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Abstract

BACKGROUND: Weathering of bottom ash (BA) might
induce change of its surface texture and pH and affect
physical and chemical properties of soil associated with
greenhouse gas emission, when it is applied to the arable
soil. This study was conducted to determine effect of
weathering of BA in mitigating emission of greenhouse
gases from upland soil.

METHODS AND RESULTS: In a field experiment,
methane (CH,), carbon dioxide (CO,), and nitrous oxide
(N2O) emitted from the soil was periodically monitored
using closed chamber. Three month-weathered BA and
non-weathered BA were applied to an upland soil at the
rates of 0, 200 Mg ha™'. Maize (Zea mays L.) was grown
from July 14 to Oct 8 in 2018. Both BAs did not affect
cumulative CH4 emission. Cumulative CO, emission were
23.1, 19.8, and 18.8 Mg/ha/100days and cumulative N,O
emission were 35.8, 20.9, and 17.7 kg/ha/100days for the
control, non-weathered BA, and weathered BA, respectively.
Weathering of BA did not decrease emission of greenhouse
gases significantly, compared to the weathered BA in this
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study. In addition, both BAs did not decrease biomass
yields of maize.

CONCLUSION: BA might be a good soil amendment to
mitigate emissions of CO, and N,O from arable soil without
adverse effect on crop productivity.

Key words: Bottom ash, Carbon dioxide, Methane, Nitrous
oxide
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8009 . B Y] AFEES 70% FFoE U
A 30%= WAEAY wigstal glo] Aeks]e] Ada-&s
=0]7] §13 were] walo] AAls] H Qs Aot Korea
Environment Institute, KEL, 2014). Agt3]= 7|H& o7 A
7Jol] we} =17 Fly Ash(98))¢} Bottom Ash(#]3) 2 73]
o, A3l 2 o]F o] T EE= Aeksio|r] & AEk3)
Y 5 15% ol Balsht vls] B Qixkso] A1 Al
E T Zo2E Age] ARo g Z3HAjo] "olx|= o] f7
el AjEE-go] w2 AMElo|tHKEL, 2014). T3+ 2020
W7ol sH Aeks]7) 17k 1,0005 E ol EAHo] o]E
A2lskal i e a9t ujgo] Fast A1 o7 o SHn, it
o] ubd o] Meks] Hz|go] L3} Aol o]F Zog 4
A o2 &g3l7] 93 WekEo] HQBITHKEI, 2015).
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ARk o7 A 3)= pH 8l 77kt ke dS veRdch
31 B 3153 0 (Wearing et al., 2008), T1AHSIO,), AFSILF
" H(ALO,), AFEFE(Fe,O5) “dito] A 2] 90% oVd-=
2218tk 24 9tKKniessa et al., 2007; Kim et al.,
2012). T3 A3 9} 7S At YAEELS Bk JpAv) 9
2 3E A AYE 35S 7L QoM =2 35E
HEHAS 7R3 okl 424 QlthLee et al., 2011).

Ak A7)el A H|E, ol ikstekA, opikaha A9 e
7158 247 FEE w4 ek eH o= A
=3t dds doA A AT Rk s oblst
At} AF-2812]9x(global warming potential)i= ©]AFslet
A27F AT 2dsle] mAlE s VR v AL

AF2dsle] 7jolehs RS ek 0% wglo] 25, ofit

SAA7F 29802 HAHTHIPCC climate change 2014
synthesis report, IPCC, 2014). t)7] 5 oJAksletr v 5&
1900l 280 ppm <ol AAl= 380 ppm FEOE
Fsstolon vk ofiksld 4] S 850, 280 ppb i
°lA] 1800 ppb, 330 ppb FEOE 27 AE3IATHIPCC,
2014). 1970351 20109714 Q1914 £47kx wigs &
olatslet A 65%, Wed) ofitsldavt 247t 16, 6.2%E
AAJskaL glom ol 3714 A7IATE A oF 87% 9
HpERo 2 gt ARA|stal QILHIPCC, 2014). A A4+
oA weka} opikstd Al Mg T Y el A
Sh= WS 47 40% 9 62% % 2 HES X]—X]o SUI|=
(Anand, 2013). Wb FHF-FAIME 2712 WS A
A717] 98 w8o] Feajtk

