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Abstract Mg/ha of rice straw, methane emission increased by 46,
101, 190%, respectively, compared to that of the NPK plot.
BACKGROUND: Accurate estimates of total direct CHy CONCLUSION(S): We obtained a quantitative relationship

emissions from croplands on a country scale are important between CH, emission and the amount of rice straw applied
for global budgets of anthropogenic sources of CHs from rice fields which could be described by polynomial
emissions and for the development of effective mitigation regression of order 2. The emission scaling factor estimated

strategies. Methane production resulted by the anaerobic by the relationship were in the range of IPCC GPG (2000).
decomposition of organic compounds where CO, acts as

inorganic electron acceptor. This process could be affected Key words: Greenhouse gas inventory, Methane emission,
by the addition of rice straw, water management and rice Organic amendment, Paddy fields, Rice straw

variety itself.

METHODS AND RESULTS: Rice (Oryza sativa L.

Japonica type, var Samkwangbyeo) was cultivated in four M B2

plots: (1)  Nitrogen-Phosphorus-Potassium  (NPK)

(N-P,05-K,0:90-45-57 kg/ha); (2) NPK plus 3 Mg/ha rice IRF FFoR QIR EAEA wiEe] SR 71 wE) Bl
straw (RS3); (3) NPK plus 5 Mg/ha rice straw (RS5); (4) A3 op7|shs F8 Yoo A HEglon, ojo] &
NPK plus 7 Mg/ha rice straw (RS7) for 3 years (2010-2012) &7k~ A= S)3k WA i}%ﬂ weo] I Qsirh= 912
and the rice straw incorporated in fall (Nov.) in o] Sk feluete] A 2V A5E 45 TR
Gyeonggi-do Hwaseong-si. Gas samples were collected aP7] 91 =99 %liio—i’ﬁ Ak 2009 glwk=L T8k
using the closed static chamber which were installed in each 71%-3]<]ell A 2020 AEA] tin] 30% 75 HEE AAlgH
treated plot of 152.9 m’. According to application of 3, 5, 7 H} O]‘:} ofefet =7k 27 5 %ﬁg 2dab7] flaiA

= Holgt}t 271 LAA oM E-RE ASst =5k

ol Aol 7k kel LA HH% A% Bl A
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10~14%% AHAeH, sg5wolA vlE=E we bl
o] AA gk v F 40%2 5ol 7P 2 wiEgo
A7k 21 Qo (FRF, 2010). FAA A ] A7k~ b
2 IPCC Guidelines (1997)2] EFAA10 2] ZA ©
of oJgh gk v, FEA]9] oMtk i i Z, A=At
of gt A7t~ MlER BREY, 4% e o
BEE T3 A7 wiEel LJO%?&DP. B A ol A
wgh W& AP wlEAT (LLER) el A7k
Szls walA Axtsid, wiEAlTE 7 1ES A4St
2 NS oA 9] A Hgk wiEe] B (2
7] F, 471 A) BAAAS, 715 S 2AT (NEH Y
), BAY FF 59 »AAs How it (IPCC
Guidelines, 2006).

gkl AAg7) 22 vt gl 7] do 1 He E E
O] AtslshAS, Bk, B
A5 ol o8 dFs weth dEA 9l
1993). W& wjERe A7} ZHA7]9 w}i} o] A1,
B E‘*ﬂ <5, B g WY, f71EeY 1 visg)
AlE B FF 2 AR deds & %
(Neue and Sass, 1994). =2 HFEFA] M-S A3
A @71 AR iRk A3l ot f71E syl
A Hgke] SRR §71E AlE-S HE diEe] & J3s
T A F sheltt (Jeong et al, 2010). Yagish
Minami (1990)&= =E%I4 F 6~9 Mg/ha®] B4 Al
3+ 79 NPK -of| vlall 1.8~3.5u]<] w|ek wjEeo] 57}
Hlvka spglem, Sue] B9+ 5 Mg/hadl R4S A&
& 7% NPK ol n]af oF 1.4~1.94) gk wiEafo] 57}
HATha ST} (Shin et al, 2003; Kim et al, 2002). =
gl 50 9 vAE f7]E AR 2 A79E,
=02 5, B3] SOl #3 A= 9oy (Kwun ef
al, 2003; Kim ef al, 2012; Jeong et al, 2001; Kim ef
al, 2002; Lim et al, 2012; Roh et al, 2010; Shin et al,
1995; Shin ef al, 2003) =7} 227k~ AHlER] A4S 9
3 f718 Algel o g e APge get AAd
= 79 gl AAolrh whebA 2 AFtellAs W Al =
*1 ‘ﬂ“ﬁ{— A7 MER] S fleto] Bl AlEE 4

