55.51%. 23.90%~72.42%
F1 27.29%~46.86%, T W A 45 38 62 53 51| BEAIK 7.64%~
32.91%. 30.73%~50.17% . 24.44%~56.22% F120.97%~
39.15%. Tt 2 PR I = M, IR B de K i 2
M, XFREAREK Cd & &= TR & 2 E KR
£ IS Yy BRI (0.2 mg-kg ), T iE H 4 Fhge 5k
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0.4
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CEC| 0.87 0.62 CEC * 0

-0.2

Available | e B Available .
—0.6

Available B Available N
As 0.54 As 0.8
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OM: + 54 ML 7 i ; CEC: + 3 FH B T 3¢ i i ; Available Cd: +
HEA A Cd & & Available As: + A 34 As # &, OM: soil organ-
ic matter content; CEC: cation exchange capacity content; Available Cd: soil

available Cd content; Available As: soil available As content.

B2 THEABEAMERSTEEH CIAs SEZHEE
BXtE
Fig. 2 The correlation between basic soil physicochemical
properties and soil available Cd, As contents

21 5 A L) A R AR K B IR T R A e 4 AR
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CK: X} s BO: B¢« AHLAL=1 : 1; BS: L5 : Mg Ai=1 ¢ 1; BB: B s ¢ i t=1 ¢ 1; BA: AEW 5 - Biti=1 ¢ 1. ARVNG FRALERA
[ &b B[] 2 55 4. 3 (P<0.05). CK: control; BO: biochar : organic fertilizer=1 : 1; BS: biochar : sepiolite=1 : 1; BB: biochar : bentonite=1 : 1; BA: biochar :

alkali residue=1 : 1. Different lowercase letters represent significant differences among different treatments at P<0.05 level.

B3 HA4MREARERANEESBREBEKIRE CISENESR

Fig. 3 The differences in Cd contents of different plant organs of spring and autumn rices received four biochar-based amendments
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% 33%

T I RCR i

5 Cd AHAL, AKFEAEBRAS [ 25 B 1 As & A7
AR R 2 5 (K 4), AR T &, 2Rk
825.41~2 044.55 1%, FH7C 1Y 370.12~879.22 £, ZE (1)
42.77~144.76 1%, i B As FEK R M MR IR R B S 2 0
Ko Jitn B LA Be ek R 77, R A A FE 25t As & i
Lo X R 25 AR 42.68%~64.72% F11 45.57%~69.98%,
R ZE As & i B & A% 30.07%~41.76% Fl 24.66%~

F55 Spring rice
CK BO BS BB BA

0.9 T "
$&>k Brown rice
0.6} i t ab i
b I T I
0.3 = I
~ 0 K a a Hei7e Husk
] 1 T 1 7 7
'OED 1.0F J_ T 1
2 0.5
3
= 0
g a 50 Straw
S 14}
@)
1 b 2
4 A c a5 (Y
Z
0
a M % Root
540 | . b . b
270 H
0 1 1 1 1

CK BO BS BB BA
AbHE Treatment

40.12%, FLMFE T REIE BE Sl MR IIAESC As i
B A% 39.36%~59.37%, 1 W FEAE 7T As & A k4L
BERAAL . BRREK As B HXT IR AN 44.09%~
67.73%; 1M Ma ARG RE K As & %A &4 B & A1k,
HIMR TR . 310 Wit FH e ol R 74t v 17
FERER As & &, (HXF B AR AT 0 35 s . Aok
B, MTREK As Sl S 4 R oo 341 Bl B =2 (6]
WA WEEN 2R

i F& Autumn rice
CK BO BS BB BA

0.9 T T
$&>k Brown rice
0.6 |
a
0.3 —F a I_Ia_l a a
‘_Pj’ FE5¢ Husk
w LOF %
g . b 2 b
> L s T
2 0.5 T
3
g 0 ”
2 ZXI Straw
S 14t
i a
4 Q ¢ b bc c
< - [ =
HZ Root
540+ a
b b b
270} :
0

CK BO BS BB BA
AbHE Treatment

CK: X i, BO: A9 ¢ « AHUIE=1 : 1; BS: =¥k « Wi A=1: 1; BB: AWk « W =1 : 1; BA: EW 0 : ili=1 : 1. AFR/NE FEHMUER
[R]4b B[] 22 53 8 2 (P<0.05), CK: control; BO: biochar : organic fertilizer=1 : 1; BS: biochar : sepiolite=1 : 1; BB: biochar : bentonite=1 : 1; BA: biochar :

alkali residue=1 : 1. Different lowercase letters represent significant differences among different treatments at P<0.05 level.

