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Effects of Bottom Ash Amendment on Soil Respiration and Microbial Biomass
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Soil respiration under flooded conditions is considered to be very small compared with aerobic soil respiration
of soil organic matter. However, anaerobic decomposition of soil plays a key role in carbon cycling in flooded
ecosystems. On the other hand, coal-ash wastes, such as fly ash and bottom ash, are known to function as a soil
amendment for mitigating CO, emission and enhancing carbon sequestration in up land soils. In this study, we
investigated bottom ash as a soil amendment for mitigating CO, emission, and thus enhancing carbon
sequestration under anaerobic conditions. We observed that amendment of bottom ash without external
organic source led to significant reduction in CO; emission rate and in total cuamulative CO; emission flux over
the incubation period, which was proportional to the amount of bottom ash applied. We also found that soil
microbial biomass increased in response to application of bottom ash. These results suggest that bottom ash
can be utilized to store CO, as a stable soil organic carbon in flooded ecosystems, as in aerobic situations.
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(Ostrem and Themelis, 2004), $FH, o|ZA] YAAE N E
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(Conrad et al,, 2002), o]AtsletAo} HEhS 2L - &1L
Sz AT ksl W 7l gse] Ul BUSE WolSoiA
Sow), 8] W 57] 20l ol ksl dr] WEES A
25p7] $ft vy wejso] ole] A1 gick (P00, 2000,

S Sold MRS dad 7 sk BAES)
&3] (coal ash)@] WA AR Agho] 10%~40%°] &
shal, @7F 800%HE At WASHL Sl Ao® dHA
QIth (Jeon et al,, 2000; Lee et al., 2010; Lee, 2011). ©]
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Si 9 Al 3FFS BRIt} (Kishor et al,, 2010), L&},
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Ao et A el B 2 A4S 7RI (Lee,
2011). whbA E=okoll APE e o Mg Als v4kE]
of B} vpfdt = shehA Al B 4 qlrkal Hare
H} ¢Jt} (Black and Zimmerman, 2002; Lee, 2011), FE3SF
Aeh A FARES Bl Agsidle W, B4 Al
A, =94 M, G EAs 5 o B A R
B8 S 4 o) o], FHHoR Bl B 4
252 G IE T} 98 tho] ARl el
T} (Amonette et al,, 2003; Palumbo et al,, 2004; Palumbo
et al,, 2007, Jala and Goyal, 2006), oF&&] H|AFS]o| E
T FEASHEE0] Bopale] Pao] Bofst myE
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of AR S O3] TULE o] ol uTEL 2TT
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st= @) 9lgo] R arE vl It} (Phelps et al,, 2003).
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Sh= 2 UEhdit,
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A A aE HrlstaAl skl
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W 1290] AU, Al 2 w4 2010
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s}sba] EALS Table 13 2t} AR A HlmA o
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Table 1. Chemical characteristics of the examined paddy soil

128 dS m & WA e pEOR BAEgc)
FAEY W Heiee) ojstehy S &
Hohr149 EEEAYH (RDA, 20003} 1] REoFio
AW (SSSA, 1996)f| =5to] Aldistalon, =B 51
T 24 shla, Aemietel % 2 mm A B2} 3 A
g 2] ARSI pH S B = R0t 2549 v
1:5 2 &¢3to] 3087F 2183t % pH meter (Orion model
350, USA)2} EC meter (Orion model 350, USA)= =75}
ok rmuole] Aol AAite] A= BT 2 M KC19
HE 10110 o2 Eghsto] 1A17F 59t X3t ohs =53 &
ey ole] A= NagFe(CN)sNO- 2H,05 o851 EHRIA|71
3 UV—-Spectrophotometer (U-2900, HITACHI, Tokyo, Japan)
2 Agato] 672 nmolH FREE 245t (Mulvaney,
1996). Akef A TRI §9] (NaCrH:Os + NHIOSONF
+ NaCl)© &2 ¥hAA)Z] 3 UV—-Spectrophotometer &= 412
nmo| A FEABFATE (Yang et al., 1998), A1 1 M NHF
2 AEA)7] & Ascorbic acid HO2 ¥WHAR]A UV—Spectro—
photometerE ARE-SHo] 880 nmol|A ZAsH3iT), ullE
AA S BAL BEoF 52 == (Horwath and Paul, 1996)
oz slglen, B 5 A5k FIEAE EYY 0.5 M
KSOi©) HI&S 152 5lo] FET The f7IRke R4
(Sievers 900, General Electronic, Boulder, USA )& A&

