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ABSTRACT

In Korea, approximately 22% of domestic methane (CH,) emissions are emitted from rice cultivation. Various studies have sought
to reduce CH, emission from rice cultivation, but studies conducted in Korea have not been reviewed. In this review, we suggest
directions for research by summarizing CH, study cases of rice paddies in Korea. In addition, we provide background information
on CHy4 emissions. In flooded paddies, an anaerobic environment develops; when soil redox potential reaches -200 mV, methanogens
are promoted. When substrates such as acetic acid and hydrogen/carbon dioxide, which are the decomposition products of organic
matter, are supplied at the optimum soil temperature of 20-40°C, CH,4 emissions are accelerated. After that, 80-90% of CH, generated
from the soil is released into the atmosphere through the aerenchyma of rice. Studies have explored CH4 emissions related to various
agricultural activities that affect methanogen activity in Korea. A significant number of studies have focused on the management
of paddy water and organic matter in relation to increases or decreases in CH4 emissions. However, most studies were short-term
evaluations of CH, emissions. In addition, detailed analysis of the factors influencing CH4 emission was lacking in investigations
focusing on the amount of CH, emissions. Therefore, including the effects of long-term soil management on CH4 emissions, studies
should be conducted a detailed part of each affecting CH4 emission factor, in future research. These results could contribute to

decreasing national CH, emissions by providing specific measures for how to strategically reduce CHs emissions in the future.

Key words: Korea, Rice Paddy, Methane (CH,), Methanogenesis, Methanogen, Methane Emission

1. A2 1879 ppb(2020) = AFJ3} 0]%(722 ppb) THH]| 260% 75t

cHButler and Montzka, 2020; WMO, 2020). 1 23} wEgt

74T 24712 (Long-lived greenhouse gases, LLGHGS) 9] BA} Aol o3t A2l JFe HA| 2A7EAS]

Q] WEK(CH,)L o]AIBIErANCO,) BT} oF 15 ~34u) 733t & 16% 7gIolH, olikeleta(66%) a2 & FEa APAIst
U3l 5712 Ad 7]Alo]cMalyan et al., 2016). 2133} 0]& 11 )tHButler and Montzka, 2020).

2 o] F g STE RS 27 A, @Y srs Saunois (2020) 52| 7] ofstdl wpd A AAH o=
tCorresponding author : gwonhs@koreakr (55365, 166 Nongsangmyeong-ro, ORCID &% 0000-0003-4030-1134 o34 0000-0002-7459-0643
Wanju, Jeollabuk-do, Korea. Tel. +82-63-238-2485) 3274 0000-0001-9535-612X O] 0000-0003-1269-8277
o]AY 0000-0002-0519-3150 73734 0000-0002-6660-0741

Received: October 18, 2021 / Revised: November 12, 2021 / Accepted: February 7, 2022

http://www.ekscc.re.kr


https://crossmark.crossref.org/dialog/?doi=10.15531/KSCCR.2022.13.1.117&domain=http://ekscc.re.kr/&uri_scheme=http:&cm_version=v1.5

po

118 Has

o

576 Tgd] Heto] Ao wEe|x ol 1% A et
wEe) oF 60%(59 Te)7t U9 Aol ofgt Ao 1}
shich SIS oltisfitis} 29 da et #9 o
20| oft}. Wt WiRL hRES Hshdde] B
o5t WEA Qolo] o3| gmo 7 O“"}. kg o g wEHY
ke AT} BETE BN 715 Eatete] e A
A5t Malyan et al., 2016). H= XHHHO}E 5 =L 1A
oF ARvE BEG B F SHI, Q191 Hie Bl
OF 8% (30 Tg)7} B =ojlA TAYSIaL Qltk(Saunois et al.,
2020).