B4 HA4MREARIRANEBSBRBEEKEIRE ASAENER

Fig. 4 The differences in As contents of different plant organs of spring and autumn rices received four biochar-based amendments

24 REARYURFIIKBEKZEE Zn SEW

A

LI R A R AR N Zn B A A AR AR N 2 2 IR .
¢ 5 2 T A R ) Ak 3L 1) PR R I A R K Zn O AR
Ko R A3 531) S B FAAIG 14.70%~23.08% Fi1 21.89%~27.69%;
R MmEn Zn S5 RTREER, A
BO4b ¥l 5 CK JC & % 25 5, H fib &b ¥ @ 3 % AIK
22.87%~27.84%. MiAHZEMFIAR R Zn & hk 45 b B[]
Jo I % 2 5 miAgs¢ h BO Al BS 43 Zn & 543l
LT 8.38% Fll 8.53%. MEAFAUREK . FEFCHIZEnt
Zn SEBE TR, 250 18.09%~37.63%. 28.09%~
44.56% F 35.63%~74.60%, MM R 2 o Zn & 2 M| 1
s Z RIS W i 26 5

25 KEBEKCIMASHEEZRE BCFH) 5%
ZH (TF)

3 WoR, TR AR MRS, BT A AL B K
FEAE AR AR & Cd 1Y BCF {H 5y, HABRfLEaH 5 Cd &
w8, Hih Rk . FsE =it BCF i H R/
171 18.52%~152.31% (BB Ab#BRH1), 158 BH W Fe A ik =
£ Cd BB EL R R . RMAOR T, il FH e S 41 i i
BRI, LR A Bk BCF (B A T4 &5, 0 BB Ab FEAR &
BCF 18 H X IR 2 55 30.10%,; M e A8 #E Bk BCF B A Bt
F#AR, T BS ZbFEHR 2R BCF 18 L X BEFRAE T 33.39%.
o T il FH e 5 2 P ol R R 0 T LR AR R R A R
Cd, T T Ma R A AR I 4E Cd.

XFF As i 5, K FE AR BRAR & BCF H 0 i =, 42

http://www.ecoagri.ac.cn


http://www.ecoagri.ac.cn

bl
(o)}
=

WA 5« e 2 T R 5 % B R R e Cd-As W MAT d8 52 ) ) L

1163

x2 HWATRREARMRANEBMGEEKRESRE In SENER

Table 2 The differences in Zn contents of different plant organs of spring and autumn rices received four biochar-based amendments

mg-kgf1

5F ] Period KbFH Treatment fi&K Brown rice F#i5¢ Husk Z£IH- Straw R A Root
LA Spring rice CK 19.45+1.44a 9.00+£0.12a 25.00+2.56a 49.36+3.11a
BO 14.96+1.41b 9.88+0.39a 29.55+2.27a 45.70+7.45a
BS 16.59+1.47b 10.01+1.04a 24.7543.44a 35.6243.44b
BB 16.29+1.36b 10.36+0.78a 23.89+6.28a 38.07+1.12b
BA 16.14+1.68b 10.04+1.03a 25.49+4.66a 36.89+4.77b
%A% Autumn rice CK 26.36+1.08a 13.01+0.33b 43.65+4.56a 47.25+7.23a
BO 20.59+1.29b 14.10+0.32a 40.08+6.71a 38.80+5.04a
BS 20.36+1.18b 14.12+0.34a 36.61+4.43a 35.32+6.34a