AntA oz HFAA] Eqke|x e ojibsteis WS ES
g o3t EFRIE wallel dEe] By £7]9
e S FE WSk ZoE g vk g F
2 RS 22 37141 271004 methanogen} 2 v
AEso] Fau olilsieiis) e BHES o&atolA o
UAE 9aL vieks A48kl ©tiYang and Chang, 1998;
Liu and Wu, 2004). E%3= ] FEs=Hwater filled
pore space, WFPS)- 5714 wA=E3 @714 vd==
o S & e A¥} % 4= QJtHLinn and Doran,
1984). n|AYE<f| o3t W3-l AAFSHnitrification) &} B33}
(denitrification)= WFPSe] F7] & W= 223} 3
AEAES e 57t S7HEe] wet ELXWHLQ ar9
3 Aol AslEr 53] N,OE NoE #4171 N,O
3+ § A(nitrous oxide reductase):= A4 %“E*’ﬂ 7HE Wl
718t 2107 A4 THOtte et al, 1996; David et al.,
2005). Bkl wiEEE oMlsd Ay FE AAsiel g
3t o I EEA AT ANHA o EQkefA
ks N,O HiE3E Eokritel das W Zlo® oy
A ItHDavidson et al., 1993; Dobbie and smith, 1999;
Bateman and baggs, 2005; Ruser et al., 2006). Bateman
3} Baggs (2005)°] t}=1 WEPSO] 35~60%91 74-5-2] ot
s A WiES AL 2 7171 70% ool HH '
A7 F2 7]1Zeolgkal Baskgict

l’o{‘ O

(Amonette et al., 2003; Jala and Goyal, 2006; Palumbo
et al,, 2007). Eoll A3]E FUFol wet B of 784
UL, ofde] ko] S oM (Kim et al, 2014), A3
7F Sl el whet Bk pHE 548k F7HE QLA Tt
EF9 F3o] Skt Jted §EA4e] Fadte dde
RUHATHKIm et al,, 2017) A3 E o] &3t 2AH7FA A
A7e FE AdEdeld w2 CO, 5 Aol sl
gk~Z2](Carbon sequestratlon)ﬂx}oﬂ sl J5How A
AlElom] AR #2419 A EFlM ks 24
7IAE AR AT A9 ol FAA] ok Aol
(Rendek et al., 2006; Baciocchi et al., 2009; Ukwattage
et al.,, 2013).

A3 Ago] meolq A7 B - w2 Wrtso] Wof

2)7] wjie]] BA AZol= Bebgst AS A1 9lom A
5]9] F 3K weathering)t= #8]9] E2]8}81491 A& H3A]
Z = JtHMeima et al., 1999). Meima¥} Comans (1997)

of W2 A3 E3}9 Aol wet 374 dAlR FEg
T e 7zt "drﬁ]”]":} U pH 545 YA o]E 74
ahd (1) pH>129] F3ke]A] &2 A3, (2) pH 10-10.59]
A 5 677HE ARkl A A3, (3) pH 8-8.59 A4 F
5 d oA 12 W ARo]9] carbonated © #3]2 ¢
It

weba] 2 ATtellx= FEkEA k2 A sjg AN F 3
o] Ayt TPt Kaw A3)E Adste] (1) A1) FSlel
o %“ A Eckom Y WAsh= CH,, CO, N;ORA A
ARt (2) A3]e] F3F Aol we A7 EA
Az a3 Wrkehes Zle SR skl Stk

—

g:O

2 AFE FHstr] A8 A ‘Q%W RS Ask
of AAlshs FARE . YR A AT YIS LESS
(35°26'59.9"N, 128°48'29.6"E)< %/\]E Fo 2 HASITE A

Axzake] Eoke #21F(Fine loamy, mixed, mesic family
of Anthraquic Hapludalfs, 2-7% slope, well drained).2.
2w, vjAf, HES] ko] 747} 40.1%, 38.2%, 21.6% ©I
AUtk Al EQk] pH 54701%oH f7]& 9 & 4
A TS 717} 164, 1.05 g/kg o1tk ARAISE FAIESF)
o|3}84 542 Table 1°] WERCE

Aol ARSSE FAIAE S A FEel A st
W0 sk FAHE<?l A1 3](Bottom ash)E o]-8-3to] T
£ AAFBAE Ag3th A48 A2 ol 54
< Table 2¢] YeR|SITE #2]°] pHi= non-weathered
BA”} 8.20, weathered BA7} 7.24% 3387} Heol w2} pH
7} Aaskdn) w3 A7) ARwel & ehaday) ke 3le)
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Table 1. Chemical and physical properties of the soil
before the test

