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This experiment was carried out to find out the mitigation of greenhouse gases (GHGs) emission and changes
of soil carbon contents in the cropland. In order to minimize the soil disturbance, this study was conducted
without crop cultivation at the pots treated with different biomass. Different biomass was buried in the soil for
12 months. Decomposition rates of expander rice hull, pig manure compost and carbonized rice hull were
18%, 11~11.5%and 0.5~1.2%, respectively. It was appeared that carbonized rice hull was slightly decomposed.
No difference was shown between chemical fertilizer treatment plot and non-application plot. It was appeared
that soil carbon content in the non chemical fertilizer application plot was high when compared to its chemical
fertilizer. Its content at soil depth of 20 cm more decreased than the upperlayer of soil. Accumulative emission
of CO; with different treatments of biomass was highest of 829.0~876.6 g CO, m” in the application plot of
PMC (Pig Manure Compost) regardless of chemical fertilizer treatment during 16 months of experiment.
However, the emission for expander rice hull treatment plot was lowest of 672.3~808.1 g CO, m”. For
application plot of the carbonized rice hull, it was shown that non chemical fertilizer plot, 304.1 mg N,O m?,
was higher than the chemical fertilizer treatment, 271.6 mg N,O m”. Greenhouse gas emissions in the PMC
treatment were highest of 0.94 ton CO, eq ha’ yr !. However, it was estimated to be the lowest in the expander
rice hull treatment.

Key words: Greenhouse Gas, N>O emission, Soil carbon content, Biomass, Carbonized rice hull
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Change of Organic matter contents by biomass treatments during the study period. ERH : Expander Rice hull, PMC : Pig
Manure Compost, CRH : Carbonized Rice hull.
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Introduction

A2l A A Ao e Fa3 A=
2 ik, W olISFdL Sol g
A njA = AoR AT A Ut} (Scheutz and Kjeldsen,
2004), A7 A ARIE T o] ke QI Esof wE 3}
AARY AR BEXJolgof wE & o] gor 1
FE7F =obA 2011dofl= oJikslekA (CO) =7 391
ppm 2.2 AFQJS} o] % 40%7} 7SS, ol AJFte|U A
of 39S 2tk BE B8 o] 7] FHTte] Al
o] 11, B8] th] 2] 00, sk T Ul vt
(IPCC, 2014), OMEBFAL (N,0)S] A 9ol Aelat o] At
oF oF 18% 3.2 319 ppbiZ QI BEOZ €I BILE %
53] g SR MRAE] o7t R Z1En
o} (IPCC, 2007), AEdoA 7| HOoR viEE = N0
oF 710%= EFO 2 HE ofy|E]o] Zt} (Bouwman, 1990).
TS F N0 HIETFO] 64%7) Q17 EgolH, 1 5 92%7}f
FaEEel ol viEEE A= HuEal gt} (Duxbury
et al,,1993). 18U Gu et al.(2009)-2 2} Aefjof| A= 26—
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kS W=t} (Freney, 1997; Stehfest, 2008). Firestone
and Davidson (1989)2 E ol opAtald 4 (N0) 2 v
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F Yokl A A== Bho] Qui A0 ¢Re A% 1,160 BHE
o2 FYET or AU 2B gat @7t A
= Agolct (Park et al., 2011), BRo|eujAs HE A&
I} F=0] AP 1efar 7P at ARdA| 2R A = al
=1} Hho| @ H7|ES et Bt SHEeE axjoltt
(Deublin and Steinhauser, 2008). =YolA S-eE w|ALE-
E 7] vpol @ul AR ) oL Xgloln] §7]%
TEHeR {851, oleRt AeS WASHAY 475
= A} Bl Eo] 2AVEA HiEde] @ 4= 9tk 1
S ujol2u|ag B17h RET AolN AAAA TE
Mol 258 Bl ALESHE %2 AT YO HEop)
A Aelel Fej= A (Case et al., 2013)5HA & & oY
g} opAlEE A9 WiEFS EY 4 Sltke A ZEol
HE 3 It} (Yanai et al,, 2007).
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Materials and Methods
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ZEA| A2 AulstA] ookt Al WA 120 m'
(158 m) = }¢lom, A+t A ] vho] eufj A FA 2t
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Table 1. Chemical properties of soil used at the experiment.
Exch. Cation

pH EC oM Av. P,0s " o v CEC

(1:5) ds m’ g kg'I mg kg'l cmol, kg'l

7.14 0.49 19.5 481.4 0.59 7.60 2.16 11.09
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Table 2. Chemical properties of biomass used at the experiment.

pH EC C N C/N

(1:10) dS m" %
ERH 79 0.54 36.3 0.4 90.7
CRH 10.2 0.82 427 0.5 85.4
PMC 72 4.0 31.9 2.71 11.8

T ERH : Expander Rice Hull, CRH : Carbonized Rice Hull, PMC : Pig Manure Compost

Table 3. Input amount of nitrogen and carbon in the soil by biomass treatments.