AA AR WA 53%(86%t 54 ha)7} =2l L2tz
o] A% =l I H" wiEFY °F 22%(6.0 Tg COseq.)7F
= Ay ol A EAYITHGIR, 2019). AAIA 1914 )
vl A W AE7E RSk Hlee st A4
Fog, =7F Higk viE A7hol QoA =0l st
gk 52 B2l Fiolt) o9k sl Sio
A TeFgt A7 = 0] ThAl et al., 2009a; Ali
et al.,, 2009b; Cho et al., 2016; Gutierrez et al., 2013;
Gwon et al., 2019; Kim et al., 2014; Lee et al., 2012; Lee
et al., 2020a; RDA, 2005, 2012, 2013, 2017). 134} =j
AT Ao thgt EZ Ao Aeg upt glo] A7 A
sfota} §7 Wast AT RHo| e W =07} ofele:
A¥gpolet. wRE = EoFol Ao] vk A4 (methanogenesis)
2 o] Ghol A4S SR QI S A7 Bdo] %
Asto] =olehe St &3 Hgt viEof s A2 A
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web A o] o3t vE A I HiE TA o] st oafE
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ict. %EOJOMQ e B9 89 AE 44 oL 4
A2 o] g ATARE 72 B A8 AuAS B
gotol 4PAT A2E +4, Fsct. FhelA 59

3 oAl HE WE B AaE SEATHOIA Wik
AFITNG AT G NAS PAAA JotsAch
BEATROIA S e 2 Ao Golo] 72
Y A4 AuAg BE, 1 OSEL I 2 8
Zetic. Fele At S vg By A, i s
G A, MR BE L gy 3, ey
Kt g e A, S AT Ak 20 AL,
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2.1 =S HiE BiE e

20179 7|&, Syt & HeEESS 26.7 Tg COgeq.
(F7F & 2A7HA HlEY] 3.8%)01H, 115 Fol 7MY 2
H]5-2(43.9%, 11.7 Tg COeq.) AHA|5FL QUtt =HolA
S ES IA W A, ZHEA kA AU R, TSR
o A& LR ¥ A Fobs wYPFE e wiEo
51.2%(6.0 Tg COseq.) & AAIZH= HolA] =2 7 58
ot wgk HiE S Stuelti(Fig. 1)(GIR, 2019).

Sources of Methane Emission in Korea (Tg CO,eq.)

CH, as a Portion of All Emissions

{' ® Rice Cultivation

Industrial Processes .
LULUCF l'

 Entric Fermentation

L = Manure Management

Field Burning of Agricultural Residues

26779 O |
[
hY
]
i
i

o 2 4

6

8 10 12 14

Fig. 1. 2017 Sources of methane emissions in Korea (GIR, 2019)
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Bl XHHH =E0IM HIE] Mo ! HiE:

2.2 B X =O0IM HEF HHE FE QXL

H=ollA] Hgh HiE-2 EQoA HWeHiTe] 4 22
AEA 8210 ool 2AH &0 FFE F= ES &4
Mol EY 718 T EY ARREAY, EY Ak,
B4 HE, € EY 2% 5°] Utk EY FERE ozt
H 5%, =53, duael AdY Wy, 5 o 820 9
Al gt vjEo] IS F7)% SHH(Malyan et al., 2016).

