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Table 1 Chemical analysis for the soils sampled on the 45 days after transplanting

T

Treatments'" OM  Brayl Exchangeable Extractable

and depth of pH P Na K Ca Mg Fe Mn Zn Cu

Soil (cm) (%) (ppm) (ppm) (ppm)

1.0-5 58 146 27 58 37 321 100 133 17 10 239"
5-10 6.3 1.39 33 55 36 266 85 129 12 10 235
10-15 6.3 0.93 26 47 37 213 75 115 9 8 180

2.0-5 6.4 1.61 29 61 32 354 148 132 8 9 230°
5-10 6.4 1.49 33 55 30 248 137 133 10 11 239°¢
10-15 6.3 0.79 29 48 31 207 93 119 8 9 186

3.0-5 6.8 0.73 7 60 37 526 123 118 78 5 76°
5-10 6.6 1.30 25 56 27 386 87 121 57 8 237¢
10-15 6.8 1.39 35 47 32 400 87 120 19 9 237

4,0-5 7.4 0.47 14 68 38 620 117 113 87 4 35°
5-10 7.4 0.68 11 72 46 568 94 119 69 6 1324
10-15 7.1 0.87 24 54 34 496 95 121 41 9 188

5.0-5 7.7 0.55 7 63 41 643 115 111 84 4 20°
5-10 7.5 0.68 8 55 27 591 100 106 76 5 66°
10-15 7.1 0.93 22 55 31 475 104 111 41 9 148

** Significantly different at 1% level by Duncan’s multiple range test (means are compared
separately by layers.)

++ See table 2 for description of treatments.
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Table 2 Nitrogen content in rice plant at maturing stage (%)

Treatments Roots Whole plant  Lower leaf Broad leaf Rice grain
(sword leaf)
1.Control 0.53 0.67" 0.90 1.26" 0.76
2.S. acid/lime/r. hull” 0.52 0.46° 0.75 0.99° 0.73
3.Soil introduction, Scm 0.52 0.46° 0.81 1.02° 0.77
4 Soil introduction, 10cm 0.49 0.43° 0.67 0.97° 0.75
5.Soil introduction, 15cm 0.50 0.43° 0.84 1.00° 0.77

* and ** Respectively significantly different at 5 and 1% level by Duncan’s multiple range test.
1) S. acid/lime/r. hull means leached with sulfuric acid and then treated with lime and rice hull.

AT BRSSO AR (%)

Table 3 Phosphorus content in rice plant at maturing stage (%)

Treatmenst Roost Whole plant  Lower leaf Broad leaf Rice grain
(sword leaf)
1.Control 0.11 0.13* 0.19 0.24* 0.27
2.S. acid/lime/r. hull 0.11 0.10™ 0.16 0.16° 0.25
3.Soil introduction, Scm 0.14 0.09° 0.13 0.15° 0.31
4.Soil introduction, 10cm 0.09 0.08° 0.13 0.14° 0.27
5.Soil introduction, 15cm 0.11 0.07° 0.14 0.13° 0.30

*and**same as table 2.
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Table 4 Potassium content in rice plant at maturing stage (%)
Treatments Roots Whole plant ~ Lower leaf Broad leaf Rice grain
(sword leaf)
1.Control 0.43"" 1.69 1.87 1.69 0.47
2.S. acid/lime/r. hull 0.33 1.71 1.74 1.55 0.55
3.Soil introduction, Scm 0.72?2 1.65 1.69 1.49 0.58
4.Soil introduction, 10cm 0.72% 1.74 1.65 1.50 0.59
5.Soil introduction, 15¢m 0.87% 1.72 1.70 1.56 0.63
**same as table 2.
23 RE SR TP 558 (%)
Table 5 Calcium content in rice plant at maturing stage (%)
Treatments Roots Whole plant ~ Lower leaf Broad leaf Rice grain
(sword leaf)
1.Control 0.033 0.210 0.653 0.788 0.031
2.S. acid/lime/r. hull 0.042 0.187 0.508 0.748 0.031
3.Soil introduction, 5cm 0.034 0.195 0.580 0.761 0.034
4.Soil introduction, 10cm 0.043 0.208 0.580 0.799 0.035
5.Soil introduction, 15cm 0.042 0.197 0.572 0.819 0.037
Tt RE SR (5 (%)
Table 6 Magnesium content in rice plant at maturing stage (%)
Treatments Roots Whole plant ~ Lower leaf Broad leaf Rice grain
(sword leaf)
1.Control 0.11 0.10 0.08°™ 0.06™" 0.14
2.S. acid/lime/r. hull 0.11 0.07° 0.07° 0.01° 0.17
3.Soil introduction, Scm 0.13 0.10° 0.09" 0.03" 0.18
4.Soil introduction, 10cm 0.14 0.12° 0.14% 0.07° 0.19
5.Soil introduction, 15¢m 0.14 0.12% 0.16° 0.08? 0.22

* and ** same as table 2.
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Table 7 Iron content in rice plant at maturmg stage (ppm)