BB 19.51+1.27b 13.27+0.40b 39.82+7.66a 38.31+13.25a

BA 19.06+1.99b 13.18+0.38b 43.83+3.45a 36.82+10.57a

CK: XFHf; BO: A9y < AHLAL=1 : 1; BS: A=Wyoic < #piffi=1 = 1; BB: AW « I =1 : 1; BA: A=W < =1 : 1. SR —FRERARNE
FHRHCFAR R AL FEA] 24 53 1. 3 (P<0.05), CK: control; BO: biochar : organic fertilizer=1 : 1; BS: biochar : sepiolite=1 : 1; BB: biochar : bentonite=1 : 1;
BA: biochar : alkali residue=1 : 1. Different lowercase letters in the same column at the same rice season represent significant differences among different

treatments at P<0.05 level.

x3 R4 MREARIRBRFINEBEMGEHEBEL Cd N As EERE BCH MER
Table 3 The differences in biological accumulation factor (BCF) values of Cd and As in both spring and autumn rices received 4
biochar-based amendments

% i __« N
Rice season Treatment GEPS fae EXUE LiE GER/S fiae ESE iE
Brown rice Husk Straw Root Brown rice Husk Straw Root
LA CK 0.65a 0.21ab 1.95b 5.98ab 0.11b 0.44a 5.35a 123.58a
Spring rice BO 0.55ab 0.27a 2.62a 7.30a 0.15a 0.33b 1.73¢ 122.14a
BS 0.38b 0.17b 0.97¢ 5.75b 0.15a 0.33b 2.31b 130.69a
BB 0.69a 0.29a 1.81b 7.78a 0.13ab 0.28b 1.71c 117.23a
BA 0.53ab 0.27a 1.58b 7.40a 0.15a 0.31b 2.54b 131.11a
M FeS CK 0.82a 0.47a 4.92a 12.01a 0.08a 0.24a 1.97a 132.41a
Autumn rice BO 0.69ab 0.32ab 3.92ab 10.01ab 0.06a 0.12b 0.73¢ 97.58b
BS 0.60c 0.25b 2.22¢ 8.00b 0.08a 0.18ab 1.35b 125.79a
BB 0.61b 0.26b 2.96b 8.10b 0.08a 0.17ab 1.10b 119.53a
BA 0.80a 0.35ab 3.95ab 10.08ab 0.06a 0.12b 0.73¢ 105.05ab

CK: ¥, BO: ZEW9¢ + AHUIE=1 : 1; BS: AE¥¢ : WEiLA=1 : 1; BB: A=W - =1 ¢ 1; BA: A=Wt : fli=1 : 1. [FFIR IR R/ING
FARHCFA R AL B[] 22 5 1835 (P<0.05).  CK: control; BO: biochar : organic fertilizer=1 : 1; BS: biochar : sepiolite=1 : 1; BB: biochar : bentonite=1 : 1;
BA: biochar : alkali residue=1 : 1. Different lowercase letters in the same column at the same rice season represent significant differences among different

treatments at P<0.05 level.

2R 23.10~143.90 15 . Kl OK Y 814.27~1750.83 %
FIAESEHY 280.86~875.42 % . {HJ&, RAFMIAR CKEXK .
Fe s 2L ) & 4 As (9 RE 1 H MR 5, BCF {A LG
Fei 1R 37.50%~247.95%, Jiti FH i B 28 e ole R ¥ s,
FEHPREK A BCF ¥ TXF I8, BO, BS Fll BA ¥t
HE 0 36.36%, 1M M 2 (9 BCF {H 5 XF 8 JC 5 35 2% 5,
Z5 R FE 52 (1) BCF AH He X BE B I 52.52%~68.04%
1 25.00%~36.36%. M FT T A A BE 2 R ) Ab 3 AR
% BCF fH kb X} BE B AR 5.00%~26.30% (BO 4k B ik &
F K, ZE M ARG 5E 19 BCF (B H X B8 0 1) [ A%
31.47%~62.94% F1 25.00%~50.00%. 3t B 7% K& 21 fic
BRI T As [ ZE RN 52 1Y % is, ] T
GG A A AR L - 3 43 As Y 5 i, i BO Rl BA b
R MR R T HoA b 2

