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Abstract Coal ash can be added to agricultural soils to increase
the chemical properties of soil such as pH, cation exchange
capacity and nutrient availability of - B, Ca, Mo etc-. Therefore,
the main purpose of this study was to evaluate the feasibility of fly
ash as a soil amendment in paddy soils. Selected fly ash was
mixed with bentonite and calcium hydroxide at the ratio of
80:15:5 (w/w) and manufactured as a pellet type at the size of 10
mm. Field experiments were conducted to evaluate the effects of
fly ash fertilizer on the soil quality and crop growth compare to
the control (no fertilizer) and, - traditional fertilizer. Results
showed that soil pH and organic matter in paddy soils after
applying the manufactured fly ash fertilizer were not increased
compared to the other two treatments. However, the concentration
of available phosphate and silicate in paddy soils were higher than
those of the control and traditional fertilization. With regard to
crop growth, no significant difference was observed between three
different treatments. However, the content of protein in the rice
grain cultivated with the fly ash fertilizer was higher than in the
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rice cultivated by other two treatments. Overall, fly ash fertilizer
could increase the concentration of available silicate and
phosphate in the paddy soil and improve the rice quality. In
conclusion, fly ash can be utilized in agricultural soils as soil
amendment, especially in the rice paddy soil.
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AR E Ak IR AR 5= oe s
of ZA oJEstL Jom, 1= <l AKHoE MEAMAE
HRIAIZISL itk #AS AekdaAle F2 ugEL o
] g5Fo] gAY el AlEE wiRte] vt Alget A
Aol AThSingh &, 1997; Matsi®} Keramidas, 1999; Ziemkiewicz
9} Skousen, 2000; Gupta 5, 2007; Haynes, 2009). 24 2
dAnA ] HEEES 2o AT 5Y 85%, Wk 73%,
ZFE 60%, EHE 50%, PIS 32%, T 25% o, el
78T 70% "o g RIEN A, A vt SAYE,
AHIE, HE, T27K)] 5 EE, 7A5EoA o]FoiA|aL ¢
Ch(Iyer, 2002; Rai %, 2004; Pandey %, 2009; Karmakar %,
2010). 3FAIRE, FHEOF tigh 28-S W= 0.7%, 4 1% T
o= sl ] 79 HALRE HrER ABHA &
£-o] o3& Agoltk(Lee, 2011).

st LA S AEASAE lime (Ca0), silicon
dioxide (SiO,), aluminum oxide (ALO;), iron oxide (Fe,O;)2]
Aol oJal] thHE class F (pozzolanic)2} class C (pozzolanic,
cementitious)E TEETE AU 23 ERE= Class Fo| 7
£ Si0,, ALO;, Fe,0:2] &o] <F 70%, CaO 10% wv|¥ro]x,
Class C= SiO,, ALO;, Fe,052] $to] <F 50%, CaO 10% ©]

s



230

J Appl Biol Chem (2013) 56(4), 229-234

’Jo|tH(Ziemkiewicz®} Skousen, 2000; Pourkhorshidi 5, 2010).
Nesle 3194 A v B4eE et ols &
3t HAd, olewd 5o vhoz T4 Hgs), 2K e
Z {3t B, Ca, Mo 59 AEJYAERE &85 EYY 313
AN SA9E, FEEAY 5o B3 54 i 8=
A AFE-E 2 ) th(Ziemkiewicz9t Skousen, 2000; Bi 5,
2003; Alinnor, 2007; Pourkhorshidi 5, 2010). A&+ 4a) €]
ES MR &80l Tt A7e thest Zoll) 34t Qe
B 717 B4 (Hetrick 5, 1994; Daniels 5, 2002), 2) &
AA B EH NFE gt 5H(Chang 5, 1997,
Ziemkiewicz®} Skousen, 2000; Adriano and Weber, 2001),
3) A EYY fUIEEE, ol2nIEH T Iy N
& Ca, B, Mo 5 HI& AFS 938 ZF(Rios 5, 2008;
Manoharan 5, 2010; Patra 5, Roy9} Joy, 2011; 2012 )l
AE7F ZFEATE 1 AFer e} o] ARl E T4
Egol A& A5 w9 vt oldE AT F U=
HAEE 7= 222 ddEoh