2.2.1 EQF As5tetel FQ(soil redox potential, Eh)

EY Aeietd Ae vg 2 7MY 8 A T
O

shuolt}. =0 &5 7HFH AT @714 & (FA)o]
WrstH Al Eh 3 ARF ZATHAL et al., 2009a). AF

A7} AlvkEl Bl PRS A4S RS T A
A 58712 AH8T. Fig. 20] Lrehdl ujoh go] Alake
YANTE E2 FAFANOy), M), H(Fe™), At
(SO4%), OJAFSFELA(CO,) =07 AR} £8A7} An|E Tt
(Hedderich and Whitman, 2006). o2 &4 Zo|Ax At
3} FEf 9] H(Fe' )2 Mt FEAZA vy &4
= AAsto] EQgolA HI" HiES AT EEA Ut
(Ali et al., 2012; Ali et al., 2009a; Jickel et al., 2001). &
a0 2 Eoko] ASShIAL T} -100 ~-200mV HEo|
oj=w wgto] TAYSL7| AIZTITH(Dubey, 2005; Wang et
al., 1993; Yagi and Minami, 1990). ¥7]4 EY 3+740]
SHHo® Wdsto] A5Iek 9171 -240 mVo] o]=H,
S ZAT OE AA #8AIE0] 1o HE gt
95t HetAAd(methanogenesis)o] ZZ1EtH(Hedderich and
Whitman, 2006).
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Fig. 2. Oxidation—reduction couples of various electron
acceptors arranged from the strongest oxidants
(positive reduction potentials) at the top to the
strongest reductants (negative reduction potentials)
at the bottom (Modified Liesack et al., 2000)
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sholct. ARk o= W Al A] 7l5E, HE, £AF 5ol
EF9 571 /AR -8 Hrh(Bhatia et al., 2005). 131}
G4 Qs #7714 fgo] Wddt B0 BF, AE, 7
714 vl 59 7S EFl Astd wE Hige] 2
A Z7Fd 4 AtHGwon et al., 2019; Lee et al., 2020a;
Yagi and Minami, 1990). Sass (1990) 52 A=A AJA|F}
gt vijE Tl |98l A3 #AVE okl skqick 1
AU f71EUolE Eokal 9= EH|Q}t Zo] Eafjof oY
Al FH9 frlEdS FUT FF 5|8 =g Aol
ZAEA 1, Q3]8 FASP]E FthAgnihotri et al,
1999). £3] A¥HAQl §71E8A(HE, AE S& =Yl 5)
7} H|wsto] Hio] @210] AL FiH o g Rafrt el A
Ho=, T 2E AFoA e HiES 23] Eol= A
02 g5 % tH(Pandey et al., 2014; Zhang et al., 2010). 1
U o] Hio] Al ARG Al HEk HijEo| FUIRE ARE7F
(Zhang et al., 2012) Y= THF =oflA HEYdH#2] 71E=
28 7S f71EY ARgle o7 Zasith

223 EY 2k

£ 2R W] BT $71=0) Bajer welsh
o} et ¥Pol] oJakS mlAj= QlaolthPeng et al., 2008). U]
g AY0] F 2= 20~40CE LA glow, A o
A99] 715 5 £ T4 Gl W} oS HITKDubey,
2005; Hattori et al., 2001; Malyan et al., 2016; Neue and
Scharpenseel, 1984; Yagi et al., 1997; Yang et al., 2015). 4153
Gitoll W= HEt HiE2 4CHE S7tslo] 37C0f XazA|9
o]2u(Yang and Chang, 1998), 10 ~15C ulqlo]x] 2oz
AL 60T ol ollAl= AARAL SIGitK Pacey and Gier,
1986). L2|Ueh= HE AHlcks 6¥RH 9E7HA] = EY &
L= 20T ~30C HRE Hgt DAYol Agdsict ot A W
3lof| osf 9 FHt o|F 2= EF 227} 20T o5tz Wit
A He viEo] EotE 4= ATHChun et al., 2016). ]2} A
Sfo] 252} Hjg vl 7to] 9] Aol ERlE7 = Sl
(RDA, 2012). 2= HeHY/g+te] &4 Loll, o] 2 o]
B3k 7180l FFE Tk A=(0T)0lA = o EAL o8-
HEHg datol, ALZ45T)oM = avolilsteta o HgHy
gato] mek Wgo]l A ATkE SHtH(Chen et al,, 2015).

224 EX ME(pH) ¥ EY

Het g dS EY pHo| "% wZstth(Dunfield et
al., 2003; Wang et al., 1993). TjH-E9] YA &
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%A (neutrophilic, pH 6.5 ~ 7.5) = g7 2A EFI
Al o] £t BHH, ESF pH7} 8.8 o4} E+= 5.8 0|5}
o o A9l thFEES v G0l AAETHIPCC,
2006; Wang et al., 1993). 5433 HE5ZAM| =29
U = EG2 M=, e gHY &40l
AAE 4 Aot B 4= ok Iy BE=A4Y g
EGY pHE 27] EGC] Adgle] BE 7.05 UEof
Hgk W&ol ARt @0l 27| o] AR E
& pH7} Hgt HiEo] JFE F71= o8& o= Hel
T}H(Wassmann et al., 1998).