Treatments Roots Whole plant ~ Lower leaf Broad leaf Rice grain
(sword leaf)
1.Control 1247 229 286" 224*" 108
2.S. acid/lime/r. hull 990 208 199° 151° 106
3.Soil introduction, 5cm 1350 235 248* 199% 111
4.Soil introduction, 10cm 1202 225 263 238* 104
5.So0il introduction, 15cm 1043 194 274 210° 114
* and ** same as table 2.
A RRESBLN P A58 (ppm)
Table 8 Manganese content in rice plant at maturing stage (ppm)
Treatments Roots Whole plant  Lower leaf Broad leaf Rice grain
(sword leaf)
1.Control 83" 200" 208" 184" 40°™
2.S. acid/lime/r. hull 45° 66° 70° 63° 30°
3.Soil introduction, Scm 2292 508? 783% 680°? 98*
4.Soil introduction, 10cm 2832 560? 755° 745% 126*
5.Soil introduction, 15¢m 3132 473 725 713 118
* and ** same as table 2.
Hole BB AT T #E (ppm)
Table 9 Zinc content in rice plant at maturlng stage (ppm)
Treatments Roots Whole plant ~ Lower leaf Broad leaf Rice grain
(sword leaf)
1.Control 94 55 51 28 33
2.S. acid/lime/r. hull 74 42° 34 21 32
3.Soil introduction, 5cm 97 73% 43 25 35
4.Soil introduction, 10cm 101 712 48 37 39
5.Soil introduction, 15cm 92 70% 50 30 37

* same as table 2
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Table 10 Copper content in rice plant at maturing stage (ppm)

Treatments Roots Whole plant ~ Lower leaf Broad leaf Rice grain
(sword leaf)
1.Control 760" 14+ 10 11 16
2.S. acid/lime/r. hull 294° 8° 7 9P 18
3.Soil introduction, Scm 119° 6° 8 9P 16
4.Soil introduction, 10cm 97° 8° 9 10% 16
5.Soil introduction, 15cm 81° g° 9 9b 18

* and ** same as table 2.
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Table 11  Growth, yield components and yield of rice

i

*ﬁl

Plant Filled 1000 erai Grain/
0 No.of - No.of T BTN oin yield Tndex Straw yield
Treatments height panicle grainper grain  weight s >, straw
. . (kg/10m”) (%) (kg/10m%) )

(cm)  per hill panicle (%) (g ratio
1.Control 81.3°" 95" 4547 812 263 2,51 100 2,677 094
2.S. acid/lime/r. hull 100.6*°  14.9% 79.3* 869 26.3 4.98° 198.4 5.03* 0.99
3.Soil introduction, Scm 96.8" 13.7° 69.7" 885 26.5 4.70° 187.3 4.47° 1.05
4.Soil introduction, 10cm  97.4° 15.0° 66.4° 874 26.3 4.75° 189.2 4.73° 1.00
5.Soil introduction, 15cm  100.8*  16.7% 72.3* 859 26.5 5.04° 200.8 5.22° 0.97

* same as table 2
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Fig. 1 Seriously retarded, branched, and clustered corn roots in the copper contaminated soils before
land reclamation
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Fig. 2 Retarded and dwarfed corn plants and missing hills in the copper contaminated soils before land
reclamation.
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Seriously or completely retarded roots with
branched tips on the rice plants from the copper
contaminated plot (CK), and the normal root
systems on the plants from the 15 cm soil

introduction or s. acid/lime/rice hull soil
treatment.
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Fig. 4 Very few tiller number and dwarfed rice plants in the copper contaminated plot (CK),

and almost normal plants in the 5 to 10 cm soil introduction plots
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Introduction of Soil or Treatment of Rice Hull for the
Restoration of the Productivity of the Copper
Contaminated Soil.!

C. F. Hsieh, C. Y. Lin and T. S. Lai?

ABSTRACT

This experiment was carried out in a paddy field in central Taiwan where the soil was
rendered unproductive due to the contamination by copper in the wastewater from the brass spare
parts manufacturing factory. The results are summarized as follow:

1.Excessively higher concentration of copper in the soils mainly retarded the growth of rice
roots, and hence affected the nutrient uptake and the normal growth of the whole rice plants. In the
extreme cases, the rice roots were completly inhibited in growth and thickened with branched root
tip.

2.Soil treatment of sulfuric acid at the rate of 1000 ¢ /ha was ineffective for leaching out the
excessive copper in the soils, however, rice hull at the rate of 20 tons/ha significanthy retarded the
uptake of copper by the rice plants, and the rice plants were able to grow normally under the
higher concentration of copper in the soils.

3.The rice plants looked growing almost normal in the 5 and 10 cm top layers and
completely normal in the 15 cm top layer of the normal soils introduced to the copper
contaminated paddy field, however, the growth and yield components of rice plants among the
three different depths of soil introduction were not significantly different.

4.The pollutant, copper, was mainly concentrated in the rice roots, and the copper content in
the rice grain was not increased, therefore, the rice grain from the copper contaminated plots was

still suitable for human consumption.

"Contribution No. 0081 from Taichung DAIS.

*Soil specialist, former assistant and Technician, respectively.