2 d7e A F A A AlEe-S g wst
o2 EY A dAEERY BAE 93] 7tEE (binder
materialy> 33t 9 (pellet) FENZ A= 2248 A =
ES AEide W ES w5Ed rAE I3 B8t
Ak

>

Az By

H2A9} =EY BEARA, B8 Al ALe-E vlaklE Sy
1070 AL F Bl ddLs A3 ol s
oA WsHE AS ©o]83IaL, AR vFe] AiAES 9
o = MR FHA AES frEgel XS AdEEd”
2(N37°56'13.30" E127°45'51.96") A5 HA] oA F8)581%]

SallslE s vikE A Ayl g8 2 2ds 9
3 A3E I A= e os BAEE Bgk
A2l EAo] pH 12.69 5502 Ef Ao kA B) F
pH7} 4.0 E3koH, ECE 8.50dSm™'Z ZE AJgo] olfe
40dSm™ ooz € wdike] vja] A 8.0dSm™ EE
TOZ UERTH(Table 1) AlEol ARS-SE HIAAI9} =ESe]
g2 B4 B RDAQ000)] 3k, falgas g
U AFAHAITUHE (ME, 2010)0) Z=3le] 43 31ATHTable 2).
FAB R AR, vF2 AZ= YA, 7EalEZE (bentonite)
A% FHE 93 243][Ca(OH)IE 80:15:5% (ww 2] H]
2 Z571(PT150U; PM tech)® ¥ £33+ A& ARg-&}
Sk =3 N, P, Ko H7ME 98] Q2 (urea; N source), &3}

—

)

f ot

Table 1 pH and EC in fly ashes from 10 different thermal power stations

pH (H,0) EC (dSm™)
Yeongheung 10.79+0.07 1.08+0.01
Samcheonpo 11.09+0.04 1.48+0.02
Yeongdong 9.32+0.05 0.48+0.02
Boryeong 11.90+0.02 1.71+0.03
Seocheon 10.56+0.02 0.34+0.00
Dangjin 11.50+0.04 1.90+0.03
Donghae 12.69+0.03 8.50+0.09
Honam 11.03+0.05 0.54+0.02
Hadong 11.04+0.32 1.34+0.11
Taean 8.68+0.03 1.39+0.01

2 (superphosphate; P source), &4F7}2](potassium sulfate; K
source)S b 2 P Zo] FEAJHE NSGEE
25%)3t] ARSSIFAL, HlEo| FYE N, P, Ko A7bEE 5%,
1%, 2%tk WdE el EFE2 Fig 13} 2] A7
(PT6015A; PM tech)E ©l83l 10mm ZFHIEN=Z A2t &
3)x2) 7A271(PT36; PM tech)ellA 12k 1% B P o= A
ZsaL, 7127] 60°ColA 23} Z1xske] A=

Al AEE 74 2 2UEH. AAES AT = 252m’
o] WA A7 21 me] AHOZ e AFS a5
3, F¥H (randomized block design)® 2 AlEF-E vIX|SIATE.
Aol ALg-gh 2|U|92 Table 33 7Zo| dl&2+E 233t
Aol R/ 2 wel] wel FH] 9 (control, C), FYAIH]F
(traditional fertilization, TF), B2 H]E AMWPH 23 (fly ash
fertilizer A, FFA; fly ash fertilizer B, FFB)o.Z 47j12] Az]
T2 A A Ml AAg FE2 AxUgt AlE
of ‘diehH’E 20129 59 159 AAAZ 30emx15eme] 7+
Aog SR, 108 189714 MLt ENEH AN
<ol Fsle] AuSIATH(Choi 5, 1995; Ryuk &, 2004). A&
T BUEHELS EYe A9 2719 Al & EY] 35
B4 HslE Wiy, s3E2 FEA 2%, 295 79
S Aol 2ARIAA, win] & FFdad] e A
oA EAet A7k TS vasdinh. AFHT EGS &
200X T8 AAF F 2mm olFe] AEE dIFeE

o

O

FF&ETE BAjo] ARR-SIATHME, 2010; RDA, 2000). 22
745 AdlellA] xste] wWnR £A4% AEE 2] & RDA
(2000)°] A Fale] FAESste] dddR, TEE
F 52 HIs