Item
pH (1:5, HO) 5.47
Electrical conductivity (dS/m) 0.35
Organic matter (g/kg) 28.2
Total nitrogen (g/kg) 1.05
Av. P,0s (mg/kg) 215
Bulk density (g/cm?’) 1.26
NHs:-N (mg/kg) 5.1
NOs-N (mg/kg) 29
Exchangeable cations (cmol./kg)
K 0.72
Ca 9.21
Mg 2.14
Particle size distribution (%)
Sand 40.1
Silt 38.2
Clay 21.6
Soil texture Loam

Table 2. Chemical and physical properties of bottom ash
used in this study

Bottom ash  Bottom ash

ftem non-weathered weathered
pH (1:5, HO) 8.20 7.24
](E;gc/trrrisal conductivity 0.65 0.62
Total C (g/kg) 3.10 2.00
Total N (g/kg) ND* ND*
Total P (g/kg) 103 92.0
N (mg/kg) 4.90 3.00
Mg (mg/kg) 13.5 6.80
Na (mg/kg) 5.70 4.50
Ca (mg/kg) 58.6 44.0
Surface area (m?/ 2) 0.10 0.11
Porosity (cm®/cm®) 0.55 0.60

ND*: not detected.

Aol EXAEL weathered BA7} non-weathered BA?®] H]
= A9E YeRE SR ¥y EES
st Mo we} v Asdte AoE et

AMNEZE H Huf2z|
WEFA A 3] 9] 7ol whe 247k BAR Bok
wrdel vAle dFE 2Ake] flsko] 2018
79 19l $5(Zea mays L.) 55& 75 x 30 cm {H4

o7 At 108 89l ettt

A2z Al 5 ARl uhE 271 wiE A avt
= 1] Y5t Ax ZF9 A 3](non-weathered BA)S} Al
o] Algto] et A 8l(weathered BA) M FE A7t
0, 200 Mg/has FYa3irk 2 ATl N-PO0s-KO
(93-35-74 kg/ha)E 7IHI= 78 1] An|aiglom Fu]2
A% 93 kg/ha® 89 1909 Aulstick 2 A2H(A 3
x4 m)¥ ¢ (Randomized complete block desing)®ll
wel 413 sl stk

S247IA AEMF Y 2M

WEQkl A M8 CO, CHy, N2OE S7317] S84
closed chamber H(Conen and Smith, 1998)8 A}&-3}%
ok A= 2 ATt T Y Tl A150] 018 m Eo|7t
0.23 mQl AME 1 7)) AA8I3lom 1 F 1H 0% A7k
S5 AFsISITE A1z Fetells A qtol] A&A17F A2t
A oA Sk A R F 2 5= P71E 7 w1 3
HEoZ2 AFHAE sler Aan|m AH AT Folle
T2 3 ARE AFEICE 7S AFE 10:00~12:004
Atolell xlegstoiom, 7k AlH ARKE 0, 20, 40802 3}
RO ™ (Chadwick et al,, 2014) 7}~ AH A1ZF H, $-of
7] T 7FAk AFEIoH 2 Aty A o &% 9 E
& 259} -5 AIM(5TE Water Content, Temperature,
and Electrical Conductivity, Decagon, USA)E ©]-&-}]
A 3 ARE AR S AF 7IRE st 4 Bt
<5, 4 AT 7Y 7VAEE 71V AQEHAESAR
(AWS, Automatic Weather Station)E #3}ior, A
A8} 7P TR A= kA ABAR 50 $A|gt
BE20ld 4T ARE o] LaATHE: 35°29N 5%
128°44E, MM o)A 2]: 7.48 km). 7k~ A= A=
¥ COy NyO, CH, &5 242 7P Reke v A3
AA(GC-MS QP2020, Shimadzu, Japan)S ©]&a1it}. 2
AZFE flux ArkE obEfe] As o]gak3ith

F (g/ha/day) = p x (V/A) x (Ac /At) x (273/T)

Fi w9 ARRME aeji Aol sk 24710 wiE
&, o 2H7he] 27148 Ziad e w M 273 K9} 1 atm £
A3telA COE 1.977 mg/em’, N;OE 1.967 mg/cm’,
CH,&= 0714 mg/cm’®, VE FH ol 7144 (m?), A+ H
H A (), Ac/At AW W) 7RAER o] B S
% (mg/m/hr), T= A W F7]& (K)= ovigih