Input Nitrogen content Carbon content
ton ha’' % kg ha’ % kg ha'!
ERH 5 0.4 20 36.3 1,815
CRH 5 0.5 25 42.7 2,135
PMC 33 2.71 89 31.9 1,053
N76-P66-K30 76 - -

T ERH : Expander Rice Hull, CRH : Carbonized Rice Hull, PMC : Pig Manure Compost

Fig. 1. The experimental field used.
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Fig. 2. The data logger system used in this study.
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7.0-8900.2 HEslo] §E A0 E Y| Optima
7300DV, Perkin Elmer, USA)Z BA3}3TH AZRE A&
9] pHe} 7| A E%= pH/EC meter (Orion 4 Star, Thermo,
Singapore) 2 S743}3th NO;-N&= S/F52 &5k o]
23 Z2ulE 71| (850 professional, Metrohm, Switzerland),
NH;—Ni= 2 mol KC1= &38}o] AJ4l/7HAA g3 =]
(Cary 100, Varian, Australia) 2 E435}9c} vlojeujjA B2
A2 A=A Aol +=8to] pH (10:D)+= AR, EC
= ZAE AR 10 g2 100~200 ml 4FZHEeRAAo) Fs}od
T 50mlE 7kekar ZgrlofA 3087 skt 1
2|3 NO.2 oJTA| & o7} F EC meterZ ZA3IGc} &
A (T-0)¢F 224 (T-N)E& Y4AEA7] (Vario Max CN
analyzer, Elementar, Germany)® 548 AIA|5}3c)

F71E Eoles B 30g (E)o| vlo]emj2 % 10
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Fig. 3. Schematic model of a closed gas chamber.
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12:00 Atelof] 60 ml AHA|E o]-g3to] 2= 13] Z|F|5}
o] BAEITH 2F|TE 7FAA RS 00y 5 A& GC-FID
(Agilent 7890A, USA)S ARE3}$ 1L, columne Hayesep Q
(80/100 mesh)S =73} 1/8"%1.83 m9] stainless steel
tubing column, ~12]al detector®] &=+ 250°CE S}t
NoO == BEAL GC—UECD (Agilent 7890A, USA)S ALE-
39, columne Hayesep Q (80/100 mesh) & =43} 1/8”
X3.66 m2] ultiMetal tubing column, 12|31l detector?] =
S 35070 ST, 00, B4 9 NO RS 93 AJNE
712 Table 49} 2t}

9] A CO2F N209] v &&= Th Eq, 10f] whatA]
AliFskict.

F=p- 273 [273+HHee+=em). 2 H-AC h ! 1000
(Ea. D

Table 4. Analysis conditions of Gas chromatographic mea-
surement for CO; and N;O.

<CO>
Detector FID
Packing material Hayesep Q
Column Materials Stainless steel
O.D. x length 1/8” x 3.66 m
Carrier gas No
Carrier 23 ml min”
Flow rate .-
Make up 2 ml min
Oven 60°C
Temperature
Detector 250°C
Retention time 9 min
400 and 1000
Concentration of calibration gas an ppmy
COz mn N2
Loop 2 ml
<N,O>
Detector WECD
Packing material Hayesep Q
Column Materials UltiMetal
0.D. x length 1/8” x 1.83 m
Carrier gas CHs 5.0 % / Ar
Carrier 21 ml min"
Flow rate .
Make up 2 ml min
Oven 60°C
Temperature
Detector 350°C
Retention time 9 min

0.5 and 1.0 ppmv
NQO in Nz

Loop 2 ml

Concentration of calibration gas
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Results and Discussion

9k Eofof| QR vlo| eujAS A8l AlFo] R
© Al BEF EAL Table 59 2SItk 471% gt

Table 5. Chemical properties of soil after experiment.

CEC %7Fit whelo] The 4ES ol Afolgltt
Hlo] orj s 915 X2o] THE pH WSR= Table 60)4] Bz
Hhe} o] fol4l gl Aol Bol| gpgket.

Hhol ol g Helol T EoRemo] A4 Wske
Fig, 431} Zt} B XEYH 2% HYY:= 3= 7.7~
8.0°C2 e, EoF Zold, shou|z Al§ 5 5o o}
2 Aol LA glstth ol % AELE} 7l
o} WHT Qe e 2o Wk 399] Aol
EHE) U AT el ol ok 2k A ek
AR BAAT, B ool o L& Aol FepE
AP Y EFEEE WA §AEde 2o 5t
79, 990] ZAVT EOFLE L EoF Ho] u]8) 20 cmoll A
‘%‘74] YERATE Park et al, (2014)%= th7| =9} EOF Zl0o]