BARY. iR Az vEE =EY] AsNS u B

et

Table 2 Analysis methods for physico-chemical properties of paddy soil and inorganic fertilizer

Contents Methods Instruments
Soil texture Hydrometer
pH 1:5 (solid : H,0) pH meter, Mettler toredo S20-K
EC 1:5 (solid : H,0) EC meter, Mettler toredo S30-K
Organic matter (OM) Walkley-black UV-Vis spectrophotometer, Shimadzu UV-2401PC
Available P,Os Ascobic acid UV-Vis spectrophotometer, Shimadzu UV-2401PC
Available SiO, IN NaOAc (pH 4.0) UV-Vis spectrophotometer, Shimadzu UV-2401PC
Exchangeable cation IN NH4OAc (pH 7.0) Atomic adsorption spectrometer, Perkine elmer pinAAcle 900F

Total heavy metals Aqua regia

Inductively Coupled Plasma, Thermo iCAP 6000 series
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Fig. 1 Fertilizer manufacturing process using fly ash, bentonite and
calcium hydroxide

of A& 9 ARG Wl FAREAL SAS (ver. 9.1)E ©]&
shach A2l 7 ¥la= ANOVA 77 F Duncan’s multiple
range test (p value <0.05)% 243 HAS AT

N

a3 € 33

AEAE AF BEF B4, AAE A EY 542 RDA

(2000)8] TATHE olgate] EAAAL, 318 54 Table
49F o] vtk =2l 54 EAJS USDA ERHoes

dE

TR W, 2 61.0%,
(sandy loam)Z YERITE
v = Az A 2ol o)gh =Eoke] slehE 54
WSk Table 49 72o] UpERgth pHE FAl2le] 735 A
A 54504 Al F 5652 024% AEEI, sehE 2

292%, JE 9.8%°] AFFE

Table 3 Description of treatments for the rice cultivation in paddy soils

NFEAS A3 Ag+E CF 567, FFA 5.68, FFB 5.77=
& AolE YERA] ettt vl Al Bl 710E 7
- EY] pH o] =& Ao AAFHIAT, ol &
she A3t 2EERA] 29" AL Algd £ HAHA
(H21¥ 180kg 10a”!, A2t Zo] 30cm, =AIYE S4UE
1.23Mgm™?)S AZFo=z kst 49 0.04%] o= &
o] 1% ol3tZ Xgd A% pH wggo| A J7iskA &
g £ A9} AX|8Itk(Pandey 5, 2009; Manoharan 5,
2010). 3HEAIRE HIAEAIE 2% 3T A4S EF pH wgEe
7kt 23 A4 el wet g 270 EY NS
o2 A8 AY FURFE G e AeE ekt
(Singh 5, 1997; Matsi®} Keramidas, 1999; Bulusu %, 2007;
Yeheyis 5, 2009). ECY} f7]1&34e] A= AHE|go] &
olffZ thxTet M 7F Aele gle AoE vEuTh f+
B frat dhe] 73 2] iR EH(127mgke !,
23 mgkg™)ell ¥ F&Ai CF (141 mgkg™) <FFA (142 mg
kg )<FFB (149 mgkg™), F a4t CF (25mgkg™")<FFB
(26 mgkg ) <FFA (27mgkg"e] o8 ZFrlsle Ade 1w
Ao AR Folide gtk B Aol HlAkA 9
A7t ES W AE o8 ke S SURIRIvE E
#Z7F Je=dBulusu 5, 2007; Matsi®t Keramidas, 1999;
Pandey &, 2009; Thind %, 2012), fr&7ke]l A% E%dz
AR FEZ FAE] tEY SioE stk Aol 71
St A3 2 AdE th(Haering®} Daniels, 1991; Daniels %,
2002). TSt X3 ZE3) wldge] tlZ7+(1.18 cmol. kg,
0.08 cmol, kg™hell wla| 7H&A] A z]GellA FFA 1.28 cmol,
kg'3} 0.11 cmol, kg™, FFB 1.26 cmol, kg™'#} 0.11 cmol, kg™
2 2% 7l A9¢ ndr. sshE 0 ikl AR
Aol ME EF W FEL U FAAIE Table 59 2o,
vae] Wl RE ATl F3% PPl 2% Sk
o}, B4 fole Stk i ERBARAY Ao 7)E
AE 2HA o} Aol U NeAE gk Aow W
Hr}.

