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Residual Effects of Fly Ash, Gypsum, and Shell on Growth and Qualities of Chinese Cabbage in Acidic
Soils

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 residual effects of bituminous coal fly ash, gypsum, oyster shell as soil
amendments, chinese cabbage was cultivated on acidic sandy loam soils with low boron content. The soils were
amended in the upper 15am with amendments in previous year and the growth and qualities of plants were
analyzed. Amendments treated one year before 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). Yield response in fresh weight of chinese cabbage was in order of 834% for FGS ) 780% for FG )
755% FA ) 193% for SH plants. Reducing sugar, vitamin-C, and total nitrogen contents of leaves depending on
treatments showed the same tendencies as that in yields, whereas crude fibre opposite to them. In particular, FA,
FG, and FGS plants showed normal growth without both boron deficiency symptoms which appeared in Check
and SH plants and possibilities of accumulation of heavy metals. In any soils treated with the above amendments,
however, magnesium was insufficient.

Key words : Acidic soils, Fly ash, Gypsum, Shzzll, Amendments, Chinese cabbage, Boron deficiency.
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Table 1. Chemical properties of soils used for experiment

Treatments pH OM. AVPO; Ex-cations(cmolkg) Fe Mn Zn B
HO NKC  (gkg) (mghg) K Ca Mg ——————— (mgkg) ———
Top-soils
None 54 45 70 159.4 018 323 036 2402 886 67 025
Fly ash 6.4 55 103 1924 03 152 043 2626 799 648 063
Shell 6.2 53 70 1882 03t 135 038 2256 610 742 029
Fly ash+Gypsum 57 48 16.1 2474 037 208 039 1872 535 6566  0.60
Fly ash+Gypsum+Shell 6.0 5.0 174 266.6 034 243 041 1777 437 680 069
Sub-soils
None 49 4.0 45 1385 012 235 025 1821 507 828 02
Fly ash 6.8 53 124 1632 033 870 044 194 239 356 038
Shell 53 43 8.3 1502 015 685 029 1769 471 372 023
Fly ash +Gypsum 6.2 52 95 190.7 028 962 056 1457 507 346 040
Fly ash+Gypsum+Shell 6.4 54 83 194.0 038 933 045 147 316 160 062
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Table 2. Growth and yields of chinese cabbage at different growth stages Treatments

Middle( 32DATY) Harvesting(62DAT)
Treatments Height Diameter Girth Yields® Height Diameter Girth Yields

{ca) (tons/a) (em) {tons/ha)
None 243 186 486 7.3(100) 215 182 57.3 8.7(100)
Fly ash 30.6 26.5 62.9 17.1(234) 309 283 80.8 74.4(855)
Shell 275 248 547 11.9(163) 247 251 63.3 25.5(293)
Fly ash+ Gypsum 318 274 61.0 17.1(234) 33.8 313 82.0 77.1(886)
Fly ash + Gypsum + Shell 31.8 24.3 575 13.1(179) 346 355 84.0 81.3(934)
LSD(0.05) - - - 324 - - - 9.95
* Days after fransplanting, ® Fresh weight yields
Table 3. Contents of reducing sugar, vitamin-C, and crude fiber in leaves of chinese cabbage

. . Harvesting(62DAT)
Middle( 32DAT?) ieide Outs:
Treatments Re.sugar Vit-C  Crfiber Re.sugar Vit-C Crfiber Re.sugar Vit-C  Crfiber
(mg/100g)—— (%) (mg/100g) (%) (mg/100g) (%)

None 1.41 726 12.0 1.2 373 1.2 143 753 1.9
Fly ash 1.51 79.4 105 1.35 44.0 9.95 1.56 79.0 10.3
Shell 1.43 72.7 1.5 1.30 377 11.8 1.42 7.7 124
Fly ash+ Gypsum 1.52 76.0 10.6 1.43 456 10.2 1.55 82.3 104
Fly ash+ Gypsum+ Shell 1.55 79.3 104 1.46 480 10.1 1.59 87.0 994

» Days after transplanting
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Table 4. Contents of mineral nutrients in leaves of chinese
cabbage harvested

Treatments TN P K Ca Mg B
Wgotye Ada 2y, ZF, ctavs, 4 5o M {gkg) (mgkg)
H+43+uz 47N 71 w43, gFelMe Zelg Inside leaves
D42 A AL o uviadlF, B4 Fake] HA) None 315 19 234 49 12 103

Aey+ 2 +4z E&FAM 7P gt 2, 99
AN ZE} FATFo) MY XD AYTE A+
T EETAG E HFA FAET hul Hekdrt Soi7t
A A gFolM e FAE F7H8 BE dE2e g

Fly ash 348 55
Shell 316 18
Fly ash+Gypsum 362 57
Fly ash+Gypsum+Shell  37.7 55

276 60 19 185

237 55 15 108

286 66 20 180

289 69 21 203
Outside leaves

N . None 323 42 270 142 15 128
A 10~209 A 11~2%, A& 7} 189~200%

1 10-20% Q44 11~2%, <) Jj °% pyash 357 73 400 249 21 376
79~86%, LelE 18~24%8k 47~50%, BES 2~Al%Sk gy W5 42 275 152 17 128
58~75%, vtadlES 58~75%% 40%, BAE 75~97%% Fly ash + Gypsum 388 75 405 245 21 420