o] Al gk wiE 54 39 (2010~2012'd)3F

&MO% R Algel wE B Al =elAe vt 57}
A 27k wEATE detaat s

NoHo10 60 by 2L e HUomfe oft
N E o g o 1o

§2 > r2

R

AR 3 AREE

2 AT A7E A 71AbEel XS A7 w7
S99 ¥ AMAY £ (37° 13 16. 45 N, 127° 2’ 21.
23 E) °IA 3 (20101 ~2012\d) 52 F3I3Ich AlE
A EY T f71% (OM) 3 Table 149} 2] 20
g/kgOo = W Afe] Adst OM g 25~30 g/kg (F%
g, 2006)°ll Hlal tha worom, wigerh otk Bl AYE

o]t} (Table 1).

Table 1. Physico-chemical properties of paddy soils before
the experiment in 2010

Avail. Exch. Avail. )
(1:1’1;1) (Czll\;[) pP,0; Cation(cmolc/kg)  SiO, ti';i
(S) e

858 (mg/kg) K Ca Mg (mg/kg)
65 20 50 021 78 18 88 ICIay
oam

Aol Agst f71ES ARA (rice straw)2E 0
Mg/ha (RS0), 3 Mg/ha (RS3), 5Mg/ha (RS5), 7
Mg/ha (RS7)< 317t (201011 ~2012'd) <dg3k3lon, 8}
ShlEs 384E W A EFAMER] N-P0s-KO0=
90-45-57 kg/has +Fo= AlEsoitt B AddE

Adwo] ok ARAE 7k (11g)el Bkl k)
0% Eookoﬂ ]% 73_‘%—5} ouq Hizl,] xig/k a’l—aL_ 0.7
%, HEFA skako 7 %= EbA r,H A A u](g)_. 68.1°]M

o} gheh| s X%FM 73% N&= 84, P02 §7H, KO+
AR 2 Algel e, N 78] 50 %, w4H] 20
%, 7H] 30 % Ak, |k A% 78], 2= 7))
70 %, 78] 30 % 2t HAjIdt)

AT WAL 56 m x 273 m = 1529 m*E WA
= ajREglon, o o Hek 238 s 3uE o R AX
i) Aol AREst W 52 AEHEN 30 cm x 14
cm®] o|FATE FHE 71A01% sisinh EdEle 7 2
FRAMA A ETE AT

HIERHF X =AY

ret AFE BHE Acayl2 AZE 71=, AR, Eol7t
217} 60 cm, 60 cm, 120 cm ©]$loH AUjel= B 4

‘] 3E/y\1 8_2’_7]_ )\]ZHQEE zx%g]_oﬂglr uﬂE]—}\]E“—_- =9
3], W3] 27 10A] 30FE 11A17F4 Mininert valve’}
42 60 mL Polypropylene syringe® #3831tk 25
WS A S S 2R 1Ak AF sk T 30
B4 - 227 AFsitE 281 AR AFHA] v 2
o} =EEFEH FH FIHA Y fFaEelE FAKRI HE
wAZ 67 XE 7k AjF ¥H (6 Port gas sampling
valve)”} &&# GC-FID (450GC, Varian)® #243}5]°.
1, column< Porapack N (80/100 mesh)©] 57% 1/8" x
2 m9 stainless steel tubing column ©]3lal FH7]*
(carrier gas)T= NoE F5& 9 30 mLE 4391
(Table 2).
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Table 2. Gas chromatographic analysis conditions for CHj
measurement

