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Abstract Irrigation by continuous flooding could result in a distinct decrease in the cadmium Cd content of brown rice

grown in paddy soil polluted by cadmium. The effect of water management on the mechanism and rate of uptake and
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accumulation of cadmium by rice was studied using rice pot experiments combined with analysis of the characteristics of
membrane coated outside the roots of rice growing in two types of paddy soils polluted by cadmium in Hunan Province in
2005. The results showed the amount of Fe I and Mn I  absorbed by the root coating of rice increased with the
duration of flooding and the depth of water in the paddy soils. The Fe II  contents of the root coating of rice grown in
Alluvial Loamy Paddy Soil ALPS and Yellow Clayey Paddy Soil YCPS irrigated by continuous flooding FI

treatments were increased by 12.6 times p <0.01 and 8.5 times p <0.01  respectively compared with corresponding
controlled moisture irrigation CI  treatments. Correlation analysis revealed significant linear relationships between the
content of ferric oxides Fe I and ferrous Fe 1[I in the rice root coating for the different water management treatments.
The Fe Il content in the root coating of rice grown in the two types of paddy soils with the FI treatments increased by 1.
5 times p<0.01 and 1.0 times p<0.01 respectively compared with the corresponding CI treatments. The cadmium
contents in the root coating from the two types of paddy soils with the FI treatments decreased by 77.9% p <0.01 and
50.3% p <0.01 respectively compared with the corresponding CI treatments. The different irrigation treatments
resulted in a strong negative relationship between the content of cadmium and that of both Fe I and Fe [l in the root
coating of rice. Compared to the CI treatments the FI treatments in paddy soils also resulted in distinctly lower cadmium
contents in the roots straw and brown rice. The average cadmium contents in brown rice grown on the two paddy soils with
FI treatments were decreased by 41.3% compared with the intermittent irrigation Il treatments and were decreased by
70.7% p <0.01 compared with the CI treatments. The cadmium content in the brown rice had a strong positive
relationship with the cadmium content in root coating but a remarkably negative relationship with ferric oxides in root
coating for all water management regimes. Conclusively we deduced that the competitive adsorption of metal cations like
Fe’* with Cd>* and the co-sedimentation of S*~ and Cd®" increased greatly under the reductive condition of the continuous
flooding irrigation water in acid paddy soil polluted by cadmium which significantly reduced the bio-availability of cadmium

in the soils.

Key Words paddy soil polluted by cadmium continuous flooding irrigation Fe I in root coating cadmium in root

coating cadmium in brown rice
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Table 1 The nutrient properties and Cd contents in the soils used for experiments
Cd Cd
Soils pH 0. M. Total N Avail. N Avail. P Avail. K Total Cd Avail. Cd
g kg™ g kg™ mg kg~ mg kg~ mg kg~ mg kg~ mg kg~
Alluvial Loamy Paddy Soil 5.12 23.0 1.73 135.1 4.2 147 1.31 0.292
5.81 27.9 1.99 203.1 8.7 163 0.93 0.065
Yellow Clayey Paddy Soil
2 Fe Mn Fe Mn Zn S
Table 2 The Total Fe Mn and available Fe Mn Zn S contents in the soils used for experiments
Fe Fe Mn Mn Zn Zn S
Soils Total Fe Avail. Fe Total Mn Avail. Fe Total Zn Avail. Zn Avail. S
g kg™ mg kg~ g kg™ mg kg~ mg kg~ mg kg™ mg kg~
Alluvial 24.97 36.96 0.42 42.17 132.85 3.60 38.72
Loamy Paddy Soil ’ ’ ’ ’ o ’ ’
Yellow 18.82 55.93 0.15 8.34 87.13 2.42 25.84
Clayey Paddy Soil ’ ’ ’ ’ ’ ’ ’
1.2
2005 3 @
Continuous flooding irrigation 2 ~3 cm ®
Intermittent irrigation 2~3 cm
3 Controlled moisture irrigation
3 27cm x 30cm
0.3em x0.3em 9.0 kg
1.5¢ kg™' N0.077 g kg ™' 4.8 ¢ kg™' P,0,0.064 g kg~'
g kg™ K,00.128 g kg™' 46 Oryva sativa L. 6 25
7 18 3 2 10 20

