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A pot experiment was conducted to evaluate the effect of organic matter addition to paddy soil on the solubility
of arsenic (As), iron (Fe), and manganese (Mn) in soil and on As uptake by rice. Organic matter (rice straw, cattle
manure, fowls manure, and swine liquid manure), except for rice hull and rice bran (the highest C:N ratio) had
no effect on As release from the soil until the middle of the growth period of rice. However, As concentration
in soil solution after that time was relatively high for all treatments. This result was probably attributable to the
organic matter induced reductive dissolution of Fe (hydr)oxides combined with As in soil. As concentration in
soil solutions from rice hull, rice bran, and cattle manure treatments was about four times higher than that of the
control, since the panicle formation stage and the As concentration in brown rice from the treatments was 0.68-
0.82 mg kg™!, which was about two times higher than that of the control. The As content in brown rice from swine
liquid manure (the lowest C:N ratio) treatment was 0.33-0.36 mg kg, similar to the control. Our study indicates
that some organic matter addition to paddy soil with high As concentration could cause As release from the soil
and consequently elevate its concentrations in rice grain. We recommend swine liquid manure among the studied
organic matter to be added to paddy soil, where As concentration is high.
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Table 1. Organic matter treatments to each pot soil
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Treatment Legend Amount added *

Rice straw RS 1%

Rice hull RH 1%

Rice bran_low RB 1X 1%

Rice bran_high RB 3X 3%

Cattle manure low CM 1X 1%

Cattle manure high CM 3X 3%

Fowls manure low FM 1X 0.5%

Fowls manure high FM 3X 1.5%

Decomposed rice straw DRS 1%

Swine liquid manure low SLM 1X Recommended application rate °
Swine liquid manure high SLM 3X 3 times of recommended application rate

2 On the basis of soil dry weight; ® On the basis of soi
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Table 2. Selected chemical properties of studied soil
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pH EC * OM " Avail. P,O;  Total N Sand Silt Clay Soil texture
(1:5) (ds m™) (g kgh)  (mg kg) (%)
5.7 0.16 18.5 39.6 49.6 354 15.0 loam
@ EC, Electrical conductivity; ® OM, Organic matter
Table 3. Heavy metal(loid) content of studied soil
Element Cd Pb Zn Cu As Ni
Total content (mg kg™') 0.1 55 63 25 126 29
Worrisome level ? 4 200 300 150 25 100
Countermeasure standard ° 12 600 900 450 75 300

2 Worrisome level of soil contamination; ° Standard of countermeasures against soil contamination
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Table 4. Heavy metal(loid) content of organic matter used in this study (mg kg' dry weight)

Organic matter Ni Cu Zn As Cd Pb
Rice hull 1.2 0.6 35 0.06 0.003 0.16

Rice bran 1.7 0.9 4.0 0.03 0.002 0.04

Rice straw 2.2 1.0 5.5 0.13 0.018 0.26
Decomposed rice straw 0.6 0.8 8.1 0.18 0.029 0.39
Cattle manure 23 12.0 48.5 0.35 0.037 0.93
Fowls manure 32 20.4 90.3 0.45 0.052 3.7
Swine liquid manure 0.4 23 23.6 0.13 0.020 0.05
Standard of compost 45 360-400 900-1000 45 5 130

Table 5. C:N ratios of organic matter used in this study

Organic matter C:N ratio
Rice hull 131
Rice bran 130
Rice straw 80.3
Decomposed rice straw 56.5
Cattle manure 20.5
Fowls manure 14.4
Swine liquid manure 2.3
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Fig. 1. Changes in As, Fe, Mn, and pH in soil solutions for each treatment after rice planting.
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Table 6. Pearson correlation coefficients between As in soil solution and soil solution constituents for each day after rice

planting

DAP ? Fe Mn pH DOC ¢
12 0.818" ns ° ns ns
42 ns ns ns 0.839™"
67 ns ns ns 0.494™"
91 0.627"" ns ns 0.741"""
112 0.448" ns -0.535™ 0.624""

2 Days after rice planting; ® Not significant; ° Dissolved organic carbon. Asterisks indicate significant differences at “p < 0.05,

sk

"p<0.01 and "p<0.001 levels, respectively.
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Fig. 2. Changes in As content in soil solutions for two different application rate of organic matter after rice planting.
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Fig. 3. As content in soil solutions from each treatment after rice planting. Values are presented as the mean £ SD (n = 3).
Single asterisks indicate significant differences (p <0.05) compared to the control value; double asterisks indicate
significant differences (p <0.05) upon comparison between 1% and 3% treatment for given groups.
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Fig. 4. Changes in DOC concentration in soil solutions for
each treatment after rice planting.
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Fig. 5. Changes in DOC content in soil solutions for two different application rate of organic matter after rice planting.
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Table 7. Mean As content in brown rice, and C:N ratios of
organic matter added for each treatment

rice As

Treatment (mg ke'!) C:N Ratio
Control 0.34 10.1 #
Rice hull 0.78™ 131
Rice bran L 0.82" 130
Cattle manure L 0.68" 20.5
Fowls manure L 0.55 14.4
Fowls manure H 0.62 14.4
Swine liquid manure L 0.33 23
Swine liquid manure H 0.36 23

% C:N ratio of control soil. Asterisks indicate significant
differences at p <0.01 level.
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Table 8. Correlations between brown rice As and soil solution constituents for each day after rice planting

DAP * 6 12 67 91 112
As ns ° ns r=0.868"" r=10.738"" r=0.483"
Fe ns ns r=0.658" r=0.506" ns
Mn ns ns ns ns ns

Days after rice planting; ® Not significant. Asterisks indicate significant differences at “p < 0.05, *p <0.01 and

levels, respectively
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