¥ A% 2 FF A A wE He] s AEd 4
R Fig 2, Aol ojgh Aok Table 69 EAIGIT Al

& H7HE 9 AP TR AETE 667227 plot ! x 3RHE

o
1 o2

Treatment Description
ol No fertilizer
TF* Chemical fertilizer (N-P-K=9-3-3 kg 10a™")
FFA} 2.1 (basal fertilization)-0.84 (topdressing at tillering stage)-0.84 (ear formation stage) kg plot™'
FFB! Only basal fertilization 3.78 kg plot™ (180 kg 10a™")

T: Control, ¥; Traditional fertilization, %; Fly ash fertilizer A, 1; Fly ash fertilizer B

Table 4 Chemical properties of paddy soils after different fertilization treatments

pH EC oM Av. P,0s Av. SiO, Ex. K Ex. Ca Ex. Mg
Treatment
H,O dSm™ gkg! mg kg™ cmol. kg™

Before C 5.45+0.05 0.10+0.02 15.21£1.62  127.53£7.36  23.54+034  0.05+0.01 1.18+0.09 0.08+0.01
C 5.65+0.06a  0.10+£0.00b 15.46+2.04a 130.33+£9.02a 24.67+2.08a 0.05+0.01b  1.20+0.18a  0.09+0.01a
Aft TF 5.67+0.02a  0.11+0.02ab 14.70+£1.37a 141.67+10.60a 25.33+£8.50a  0.05+0.00b  1.16+0.10a  0.10+0.02a
e FFA 5.68+0.08a  0.11+0.01ab 15.42+0.71a 142.33+17.62a 27.00+£6.00a  0.05+0.01b  1.284+0.30a  0.11+0.04a
FFB 5.77+0.13a  0.12+£0.01a 15.57¢1.51a 149.33+14.50a 26.00+£5.57a 0.07+0.01a  1.26+0.12a  0.11+0.04a
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Table 5 Heavy metal concentrations (aqua regia digestion) of paddy soils after different fertilization treatments

As cd Cr(VI)

Treatment

Cu Ni Pb Zn Hg

mg kg™

Before C 0.50+0.05 ND ND

8.47+0.28 6.62+0.34 8.01£0.68  30.98+1.64  0.02+0.00

C 0.40+0.15a ND ND
TF 0.5140.16a ND ND
FFA 0.50+0.14a ND ND
FFB 0.46+0.08a ND ND

After

7.35+0.47a  6.23+£0.33a
7.98+1.28a  6.10+0.99a
7.65+t1.41a  6.27+0.99a
8.13+1.74a  6.32+0.61a

7.59+0.88a
7.62+1.01a
7.71£1.63a
7.88+0.89a

33.5142.73a
34.16+4.68a
36.25+6.91a
36.99+6.29a

0.02+0.01a
0.02+0.01a
0.02+0.01a
0.03£0.01a
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Fig. 2 (A) leaf length, (B) SPAD, (C) tiller number of rice plant

AlE Aol sl 2ARE Aatolty, 23 GAEE C
(82.5cm, 31.2)<TF (88.5cm, 342)<FFB (88.9cm, 34.6)<
FFA (89.7cm, 35.1), &€+ C (1.O/H)<TF (21.470) <FFA
(22.170)<FFB (22.970)2] <22 eyt 2L A4
Yoon 52007y AH|E QIst JYGE] BEL W JUA
Fe s st FaEYe] HlEo] Fokitke Aol o
Azl AR e}, Bk vl APl et ddd
28] I B AETH AavAoRr v Fo eS| 79