194~250% 2 913t BAadFo] sH4 Hol FriHAUT Ew
oz djFe FrIHE gake AAL(N) 25~29g/kg, (P)

Flyash+Gypsum+Shell 394 78 398 225 21 448
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Tabie 5. Contents of heavy metals in leaves of chinese cabbage harvested

Treatments Fe Mn Zn Cu Pb Cr Cd Ni
(mg/kg)
Inside leaves
None 236.2 37.0 36.5 513 1.01 3.87 047 105
Fly ash 3217 13.2 273 267 0.77 317 0.39 6.3
Shell 455.1 29.6 62.7 9.27 0.96 5.25 0.41 938
Fly ash+ Gypsum 198.3 233 40.0 6.67 0.57 397 043 8.0
Fly ash + Gypsum + Shell 151.7 203 385 3.00 0.48 492 0.41 95
Outside leaves
None 203.3 75.0 62.2 6.00 1.056 1.02 0.39 6.8
Fly ash 208.3 36.2 26.0 450 0.65 1.97 0.43 8.8
Shell 292.1 57.6 411 7.37 1.79 2.95 0.64 111
Fly ash + Gypsum 245.0 32.0 21.8 3.83 0.57 2.25 0.47 6.8
Fly ash + Gypsum + Shell 350.0 38.2 27.8 4.67 0.58 0.80 0.45 8.7

Fig. 1. Growth status of chinese cabbage depending on the
application of amendments. (Ficture showes boron
deficiency symptoms for Check plant ; normal growth for
others)
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Table 6. Chemical properties of soils after harvesting the chinese cabbage

Treatments pH oM. Av.P,0; Ex.cations(cmol+/kg) Fe Mn Zn B
HO  NKCl  (gkg)  (mgkg) K Ca Mg (mgkg)
Top-soils
None 49 4.0 45 1413 0.12 20 0.23 328.3 97.5 1.7 0.20
Fly ash 6.4 5.6 219 259.6 0.34 147 0.38 2657 787 663 062
Shell 53 45 10.7 165.5 0.28 12.6 0.31 2452 776 8.56 0.21
Fly ash+Gypsum 6.2 54 19.9 187.1 0.32 26 0.36 169.7 76.9 4.79 0.68
Fly ash+ Gypsum+ Shell 6.8 58 13.7 258.3 0.38 235 0.33 152.6 65.4 546 0.69
Sub-soils
None 53 44 7.9 1448 0.14 36 0.30 288.9 87.4 6.04 0.28
Fly ash 6.8 5.7 256 2353 0.40 9.0 0.65 148.3 24.7 4.96 0.82
Shell 55 46 9.8 157.4 0.16 6.8 0.42 265.8 756 5.78 0.30
Fly ash+ Gypsum 6.2 5.1 9.9 2274 0.33 1.7 0.60 172.6 52.4 6.88 0.82

Fly ash-+ Gypsum+ Shell 6.3 53 13.6 196.4

0.38 13.6 0.68 1378 451 686 113

25 AdFFE Adx 7238 AAE o v
A S AL ¢E02 1LIONEA A4
T)~571% A8y B4F) F& 3 Ak o)A 7t
o RFA A ©dE FFAFL ARVeA Zo]
Na+ M+t EL7(834%) ) AE3+HT E&F
(786%) > Me3 @&7(755%) ) Wz @&F(193% F
F) ok B APAA AFA g% FFEASN 1
a AR 5(Mz Gg7)~85% (NE+ AT+ g
F) BT 29 RE iz EY AN AN, #
g, B, ¥4 ¢FY FF Yo An(R 6F2), o F
dME B2A9A7 28H 22 LA (E ¢ FR)
Agol FAEA7] WEojATh o] F2 F2AH BFHe
B 4olA 9} 7ol B} dg oM E FREA et AF
A& 2A FolER w3 F24 FaE A5 9%
3 Hed C a9y @udde AIL §Fe AFAE
Agstees TFEH FEAH e+ H42+H E&
T HEY+H T ELF ) AU 98T ) A B8T
TOE BRI, HEAY w7 He AR #$FL
o) s} Wt Aot F3], AFA A& AT 45 A
&9 Frte EYMAEY 80F {U1EEHAE Bl
ARG, @8, Hays 80ton(H e ¢&F)~
40ton/ha(N &3 + 2+ 7t E&F) 47 MFA A&
FoAMe A5 T, A=E d F F5S FF AF
A FALTFAA Bt A He Aol Fa FFE
HEA IR FHHAA U

oMY HLAY FAEQA MENE TEHAY 41,
Nzt E43 EG WFE 29 A% Mg, £F
A% FFol AE FdTH ot E $4EE AT
F AR 2Y, FEY #¥UAe FEFFE dAMe
ffavge BE A8 Bag Aoz FAHAG