WYE SN fluxE o1& Slold S55 A1
T RS ollel 4 ol83oin stk

FA AF = ZL(RxD)

Rz i WA ABAF A7)l 2471 flux (g/ha/day),
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D= i fA AEAF A7el A= AF 1M (day)S oJvlsith

ESF &= Ul 23 (Water Filled Pore Space, WFPS)
& AFT B §AUE(Bulk density)$} AXE G4l

A ol gslel WIF FIFE FIFS ol glel WYLk

WEFPS % = [FI52 3 % /| 358 %] x 100
F=E % = [1 - (Bulk density / 2.65)] x 100

EY I ASH 24
EAS HsAR e R A8l vssi Ay ERrlel
Ereisith A3 T W Eoksied WskE dolk
7] Sl Al A Bk S 78§ EYE Auger (AIF
4 am)E o3t AFsto] Aol o] gaisick pH 2 7|
S %(Electrical conductivity, EQ)&= E%S THT9 152
so] 3027t wHFEH] pH meter (Orion Star A215, Thermo
Scientific Orion, USA)9} EC meter (Orion Star A215,
Thermo Scientific Orion, USA)Z Z73}%1, f7]& sk
- Walkley and Black ¥&, & 24 %2 Kjeldahl ¥,
QALY SIEkL- Lancaster H2 o]&-3lo] H4519t) &
Ul F7IE Aa $42 ES XA 5 goll 25 mLe 2
M KCI& 93 30+ 5 233t & Whatman No. 2% ¢
Hsto] HEds 7H7ke] Ade] o]gegitt. UEFH A4

(NH,")+= Indophenol-Blue 1|4 (Searle, 1984) 0= =74
s}l o AAe] 22(NOy):= brucine H(Wolf, 1944) 0 2
=733tk

A3]9] pHO} ECE EQREA Al ARSE S EdaHl
ol-gsto] FAsI%laL, FRIAY] g2 Vanadate W5 o8-}
o] B3Itk X3 ool K, Ca®', Mg, Na'&= 1 M
NH,-acetate (pH 7.0) 3E3H % AAS (Atomic Absorption
Spectroscopy, AA-7000, Shimadzu, Japan)® =733tk
#3]9] AL H|3EH 4] #47](MicroPore Physisorption
Analyzer, ASAP-2020M, Micromeritics, USA)E ©]&-5}]
A 243k

T8 T S o]AES Haste] tefo] Q8 o]
&slo] 70CellA 7247 F2k 2% & 2T SHSIIch
SHEA

A3 el wE B 3P, 247k 9 A ALl
Hgle]l W= Y-S Statistix SAZZI(HA 9.0)=
gsto] FAIAE skalth A2zt zolE sty flste]
ANOVA A58 A0 F-test 23} 310] p < 0.059)]
ool F2dk Aollgt 2af-2)2 % (Least Significant
Difference)< A5t}

2t H nF

71¢8d { EYaEEY
= A T o7l g

> Fig. 13 2t} v

I Precipitation
—o— Air tem perature
—e&— Soil temperature

Precipitation(mm)
(9, )aimeradwia L

Water filled pore space (%, v/v)

0 . . . . . . .
0629  07-09 0719 0729  08-08 0848 0828 0907 0947 0927 1047
Date(month/day)

Fig. 1. Daily air and soil temperatures and precipitation
(a) and daily water filled pore space at different treatments
during growing season of maize (b).

AE A2
> 22 33CE HA &
71&0] apdatalon ekl 108 8Uel= 155C %
ekt Ael F Ht G g7l Es 254C Sk Al
717V % 748 s 788.3 mm ©|om, 2018 HA 7Y
'\F/kol 1,337 mmO=Z A7l HAsE A ow Yept
2 30U 7Y v AgA 0w YRlow 89 2493}
25%01] AA °F 270 mme] B2 v7F Yo 55 109
5947 6ol °F 150 mme] BI7} Witk &= A7z F
WEPSE 2930l AFE Al71ek 5dd Al7lel 24 s
sigick FAERek A 3] Aelgte] WEPSE] ztol= thai 2
EAE 7 AS7F Tl o EM Bk AT} volA|
Al Ha o]Z sl WFPS 9A] Aash o= gigec)
Weathered BA *2]7-¢] WFPS+ non-weathered *]2]-
of vlg) vtha v A3E YERSlEH o) F3E IS &
WAL FIEO| thh A58 weathered BA2 E8]4Q &
A wjEel Aoz FEitiTable 2).