4N, T PRI R R, AR R -2
Cd %% Z %% (TF) I, 2 MR R - 72 19 5.25~13.00
fif . MEER-REK Y 2.43~5.86 15, H I RE AR &R =50}
() TF {8 HL RS 7 8.33%~85.71% (3 4), Ui I B Ag
PRAR R iz Cd BZEmH A RE T eSS . VAT 5, it
FH e 36 41 e e B 570 (BO Ak BERL RS B 46 ), AT DL >
Cd MAR Z& I 25 iy e iz, Horp R 47 1 /2 BS 4k
B, A Cd R RE T As, X 7] fig 5K
= Cd Y5

As B 20 (TF) 5 Cd M) (& 4), Toig 2 R
W MRT, HR-ZE N TR B, 2R A-FEN
3.70~11.43 % . AR -REKNY 8.33~44.44 fi5 . iAok
B, it FH o i 4 e o R ), SRS AR &R -RE K 1) TF
o7 0 0 TR R AR R 2R IR RS2 09 TF (H Y
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x4 ERA4MREBARYRAMNEBMBEEKRRADEMIERN Cd 1 As BEBRRZB (TP WESR
Table 4 The differences in transfer factor (TF) values of Cd and As from root to other plant organs in both spring and autumn rices
received with 4 biochar-based amendments

e i3 cd As

Rice season Treatment RR-2Ent R &R-Fi5T R ZR-fik RR-ZEnt R R -Fi% R &Rk
Root to straw Root to husk Root to brown rice Root to straw Root to husk Root to brown rice

FLFd CK 0.33a 0.04a 0.11a 0.04a 3.50x10a 0.90x10"’b
Spring rice BO 0.36a 0.04a 0.08b 0.01b 2.70x10"°b 1.20x10"a
BS 0.17b 0.03a 0.07b 0.02b 2.50x10°b 1.20x10"°a
BB 0.23b 0.04a 0.09ab 0.02b 2.40x10°b 1.10x10°a
BA 0.21b 0.04a 0.07b 0.02b 2.40x10°b 1.10x10’a
A CK 0.41a 0.04a 0.07a 0.02a 1.80x10°a 0.60x10a
Autumn rice BO 0.3% 0.03a 0.07a 0.01a 1.20x10a 0.70x107a
BS 0.28b 0.03a 0.08a 0.01a 1.40x10"°a 0.70x10 *a
BB 0.37a 0.03a 0.08a 0.0la 1.50x10"°a 0.70x10*a
BA 0.39a 0.03a 0.08a 0.01a 1.10x10a 0.60x10"°a

CK: X BO: 2EW5 + AHLAL=1 : 1; BS: =¥ : MIA1=1 : 1; BB: A=W =1 ¢ 1; BA: A=W : Bli=1 : 1. BRI —mIAR RN
PR AR b B 1] 22 57 {2 3 (P<0.05),  CK: control; BO: biochar : organic fertilizer=1 : 1; BS: biochar : sepiolite=1 : 1; BB: biochar : bentonite=1 : 1;
BA: biochar : alkali residue=1 : 1. Different lowercase letters in the same column at the same rice season represent significant differences among different

treatments at P<0.05 level.

8 I B U i 3 K R R BE S 0D RS AR R
H As [ 25 FIAE A H Y52
26 BAKCIRAsSESTHEREKMEMEE Cd

R AsEEZEFXER

MELS sl LUE Bk b Cd &S A AL
A Cd & i K FFse/ 2 AR &R Cd & it Z M B A4 D
FEWIEA R R, X FRE () 57518 0.81, 0.84,
0.82 fi1 0.86, KM Cd TS Zn & HALAFLE
A e, Hoh, Rk Cd S S AR K Zn i
) r B 0.73, 5 Cd & i 55K 250 Zn F i
B A5 0 0.88 A1 0.71, 251 Cd & & S5k ok fi =k
M- Zn SR {H5 518 0.85 Fi1 0.85, iR &R Cd & i
SRR A ZE b v Zn E 80 - {E 598 0.91 A1 0.81,
X R B K FEAE AR RIS & 4 Cd 5 Zn [F2E, AT GEAF
EHBICR.

