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Plant Responses to Soil Lead and Cadmium Pollution II. Effects of Soil Cadmium Pollution on Wetland
Rice Growth and Its Uptake of Cadmium
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Abstract: Cadmium (Cd) is a dangerous and insidious pollutant of the environment, causing a number of diseases in human and
animals. It appears that the major hazard to human is by ingestion of foodstuffs contaminated by excessive Cd and soil exposure. In
general, the relationship between food production and soil is very closed, and food quality is correlated very significant to soil quality,
specially the cleaning extent. To understand dose — response relationship of soil Cd concentration with Cd uptake by wetland rice
(Oryza sativa L. ) is very crucial to prevent cadmium contamination in food chains. Different Cd concentration on the effect of growth
and Cd concentration of wetland rice were investigated through the greenhouse experiment conducted in Institute of Soil Science,
Chinese Academy of Science, Nanjing in 2002. Three types of soil, meadow brown earth from Liaoning province, red earth from
Hubei province and gray limestone soil from Guangxi province were used. Five — kilogram portion of the soils were applied nitrogen
and phosphors fertilizer at the rate of 0. 4 g + kg ™' as urea and 0. 88 g * kg ~'as KH,PO., and cultivated for 1 week, and then treated
with Cd®* at the rate of 0, 0.5, 1, 3, 5, 10 mg * kg~'. Rice plants (No. 86 -8, offered by Jiangsu Agricultural Institute) were
grown up to maturity under continuous flooded condition. The results showed that all treatments had no significant effect on the
biomass of wetland rice except 10 mg * kg™ ' treatment in meadow brown earth with a 17% rice grain yield reduction. However, Cd
uptake by rice obviously increased with the increase of soil Cd concentration. The concentration of Cd in different parts of wetland rice
varied in the order of root > straw > brown rice. The proportions of Cd in brown rice, straw and root to soil Cd concentration were
0.04% ~1.48%, 0.3% ~16.8% and 0.05% ~1.04% , respectively. Among the three soils, Cd mobilized most easily in red
earth from soil to plant due to its low pH value. Very significant correlations between Cd concentration of brown rice with the spiked
soil Cd concentration, total soil Cd concentration and DTPA extracted soil Cd concentration were obtained. According to the simu-
lation equations, apparent cadmium critical value of the meadow brown earth, red earth and gray limestone soil were calculated as
2.39, 0.22 and 2. 17 mg * kg™', respectively. Red earth had a lowest Cd critical value, suggesting the red earth more sensitive to
Cd pollution. These results were important to regulate the loading capacity of soil for Cd and soil environmental quality standard
concerning soil types.
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Figure 1 Changes of pH afier soil flooded for 4 months
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Figure 2 Effect of Cd treatments on the plant height of wetland rice
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Figure 3 Effect of Cd treatments on straw and grain yield of wetland rice
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Table 1 Cd distribution and absorption coefficient in wetland rice
S En Cd e _ %ﬁ:’ ‘ ?ﬁ?jb _ rivﬁ
/mg * kg™ lELS L oK AR lEE fE oK iR lEE JiE oK
Cd 43 0 3.5 86.2 10. 4 2.7 90. 6 6.6 24.3 62.1 13.6
0.5 20.9 62.7 16. 4 3.9 88.2 7.9 15.9 70.5 13.6
1 32.5 54.3 13.2 4.2 89.8 6.0 19.9 69.0 11.1
3 31.6 57.9 10.5 7.3 87.9 4.8 29.6 60. 1 10.3
5 38.7 52.0 9.3 6.9 88.2 4.8 28.1 61.8 10. 1
10 34.4 57.6 8.0 10.9 84.6 4.5 35.7 56.3 8.0
K1y 26.9 61.8 11.3 6.0 88.2 5.8 25.6 63.3 11.1
V&Y 0 0.73 0.98 0.17 3.64 6.17 0.73 1.81 0.34 0.10
0.5 2.22 0.45 0.16 7.90 9.58 1.43 1.53 0.50 0.11
1 2.78 0.31 0.11 9. 65 10. 07 1.07 1. 48 0.43 0.09
3 2.65 0.30 0.08 11.0 7.36 0. 65 2.30 0.39 0.08
5 2.89 0.22 0. 06 8.25 6.22 0.55 2.17 0.35 0.07
10 3.22 0.31 0.07 5.09 2.67 0.27 2.43 0.31 0. 05
-1 2.42 0.43 0.11 7.59 7.01 0.78 1.95 0.39 0.08
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Figure 4 Effect of Cd treatments on the uptake of Cd by wetland rice
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Table 2 Correlations between uptake of Cd by wetland rice and Cd concentration in soils

+ 4% i H Cd Bk DTPAexCd P! FEHE Cd
Ly DTPAexCd 0.9859" " 1.000 0
L & Cd 0.367 3" 0.292 9" 1.000 0O
JTg FAEL Cd 0.2737° 0.186 2 0.980 5" " 1.000 0
(n=54) R cd 0.728 8" 0.659 9" 0.8459°~ 0.796 9 *
LT DTPAexCd 0.998 0"~ 1.000 0
(n=18) * Cd 0.979 8~ 0.987 4"~ 1..000 0
FE% Cd 0.969 8" * 0.980 5"~ 0.985 1"~ 1.000 0
M cd 0.993 7"~ 0.996 4" * 0.987 0"~ 0.979 8~
B DTPAexCd 0.989 5"~ 1.000 0
(n=18) Kk Cd 0.6829"" 0.738 5"~ 1.000 0
FitE Cd 0.722 1"~ 0.774 8" 0.982 8"~ 1.000 0
R cd 0.804 2" " 0.8117"" 0.910 8"~ 0.927 7"
i DTPAexCd 0.998 6" 1.000 0
(n=18) Kk Cd 0.9305"" 0.9380°" 1.000 0
FAEL Cd 0.933 4" " 0.939 2" " 0.990 4" 1.000 0
R cd 0.990 2" " 0.988 7"~ 0.943 2"~ 0.952 6"
F3 it ECIMRABEREE (ng - kg™ ")
Table 3 Apparent critical cadmium concentrations in tested soils(mg * kg™")
Syl 4% AT a b r n I 5 5
S Cd LT Y=a+ bx 0.049 8 0.063 0 0.979 8 18 2.39
B[ logY = a + blogx -0.097 8 0.919 2 0.961 8 15 0.22
Jg log ¥ = a + blogx -0.958 8 0.772 3 0.949 9 18 2.17
DTPACd i Y=a+ bx 0.0550 0.123 3 0.987 4 18 1.18
Wt logY = a + blogx 0.198 6 0.820 9 0. 956 15 0.08
JUTh logY = a + blogx -0.717 7 0.728 3 0.947 0 18 1.06
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