E4e 2ol Belsiely 448 YT Ao, v
g 8o PRl ¥3FE wXth(Le Mer and Roger,
2001). Jackel (2001) 52 EY J&9] 2717} 7K o
gt WAJo] F7HtHaL 5H o H, Sass (1994) 52 W
ST FE(clay) ¥ 7ol =9 AAA &= o
Aok I8y EAQT Hig wiEe] dAE AiAolA|
th EAY TS dF W= EYY F4o] HE HiE
of o & JTFE F7] "ot Yagi (1998) 52 F54
I Hg viE=F 2ol 29 TATE 9SS wEen, o9
#Hste] B4 AHOmmd! — 4mmd') OF 58% 7}
Tl Hghs ASS AHZE Ak(Inubushi, 1992). -2
oA e FERETT 30~50%)2t PIAEASERHE
e 50 ~70%)°1A Z+2 WE At He wiEgS
Hl et A7 Qlvh. A8y HEGEC] ¥ =2 At
HAFE A Hgt vjETFo] 35 ~59% =A UEh, EA
o] wlgh vj&o] AiHl 7]&o] obdS ERIsHATHChoi
et al., 2019).

50

225 AMEH g B 4] HAH L F

He=ollA deh viE2 B A A9 T2 Ttk
@ 71Zto] B2 W ol T AlE9 &YW
SA A= W] R SR S HE wijE
o] Zth(Conrad, 2007). L B 9] g3t A gt
ol ol&H7] H% EY f71E &9l A=Y 34,
9 = EYY @7 @49 HEE A8 HEg HE2
Z7FStoh(Li et al, 2011). gutd oz WO BA7| (A
ANAE 71zl 74 £2 ek viEo] BEETkAlberto
et al., 2014; Bhattacharyya et al,, 2014; Miyata et al.,
2000; Suryavanshi et al., 2013). o] ZH9] EX351 By
AH2E, UAZY 9718 19 5o o) 71do] Fre
gd3ko g dEA Qlth(Holzapfel-Pschorn and  Seiler,
1986; Kimura et al., 2004; Mitra et al., 1999; Suryavanshi
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et al., 2013; Tokida et al., 2010). ©]9} n}Z7IA] 2 HetAY
d4to] o]&5t7] 41 7149 7H x| wet &5=7](0]
A o, o] & 704 FE 27 TH7I(=F7]) Aol
(Inubushi et al., 2003; Singh et al., 1998), = 7]3}7](0]
o} & 80YA) (Meijide et al., 2011)°]] 7} =& et uj
20| ASE7| % Aot ¥, Rk o g W S o]0
B F A, TAH SUE As) w3 ol 283
SIEY MR AR HE vEL Frachs o]
Uehdtk(Sinha, 1995).

Hgt &2 ¥ 5 54 o g2 e g
(Adhya et al., 1994; Aulakh et al., 2000; Gutierrez et al.,
2013; Kumar and Viyol, 2009; Mitra et al., 1999). X138
FollAE 2AYE(52 ~ 112 kg CHy ha')oll A &2 w|gho],
THYE(116 ~ 142 kg CHyha)oll A B2 wjgho] Hi& =Sl
ok X3 theg BESo] A2 AES 7 HESE
o gt HjEo] WRtth(Setyanto et al., 2000). o]2{et T
g HiETF Alol= A& Aul7|Zt Zpo] &4t ofyE), W &
SHE AEA A == 2 HEE(exudate)?] <,
1y 9 He 229 &3, Bl e HeEAEHY] &+
A $F 50l 27| gZo® A QUth(Wang et al.,
1997). {9t ofyzt E5E Heg &5 59 zpolof =t
Hek #j&S JFS B2 5 Qth(Aulakh et al, 2000).

rr o

=olA HiEEHe w2 B Ao AREShe Hl7
5 & AL UH 5ol 9FS T=rh(Banger et al,
2012; Datta et al., 2013; Jain et al., 2004; Lindau, 1994;
Linquist et al.,, 2012; Yang et al., 2015; Yang et al.,
2014). Aas ARl BE JEO=E, 4o =t
Hgt HiEe IS Heth AY Aol BEW, 84
(urea) HlE= HTHEA JA FEStESE EY AMStet
A 9(Eh value) 74, EF pH Z7} 771 Y= Ao
2 FQIEQtH(Wang et al., 1993). ¥, HAIRE
(ammonium nitrate)yS A8 o= Hgt vjEo] A
Sh(Lindau, 1994). o] Aabo] At 589 FAH A
A= Z-gsto] e HjEZ Eo]7] w=olth nE A
9] ¢8| 2 Y E3SH= G-OHammonium sulfate)d}
SAbz 4 (calcium sulfate)S E O] Al-&5H Aoz H]
el HjEo] ZAJITH(Cai et al., 1997).