BT As SR SR As i A BER
IEAHSEE R (=0.78), WAL As & &1 — bk .
Bk As TSROk e, M Zn HREE B
B AH 5 (el 43 ) b —0.72. —0.87 F1-0.89), F§ 5%
As S EWSTEE . ZH Zn S8 2 B EMRML,
H 4390 4 —-0.93 F1—0.83, X 7] fiE 15 /R & Zn AT I As
PR32 o R, ROk iy As B 5+ g
BUAS As B A B A DG

3 itig
31 REHEERKEFMEEAEFN CdSENNE

KN
Cd 7E L3R AW R G2 h W9 I B8 B A2 LA L AE 5%

B 2\ R, KRR Cd &S
A3 B 2 L7 ] F R 6 Cd i Il A K b |
s HE 77, AR R Cd FEA KRR RIBRIR Y 89 1
FERR, W Cd A R BRI E . LR
Y B KRR AR Cd . TR
AP RIE ST W, ROk Cd A2 0 pH, A kb
JEHLA (Eh), HLA 8 (BC) DL M2 T A= W B 55 1Y
W, RS 13 pH . HIEA RS Cd &4
25 Cd & it %98 REONE £ R BN 2
FRKFR . A ARk Cd & &2 5 A RS
Cd 7 H AR MR E AL 28 B 1) Cd & 22 () 7 A 3
MIEAHCOC R . Bl RS, PR K b Cd &
I Fll BCF (B 34 FEAIR, 150 1 25 5 A 1R 500 AN A 3% A1 1 A
KRR Cd W, 10 HLFH 1E Cd 1A kR 5 5s . 24 /K Ag Bk
N5 8 W S PN D o VR N
g5, XAE Cd B R SR PR AR 22 0 BT, it P e B A
Be ek RS, Cd AR & 10 250 % TF {EAH B FEAIC, X
R ZE I Cd 1) BE K T 8 i s . ASBIESE
fREK Cd &5 Zn HREBIEMAXCR, FRHEE
TG B3 R Cd 5B F R LY Zn 38
L0 0 A B0l R B A Zn B 3 IS P, AT
KARAE R Zn AR, 350 T /K RGHE R XS Zn 11
WP, 335 A B g G SR — 3, DRI K R AL R
Cd B a R, AR Y Zn LR B Z .
KRR Cd i ) — P EEE K
TR . AR B (E 2), X R
A Cd & 2 52 ik B 3 1Y & 13 pH A CEC, Horp
pH & S 8RR IR A RS Cd T RER F 2R
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e 13625 i A T ot R 0 SR RS R RS Cd-As WU 32 52 1 1Y) B A 1165

ACd|aca
Zn(BR) [ 0.47 Zn(BR).- --
Zn(H) 0.61 | Zn(H) . ..
Zn(L) 0.71 | 0.89 | Zn(L) .--
Zn(R) | 0.04 035 Zn(R) ..
Cd(BR) | 081 073 0.53 | 0.54 (‘d(BR)-.

CdH) | 047 088 047 071 048 084 Cd(H)

Cd(L) 085 062 085 082 094 Cd(L)
Cd(R) | 050 091 063 081 086 097 097 CdR)
»‘i@%@ ~ @@Q@@@@ M

*P<0.05

AAs | aAs ‘
Zn(BR) Zn .
Zn(H) 0.61  Zn(H .. ]
Zn(L) 0.71 | 0.89 | Zn(L) X
Zn(R) [-0.54 0.35 Zn(R)
As(BR) 0.72 -0.87 —0.89

As(H) 037 -0.93 —0.83 0.52 o

As(L) [ 041 -0.73 | —0.61 | 0.60

As(R) —0.45 | —0.41 )48 | As(R)

