ISSN 0367-6315 (Print) / ISSN 2288-2162 (Online)
Korean J. Soil Sci. Fert. 47(5), 381-339 (2014) Article
http://dx.doi.org/10.7745/KJSSF.2014.47.5.381
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NH4-N contents in the soil treated were relatively high in the initial stages, but rapidly decreased at 124 days
after treatment. NOs-N contents were shown to be opposite patterms of NH4-N contents. CO; emissions in the
non-treatment and Carbonized rice hull treatment with application of NPK fertilizers decreased by 43.7 and
21.9% relative to the non-application of NPK fertilizer plot except 5.4% increasement in the pig manure
compost treatment. N>O emissions of the non-application, the Expander rice hull application, and bio-char
treatment increased by 90, 25, and 21.4%, respectively, but decreased by 54.2% in the pig manure compost
treatment applied with NPK fertilizers compared with the NPK fertilizer non-application plot.
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Introduction

Apeds Qe W AFHoR e Faw B
QAT glow], olaisfee, vieh opisiEs So| we
S n|2]= Ao g A A QIr} (Scheutz and Kjeldsen,
2004), COp %= AFIS}E o] 280 ppmollA] 2005 o=
379 ppm o= F7FHRIaL S AR O] Aol O3t ujEo]
2/8, EAARE ®sto] o3t uljEo] 1/32 ApA|Sh= Ao=
FAEIL ek optEkE A (N0)9] Z-foll= AFS} o]
K} ofF 18% =& 319 ppbE It FE oz QI3 wHZE
T 59| AaE AT HIEAREl o3t F¥FeE S
Atk (IPCC, 2007), B nlAgEo] w4 Ao Al8H dad
Hg2U 75t EBIE A4 g 2l S AR
A7) =, o] Il FAkEeY S ER oAk}
247} qEo] A} (Freney, 1997; Singh and Tyagi, 2009).
Keren and Johnson (1993)2 HrojlA] 742 Aol oot
SRR WiE 5 BT oliBFEA o] ZhAst,
B et 71k WA, oAbl opitebE 4
Zo| S7FRITHL 3H3ITE Gu et al. (2009)-% AH¢ /el ol A1
Ul &5 s oAkl A0] 26-30%= EHAIREE HEE =
Aor 5], ERt P A = E opitaE A viEe] o
Fe A= Q1o R Aa AHIE, BEY 7= o, BEY
A, B4, e S, Y S5 50l Ut (Stehfest,
2008).

Firestone and Davidson (1989)2 EQFo|A] o}ARSIA A
(N:0) 9] &S f7]Eolu HI® Al8S Eole AHEt &
= Akt 9 e 28 5 skl iy
S = 2ol B 2 avE & 4 Qlokal 5kl
tf, SEuEte] FtopllA WA s vio] em 0] QRS
¢17F 1,160 FFES R FAEIAL Qo A4 ek-gof o
3 A

UlAl WE AET) SR Aok 78] AT} AllAR

Table 1. Chemical properties of soil used at the experiment.

FE A= wiEE vlol @ H7|ES el vt
FH35E A7 o]t (Deublin and Steinhauser, 2008). 53]
A e v ARS Eam H|7)E BRo] @mf A ZRAR= FHA ol
HAHeu f7]E Sade s -85k, ol AHde
ABtAY 2ZbetA = S EAIS} tlEe] 247 wiE
o] F &= Qlr}, v Hio|emiAE F7|7} RS AH]
oA AaA|A T Hiol @S B4k Al-85HH opitahd
29 HiEFE Y o ke A7 23Ee] HaEar 9l
t} (Yanai et al,, 2007),

weba] 2 AFolAE TP 8 vl e 2

2 QI3 AIA HhES Zolurt ofe] e ujo] o)
25 WEY 2o AL, 247k gl J3=
= B 2% 9 4 HSe} vgof Hio]emlj2 Z]of
A7ES (COp, N:0) HilE B8-S W5]aLx} sfich

N

i
fo

Materials and Methods

2 A vlolemts AR7E TR0 247 ol
2= G AR 918lo] 7= Aol IRt '
Qo] AR (9= 37°25°84,0'N, A% 126°98'81.0'E)
o BT AlFS W 2 20N A ZES A
Aste] AAJBIAIL, AAEGE ARFERA SFeha] EA4S
Table 13} Zc}

AEAEe] ofgt 2A7EA viE G AASH ] st
ZEA] 252 AufishA] ekttt AlFT WAL 120 m”
(15x8 m)& s om, Al A 2= vio] el A2+,
BAGA A, =LA EH] A2, GA” Ao 4
A2 3ukEOo R shoieh & Aol ARG Hio| o) B}
S}4] 542 Table 29t ATk A9 2E A= A=A F
ToR QIF Egues Haskely] ffste] 2k ATt 11
M) A otad FA EE (FF 20 cm, 0] 25 cm)E
Ax|stgom, Zkzke] ZE (7.85 em’)ol= Eokut AlEA

