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Abstract

The growth responses of Chinese Cabbage, lettuce, and spinach were evaluated to investigate the feasibility of
carbonized rice-hulls as a sanitary cultivation media instead of soil. The carbonized rice-hulls were pretreated with
several inorganic acid such as nitric, sulfuric, hydrochloric, and phosphoric acid for neutralization.

The neutralization of the carbonated material using nitric, sulfuric, and phosphoric acid did not alter the growth
responses of these vegetables compared to those of control plants grown on the normal cultivation soil. Especially,
the nitric acid pretreatment resulted in the better growth of these plants than the mixture of soil and compost.
This is probably due to the additional supply of the nitrate-nitrogens. However the growth responses of lettuce and
spinach on the carbonated materials neutralized with hydrochloric acid were different and appeared to be having
symptom which is analogous to the chloride toxicity during the late stage of growing. Although no difference was
observed in chemical composition, the contents of protein-nitrogen were higher in the plants grown on the carbonat-
ed material compared to those of plant grown on the mixture of soil and compost.

Based on our preliminary results, the carbonized and neutralized rice-hulls are very useful bed material for the
sanitary cultivation under the controlled environmental condition.
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Table 1. Physico-chemical properties of carbonized rice hull

pH Water Soluble Cations Si0, Bulk Particle Porosity Water Holding
(1:20) K Ca Mg Density Density Capacity
(ppm)- (%)  (g/ml)  (g/ml) (%) (%, W/DW)
8.45 4747 27 32 28.4 0.103 0.730 85.9 248.5
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Fig. 1. pH curve of carbonized rice hull neutralized by
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Table 2. Chemical components in cultural materials before experiment
Treatment pH Sio, NOyN Water soluble cations
(1:20) K Ca Mg
(%) - (ppm) -

* Control(soil +manure) **5.91 0.01 56 28 78 22
Non-Neutralization 8.54 28.4 18 4747 27 32
neutralized by HNO, 6.59 27.0 1425 7709 121 72
Neutralized by H,SO, 6.53 28.3 22 6473 75 75
Neutralized by H,SO, 6.58 28.8 14 6909 98 72
Neutralized by HCI 6.49 26.8 37 5455 195 85

*Control :Mixture of soil, manure, and sand (3:2:1 v/v)
**The pH value was measured in condition of 1:5 H,0 ratio
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Table 3. Chemical composition of nutrients solu-

tion

pH NH:N NOsN
(mg/L)
7.35 154 98 252 505
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Table 4. Inorganic components in three vegetables at the 36th and the 55th day after planting

(Vegetable) Treatment T—N NO;—N Prot-N P,0; K0 Ca0 MgO SO, Cl

Date (%) (ppm) (%)

(Chinese Cabbage)

36th day Control(soil+manure) 1.57 105 0.98 236 367 221 037 101 165
Neutralized by HNO;, 308 116 095 242 643 124 038 127 1.65
Neutralized by H,SO, 2.48 95 123 236 594 18 065 212 150
Neutralized by H;PO, 214 101 161 293 595 168 044 095 149
Neutralized by HCl 246 117 144 299 789 115 045 158 1.83

55th day Control(soil+manure) 290 297 193 244 757 318 043 165 141
Neutralized by HNO;, 2.62 112 165 228 854 203 053 144 142
Neutralized by H.SO, 2.59 190 186 224 838 212 050 115 1.57
Neutralized by H,PO, 266 109 151 255 7.24 1.06 043 1.08 1.5
Neutralized by HCl 2.59 171 161 232 773 1.86 045 085 1.66

(Lettuce)

36th day Control(soil +manure) 2.69 104 158 150 685 133 036 246 1.72
Neutralized by HNO; 431 1072 2.80 197 1161 08 035 170 1.93
Neutralized by H,SO, 2.65 114 175 151 805 071 018 151 172
Neutralized by H;PO, 2.33 131 221 177 789 080 013 093 087
Neutralized by HCI 2.52 171 193 149 951 088 024 092 3.04

55th day Control(soil+manure) 3.92 721 152  2.09 8.05 168 042 3.07 1.59
Neutralized by HNO; 3.36 412 259 165 870 115 0.28 142 186
Neutralized by H,SO, 4.62 444 224 199 9.67 115 026 207 1.66
Neutralized by HsPO, 3.08 290 252 213 88 150 031 182 156
Neutralized by HCl 392 1078 259 152 886 115 041 1.04 210

(Spinach)

36th day Control(soil+manure) 3.02 148 182 366 1032 080 072 089 196
Neutralized by HNO, 441 1346 301 244 1535 035 050 204 159
Neutralized by H,SO, 2.94 367 260 453 1227 071 054 1.64 145
Neutralized by H,PO, 2.52 363 252 548 1275 080 054 138 176
Neutralized by HCI 1.96 373 240 420 935 027 034 172 2.02

55th day Control(soil +manure) 4.41 247 301 171 838 115 090 1.51 1.02
Neutralized by HNO, 4.92 610 249 375 1275 071 046 134 092
Neutralized by H,SO, 4.48 552 3.08 334 1130 141 055 1.19 0.86
Neutralized by H;PO, 3.15 613 157 376 11.94 159 063 1.10 1.02

Neutralized by HCI 511 1366 3.01 291 1146 080 051 082 120
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Table 5. Chemical components in cultural materials after harvesting of three vegetables

Vegetables Treatment pH NO»N Water soluble cations Electro-
K Ca Mg conductivity
(1:20) (ppm) (mmbhos/cm)
Chinese Control(soil+manure) 5.71 31 79 63 25 0.09
Cabbage Neutralized by HNO;, 5.89 17 598 32 12 0.27
Neutralized by H,SO, 5.80 27 140 103 35 0.16
Neutralized by H;PO, 5.73 23 349 80 22 0.20
Neutralized by HCl 6.13 20 616 78 32 0.27
Lettuce  Control(soil+manure) 5.51 15 92 73 28 0.12
Neutralized by HNO; 5.84 25 759 126 45 0.34
Neutralized by H,SO, 5.77 20 759 271 80 0.39
Neutralized by H;PO, 5.21 21 581 423 77 0.39
Neutralized by HCI 6.18 56 1079 194 65 0.42
Spinach  Control(soil+manure) 5.78 27 140 103 35 0.16
Neutralized by HNO; 5.19 209 1061 372 78 0.47
Neutralized by H,SO, 5.30 107 1044 52 98 0.55
Neutralized by H;PO, 5.09 196 1061 600 95 0.56
Neutralized by HCI 6.04 387 1756 423 97 0.64
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