259 AT g Aol 5oFo] mAE ol
3 9l v Qo). YskE o= ARRSHE A2 (butachlor 2

), A7 FA(tridemorph “JH), A A (carbofuran JE) =



Bl XHHH =E0IM HIE] Y H HIE: 2R 121

et S Aozt A 2A|Ql FEFZEE (butachlon)E
25t A} 58%(Jiang et al., 2015), 98%(Mohanty et al.,
2004) 7t Hlgt wliEo] FAstlon, ol EY AtSlst
A A9 St W gdate] 7 Aaol o3t Ao ' 1
Epytth BHA, A2 2o weh AXAAR] EdyRa
(tridemorph):= 50 ~ 100 pugkg' $FO2 EoFo] A7 Al
HEAS Aot EFOl 5~20 pgkg! A Ao
93]2 gt ¥hgo] Z71517| = Strk(Bharati et al., 1999).
A=A B9l 7 Fek carbofuran) T TE7IA| 2, EQF
RS A2 AP, 10 g g!) Wik A8kt 7
3}, Het 8j&0] ZASHk(Sethunathan et al., 2000), 1%%
(100 pg gy A2l Aol Q5] Hgk Alskrt #|gj= o] H]|
g HjEo] S71 4= Sl&o] ER1E It Kumaraswamy et

al., 1998).

2.3 HERSGaol st HIE 4y
231 HEddd 2F

=4 HiEE= Hek2 ESF & HEgAgto] Y=
AO=, SPA LRt ofF A7} Wiek g+ B IF
< Xk F8 e/ dH(methanogens) E-FHH O E
A7 (Archaea)®, I1A|H(Archaebacteria)A]|, of-$-2] 1A
aH(Euryarchaeota)20]| &5}H, 71 o|sh= 37}, 6%, 121},
35%08 BREChFazli et al.,, 2013; Malyan et al., 2016).
AutA 0 & we Y gt A F7](F4td) SHEolA
5 8tH(Conrad, 2007). = et d+e] 553 4
2 ZEAK(formate), Of|et-2(ethanol), oA EAl(acetate), 5=
A(Hy) H OJARIEA(CO,) & Tt 718 o]&sto] H
BRS AAsto] ofuix]2 Gtk Yo|thConrad, 2007).

Table 1. Taxonomy of major methanogens. Domain: Archaea; Kingdom: Archaebacteria; Phylum: Euryarchaeota

Class Oder Family Genus Major CH4 production pathway
Methanobacteria Methanobacteriakes Methanobacteriaceae Methanobacterium Hyrogenotrophic, methylotrophic
Methanobrevibacter Hyrogenotrophic, methylotrophic
Methanosphaera Hyrogenotrophic, methylotrophic
Methanothermobacter” Hyrogenotrophic, methylotrophic
Methanothermoaceae Methanothenmus" Hyrogenotrophic, methylotrophic
Methanococci Methanococcales Methanococcaceae Methanococcus Hyrogenotrophic, methylotrophic
Methanothermococcus’ Hyrogenotrophic, methylotrophic
Methanocaldococcaceae Methanocaldococcus® Hyrogenotrophic
Methanotorris® Hyrogenotrophic
Methanomicrobiales Methanomicrobiaceae Methanomicrobium Hyrogenotrophic
Methanocelleus Hyrogenotrophic
Methanofollis Hyrogenotrophic
Methanogenium Hyrogenotrophic
Methanolacinia Hyrogenotrophic
Methanoplanus Hyrogenotrophic
Methanospirillaceae Methanospirillum Hyrogenotrophic
Methanocorpusculaceae Methanocorpusculum Hyrogenotrophic
Methanocalculus Hyrogenotrophic
Methanoregulaceae Methanoregula Hyrogenotrophic
Methanolinae Hyrogenotrophic
Methanophaerula Hyrogenotrophic
Methanocellales(RC-1) Methanocellacaea Methanocella Hyrogenotrophic
Methanosarcina Aceticlastic, methylotrophic
Methanococcoides Aceticlastic, methylotrophic
Methanohalobium” Aceticlastic, methylotrophic
Methanohalophilus® Aceticlastic, methylotrophic
Methanosarcinales Methanosarcinaceae Methanolobus® Methylotrophic
Methanomethylovorans Methylotrophic
Methanimicrococcus Methylotrophic
Methanosalsum Methylotrophic
Methanosaetaceae Methanosaeta Aceticlastic
Methanopyri Methanopyrales Methanopyraceae Methanopyrus® Hyrogenotrophic