Exch. Cation

pH EC OM Av. P,Os CEC
K Ca Mg
(1:5) dS m’ g kg'] mg kg'l ------------------------- cmol, kg'] -------------------------
7.14 0.49 19.5 481.4 0.59 7.60 2.16 11.09
Table 2. Chemical properties of biomass used in the experiment.
pH EC C N C/N
(1:10) dS m’' %
ERH 7.9 0.54 36.3 0.4 90.7
CRH 10.2 0.82 42.7 0.5 85.4
PMC 7.2 4.0 31.9 2.71 11.8

'ERH : Expander Rice Hull, CRH : Carbonized Rice Hull, PMC : Pig Manure Compost
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ol Hhoonlag g Es)

EIL TENEA 2=E AHIA

N O{N'

A5kt AEAR A
& (2010)f] whet ==

HAEHE= 1 haY EH] 158 *]%71%%*94 22% T

A GA=S 1 had 5
%‘74—%4 g2 e

2 dojens AR

£ A2IsHA| &l RYEIGlT. vlE A2 A AAA

915 3 Al8To}

SEEELR B

T8 2=l 2y ﬁz/\]‘ﬂl‘%k% 7|1Eo 2 N-P,Os—KO0F

7}¥7k 76-66-30 kg ha ' AP WAESOo = Agalgr)
zE

[e]
@712 5 % SESALS GHEA ANS 3
l

E9Jo 5, 10, 20, ¥ 50 cm %

TS tensiometers EQF EHO|A o2 E11 H|o|E
BAE ol g5l As SASI Tt S AlFE AT
of] QJx|3t =71 (=2 37°16'N, ZIE: 126°59°E, a2t

Al 34.5 moA SAEE dE 71RRS o83kl
ESeMIS EARE AFek T4 F 2 mmAlE

ST A 5E2RTH ESSISHEAY (NAAS, 2010)9] &3}
o] BA8F3IT), pH (1:5)= AP, 17152 Tyurin',

S8 IAS Lancaster®d, Z|&HA] 9Fo]-2-8 IN NH,0AC (pH
7,084 07 HEsto] FEAdPETt=nplEEg7] (Optima

7300DV, Perkin Elmer)2 EA45}9c}t AZ2%E A|&9] pHL}
Z7)A %= = pH/EC meter (Orion 4 Star, Thermo, Singapore)
2 S NO-Ne SHrE JE51] ola=nE1
237 (850 professional, Metrohm), NH;—N+= 2 mol KC1Z 3]
Soto] Ape}A/7HAA E3P8=A] (Cary 100, Varian)= 4
FAet Blo]@uli ZALS AlEA| EAol F3to] pH (10:1)
A= B 24 AR 10 g& 100 ml~ 200 ml AF
FEekago) Fto] 2R/ 50 mlE 715k Ag7]oA 302
F A1) 18]3l NO,2 oJiHR| &2 o3} & EC meter®2 =
ek, Beka (1-09F B4 (T-NE PEA] (Vario
Max CN analyzer, Elementar, Germany) 2 5412 AA|5kich

247 A 22 dH g AR (Denmead, 1979)2 o8&
shieh AXE A= A50] 13,3 em, %017} 30 cm?l oF
Y AR Fig, 13} o] ARfste] AJg 2ol dxJstaL

ol 0"
PN'

o
ol
o)

Table 3. Gas chromatographic analysis conditions for CO, and N;O measurement.

CO;
Detector FID
Packing material Hayesep Q
Column Materials Stainless steel
O.D. x length 1/8” x 3.66 m
Carrier gas N2
Carrier 23 ml min"
Flow rate 0
Make up 2 ml min
Oven 60°C
Temperature
Detector 250°C
Retention time 9 min
Concentration of calibration gas 400 and 1000 ppmv CO2 in N2
Loop 2 ml
N,O
Detector UWECD
Packing material Hayesep Q
Column Materials UltiMetal
O.D. x length 1/8” x 1.83 m
Carrier gas CH; 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
Concentration of calibration gas 0.5 and 1.0 ppmv N,O in N
Loop 2 ml
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Sampling port—— :

,

Temperature
measuring port.gs

Fig. 1. Schematic model of a closed gas chamber.

ojnelel g718 Askiol WaAR EUIAT,

AN B Yogi (199 el SJefod 10:00-
12:00 Afelofl 60 ml AR E o]-gsto] 25U of| 13] A5}
of BAISIeI), AR FAAIRE] 00, S HALS GC-FID
(Agilent 7890A) & A3}, column-S Hayesep Q (80/100
mesh)E 22131 1/8” X 3,66 m2] stainless steel tubing colurmn,
128]3l detectord] E= 250°CE s} T NyO =k HA
2 GC-UECD (Agilent 7890A) & AFE313AL, columnS- Hayesep
Q (80/100 mesh)ZS 2713+ 1/8” < 1,83 m2] ultiMetal tubing
column, 183! detector®] &=+ 350°CE 3|9t} CO; &
Al 9 N0 495 91gh AlF-2712 Table 33 At}

