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Abstract

BACKGROUND: Cultivation area using agricultural plas-
tic film facilities in Korea is rapidly increasing every year;
however, it accelerates the salt accumulation in soils due to
repeated cultivation and excessive use of chemical fertilizers.
Coal ash contains various trace elements and has high po-
tential to be used in agricultural purposes. This research was
aimed to improve the quality of salts-accumulated soils and
crop growth grown in the plastic film facilities using the soil
amendment derived from coal ash and zero-valent iron
powder.

METHODS AND RESULTS: Soil amendment used in the
study was manufactured using coal ash with iron powder
and subjected to a typical upland soil for soil quality en-
hancement and two salts-accumulated soils for crop
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growth. After one month incubation of the salts-accumu-
lated soils treated with the soil amendment, soil pH in-
creased significantly and soil EC decreased by approx-
imately 50%, compared to the control or the treatment with-
out the soil amendment. Since the soil salts’ concentration
is proportional to EC, the subjected soil amendment can be
proposed as an effective way to overcome soil salts accu-
mulation in agricultural plastic film facilities. For crop
growth, the length of roots and stems increased by approx-
imately 10% and the dry weight also increased by a max-
imum of 75%, compared to the control.

CONCLUSION: The soil amendment made from waste
resources such as coal ash and zero-valent iron was found to
not only be effective in improving salt-accumulated soils
and crop yield but also be safe against harmful heavy
metals.

Key words: Crop growth, Coal ash, Soil salinity, Soil
amendment, Zerovalent iron
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molybdate® LA A7l = UV/Vis spectrophotometer
(Shimadzu, UV240, Japan)® H|4 ZeFatqich. w3y
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USA)E S5,
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EzR E‘?J_OM] ?1?40 ek

A el B Alx
Y EE(1/5000 a)ell Tsk, 7
2 AElate] eHds) sl 0}7‘45} Eo| Oén—tﬁ( aphanus
sativus L) GE(FEE = 109 A2 A4 = 309 F<H
AEAZTE 7 Al 3R e R Fasielon, A7 &4
el @23 (randomized block design)2.® 914 XE
£ ix|ste] Ausielth

Aol AAlgE Q- 78 Aol AMIESS A AF St
Atk et A= £7] 9l el dojgt Tﬂ]é =733l
3, A AR S ARl s AR A A,
ARE B, FAEE § oFHN, P, K

S A

s, Cd, Pb &

HES

AUTHNIAST, 2010). £ Wl & vFdahes 515943t
Holli Axsk= DTPA-TEA
pentaacetic acid-Triethanol amine method) 2% &A1
& Fe, Mn, Zn, Cu #%-& ICP-OESE #459lom, &
2 B SRTE 7hhL B oA F8st] =
3F gNoF =73 THNAAS, 2010).

2% (Diethylene triamine

EAEN

BE AR 3o R aiaglon, Al Ao mE
xk AA L} M A& BAEAS SPSS (Ver 22)E o]&-
sioiek A2l 7F 284 vl ANOVA 374 5 Duncan's

multiple range test (p<0.05)% A= A4 33T

Zo 9 o

ol AR Al A ek 384 5492 Table 1
7} 7}, v aﬂ Al EF2) pHE6.13 OE:LLH A Aful A
A FFEE R o, BEulE Al BoFo] H$-pH 7.58 % 2]
i}o}@‘E} ECE vpzgj7he} vk Al Eoko] 7t
95 dS/m= FAE A58 71321 2.0 dS/mE
&#‘1%— LFERATHI. AF Eke] 2 ECE 95 H 4ol
7107 gkt
W 3 rkadlg e wies sze)gt Al Bkl
AR 242 100, 74 52 TR UEth ErbE
Al ESFo A= w8 ofo] L Bhefo] AWM o BT} ok 10w) =
SO, AR o2 20l oY 52 0 % UpERT o=
A&} sleh] 5.9 T gk AJH] 7} RISHA] A S Al AH)
o] EA4ol|A] 71915t 71 0 & gheket)s,9,11].

Table 1. Chemical properties of two different salt-accumulated soils cultivated with paprika and tomato

ol (Il)g) (dgf ?3\218151 2 Ex. cations (cmol/kg)
: m) (mg/ke) Ca* K* Mg
Optimum range 6.0-6.5 =20 300-500 5.0-6.0 0.7-0.8 1.5-2.5
Paprika 6.13 7.25 180 65.2 0.94 18.2
Tomato 7.58 4.95 1,224 49.1 7.26 249

* Optimum growth range of greenhouse (NIAST, 2017).
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Table 2. Chemical properties of upland soil for the cultivation experiment

Avail

Ex. cations (cmol/kg)

pH POs B> Fe?' Mn** Zn*
(1:5) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) Ca K Mg
5.85 181 0.78 13.5 5.87 2.34 3.42 0.67 4.80
Table 3. Change of pH, EC, and salts in paprika and tomato cultivated soils subjected to soil amendment
Treatment (li):}sl) (dgfin | 1%)\2/?)151 _ Ex. cat10ns+(cmol/kg) _
(mg/kg) Ca K Mg