A Cd: +HEATRA Cd & 4 ; Zn(BR): K&K Zn it ; Zn(H): FS5% Zn
i, Zn(L): 250 Zn & Zn(R): MR AR Zn & i CA(BR): fEk Cd & e
Cd(H): F55%¢ Cd & HiF; Cd(L): 221t Cd & 5 CA(R): HR & Cd & i A As:
+ HEH A As & i As(BR): Al K As & i As(H): R 5T As & i
As(L): 251 As & i As(R): R R As & it; * P<<0.05. A Cd: soil avail-
able Cd content; Zn(BR): Zn content in brown rice; Zn(H): Zn content in
rice husk; Zn(L): Zn content in stem and leaf; Zn(R): Zn content in root;
Cd(BR): Cd content in brown rice; Cd(H): Cd content in rice husk; Cd(L):
Cd content in stem and leaf; Cd(R): Cd content in root; A As: As content in
soil available; As(BR): As content in brown rice; As(H): As content in rice
husk; As(L): As content in stem and leaf; As(R): As content in root.

Bs5 HAKCAMAsEEETEREKREMBESEZ
i8] B 3% F
Fig. 5 The relationship between Cd and As contents in brown
rice and soil available Cd and As contents, other plant
organs Cd and As contents

A, X SHTA RS 25 R A — 8.+ pH kA 2
4 )8 It F NI AT 25 575 1k 0 A 30 B G R
AT 5T v T A B R Y S A ARk, A ) e AR By L
5 AR E (pH 9.65), H.A:= 9 ¢ st ) 5 (B i
AR FIRE R £R55) MK i BE SR i 18R OH 1 7 i, 3
T 5 5 Cd®TE s S AL UTTE, R R B b

8T HA S PERIAE YA R0, AR Cd BT 1Y
Wi B R FH AL B - 198 pH T g i 9 AR B ] s 2R 4 g
PEHETE BY 4 18 A R AR A HLICHL A A 4, BOf 1 15
CEC #25, XF Cd FyWLFFHAE 1 350

A= AT LIAG S A 1458 Cd A R0k, R
2 T H A A4 B 1922 R 3, (B R RE K 1) BCF
I R R, U5 R R0 18 A 2 i A it B
MHERS I, X SRS H A s od 5 R
e A EA T T — 3K, 30T RE AR 4 e 4 R
K7 7E ) 2 Abad A2 vh, 380 4 SRR R 7 AR W) e
L A LT Y B G, SR E T Ak TR SE

A, SO B EE T R R

32 REABRYRFIEMKAKEIFAN As SEXNE

ERHE

e B 20 T 5 R )R] R )y T BEL 95 K RS As 1 T
WS R, o, BB E RIS As & i,
U AR TR 5 K R R fn i AsY . (B, T
As FAT R Bt 25 38 pH A T T 8, b R S
o0 R HORE A L B IR As MR FR 1] 4 F5 iz, A
WA R . AR S5 R R, FURE A AL
As T BRI, X 5 LIRSS A — 3k, 4%
AR As S pH BUE M SE S &Y, R E RN AR
T 1) AW R TR 5 B B As Z IR AETE
HLHER, B BT As B B PERESE 2 2) pH T
o B R R O T 2, R As 1Y RE T B
R 0E T As WM, B2 T RHER As IAEYIA L
o TR LI T, Y - AHUE=1: 1 (BO) 4
B0 A AL As R, REE R EFA UL
AT DA S 2 b v T v T A AL R T i A ML
T, PR Z R A (-COOH)., ;X;@e (-OH). %
I (—C=0) FIEHE (—NH,) Z4 HLUE REH, X s E ik
AHRE S As BAEEAM%E, i&ﬁﬁﬂzﬁﬁﬁz PN
ﬁfiﬂ“”- T A% 10 = R A 32 22 R A R Y L 3

TR R BH 28 T2 A 0 I 4w B8 1, BRmox B 7
As E’JWWVEFFJ&E%O XA, Y x - AL
JIB=1: 1(BO). A=Wk « Wff=1 : 1(BS) FIAEY) K
i =1 : 1(BB) MiREAL B + 3 A2 As 3G
TR, 2R AR T A AR v AR ) i 3R T AS TR
e Wi R0 5 A AL IR, I 51 A & fUE R AL, fifi PH =
F gt (CEC) LTF, FECA L As & Y, 1
FETPK R A0 As F i 50 BEAH L2 R I, Horp
IR e B 2 BO AR B, 323 L R 2 A BT X As
HAARE0E ATy, v LB A HLBT-As B 4551,
MRS As 5 R AR 59
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S [EAR S T P As B AR B AT R FE™