1.3
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® ICP-AES Fe Mn Cd Fe Mn Fe 1 Mn 1II
DCB % 20 ~25°C 30 ml DCB 0.03
mol/L. Na,C,H;0, 2H,0 0. 125 mol/L. NaHCO; 0.6 g Na,S,0, 60 min 50
ml ICP-AES Fe Mn Cd Fe Mn Fe 1 Mn
\Y 2 Cd Cd
Fe M Fe Il Mn IO Mn IV Cd Fe Mn Cd
Cd ETHOS Plus ICP Cd DCB
Cd Cd
Fe Mn Zn S » Cd 1.0 mol/L MgCl, pH 7.0
* ICP-AES
1.4
3 SPSS10
2
2.1
2.1.1 Fe I Mn I
) Fe I Mn 1T
1 2
Fe
I 2.3 p <0.01 1.3 p <0.01 12. 6
p<0.01 8.5 p<0.01 2
Fe 1T
20d 25°C Eh -312 mV
-159 mV Eh
Mn 1T Fe 1I Fe
I Mn I Mn
I
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1 Fe I Mn Il
Fig.1 Fe I and Mn I contents in root coating of rice grown in the two types of Cd polluted paddy soils with different water managements
A B CD LSD p <0.01 Bars with alphabetical letters of A B C D means significant at p <0.01
according LSD MRT
ON®) Fe T Mn I mg kg ! The data in (D and ) are ferrous Fe I and reductive
Mn Il  contents in rice root coating mg kg™' DW  respectively Controlled moisture irrigation Intermittent irrigation
Continuous flooding frrigation Alluvial Loamy Paddy Soil Yellow Clayey Paddy Soil the same below
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Controlled moisture irrigation

2

and manganic oxide Mn [V

different water managements

A B CD

a b cd LSD

Intermittent irrigation

p <0.01

Fe

Continuous flooding irrigation

I Mn [V

contents in root coating of rice grown in the twotypes of Cd polluted paddy soils with

p <0.05 Bars with alphabetical letters of A

B C Danda b ¢ d means significant at p <0.01 and p <0.05 according LSD MRT respectively

3
Table 3 Relation among Fe I Mn @I Fe I Mn IV in root coating of rice grown in the two types of Cd polluted paddy soils with
different water managements
soil Treatment Mn I /Fe I Mn IV /Fe Il Fe I /Fe Il Mn II /Mn IV
0.107 0.058 0.228 0.414
Alluvial Loamy Paddy Soil Controlled moisture irrigation
. . 0.091 0.017 0.568 2.962
Intermittent irrigation
. L 0.038 0.014 1.236 3.240
Continuous flooding irrigation
0.063 0.020 0.181 0.575
Yellow Clayey Paddy Soil ~ Controlled moisture irrigation
. AT 0.036 0.019 0.471 0.878
Intermittent irrigation
L . 0.015 0.009 0.859 1.419
Continuous flooding irrigation
Mn [V Mn [V /Fe
I 3
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Mn 11 Fe 1T
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R*=0.6171 p=0.01244 AB aboe 15D
Rz ~0. 8533 b= 0. 00067 p<0.01 Bars with alphabetical letters of A B
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Cd Fe I . .
soil respectively
R’ =0.7838 p =0.00150
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Cd
2.3 Cd
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Fig.4 Cd contents in rice roots straw and brown rice from the two types of Cd polluted paddy soils with different water managements
A B C abec LSD p<0.01 p <0.05 Bars with

alphabetical letters of A B C a b ¢ means significant of each soil and each item at p <0.01 and p <0.05 according LSD MRT respectively
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