Note. Nazaries et al., 2013. * Extreme thermophiles, b

extreme halophiles.
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2.3.2 HEYETO| ofeh HIEHYY: OtMEL E=2

32 F2 AHgste 7189 SRl ot b
S8 28 EITH. IA AIZHAIR A) ot EA 4

|2X - 0|AMQ

e - 0lgy - 01F

A

HO

= (aceticlastic pathway), B) Z24/0JAFSIEFA (H,/CO,)
7 Z(hydrogenotrophic pathway), C) HEF2A5t A=
(methylotrophic pathway)2 -3 &= QtHTable 1, Fig. 3).

A C
CH,COOH co,
Fdred - HZ
AP+ | e Fd Fd.x
CHs-CC}i-(é%A CHO-MFR CHOiMFR
2
CHoHapT™ CHO-HMPT CHOMPT
} —cowsn CH=H,MPT* CHEHMNPT
CH-S-CoM ; Hz*Fmth /
CoB-SH 2 CH,=H,MPT
k“”’s's'“;j\? CHy=HMPT o Fal,
™~ Fd Hy*Fya0H;
CH, e CHyH,MPT
CH4H,MPT y T4
Col-SH 1y -s.Com CHyOH —— CHy-S-CoM

2H* CoB-SH j
CoM-§-S-CoB
H,

CoB-SH

H
2 s » CoB.SH
FagH; —%\ com-s.5.coB

7 CH
Fdred 4

Fig. 3. Scheme of methanogenesis from (A) Hydrogenotrophic pathway, aceticlastic pathway
(B) and methylotrophic pathway (C) (Modified Hedderich and Whitman, 2006)

A) AR 712 ofM|EAKacetic acid, CH;COOH)O]
g, Hgto] BAHET AF Ao IEH oM EARS F
8 7|14E ol&sh= Hgg/dwtol HA g WA 80%
AEE ARty &2 A4 QUTH(Chin and Conrad, 1995).
o] ZEO|A oNEAY WE ©A(C-2)= 7IEEA ©a
(C-19] AretE RE A2 AAE E-E5to] HTHo g Sy
o, ofN|EAlo] HgtT} ojikeietAR RI|R]7] wiige] o]
Hh-3-2 OFN|EAL Hh-S-(aceticlastic reaction)o]2til FE
OPM|EALS o]-&5t WEH ] T2 ot|EAte] Q14kslo]
)3} ofAIE-CoA (Acetyl-Coenzyme A, CH;-CO-S-CoA)Z
3} EHA AR 431 ofN[E-CoAw o]F HE
7], 7F2E 9 7](carbonyl group, -C(=0)-), CoAS AJAJ5IH,
O[5 HF 840 IAFo= Zdjith o|F Ppans
A0 ofsf 7t2H 77} ARlEe] oBIENCO)E B,
CoA7} B4~ ERPAERE] WSS, oldf] W27l Feiwo|=-Fe-S
(corrinoid-Fe-S) THA = ZHo|Hrh. GAEA o] o) |
27+ H|EZlolo|E 2 H|E} e TH|H(tetrahydromethanopterin,
HMPT)E o= o]F kg2 $=Av/olilstetA(H,/CO,)
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ARt AR S AA wEo] Y (Dubey, 2005;
Hedderich and Whitman, 2006)