2 %

Eggol Aol FAaF] ¥ AYE WM E
FHFAE HE2e N3 wtg Mess0, W4, Hg
3]56+ 4 724, A eb240+ 4 124+ Q08ton/ha FFOE
A48 HSulE Aol ololM 2d} BujFE Auis
o MEALE FA A ALREE FESAUG AF
A ANgd B wFe FHEL Y79 8.7ton/had V)
Fo02 MY +AHT+HZ ELTANA 834%, HE3+4
I EGTFOA 786%, Ned] d8Fo)N 755%, W ¢4
FAAM 193% F718 4. F88 iy #4333 v
B-C, AL 2L A T% 43 Ay dANdx
2% WAAYS 24k £ A3} A4d 7ol
Me MEFA FALT ¢ Agde79d g2 F2AgF5ol
AR 3 T4 AEHN FFFo) AadAY A9
F ol3gld. 28lx, °F EYMNFAE 448 Asde
A8 FYUe FEFTE Y8 322089 ¥4 u2
HEs 8 A&3te 2o vdad oz 4ZEA.

o 28

Mo

L 334, Z9F ¥, ol &8(1998). AldAvj=els A
@3, 43, fZ7tAgo] EYSY wjRe B o
Al 9%, 38 58YA, 17:65~69.

2. A%, 18N, ZAF, o9 (1995). FHIE0R)
ety 9 FHE A ANEEH FFEMNE YA,
28: 350-355,

3. Plant, C.O0., and D.C. Wartens(1974).
availability as influenced by application of fly ash,
Soil Sci. Soc. Amer. Proc, 38: 974-977.

4. Shainberg, 1, M.E. Sumner, W.PMiller, M.P.Farina,
M.A. Pavan, and M.V Fey(1989). Use of gypsum on
soils: A review, Adv. Soil Sci, 9: 1-111.

5 AAA dEF, A714(1990). Fly ash w23 471

Boron



194

10.

11.

12,

13.

14.

AR, FeE, AWA,

$54 - 29T -0l ¥ -olEE

)=o) olF Fly ashe] BIEd, FFEFNEHNA,
23 204-207.

. Wong, JW.C, RF. Jiang, and D.C. Su(1996). Boron

availability in ash-sludge mixture and its uptake by
corn seedlings(Zea Mays L.), Soil Sci, 161: 182-187.

CAEQ, QNE, BEFH(19%). MBI Agol EFF

za22¢F%d oA 9% [.944 ©E FFE 8,
2 Eokd| g BH A, 27: 71-77.

CxurE(1979). 2WZ Al =4 A7t BIA

(7)) p.402-426.

HHE#(1992). A3 A g0l
F9 AL nAe IY¥ VIFEFUEFYA, 25
143-148.

A8% $%F38, AF2(1994). Fly ashAjgo] =9
%3 =EGY FEFS T3 e 9% $IE
ofu] & 8H3)R|, 271 275-283.

RaA, FA, =S, HyPA, FHE(1992). 43
(Fly ash) Al&o] &552 4% 2 53 uAe 9
3 FFEYY| 5§, 250 249-24.

Martens, D.C., M.G. Schnappinger, Jr,, and LW,
Zelanzny(1970). The plant availability of potassium in
fly ash, Soil Sci. Soc. Amer. Proc,, 34: 453-456.

WT #A1(1977). HEEE0EERE CH T 5 LHKE
WoWRE, oMk pl9-28.

Zaifnejad, M., R.B. Clark, K.D. Rithcey, V.C. Baligar,
and D.J. Parrish(1996). Growth, photosynthesis, and
water relations of wheat grown on acid soil amended

15,

16,

17,

18.

19,

20.
2L
22,

23.

24,

with coal combustion by-products, Crop Sci., 36: 968-
974,

Farina, MP.W., and P. Chanon(1988). Acid-subsoil
amelioration: I. Gypsum effects on growth and
subsoil chemical properties, Seil Sci, Soc. Am, J, 52:
175-180.

AZ 7, oFA, 2AF(1994). #HAHe F3s 2
Hzte] GAME BEAY, ASEAQE p53HB-545.
34, A9, ol¥, ol§8(1998). YHEFIA 4
@3, M3, AL EFHATY wFe A
e 9%, I8 YA, 17:164~160.

B %x— EH K §1H EB(1980). FREE EHO
BT ANE, BUANLEE BRRE

Ganch, H.G. and WM. Dugger{1953). The role of
boron on the translocation of sucrose, Plant Physiol,
28 457-487.

FENEH(1988). E¥BHEHEAY.

FEAEH(1995). 4 FANPIATFZAIE.

A8 AR, o}F4 $(1993). FAFS 2 AHE
FZ 234 AT FF 2AATF, AT,
35(EYv ) 280-290.

A, 4, o §, ol&E, v, ZFHAF(197).
gRAW AAAA B A 4B ¥ #
% FIEG A 300 271-279.

vreb s urEF, £33, A9% ¥7140198). ¥4
B9k nFPLABET, F/19, NYETRIA (3
8%) p.254-265.