Control 6.69+0.05a 6.78+0.25¢ 185+17.5b  64.2£2.95¢  0.95£0.04c  17.2+0.59¢

Paprlka 40 g/10a 7.25+0.08b 6.2840.03b  53.4+2.88a  56.1£3.24b  0.77+0.02b  13.0+1.00b

400 g/10a 7.78+0.07¢ 3.68+0.15a  34.2+3.16a  42.1£2.95a  0.61+£0.07a  8.31+1.32a

Control 7.73+£0.04a 4.77+£0.20¢ 1193£18.5¢  53.0£1.05¢  7.07+0.09b  23.6+0.40c

Tomato 40 g/10a 8.00+0.08b 4.18+0.15b 331+£55.5b  47.3+229b  5.98+0.47a  18.1+1.22b

400 g/10a 8.18+0.15b 2.45+0.05a 131+£28.7a  42.8+1.05a  5.88+0.18a  13.7+1.10a

t Different letter indicates significant differences at p<0.05 level by Duncan test

A B 2 g7 Mz

AR Bkl THRAIE Aglskar 3043 A g Bk
o] pH ¥ 9% FXEt Table 37 2t} 71ZA7} A2l &
%2 pHE thzTtol vls) Z7ketlth drbal A& S
9ol EeE A TH24], vZe7 A pH 5.5-5.7)% &
PFE(F4 pH 6.0-6.5) A Eoko] 2% pH W lxch tha
s/l HERRTHNIAS, 2017). o= 7ol E-8 97Hd ot
Aeks] o] 5A40] 7]91 Aoz gkenth J7Fdel % pH
S7He B UellA] Hol(Fe™, Fe™) O Abslen] A
= AAke OH719] d&FaH16,23] Aetslo] EAsh= 84
o] 2] g thi-ol Ca(OH), = X3tHo] Sl SA wf
£ Qo7 uie}13,15,25].

EFO ECE & AgTelA felsH #asisia, dx
TH6.783} 4.77 dS/m) ¢} vlwsld S W A HeHS 5
77l Wt 10%(40 g/10a)°l 50%(400 g/10a) EC7}
FHassto] byt g&o] Sk ACE YERsth ECS ¢
T Fe gl BAlel 7] wie] 2 ATtellA A|lzgh A
FAE A5 Aol agAolgtal IekE2e6]. EA Sl A
Y2 AEAS Al FEQ2.0 dS/m)E A7 A= B3]
7k, A EHpH<8.5, EC<4.0 dS/m)9] W= ukEsio]
Aol kst F2ES AlLlstd Aol AFo] fle 7
o7 YERsTH26].

EF U 97 F sehlge] digk &=t 5 W 7
% ZE 9 vkl fad s Atk
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TEG s asta, HERs T
i g3t aasdo] e JloR yehlth 53], S Al
Ak ARAA EelA 7HE EANEE faQike] A
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= I olsHA] A adhs Ao SAE T o= N
A Aol F & FEEN Ty 53, 34(dilution)
soll st A AN o fz 2 JEeh27,28].
NBFAS 5913t RS Eoko] wih ool o thxT of
v frolatA FHa(Tkrel gt Al E9F 48-87%, ERHE A
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oA 24], Aers]e]l xghE F84 Folo] 3l (disso-
ciation) ™ UEeRd AxtE dekEth{13,22].
WA Aol w2 B ECoF A7 % 749
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INFAZY Bk AFF A Aitel axpHoletal Aekech
ol ARHA B 9 AAFT EC7F FARH AhAgitt
3L Bk A7AAE AXEGITHS,24]. B3 AR B
ol AR TRt A& sl 57t ol B &9 &
T84 AR Mgt o T3k AE Busksla[12],
Eul frad odF g 288 9F §Ee =2
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Table 4. Correlation coefficient between EC and salt concentration

in two salt-accumulated soils as affected by soil

amendment
EC Avail. P,Os Ex. Ca* Ex. K Ex. Mg*
EC 1 0.709* 0.916** 0.864** 0.901**
Av. P05 1 0.793** 0.875** 0.859**
Paprika Ex. Ca* 1 0.942* 0.985**
Ex. K 1 0.951**
Ex. Mg* 1
EC 1 0.801** 0.872** 0.672* 0.912**
Av. P05 1 0.931** 0.895** 0.941**
Tomato Ex. Ca* 1 0.757** 0.920%*
Ex. K 1 0.905**
Ex. Mg* 1

T Probabilities for pearson correlation coefficients represent *, at p<0.05; **, at p<0.01

Table 5. Macro- and micro-nutrients in the upland soil treated with soil amendment