Ma 55 AR B As 38 1 A5 ) b R i
SEE KRG RERL T As BUR MY CHE, A W98k al
RS 2B (TR)< 1 I, f X 4B R 2+
FLAE TR R Y, AR R 45 R — B, R LA Bk
KL L LR, 25 As 9 BCF {B 3 PR AR, (HAR £
B B E A, R R -2 AR R -REFE M TF [Hy
AT R 31 A e R ) A B S KRR I A A K
o As SRR R, JHICA il L3 oris k. SEI
VAR R W, A B R R QFY (R IE B K A+
AR BT R AL FE FF ) (Rt , 388K T As 7E K R AR &6
[ RFR SEGR T 2E0 . B FEXT As BB IEH] .
3.3 REAHMRFIX Cd-As BEE M

H e 3 I 4 T, 8 2 ek R R A B S K
345 300 A - 43 55 4 Cd/As 1 2R %0 (BCF) 2 v A [l
Ho R K (1) BCF AR & -RE K 19 TF 76 Cd LA &3
BT As, LK FEFFRIXT Cd IR IR #2552
T As, g £ RS Cd R
17K FE R WG IR Cd 1) S, Hok =45l Cd AR &R
]l 3R F5 32 ; T & 19 BCF 76 Cd LR B 3%
T As, K09 As FE IR 2K FE G W AFFEAR &R,
TN 2 ARG, As TEAR Z& iy RBUF A Ik,
X 518 A RT3 A R As 1 [ E RUR AN AT
5%, L EE HIAR &R As (o) M b 2% 5 5% 12 2 LR K R AT
BT As 11 8

FE A Ak B R BH 1k Cd T 3 b 4 3 R e
12 BS. 9% % B NRAMP & 1 F1 YSL 2& [ 2 48
YR FE iz Cd i EEE (), [ d st cd®. Zn®
Mg 458 1 ieas b B A BB A /R Y WA
R B RO FKRERR BE, Mg Cd™ fE K RE A vk Y
S A R e 2 R A, SR SE S OE R AL T Cd A
R R ) b 5 G a2, TR I R A 2
LB E T

ARG PR K Y As T i SRk . R . 2Rt
h Zn SRR E A ICOC R, FEFEHE As TR
PR R R 5 Zn (%) W WA 38 A7 A SRR R B 1 3
PR, Mg Zn RS ERE, As T R8I i A1 7]
B e 38 AR ik A AR, S BOFFRE T As & B 38
Zn EREWEOM KRGS Zn WOSCRIT: 2 A 56 1 3
(n OsZIP ZWHEFEN) MU S5 Zn %Iz, I8P HE
X As g BFL Y, OsLisl F OsLis2 J& 845
As Fl Si B RS 1R Py LK A1 Bz J2 R0 R 2 1 o b
B4 A J3 i az Ay 1y e [w) R P, AT DA B As 7E KRB 25
FIRLR™WL T Si 5 Zn )b LS AR v

Zn 5 As 75K T8 M bR N 55 4 A R 19 5 s 2R 1,
ABC H5iz 8 1, X Fh3a 4 C R BEAIR T As AR HB )
B 3 525 As(T) . Zn S5HEE A K (PCs) 11
T A ML T As IR EDRE K AR Y, M
PR 4 A= B N ] B 2338 1 AR AR R B SR TR 1
PR, S SF-F Zn A1 As R KRR As
T AR Zn B 3G AT B TR Y Bt A Ak K SE K
BRI ET, KRS Zn 59 R0 L4
i J53 RS A B, A0 BRI 1 4 (ROS), FF A3 41
i S 2 SR AR AR 0, AT > As 55385

4 i

IR AR KA Cd-As B /15 YAk 1, mITAH
RCH D 07 0 R ) ) b M s R R AT B AL, PR RO T
E7S< R YRR S 7/ P NV =8| TR DN 2 3 S RV
Cd 7 &, S K™ i, FEROR R 228 E Cd
i, JUHORREOK T Cd F i, A E 2 E K
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