lo

CH,2} CO, HIEEAM

25 A7 5 CHy €Y WS> WFPSS] st
uet fARSE e YERISiaL CO, %1%1 HlEE2 g7
o} Ak RS UERISITHFigs. 1, 2). o]+ EelA
WA CHys 2 §714Q1 2olA F2 Ao] H7]
HZoln CO= f7]=o] walld wf v|AEe] tAatdsow
T2 AAE7] wiEel Ao F FdEtDavid et al., 1998).
TSk f7lEe 257 2 871491 M= =EA &
=7 wliel CO, WiEWd 2 B #+E271S el
WEFPSS} W)= 73S Uehd Z1o® dhdkect Bk
WFPS7} =9k 69 2993 8¢ 299 CHy flux %k 4
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= (a) —o— Control
—4— Non-weathered BA

80 [ —&— Weathered BA

CH, flux (g/ha/day)

Harvest
(10/8)

w | (b) —o— Control
—&— Non-weathered BA
—=— Weathered BA

CO, flux (kg/ha/day)

N —o— Control
(c) _ & Non-weathered BA

—8— Weathered BA

4000 -

8
E

N,Oflux (g/ha/day)
S
8
g

wns

1000 | o

Harve
(1079)

o

07/19 07/29 08/08 08/18 08/28 09/07 09/17 09/27 10/07

0 L
06/29 07/09

Date(month/day)

Fig. 2. CH, (a), CO; (b), and N;O (C) gas fluxes monitored
during growing season of maize.

o) CO, fluxs W= ZHasks 2a5S vehigle

o WFPS7} Yt 749 1799 99 12¥9l= CH, flux:
Zrash= Aol HlE] CO, fluxe AR os Zrteh= B

< HALL CO; fluxis 749 16Y °]F th7]&%7} Zaglo
upe} AR AR wiER g fachs FAIE Boled o)
7] 257t sPdshiA EoF Yo f71E wel ek fhast
o] CO, Wlo] Fradh= Zow dttdr) A3|5 9l
w2 72 wgk A2 48] non-weathered BA 1
2] weathered BA <02 Z}7} 434, 413 Z18]1 4.19
kg/ha/100days® UERtOm 2 CO, WEFS 242
23.09, 19.75 12]3L 1875 Mg/ha/100days® YEFSITH
(Fig. 3). A3lE FY4 &l uet CO, +2 wEFE FA2
vlaiA frelatA skl ot CHLel 785 Aelqte] 24o]
7141 WERke] EAA, CHyo wiEo] 4] ¢hobA A
3o Fow Qs FAA A vEbd AR =
LR ootth A3e] Felow la] B FrIAel 5
7¥etaL Al Ttel] nlEiA 27121 Z2xdo] YA E oA CH,
ugeko] A7ke AoR kel 5 oA AgE A
3| AESA wallol A TS A g el =4
o]7] wlZell 24241 CO, wiEo] A &2 Zow It
Itk Nele 5(2014)2 ta4 AAS okl Flato] 7]&
o] Bk #7157t AsfE o] CO, WAe] Fhadhs A9E B

(-
-0

Cumulative CH, emission (kg/ha/100days)

(b)

a
b
20 b
15 |
10 |
sL
0
b

50 | (e)

20

Cumulative N,0 emission (kg/hai00days) Cumulative CO, emission (Mg/ha/100days)

0

Control Non-weathered BA Weathered BA

Fig. 3. Cumulative CH, (a), CO; (b), and N;O (C) emission
during growing season of maize.