2.3.3 HESET0 o5t HIEHEY: £4/01MSHEA

(H2/COy) 2

B) Ao a0} olisleaT} 3R /U2 B8
St} obEAF TS0 OF 10~ 30% AES] HEro] of
S BBt Aol o8 WSt ok ¢
A Qlth(Palmer and Reeve, 1993). o] &0 A o]Als}
a0 wigto 2 ghel2 2ukAo] At ®AE il
2 AW 72 4 7p NS et gk b
FEZ(methanofuran, MFR), HEg}5lo]E 2 el T8
(tetrahydromethanopterin, HyMPT), 2-H| 27t Eof|gHd L 1|
O] E (2-mercaptoethanesulfonate, coenzyme M, CoM-SH).
ojnf AHEElE XEAE2(coenzyme) TR FNA &
o)goz AgETT LA Ao, U3 vEAAT
EL AFIIHE SRIET ATt AL oliste
45} MFRo] 4} 2718 Wo} SIS Ao Alxai
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3= FeE9 Z 27| (formyl-group, -CHO)= ZJ A
(coenzyme)?] o}d] 7] (amino-group, -NH,)ol A%}, =
9-MFR (CHO-MFR)Z AgH} t2og Z2wUrj=
HMPTQ] N5& ZHo|¥w, T2 U-HMPT (CHO-H;MPT)
= F ©A ZA "HE-HMPT (methyl-H;MPT,
CH;-H,MPTE SQE ) o] IPHoA $=4(H,)} SHH
coenzyme Fio (FaoHy)> AL A2 Z-83ct. whx]
90 2 " 7](methyl-group, -CH;)= coenzyme M| E
<7](thiol-group, -SH)Z Ho|dt}. ojuff, FAE wE-F]
Q98| 2 (methyl-thioether)7} TpA|EF THA A SL=H
A w|gto] gtAYStth(Hedderich and Whitman, 2006).

2.3.4 HEYE0| 2ot HELYY: HEESAE =

C) B2 AE(0), AaWN), o)l 23 WErE =
ool TAEA(C) 3RES 7IAE ok He B4 I
ojth. PVHAOE = EYF Hipe AR T AeEd 22
Eo]&Ql gHolA AAlske Hggdwtol s wgto] A
A== AZo|thDoerfert et al., 2009; Oremland et al., 1982).
ARgERE 7189 FRols wE(methanol), HieH|Eol
(monomethylamine), TJ™|2o}Y(dimethylamine), EZ|H|Eo}
(trimethylamine), E|E2HH 2 L E(tetramethylammonium),
o] e o] =(dimethylsulfide), ™E]S(methiol) S°] Itk
H[E7](-CH:)= coenzyme M 3 2E 53] vgtoz ghdgich

Transport through rice aerenchyma
(8 B7|=% & E8F 7|H|0| &, Transport)

0 Ry CH,

2)

=2
R

<RJhizosphere>

(22 &l
<Jake| o1xouy>

o] ¥kgollA H a3t AR o|iSletao] wgt 2kl A= At
S g ol&e F7HRI HEr|9] 4RtE Bl dojxit
ARRgo|A 67119 HAE de 4 Utk 2719 AR HE
719] gk ghelof] W Rsty] wize] o] ¥k3o] stz w2
W oMlsiEkeCo) 184§ e 3847} wiEojn
(Hedderich and Whitman, 2006).

o, EARI Al 72 F&E WY A==
Aol Wt 242 tE 4 124 methyl-coenzyme
M (CH3-S-CoM)3} coenzyme B (CoB-SH)S| o|&sket&E
(heterodisulfide, CoM-S-S-CoB) dAJ2 HEH A T4
A b 2EAQ 24 ugoltt. of Wge Zujst
= methyl-coenzyme M reductase (MCR) HEHAJA] 9]
FR AAEA HEAHHA Boldom EAth
(Hedderich and Whitman, 2006).

2.4 = EY0IM 7129 HE BHE B2

B A =ollA gk 714 AH B 2ol 52 AJH
2 ZAFIK(Tokida et al., 2010). A|5}79] & ek % 33
~ 88%= 7IA AE R E9F Yof ZA)5}H(Green, 2013;
Strack and Waddington, 2008; Tokida et al., 2005), EF
of &3 Wge dvtdor 1) AEAE ¢ *F
(transport), 2) H-Z(Ebullition), 3) EXKDiffusion) FZE
&3 di71= wiEEch(Fig. 4).