SR WBolA] 7] 2% wstel o} uiet AR
900, 20 om Zolol WEEo] 0,5°C WSl o

Exch. Cation
pH OM Av. P205 CEC
Ca Mg
(1:5) g kg'l mg kg'I cmol, kg'l
6.5~7.0 23~25 349~400 0.38~0.42 5.7~6.3 1.8~2.0 14.7~15.9
Table 6. Effect of different biomass additions on upland soil pH. (1:5)
March May July September
ERH 7.0 £ 0.13 6.7 £ 0.09 6.9 + 0.10 7.2 £ 0.03
EA PMC 6.9 = 0.06 6.8 £ 0.04 6.8 £ 0.08 7.0 £ 0.09
CRH 6.9 = 0.06 6.7 £ 0.14 6.8 = 0.04 7.0 £ 0.07
Control 6.9 =+ 0.07 6.8 £ 0.05 6.9 + 0.07 7.1 £ 0.05
ERH 6.9 = 0.11 6.9 + 0.04 6.8 = 0.08 7.1 £ 0.09
FN PMC 6.9 = 0.12 6.8 + 0.04 6.8 = 0.05 7.0 £ 0.05
CRH 6.9 + 0.14 6.8 £ 0.04 6.8 £ 0.09 7.2 £ 0.06
*FA : NPK fertilizer applied. FN : NPK fertilizer none, ERH : Expander Rice hull, PMC : Pig Manure Compost, CRH : Carbonized
Rice hull.
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Fig. 4. Temporal change of soil temperature by depths of treated biomass. A : Fertilizer treatment, B : Non-fertilizer treatment.
ERH : Expander Rice Hull, PMC : Pig Manure Compost, CRH : Carbonized Rice Hull.



Woo-Kyun Park, Gun-Yeob Kim, Sun-Il Lee, Joung-Du Shin, Hee-Young Jang, Un-Sung Na, and Kyu-Ho So 345

Seae

120

.

g : H ' H
] . E 3
§ : [N 00 5
H 4 x* '..n‘.. g
H = . % i3 . ' %-
; 30 " i) b vigk ( ; : 3
H EC N i e 8 T
g ) %‘! Py s g
= b A a‘_ y =
o =
0 P ‘k
20 LN ®
i’
& )
40
10
20

o ‘ dl“ o,

5/4 5/18 6/1 6/15 6/29 7/13 7/27 8/10 8/24 9/7 9/21 10/5 10/19 11/2 11/16

(2013)

100 140

50

o -

™
-50 4

v

-100

(ww) uoieyidpald

% %‘@ % N \":
%

o

- 80

Er

-150

Soil water potential (hPa)

-200

B L)

..) . .

-250 b By

-300

>3

-350

At

-400

wso L I‘J l | H;.. Ju_ ] o

3/3 3/153/27 4/8 4/20 5/2 5/145/26 6/7 ©/19 7/1 7/137/25 8/6 8/188/309/119/23

(2014)

Fig. 5. Temporal change of precipitation and soil water contents during the study period. Soil moisture was measured differently
by use of Time domain reflectometer (TDR; 2013) and Tensiometer (2014).
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Fig. 9. Changes of CO, and N;O emissions by different biomass in upland soils (all flux measurements included). A : Fertilizer
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Manure Compost, CRH : Carbonized Rice hull.
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Table 7. Change of soil organic matter content and carbon-nitrogen ratio in the soil by biomass treatments.
(Soil organic matter content : g kg'l)

March May July September
OM OM/N OM OM/N (0)V1 OM/N OM OM/N

ERH 25.7 3.18 26.9 23.5 24.6 16.5 244 20.5

PMC 25.3 2.81 254 19.6 25.5 19.3 243 20.3

FA CRH 25.7 2.94 25.8 23.4 24 .4 17.8 25.5 25.8
Control 24.4 2.78 26.2 21.0 23.9 16.4 234 23.0

ERH 24.6 3.34 25.9 22.1 24.0 16.2 24.6 17.8

FN PMC 25.5 3.21 24.9 21.7 24.5 16.7 23.9 18.6
CRH 27.9 4.11 26.7 24.4 23.9 17.1 24.2 20.2

*FA : NPK fertilizer applied. FN : NPK fertilizer none, ERH : Expander Rice hull, PMC : Pig Manure Compost, CRH :

Carbonized Rice hull.

Table 8. Amount of CO, and N,O emitted from the sandy loam soil with different biomass treatments.

CO, Emission N>O Emission Total Emission
N Input  Total Emission Net Emission  Total Emission Net Emission N20 (GWP)
(kg ha’) (kg N:O kg'  (ton CO,
(kg COy ha yr') (kg N0 ha” yr') N) eq. ha' yr')
ERH 96 3,772 1,680 1.91 0.16 0.00167 1.73
PMC 165 4215 2,123 4,.60 2.85 0.01727 3.01
CRH 101 2,835 743 2.38 0.63 0.00624 0.94
Control 76 2,092 - 1.75 - -

* GWP = (CO; emission x 1) + (N,O emission x 310)
T ERH : Expander Rice Hull, PMC : Pig Manure Compost, CRH :
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