3 4L AT F vk Hasks 23 Aol dx|sigict
(Mittra 5, 2005; Gupta 5, 2007; Pandey 5, 2009). S+
Tripathi 5(2004)2 =49 Z7k= AU S-S 7
A A& B AT F e Wl AT L
T AL Bssith gARS Sl AuiE Bl ] of
3 A =S A#-S(brown rice recovery), S4S(percent
ripened grain), M ¥ (thousand grain weight), “d %% (rough
rice yield), W72 (polished rice yield)oll thale] AAJI, &
EXEH 0] AFTZAREA7E 3] keIt Al Al
H Al@A43% AdES et & 2o/t gle 2oR AL
AL, 589 A C (87.6%)°l Hls] AZE A3k 87.9-
88.2%°] W9IE UERT) o= ste|Ee} /HEAe] MR <l
3 Eoke] YR B uE AgE A=y, sy
HAEAAE A 2 A9} HSsiAY did o e
o2 YERItHBhuyan %, 2006; Yoon %, 2007). AHZ
o] Ag- 2 A7) A7 el fIAIT Cho 5(2006)°]
21.9-245¢g, Choi 5(2006) 21.3-23.7g, Lee 5(2005) 20.0—
20.7g, Yoon 5(2007) 20.4-21.7 g} H]<=eAY B Aow
ZAE AT AT Wu)ee 25972 461 kg 10a™!) K
o} WA AgTte 7% 8% F7FeF FFA (6372 490kg 10a™"),
FFB (6307 484 kg 10a )2 AN, /A 2g7e 33
Alb] 226287 483 kg 10a )9} H|$=3t =07 2AVEIT
o] F2A3 YL R FEE T 793 2 FH &
HE BAe oald oprz ol by e] e gt
(Fig. 3). @ ke BX2]9(6.47%) ol vl s Ert
¥ TF (6.80%), FFA (6.77%), FFB (6.87%) =]g]7-lA]
Ekom, o) tixTel BlE] ARl FAigo] AMlE A
ToA e A ko] F7FHE Choi 5(2006)2] Aol UX|
SHATh Sk opdE A RS C (22.0%)7F TF (18.9%), FFA
(18.7%), FFB (20.3%)= @4 g 5o s Bl
= Choi 5(2006)2] Az} dXx|star, AkxU71 el 22 o
22 Feko] 20% FFolgkal Hadk Kim 5(2001)9] Zze}
AL HAge] A9 AT 2 Aol §lo] 92.7-94.9%
2 2N, ole & A7l AAIE Choi 5(2006)2]
66.2-88.6% .U} ¥3L kim 5(2001)2] 954-973% HUle %
< o Uikt Ael & Ao AR 2443 TF,
FFAS} FFBolA &3t ZolXE CaOSt MgO2] ke tix
T-9F zto]E HolA] Skth(Table 7). /HEA7F 2gld 2e]+
(FFA, FFB)2] TN, K,09} P,05 ¥k Fxjg|+ol vjsl] Z7t
sl3z, SR E AEg TF Me]7eh viszgh 9] e
ZH= Zlo 2 Yt ol Mes] AAdoz diet ol
2 B NEA Azl FH7HE slshEe] JFel 71R1g Zlos
AE T, Lee 5(2005)F Mittra 5(2005)8] Aeks]71 A|8%
EIA ek 220 N, P 3 K9] 3] Svshe A3t
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Table 6 Harvest amount of rice grains in paddy soils

BRR' PRG* TGW? RRY? PRY*
Treatment
% g kg 10a™!
C 84.0+0.3a 87.6t1.1a 23.6+0.1a 597.0+£9.0a 461.0+7.0a
TF 83.6+0.4a 88.2+2.0a 23.6+0.1a 628.0+7.0b 483.0+£5.0b
FFA 83.6+0.5a 87.9£3.6a 23.6+0.2a 637.0+£5.0b 490.0+3.0b
FFB 83.4+0.4a 88.0+0.8a 23.6+0.3a 630.0+£6.0b 484.0+£3.0b

" Brown rice recovery, * Percent ripened grain, $ Thousand grain weight, TRough rice yield, * Polished rice yield