33t Park 5(2012) &7]4Q1 B 271o)A #A5]9
F4lo] CO, LKL} 74 CO, TAFS APzt
R I3t} Weathered BA *]2]7+= non-weathered BA
Aol vlsiA 74 CHy HiEs F7kekiod 74
CO, HEES ZAasigleh AR Sl we CH,9F CO,
A wEge] FAARA ks Sl

N0 HIEEH

F714 Asn|ge] AHlE BEoF Ul g £ AAE
TeaoEA e <kl N,O HIEe ¢glo] HrKKim et
al, 2018). FFH|E 1 W & H7} Uy B9 U] WFPS7H
212+, non-weathered BA Z12]1 weathered BA <=2
747} 83, 58, 48% 0% wobxl 849 8Uel 7M=& N,O
flux T35 YERTHFigs. 1, 2). T8+ 89 24U 3} 25U 0]
A oF 270 mme] W2 HZ7F sl 2590 88 299l
N,O flux7} 45shs Bis YeRSlor ojuf WFPSE -
2], non-weathered BA 1] weathered BA =22
717} 88, 67, 60% 2% & wAIE HERIH. o= F71H4
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]l Aagds Tk dskgele = e NO flux7}
Aedi|d g AFE3 UAstStHDobbie and Smith.,
2003; Kim et al., 2019)
T NO AR 242} SAfel ol 35.8 kg /ha/100days
°]%13L, non-weathered BA #{2]7-l4 20.9 kg/ha/100days
0]212‘3% weathered BA #2]714 17.7 kg/ha/ 100days
ojglrk. 435 Tl AgTellA FAFET 4 N,O
whAEko] §-2l8kAl Wkt Weathered BA #1272} Non-
weathered BA X277t 74 N,O HIE39] A48 f2=
AR O} o 3]+ weathered BA #2157} non-weathered
BA ﬂa]‘? BT} W2 710 2 UEPtl Weathered BA &
T 74 N,O #l1E%°| non-weathered BA *|2|7XHCT}
A2 ol =8| H =2 weathered BAY &2
S0 Qg Bk SAUERY o] mEdl Aow wdd
CHTable 2). A|ui71ZF & 3t WEPSE 4257 71.5%,
non-weathered BA 41.3%, Weathered BA 37.2%% #]3]
E 5ol w} EoF WFPS7F A7 1HAskdthFig. 1).
BA A7 WEPS atoli= 32 15k 43]¢] Ee#]<l
B3} wiEel Aoz #AkEth Non-weathered BA©
HIsA AT F=E0] FolXl weathered BAE E k]
FYHoN SAUEE TS AAAZY AdHor R

EYo| stotx EH 2 REMitE HL
A 7E § B0 pHE A3E FSIgel et 742
o] B3l Skt Table 3). Non-weathered BA #2]+
o] &<} pH7} Weathered BA A7l H]a} pH Z7}%0]
H JA Yepskstl o= A37t Sk wA 7HE pHYF €
Qlel Ao F It Table 2). Seniunaite?} Vasarevicius
(2017)¢] AollA Agl= A = oF 370€ Fof pH7}
12,1590 7.75%2 ZHA3tiy BRaslidck O olf= A3
-0 et SFnEe] 78 A (ettringite)©| f%*éﬂoi
Frarol2o] vk wAEHA H1 AdE o r pHY} S &
sttty Bkt Bayuseno and Schmahl, 2010).
A3)o] T Bk AVATT(EQE AsAIH oY &
s} Aol #AIGe] BAIXCE 123 Afol= §lltHTable
3). ©]#3+ A¥}+= non-weathered BA$} weathered BA 2
ANHAEETY 242 0.659) 0.62°0.% At)H o7 e 4=30]
7] W#el Aoz ekt Table 2). 8 3 Eof 42U %

