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Effects of Fly Ash, Gypsum, and Shell on the Chemical Properties of Soil and Growth of Chinese
Cabbage in Plastic Film Housed Paddy

Ho-Sung Ha, Ui-Gum Kang”, Hyub Lee, Yong-Bok Lee(Dept. of Agricultural Chemistry, Gyeongsang National
University, Chinju 660-701, Korea ; “National Yeongnam Agricultural Experiment Station, RDA, Milyang 627-130,
Korea)

Abstract @ In order to evaluate the utility of bituminous coal fly ash, gypsum, oyster shell as soil amendments, acidic clay-
loam paddy soils with low calcium content were amended in the upper 15em with amendments, and then chinese cabbage was
cultivated under plastic film house. Amendments treated were, in metric tons per hectare, i) none(Check) ; i) 80 fly
ash(FA) ; iii) 4 shell(SH) ; iv) 56 fly ash + 24 gypsum(FG) ; v) 40 fly ash + 24 gypsum + 08 shell(FGS). On the
whole, soil chemical properties were improved by amendments treatments, Amongst treatments, FA prominently neutralized soil
pH and increased contents of Av. P,Os, Ex. K, and Av. B in soils. Besides, it showed the highest ratio in bacteria/fungi and
(bacteria + actinomycetes)/fungi, FGS also affected the neutralization of soil pH and the increment of Ex. Mg. Amendments
plants appeared alkaline damages only at early growing stage, but showed positive responses in fresh weight yields : 23% for
FGS ; 21% for FG : 19% for FA . 18% for SH. At harvesting, leaves both of FA and FGS plants had higher values in
contents of N, P, K, Ca, Mg, Fe, Mn, Zn, B, reducing-sugar, and vitamin-C than of others. In especal, Check plants appeared
the heart rot symptoms owing to calcum deficency differently from amendments plants. Taken together, FGS was an
effective combination enable to maximize the utility of fly ash, gypsum, shell as soil amendments, especially in cabbage yield
and quality,
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Table 1. Chemical properties of industrial by-products as soil amendments used for experiment: -

Amend- pH P,05 Ca0 MgO KO Fe,0;  MnO, Zn0 Cu Pb B,O, Cd
ments (mglkg) ..................................................................................... (g/kg) .........................................
Fly ash 9.9 19.5 45 1.6 08 54 915 55.9 9.9 19.5 152.0 nck
Gypsum 3.9 35 97.4 nd nd nd nd nd nd nd nd nd
Shell 95 075 2585 22 09 0.7 nd nd nd nd nd nd
* Data were from amendments solublized by 0.5N HCI. ® Not detected.
Table 2. Properties of soils used for experiment
Soils pH oM. Av.P,O; Ex-cationscmol+kg)  Fe Mn Zn B Texture
H,O  NKC! (gkg) (mgkg) K Ca Mg s (GKG)
Top 52 46 38.0 87.9 1.11 240 1.35 1668 203 1.66 0.50 Clav L
Sub 50 49 270 660 056 260 149 2026 212 48 038 ay Loam
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Table 3. Chemical properties of top-soil according to treatments
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Treatments Sam- pH oM. Av.P,0; Ex.-cations{cmol*/kg) Fe Mn Zn B
ples" HZO NK Cl (g/kg) (mg/kgL K Ca Mg ...................... (mg/kg) .......................
1st 5.1 44 39.0 101.0 0.64 2.10 1.00 4231 305 491 0.51
None 2nd 49 4.3 24.0 105.1 0.63 2.72 1.30 5912 665 5.23 0.50
3rd 53 43 25.0 128.2 0.72 2.78 1.37 3985 469 5.24 0.52
1st 6.6 6.0 46.0 39%4.0 0.92 152 5.31 2088 232 433 2.50
Fly ash 2nd 6.5 6.0 39.0 339.2 0.88 13.2 3.48 2005 416 3.40 6.78
3rd 6.7 6.0 38.0 3446 092 17.8 3.52 1986 407 3.24 6.76
1st 6.7 6.1 39.0 137.0 0.78 18.9 410 2254 217 3.99 0.90
Shell 2nd 6.2 58 25.0 165.3 0.76 17.7 4.1 5193 425 423 0.58
3d 59 45 28.0 1745 0.78 18.3 4.51 2054 405 420 0.59
Fly ash 1st 5.3 43 46.0 293.0 0.88 222 451 2705 293 5.57 1.04
+Gypsum  2nd 52 49 32.0 224.0 0.69 399 3.70 3812 486 4.75 264
3rd 5.8 44 32.0 172.6 0.78 426 4.92 365.7 448 4.65 2.55
Fly ash 1st 6.6 59 49.0 311.0 0.73 269 6.11 196.5 19.7 3.98 5.00
+Gypsum  2nd 6.3 59 34.0 302.5 0.72 239 454 2176 408 3.99 5.15
+ Shell 3rd 6.8 6.1 340 358.7 0.87 258 3.85 1926 378 3.79 5.12