Detector FID
Column Packing material Porapack N(80/100)
Materials Stainless steel
O.D. x length 1/8" x 2 m
Carrier gas N>
Flow rate 30mL/min
Temperature Column 70C
Injector 120C
Retf;g"“ 1.68 min

HIEH HHEZF AlAH

Hlgk WiETF (flux, B ofell 21 (1)el 2t AlAstat
ok AR vk wjESS oakslekh (CO,) FHORE EA
at7] SlaliM= 235 wsto] ARk (IPCC, 2001).

Eh(mV)

CH, emission(mg/m?/day)

F=pxV/Ax Ac/ Atx273 /T 5= F=pxhx Ac/ A4tx273/T (1)
F . S9ARE & @A olr wiEgss CHE &
(mgCH.,/ m’/hr)
p : CH9 UEE 183 HEASF (mg/m’)
A @ IAERRA L) vigEA ()
V7R EARAY 3719 AF (m)
h: ZEAERAY frazge] (=== FEY 0, m)
Ac/ At : 7TPAER/AAU CHy 559 BA57H5%
(ppmv /hr)
T : 72382 B7]12 (K), pCHy = 0.714
(T=273 K)

EQEAM A J[EF =AY

BT BEoF 9 A& #4149 (NIAST, 2000)°l &
si3ltt B ARskeAle] (Bh) Med=& B4 15 am
zJole] #31 Eh "|H (Ecoscan, Eutech)s ©]§-3to] 74}
th B pHe EC 2ARd=Hel 2ate] pH meter
(Orion 370, ATI)®} EC meter (Orion 170, AT)Z Z}7}

Temperature(C)
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Fig. 1. Variations of soil Eh at a depth of 15 cm and daily changes of CH, flux, water and air temperature from flooded

rice field in (a)2010, (b)2011, and (c)2012.
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ZAselom, f71%E Tyurin¥, a4 Lancaster'
o= A (7H ek, 2010). A|gHdFole 1
N- NH,OAC (pH 7.0) ¢5-890% HEst] F=dE
ghzv} 5337 (Integra XMP, GBO)Z 3313 L,
AT 1 N-NaOAc (pH 4.0) $Hggdoz &3t H]
A7 (Cintra 40, GBC)E ol&afo] EAlaklth vlo A+
4 FHZARS FARYHAT ZAP]E (RDA, 2003)0] 3}
o ZAlsISITh

xF

23} » px

=

2 ANSTE HE S

Fig. 12 1 AP7|zE <t 52 Aol upe E9F A3}
179 (Eh) Wske} gk wiEy) 2 9 V)29 Higs
AR R Zlot) YGEgel A Akke] el T
W A7V Al f71E REllg 552 Sl A FEAE
A NOs, Mn*, Fe*', SO,%, CO, 0.7 0|55 o] &al=T|
WEkS 100 mV ©|3-E] AR Tk 3} (Lindau ef al,
1991). ¥ Al EF Ehe W o]t 5 169HE (2011
W) =9 whs Bedel whet wgk wiFEe] ARl oH, B o]
4 91204 92 T0)7H= EY Ehvl Sl 2, 7]
o] &5 wf wg wiETe] eI, B9k Eht il 7
&, 7|0l vrod vt wiEgS fhadche AES Kol
(Fig. 1). ¥ A7 wjgh s &2 o] T oF 30 (62
T @8] el 1 ol REE 343 Tt
sto] 3127191 o]ek £ oF 90U FE 110% (8€ Fw~3hkr)
© sk Agelginh 1) 9 HA 55 o] gd fUl=
- wg vjE Wsle] #3t e AT (Denier and
Nene, 1995; Kim ef al, 2002)°14 % ©]o} 3 oF 40U 5H