] AXFE COxeF N0 HiE TS Tthy Alof whetba] A
4bsheley,

30

25

Temperature (°C)

20

== Air temperature

—a—Soil Temperature(5cm)

15

9/10 9/11 9/12 9/13 9/14 9/15

(@

F = p273[273+(FS-eE+ e m)9 1 " FAC h ™' 1000

FooaA7g wiE%F (mg m” hr)
(7FARE (mg m )
NOO| pFHT=273 K& Theal 2,
P20 = 1,96, prnoon = 1,25
Ho A SRR (RS EREw) e A1) 9% 2
BE7HAe] ol
AC AR AFH A5 B %
ho AR R AR

Results and Discussion

Hfo] @uf 2 Zefol| A B0l HA|A WM3k= Fig. 2
o} it} EQF AFEH 2= W= 20-28°CE fj7|2k:
18-26°Ce} FARE=H, ol EY AR227} 7k
oF W ke W Zlom wHEley B3 B9 20 em
AololAl BEYF 2k 22-24°C WIS FASHSH 30
cm FloloA] BT 23°C AR RARE QI

2eE B 0O, Aol 583t aas 2Rg51o] 194)7]
upe] Eofel 00, fluxd o5k AMSEICt (Arrhenius,
1889, Vant't Hoff, 1898). tj7| ko] W2 EY2E ¥}
= N0 H|EHo| = &S n|Zt} (Frolking et al., 1998;
Parton et al., 1996)1 3}=d|, 7|} EoF Zlojd
B Hak= W< 5 cm®f 10 em ZoloA= ti7] &=
3} o} H|S3E e 0, 20 em ZloloflAl= W
3}£0] 0,5°C PR o= 2aL tf7]&kof H]sf| ot =
29| HskE H ot} (Fig. 3(b)—(d). L2{ut &< 50 cm
Zolof| A= BEFE7F AASHA FAIEAL Qo] tf7] &%
Holol| wg FFE A9 fl= Aow AAEAUG (Fig.
3(a). Hfo| w2 A2jo] whE Bqf zlod 2= WkE =
Absl7] Sfefl 22 Al7FHe] &= HERE B B 5 cmol]
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Fig. 2. Change of soil temperature with soil depths. A: Air temperature and soil temperature of top layer, B: soil temperature with

different soil depths.
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Fig. 3. Temporal change of soil temperature with depths of treated biomass. A: Air temperature and temperatures at S0 cm of soil
depth(9/10), B : Temperatures at 5 cm of soil depth(9/10), C : Temperatures at 10 cm of soil depth(9/10), D : Temperatures at 20

cm of soil depth(9/10).
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Fig. 4. Change of precipitation and soil water contents during the study period.
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Fig. 5. Changes of CO, and N,O emissions by different biomass in upland soils(all flux measurements included). A : NPK fertilizer
none, B : NPK fertilizer applied. ERH : Expander Rice hull, PMC : Pig Manure Compost, CRH : Carbonized Rice hull.
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388

Characteristics of Greenhouse Gas Emission in the Upland Soil Applied with Agricultural Biomass

35 —

.g 0 %_‘I‘_—I—_—I— __l_—I— onNos-N

= BE = = ™ DONH4-N

2 o5 = H H HEH A A M

= -

T A LTl | [ T - T T

e} 20 = _:I'L_ —I_ = + s {— =

=4 _ £ _

= 15 H = H HH H& HHH HHH H

bt

J 0w HHH HH H H A HHHHHHAH

T

= 5 H (| | | | | (| | | —{ | | (| | | (|

0
TEYEEEYEEEYEEESEEE EEELE
s EZE|lstE5z206sE528|lcs05z26|s85z26cEz26
Q Q o Q Q Q
9] 9] s} 9] 9] s}
12day(5.21) | 55day(7.3) | 124day(9.10) 12day S5day 124day
NPK none Application NPK Application

Fig. 8. Amount of NH;-N and NO;-N in the soil by biomass treatments.

W Cotrol WMERH BWPMC MCRH

OM g kg-1

124 day

124 day

NPK none Applicaion NPK Application

Soil organic matter content

® Cotrol mERH = PMC m CRH

Av. P,0: mgkg?

12 day

55 day | 124 day | 12 day 55 day | 124 day

NPK none Application NPK Application

Soil available phosphorus content

Fig. 9. Amount of organic matter and available phosphorus in the soil with biomass treatments.
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