(&) b b b
a
6 4
E
f
2 4
0
c TF FFA FFB
25
® =
b
20 4 c ¢
£ 15 A
H
-
5 10
5 4
0
c TF FFA FFB
120
100 -
£ 80 -
E 60 -
E
E 40
20 -
0

c

TF FFA FFB

Fig. 3 (A) protein, (B) amylose, (C) perfect kernel of rice grains

Table 7 Nutrient element and heavy metal concentrations in rice grains

o UXBIT. & 9] Cd, Cu, Pb Z As TS AZEHH
%Sk Ni 0.9-1.0mgkg™, Hg 0.0l mgkg”, Zn 2224 mg
kg'lo2 A7 2 Aole gl A= Yelth ole =E
Foll Hesle] A&7 STHIAE X a ¥ @5z 8t
o FeiEstel FEaTE GAo JAsk FAYT 4 F
o) FEEF W5} F7k5H) Ferhe BR A7 Anst o
2|51 tH(Lee 5, 2005; Hong 5, 2006).

9o A3 9 ER A7 A%E EdE Hu3] 9 Ee v
A ez Alxste] FPHoR ALeE A B
Al Feojde UEh A AT APl vl E4Fe] 315H4
N B AT AR Fd dFE AT F U A
o= dActdr. 58] a7+ EAAEole Aes]dl g
SEE gk 2AE Bl ke Zlow dAdtd

&3

B, Ca 59| A EYYALE FH38la ESH FARE
Zka1 Qo] TR Ede 7t 2 NS
s BEAR FHHoR &8 Thsdol E AR
A= HRHE AHPEE Axst] NFAZ AMEES o
=EYT Ho] A& nX= JES Hrieknt Al A
ge FAT, SR A, AvE] AMF 23R 74
stRom, AA w7 A8, W Au § EFY] 54
Hsle} waEe] i 9 FAS FAEIGITE B A &
AL Ak EFS 3194 542 pH, EC 2 #71= 3ol
ol 2 xolE VFERAA] easkeh. AINE frEQlA, fraat
Ak Agd 2, vlodlge] SRS tiERT(127, 23 mgkg s
1.18, 0.08 cmol. kg "ETH F7lste] FaQAMG fFaEFARS &
o] 1499} 27mg kg, X3 ol 1.28% 0.11 cmol, kg™
o7 Ao} Hs=gk §84S e ¥ AS SHol
A 2%, AR Bdae JNEAE A ARlTeld TP =
(e}

OF A }‘é
? 9
=

i _— =27

RO WAL, A SHoIN AR Foe gl
g, HrSo] JhEA] Aol wet Fulrel] s 7%
Z7ST TS AP ASF S8t AES B

o
gul

.
3

=
T

TN CaO K,O MgO P,0s Cd Cu Ni Pb Zn Hg As
Treatment
g kg™ dry weight mg kg™! dry weight
C 11.1£0.7a 0.33+0.1a 2.37+0.6a 1.07+0.1a 5.37+0.3a  ND ND 0.9+0.4a ND  232+25a ND  0.01+0.0a
TF 12.5+0.6a 0.33+0.1a 2.80+0.1a 1.07+0.1a 5.77+0.2a  ND ND 0.9+0.3a ND  226+13a ND  0.01+0.0a
FFA  12.7¢1.1a 0.33#0.1a 3.00+0.1a 1.07£0.1a 5.70+0.2a  ND ND 1.0+0.4a ND  219+l.6a ND  0.01x0.0a
FFB  12.6+0.5a 0.33+0.1a 2.80+0.1a 1.10£0.2a 5.80+0.2a  ND ND 1.0£0.5a ND  24.0+l.1a ND  0.01x0.0a
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gk AL Hele ] Fo] AR 3 TN, K,0 2 P,0s
S ZTZeH, Aao FFe AU dAds 7
el =2 £ FeE Uit EY 9 A 2443 {5
&Y g Y7o vsdt 2202 Yeht okdAe] A
ZLAch B Ao 432 EURE 432 Y 2HA A
&g AE BEYF 2 F3 A4S AT 5 2, A
Ao AEE oM ATV =& Flog FgEd

Keywords amendment - coal ash - fertilizer - paddy soil - rice
A F B =R 201045 A AAAR] AP doluix] /)&

7} (KETEP)2] A& o} -3)8k ‘13t 2 Aljollux] 71&/de g
A A A (No. 2010T100100611)QJ U T, B3 Al FatA]of] ARE-H 4]
e e FANEAA LAY A PoE S ALY
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