>,
oo
& o

oF 10097k gk wjEwo] T7kehs 59 Hlsd s
wolth B Aol wE g wiEFS Hd FAETR]
RSO (0 Mg/ha rice straw)®]l H]3ll RS3, RS5, RS7 A&+
o YA Al gao] ST CH, &%) S7kehe
73S BT (Fig. 1). ¥ Al =ollq Wao] F# 10 a &
500 kg AL B, AR RS B =o0% Shd
thd, BdS AlgahA ok ¥ A = (RSO, 272.4 kg/ha)
of vlah vlgk WjE%F (554.7 kg/ha)ol °F 104 % F7F8h=
AWE BTh Kim 5 (2002)%= H2 5 Mg/ha A4 A &
A de MiEF (6222 kg/ha)ol HAS FAIE (3217
kg/ha)st 7ol nlal| oF 93% o] wlE= Slrtar Hast uf
Atk 370t A Hle wE= RS0l B3 RS3, RS5,
RS7 Ag)Tolr 27 46 %, 101 %, 190 % S7FIioH,
vl oo} T oF 1404 F3F SAet A vgke] dod uAy
2 Table 37 2t} A wgke] wj&eke dnich ha
sh= oIl o, YA FALE ATl e vk wiEe
2 vhe BlE AgEel wE A mee] e sk
(fractional increase; CH: emission from RS treated
plots/CHj emission from RSO plots)> @A$t #}o]7} ¢l
oAtk WA AL} wgk WjE Ato] o] A A4S 93l

& AAEAE Bk IPCC GPG (2000)004 AA1EE &

T Agel e BAATE B ARkl wE A v
B W& W3lE (fractional increase)® T 4 oM,
IPCC GPG (2000)°14] #Argt BAAGFS) & A5 A=
H] st A7 Table 494 2t} 2 AgelA 8 4715 Al
fof] W BAASE IPCC GPG (2000)914 AAIEH B3
Alg W] <bel] == 202 veRg o 2010 vkt

! R2=0.999
p<0.05
g el
o
s
2 st
-
ke
8 4
E
Li}]
T 3}
O
2+
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0 2
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Fig. 2. Relationships between the daily CH, emissions and the amount of rice straw incorporation. Data
points are means of three replicates with standard deviation of the mean.
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Table 3. Daily amount of CH; emitted in paddy fields and the fractional increase

Year 2010 2011 2012
Treatments CH, emission fractional CH, emission fractional CH, emission fractional
(kg/ha/day) increase* (kg/ha/day) increase* (kg/ha/day) increase*
RSO 2.29 1.0 1.85 1.0 1.99 1.0
RS3 3.59 1.6 2.95 1.6 241 1.2
RS5 5.16 2.3 4.33 2.3 2.81 14
RS7 7.31 3.2 6.09 3.3 4.39 2.2

*Fractional increase : CHy emission from rice straw treated plots/CHs emission from RSO treated plots

A = 620,365 ha (HALDTZAL FAA) A =
E]— Bﬂ;ﬂo] 500 kg a}‘g—‘?l‘];]’_]_ Ej—’, a/\gﬂ' tﬂél

‘ i oﬁ

e IPCC GPG (2000) 1141 xﬂ/\]s} E?ﬂﬁ]T T8 7
S \r} ok 5 % W) AHgEE o2 etk
y = 0.0650x" + 0.0947x + 2.0613 )

y : CHy emission (kg/ha/day)
x : rice straw added (Mg/ha)

Table 4. Comparison between IPCC and this study of
scaling factors for amount of organic matter applied

Amount applied as  Scaling
Reference dry matter factor Range
(Mg/ha) (SFo)
1-2 15 1-2
2-4 1.8 1.5-2.5
(IZPO(EJS) 4-8 2.5 1.5-3.5
8-15 3.5 2-4.5
15+ 4 3-5
1-3 1.2 1-14
This study 3-5 17 1.4-2.0
(2013) 5-7 25 2.0-29
7+ 3.4 2.9-4.0
| %‘- S X[F2HEEME (GWP)
R AgEE dg F owEds AT2dsEAd