» 1st, 24days after transplanting ; 2nd, 47days after transplanting ; 3rd, 62days after transplanting.

Table 4. Chemical properties of sub-soil after harvesting the
chinese cabbage

Table 5. Populations of microorganisms in soils after harvesting the

Treatments pH Av.P,O, _Ex.cations(cmolkg) B
(1:5H0) (mgkg) K Ca Mg (mgkg)

None 5.1 103 043 175 118 069

Fly ash 6.2 312.8 0.69 10.4 3.45 1.93

Shell 55 1324 0.58 135 383 092

Fly ash 55 2157 0.62 333 4.48 1.89

+Gypsum

Fly ash 6.1 2805 075 252 35 345

+ Gypsum

+Shell

chinese cabbage
Treatments Bacteria Actinomycetes  Fungi AC (A+B)/C
(1 c
............. (x10*C.FUJg.soil) -
None 2,040 1,120 33 61.8 95.8
Fly ash 3,260 4,140 45 724 1644
Shell 2,540 2,190 50 50.8 94.6
Fly ash 2,110 2,770 530 4.0 92
+Gypsum
Fiy ash
+Gypsum 3,040 3,330 970 3.1 6.6
+ Shell
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Table 6. Yields of chinese cabbage at different growth stages

Treatments  Early(24DAT)*  Middle(47DAT) Harvesting(62DAT)
....................... FreSh Welght(ton/ha)

None 19.1 56.8 135.3(100.0)

Fly ash 174 63.2 161.0(119.0)

Shell 15.2 61.2 159.9(118.2)

Fly ash 19.6 62.7 16.3.5(120.8)

+ Gypsum

Fly ash 28 73.1 167.0(123.4)

+Gypsum

+ Shell

LSD(0.05) 02.6 3.0 134

* Days after transplanting
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Table 7. Contents of minerals, reducing-sugar, and vitamin-C in the leaves of chinese cabbage according to treatments

Treatments  Sam- N P K Ca Mg Fe Mn Zn B Reducingsugar  Vitamin-C
ples* (g/kg) (mg/kg) (mg/100g)
1st 39.2 5.1 424 294 26 1,214 236 17.2 428 na na

None 2nd 32.1 7.2 38.7 12.0 4.0 1206 254 18.6 432 na na
3rd 28.1 75 276 8.0 3.7 1,220 2789 33.1 49.8 152 826
1st 382 54 46.6 334 3.3 1,114 18.7 15.9 62.5 na na

Fly ash 2nd 376 8.3 40.1 134 5.2 2647 367 213 55.4 na na
3rd 332 9.3 325 13.1 6.8 3754 618 416 66.1 1.58 90.7
1st 374 50 457 326 3.1 1,036 203 146 52.7 na na

Shell 2nd 36.5 73 386 12.3 4.3 1436 279 19.7 48.6 na na
3rd 3.7 84 31.8 129 55 2427 289 33.1 498 1.53 86.4

Fly ash 1st 39.8 58 48.8 337 36 1,683 265 19.2 68.1 na na

+Gypsum  2nd 36.6 75 39.3 12.6 49 1,786 295 23.6 52.3 na na
3rd 29.2 8.0 31.7 10.3 39 2544 378 375 54.6 1.57 887

Fly ash 1st 39.9 6.0 50.8 331 35 1456 243 19.6 68.4 na na

+Gypsum  2nd 357 7.7 39.1 124 5.2 1,841 30.6 224 537 na na

+ Shell 3rd 314 84 31.8 13.8 6.8 2670 441 335 56.0 1.58 88.2

21st, 24days after transplanting ; 2nd, 47days after transplanting ; 3rd, 62days after transplanting.

Fig. 1. Growth status of chinese cabbage depending on the
application of fly ash. (Pictures show a heart rot symptom
for Check plant ; normal growth for Fly ash plant)
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