= A2, non-weathered BA 181 weathered BA
TOR 1.24, 1.09 1231 10702 YEREoH o= by
o] AARN A3|7F £ B o7 EQke] SAUET} A o
0% AT Wearing 5(2008)2 ©]¢} HSTekAl B
of 437} FlElola B i Y T8 2
Eg Al EAJo] JAEtty By T
A3le] TS g F B fUlE S v A
#Hort 574]%4 o7 {93t 2jol= g%t Table 3). o|+= &
A2 ghgo] B A 37} ] B o] Folgel we g4
gyef o3t 7oz #Atdt). Non-weathered BAE ¢
st BEokold f71E e 747t Weathered BA *2] 7
Ho} 499 o]+ % ¥4 dwko] Non-weathered BA7}
Weathered BAY 3| tfA =917] vl Aoz ddkd
CHTable 2). Z37} ® A3} 5A] e A3|e] nlwA|Ed|
w2 F3lof whE 48]0 pHYF gkl whek 71 wha
(inorganic carbon)$} 71| €4 (organic carbon) EF
fehy)i= oko] Zrlettta Bt Rendek et al., 2005).
A13)] Flell meh ok of fraQike] e AAE gl
(Table 3). A13]¢] Tl w2 EF U] fFaQlit gkl 714
 UE el E Bart HlET Park 5(2012)2 4319
Tl oJste] Eok F wdES] TUIE lE vdE AldE
T3k 210 Bl Kim $5(2014)2 W& oF9) A3 &
Qlofl W sl adel Aoz W3tk Non-weathered
BAE Fst EoA Faclit &2 75 mg/kglE
Weathered BA #2]79] 62 mg/kghith 35 ZO= VFeRR
t}. o] & Qlik] =¥o] Non-weathered BA7} Weathered
BA®l 18] tha #97] wliEl Z1o® wkEthTable 2).
A3l YL 78 & Eok o FUlH Al s o
2 F7MAZ O NH, 9] 3 1] 8t Apol & vehA] Xt
391 NOy &3-S Weathered BA A2 7olA G238t =
7He YERASITHTable 3). o9} 2 Avhk= #3] T4l 2
Sk Ai717E W] WEPSe] 7hAa= sickech Aul7 |3t Hat
WEPS7} 71.5%%1 2] elld= 2stz Qlair 7]Zel
NO; 7} o] An= 3 3+ WFPS7} 217t 41.3%, 37.2%
¢l non-weathered BA, weathered BA A& ol A= Ak
S} QleiA NH," &2 718 447 NOs FHE wWol
Agke Aoz FEtFig. 1). AT NH," $H5o] 7438t
A kA o]f= A3]e] F{lo® Ik NH, 9] &8o] 7
A7) Wil 2o AT Lee 5(2010)2 #3]9] &

¢

>

Table 3. Chemical and physical properties of soil at harvest time

pH EC B.D oM T-N Av.P,0s NH, NO;
(1:5, HO)  (dS/M) (g/cm’) (g/kg) (g/kg) (mg/kg) (mg/kg)  (mg/kg)
Control 5.44° 0.65% 1.24° 30.72 1.03° 922 7.1% 6.3°
Bottom ash 5.68° 0.79° 1.09° 27.7° 0.99° 75¢® 7.0 7.8
non-weathered
Bottom ash 5.60° 0.88° 1.07° 24.6° 0.92° 62° 7.5° 9.6°

weathered
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Dry yield (Mg/ha)
ES

Control Non-weathered BA  Weathered BA

Fig. 4. Grain vield of maize at different treatments.

Yoz Qe A3 BEF pHE QIaiA NHy o] Bkl &
B ARE} kol S7ske] SEE o] MW s ool A

SAREES A4 EYel FYals
SHEE P F s PARER X8 FEE5Y
e EHel 93k A A o]t Amonette et al., 2003;
Jala and Goyal 2006). Kim 5(2014)> #3] W] 47k} of
olo] o] 747t 2013} 6.2 mg/kg 07 FAsglon A
3|5 B F8IGE v E¢F ol 7843 b opde) 3t
o] FolahA Attty Baskgith st Kim $(2016)
& A3 E FUS BEFelA Ao Jlew S A a9
5 ARISIEE 7HAAQ 58S BEEA] ekorer A
3] FdFo] KR A Y el sk skl
L Barskleh & AtelM S oAl R TRt
5.4 Mg/ha, Non-Weathered BA 5.9 Mg/ha, Weathered
BA 5.8 Mg/hal® A3]E F{Igte] whe} vhi st
n] Zgol] TRAA O R Erfuhs oA HAE A skt
(Fig. 4). o138l A= vpgow & o, A3]9 792 S+
T el ojust FAAARl ke wAA] oA Eok
=24 543 pH 9 F718) Aash 22 gehARl 54
MNAAF = AoE et

z4
=

S A7 B FE CO9F NoO9 W& 74
2]l H|3l Non-Weathered BA 9} Weathered BA2] 5
Jell gJall A7tE= Aoz Yebsrh kvt A3]9] F3lel
g 2AVEA Atavhes fold xols: vERiA st
A3l= Eokel FjElo] AEAAM ol ks 71X ko
WA B 58S TUA7IAL pH sy Fo1E Aas §F

v EPNE 295 veRiSlth webA AE ol
otk 7R BN ek 2AVIAE Fole A
o7 ARG B Qs Zlolr tE v =4k vE)
A7k AZre] tigk A7) Wol o] Fox)A] 2 W A

g ol

=z

& SATk AGE Sl #7197t AR
o

b,

>~

o

3]
3
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