(Global Warming Potential, GWP) 2% $Hilsto] H|wsh
A3p= Table 59 #th IPCC (2001)014= Hgke] HjZ3}
ZAo|| 3+ <254 (Net balance)= oJAHslEA (CO,)
Fow FASE] 98kl 235 woklth GWPE RSO A2
T 6,601 kg CO,°ll 03} RS3 A4 9,596 kgCO,, RS5 Al
£+ 13,202 kgCO,, RS7 Al&-7l4= 19,095 kgCO, 0%
UeRon, o Hg mjEgko® Yehd mlEAsE RSO
2] 2.05 kgCOz°ll H]3ll RS3, RS5, RS7 #&|T-olA 212}
46 %, 101 %, 190 % Z7Fskth

Table 5. Total emission of CH; concerted by global
warming potential (GWP)

Treatments Emission factor errl:i(;tsi)n GWP
(kg/CHi/ha/day) (kg/CHs/ha) (kgCOy)
RSO 2.05 287.0 6,601
RS3 2.98 417.2 9,596
RS5 4.10 574.0 13,202
RS7 5.93 830.2 19,095
M o 2
ojet ¥ 6048 2N FUT 4 55719 M, 7 5
& W A Ao] qlo] thEe 5709 0r (Table
6), 2TFN YT 558 T8 A5 22 AFgor 4
Al g AAgE 2lo]7h glont HAS 5 Mg/ha 483
RS5 AHE|grolA ko] 7Hd Wol vehks Ads B3
(Table 7).

Table 6. Effects of rice straw on growth parameters of
paddy rice

60 DAT" Ripening period
Treatments Pl'an t Tiller CL.ﬂm Ear Ear
height height length
umber number
(cm) (cm)  (cm)
RSO 62.9 19.3 73.3 20.8 15.0
RS3 60.5 20.7 72.8 21.0 15.5
RS5 61.0 20.8 72.0 222 15.0
RS7 62.8 21.0 75.1 21.3 16.0

‘DAT: Days after transplanting

2 o

B A =l s 247k QMlER] A4S S8
Al e We wjE SAS 3d (2010~2012L3_)
JZ_AMO% Sevet =7 152 MEATE LS
% had 0 Mg, 3 Mg, 5 Mg, 7 Mg 4-)?5—" 33 (2010
12)7F 7ol g3t FAs0th ssh|EE 3

N uﬁ s
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Table 7. Yield and yield components by application of rice
straw

1000  Ripened Milled
No. of No. of grain  grain  rice

Treatments panicle spikelets weight  rate  yield
®) (%) (kg/ha)

RSO 10.7 103 22.6 95.8 4,928

RS3 11.0 106 22.6 94.4 4,773

RS5 10.7 112 229 94.9 5,053

RS7 11.0 103 229 95.8 4,654

(N-P,Os-KoO = 90-45-57 kg/ha)E &6OF AE3I32
o, B g 277 TS fAlsklth B A
SAIE A ST Ol"L T ok 3097H4 (69 T
$hirs] stz 1 o] 3 58] Fkste] ae7]]l
olet T °F 90UFE] 1109 (8 T~ k)7 el
oo, o]F 7]go] Zhie] whet WiEEE Fhadhs 4
o]t ¥ AS7I F ha'd vle wjE72 WA A&l
S7hel et wobd FAI8T 2.05 kg/ha/day HiH] 3
Mg/ha, 5 Mg/ha, 7 Mg/ha Al&7-°X+= 46 %, 101 %,
190 % 27+ mlet wiEo] F7stoinh. W Al gl whE
1EP W& S/ ??ﬂ RS EE 7= AlEel o
< vEE B4 AlFE sk & Aol et B
ZE o] g3ale] ¥ AW h;oﬂ/q Gt 10 a 3 "=o] 500 kg
‘E‘a‘*ﬁfﬁﬁb_ B, wbgeh BiA S B =0R ﬁ‘rﬂﬁhi} 5
et Bl Al =olA sk gk HHE 42 IPCC GPG
(2000)9IA AASE HAASFZ 3 A9 Hef oF 5 % S
AgE ol AoE T
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