sfo] Zgaiock

HME|F  F7|z70A 9 Aea A7t f71E Eel 9
n A EAYA ] vA= FFS 2AF 5] Sl AR A
T= Tt 2k B (9), B + AgHiEA] 10% (S+
BA10), ESF + AekaletA) 30% (S+BA30), ESF + A HE]
(S+B), B + AR + Aghcr] 10% (S+B+BA10),
EoF + AHY + Al 30% (S+B+BA30)E & 671
A5 A F 24719] APHE AlAFskl e, 2011
| 129 2%9e] F2uekE A&ty (351C), 20124 1Y 2%
7] (329) oliteeha HbYERS =45t 180 em’9
EFAdo] BEGE ASE 712 R 100 g2 AREstlen,
A7VSHE FAI8H] fl5to] BEfE o= 3R &
e 1 om 502 S3leh BEPAdl 12895 100 g
TlEow ARletE 10% 30% $EOR Asld, A
Hale Az 243 A2137]7} 0.5 mm~2 mm ©]5}e] AL

QuH o= 1 g Aelsterh, Fuee] Auh Y 20

and b ottom ash.

pH EC NH,"-N NO;-N Avail. P,0s
(1:5) ds m" mg kg'l
Paddy soil 6.4 + 025 0.04 £ 0.001 13.0 + 0.72 0.1 + 4.94 478 + 2.61
Bottom ash 7.9 + 0.04 1.28 £ 0.04 12,5 + 0.37 6.1 + 1.15 82 + 244

*The shown errors are standard errors (n=4).
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Fig. 1. Comparison of CO; emission rates in organic matter
and bottom ash amended soils under anaerobic incubation.
(a) Bottom ash only and (b) Badey + bottom ash. The
shown [CO,] changes were obtained when the CO, emission
rate was maximum (around 130-hrs incubation). S: soil, BA
10: bottom ash 10%, BA 30: bottom ash 30% B: barely.
Enor bars represent standard enors (n=4).
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Fig. 2. Temporal variations of CO, emission flux in organic
matter and bottom ash amended soils under anaerobic
incubation. (a) Bottom ash only and (b) Badey + bottom
ash. S: soil, BA 10: bottom ash 10% BA 30: bottom ash
30% B: badey. Enor bars represent standard errors (n=4).

263

HRA) A)7] Eak 720l A Bt oF 100A17F HE =23
o} (Jung et al,,

volume),

2012, a companion paper in this issue or
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Fig. 3. Comparison of cumulative CO, emission flux in organic
matter and bottom ash amended soils under anaerobic in-
cubation. (a) Bottom ash only and (b) Badey + bottom ash.
S: soil, BA 10: bottom ash 10% BA 30: bottom ash 30%,
B: barely. Error bars represent standard errors (n=4).
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Fig. 4. Comparison of microbial biomass in organic matter
and bottom ash amended soil under anaerobic incubation.
S: soil, BA 10: bottom ash 10%,, BA 30: bottom ash 30%,
B: barely. Enor bars represent standard enors (n=4).
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Table 2. Comparison of chemical properties for bottom ash and organic matter amended soils after 30-dasys anaerobic incubation.

pH EC NH,-N NO;-N Avail. P05
(1:5) dSm' e T L ——

s' 74 + 007" 0.09 + 0.02 159 + 0.96 10.0 + 1.95 24.1 £ 0.67
S+BA10 79 + 0.10 0.13 + 0.01 39 + 1.18 43 £ 0.60 112 + 029
S+BA30 76 + 0.09 0.15 + 0.01 24 £ 1.09 9.0 + 027 12.5 + 0.71

S+B 7.6 + 0.03 0.20 + 0.01 31.8 + 5.82 30.5 + 1.36 57.6 + 26.96
S+B+BA10 75+ 0.12 0.22 + 0.01 184 + 1.92 72 + 3.01 28.5 + 0.69
S+B+BA30 73 + 0.15 0.17 + 0.04 193 + 1.71 9.4 + 229 259 + 1.40

's: Soil, B: Barely, BA10: Bottom ash 10%, BA30: Bottom ash 30%.

*The shown errors are standard errors (n=4).
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