Avail. B> Fe?t M2 Ex. cations (cmol/kg)
Treatment P,0Os (mg/kg) (mg/kg) (mg/kg) Ca?* K M2+
(mg/kg) &
Control 164+1.30a 0.73+0.23a 12.0+0.46b 4.96+0.20b 3.48+0.11a 0.7040.06a 4.63+0.25a
40 g/10a 178+7.43b 0.86+0.16a 10.0+0.50a 4.23+0.24a 3.49+0.18a 0.7040.05a 4.61+0.31a
400 g/10a 178+9.08b 0.82+0.03a 14.5+0.39¢ 5.15+0.11b 3.36+0.06a 0.6840.03a 4.54+0.02a

T Different letter indicates significant differences at p<0.05 level by Duncan test

9 FARA, Aetale] = A

J2]7} A&o] fag it g
S S/ BuE b 9lv22,30,31]. 52 xWA] &
A= 238 FaEQAY] FES AN 5 9oy, 2

(thizosphere) m]&EC] #03H= A=l &4 (phos-
phatase)®] g0 % Qlal EQF o B
of Mt o] folehAl Sk A ow JhdEth32]. 4
& frad A e 49400 g/10a A
Hop S7kelal, o= NEAl e
o= gk AL 40 g/10a 7NFA]

He A Fgo] 2781 gk, ol Hele
8 e GHE Bl V1918 Rog Bk,
v depagl Bael Wk ok v G AFA Al

2 UeRgt o] 7E AEs] Ao e B
okol 2 glgko] Zylsitl= A Aol Aol 7)EA
9] & ujek 7|7ko] thA #a H AFofa AREE A3
gl 7]1¥ AR gekEv13,22].

EQF Wl va dE ti2TE 2oeke Be AdelA
A vikor AN Jh=Edt 9ol B viET

(22 1.27 mg/kgT} 11.2 mg/kg) Bt &% S7kste] 7}
7} 1.38-1.51 mg/kg? 11.9-12.1 mg/kge W= ekt
t EF U Fu5 3 SRIIARL, Sl Bk R
B Ao 71FS 53 o 5 el 594 o)g
7VsAol & Zow ddker

HIE AR 2 Ms HE}

NFAE Azlst Bdoll HEE o]4sta 27](e]4 & 10
)9} 573 A(30%) S-S ARG 7 A S A
I Fig. 13 2k 5 & 34 45 e 2719 4
ol ZFH42 13.8 em/unit¥} 14.9 cm/unit) B} 22
7] A&l ok 10% VKR, el 27] S g2
(3.40 cm/unit) 2t} 2] 40 g/10a%} 400 g/10acl4 2zt
Z} 6.17 cm/unit¥ 6.63 cm/unit® oF 20 F71eE Ao F
btk e Bk AR Aske FelE 2] A W
ol AMgAL ave] kAl wkeske vt AuE s
v, A2 v ggad shutE s3EY] 2] A5 T2
o E38 Frhe Adel dAskaltH26,33]. Aol oJgt A&
=74 ¥ 1000 mg/L =], 500 mg/L °]s}e] sk
7b 259 Al AFsiths 71E A7 Avel YAESIT
[26,34,35]. 71=8kAl= YA £719] SPAD w4 A3
WA AglrellA gk G729 44 33.29) 37.1% thxT
G0Nt ST, AL TRl G7k s AR
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Fig. 1. Growth of radish (Raphanus sativus L.) root and shoot at 10 and 30 days after transplantation, as affected by

soil amendment.
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Fig. 2. Dry weight of radish (Raphanus sativus L.) root and shoot at 10 and 30 days after transplantation, as affected

by soil amendment.
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(Korea Food Standards Codex)& 9=53h= W92, &5
A3 E E3e EPNEAL] 5 ok &8o) 7FsE Al
2 peEnh

o
=

ko

2 AFe HA AgE =
neficial use)®] 7} Ao=E ¥
Azst ESNFAE Tk

g

Y7 ez

oF AR FES 248 W

oAX EH4 82 (be-
FHE 9

i



Coal Ash on Soil and Crop Growth

Table 6. Macro- and micro-nutrients in radish (Raphanus sativus L.) grown in a soil treated with soil amendment.

TP Ca? K Mg?*

Freatment (%) (%) (%) %
Control 0.24+0.02a 1.41+0.02a 2.95+0.05b 0.40+0.01a
40 g/10a 0.264+0.03a 1.37+0.02a 2.64+0.07a 0.41+0.04a
400 g/10a 0.33+0.02b 1.59+0.03b 2.93+0.04b 0.40+0.04a

Treatment B” Fe*! Mn** Zn*
(mg/kg) (mg/kg) (mg/kg) (mg/kg)
Control 14.1+0.57a 181+4.51a 102+6.95a 66.9+1.01a
40 g/lOa 15.1+0.21b 218+12.5b 12549.00b 62.9+2.79a
400 g/10a 18.9+0.47¢ 226+10.4b 106+9.71a 64.4+2.17a

"Different letter indicates significant differences at p<0.05 level by Duncan test
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