<Atmosphere (ci7])>

Ebullition (&

Diffusion (&)

(Acetogenesis)

CH,COOH 4\

Organic matter (271 )

H, + CO, '/

Fig. 4. Conceptual schematic diagram of methane production, oxidation and emission
from paddy field (Modified Dubey, 2005; Rajkishore et al., 2015)
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2.4.1 AMENZE ES 2&(transport)

AEAE B (transport) 2= A &2 B7|R3F
(aerenchyma)Z &3 Hh7|F5O2 Hgto] HiEE= A
TSk (Cicerone et al., 1983; Das and Baruah, 2008;
Nouchi et al., 1990; Sass et al., 1990, Seiler et al., 1983;
Watanabe et al., 1994). 27| Z 22 T 7oA AE0|
A-g5t7] flofl 7125 2= HyH AAxFoE ¥ B
35S Yot AtAAEo] 2 750tk (Armstrong, 1978;

Jensen et al., 1967). et 57| %S E3] ZHEA

712 &= (de Bont et al., 1978), =04 Bl&E=
HEte] 80~90% AHE7} o] AZE wWErH(Holzapfel-

Pschorn and Seiler, 1986; IPCC, 2006; Schiitz et al.,
1989; Setyanto et al., 2004). o]ufj, HEL 1X}H 07 T2
A A9 FZ(AA, leaf sheath)o]] Sl= PIAl SO ZHH
H&EH, 2312 JA(YE, leaf blade)o] Y& 7|F
(stomata) 0 2 XE| H|&E th(Nouchi et al., 1990). Das@}
Baruah (2008), Chanton (1997) 5°] 7]& WXxe} Het Hj
& & 7o A s, SAG HE vjEo] A
o] o] U= ¥l vh Uk

2.4.2 2Z(Ebullition)

% (Ebullition)> §7]24 EFof| AEo] IAY A=
Ao F71F20] & WFHA| RS o HgY F2 H
& 7 2o|tH(Byrnes et al., 1995). YRFA 02 A% &7
oA HEto] H7|FoZ HjEE+E= 7 Zo|n(Wassmann
and Martius, 1997), T+ §-7]4 H|m A2 A] H& &
%o] 37 Fojst= AFZo|7|% 5FtkSass et al., 1994).

o
ro
0z
o
-
(]

- ol -

BPA2S|

0|F g3

HO

E£E2 27 EY RHIFOIARE TS, e 5%,
2=, EY 35, AEA 57124 d9 5o O E&
<57 dEkA (L, 2000).

2.4.3 2H(Diffusion)

xk(Diffusion)S 2| E5 W #gt 5= xfolof] o5 &
Foll A 7|2 wgto]
al,, 1983). EOFS E3t vleto] shate
&b oA wig- W] fiio] EY 89 FoA=
BA ¥ IO R4S B SXEETE oF 1044 »
), & g WiEols A9 IFE FA EsirHAulakh
2000).

o] E;]_% ;q\,g: TSk (Sebacher et
714 wgre] gt

et al.,
2.5 =0M2 HIE S 3 I AF S H A

U4 T = S HE HH%Q oF 22% ool W A
o gl WSt HollA =2 28 Hg A% B
chagolch. Teik ol ek WES A7e] Ashie
QA Fro] ¥ A A)Y ZAHEGE o}qa} HE 135l &
U Y T7] ol 2A7kA =Y AW o dgk 24
Zd|7F 7|12Z o7 Q1 E]7] wjEof(Gwon et al., 2019) A
T XY Aol tha Ert oSt TR =4
HiZo] dfet =] A Z7|ofle thiEe] 5288S 5
Moz Sowlo] grom, o|% ¥z} AL FolA
£ e viEo] 7P 2 G s B AR e,
71 g5 #esto] =& 42 f71E Sl gt A+
5o) 714 tefaiA] slo} o, FENFHE FHO
2 AAY Y AT AEE Table 20 e v} 2,

Table 2. Study cases of methane emission in Korea rice paddy

Study cases Impact on methane production and emission References
Water management
- Water regime prior to rice cultivation
Non flooded pre-season (>180 d) Decreased emission by 16 % over non flooded preseason (< 180d) | (RDA, 2012)
Flooded pre-season (>30 d) Increased emission by 12% over non flooded preseason (< 180d) | (RDA, 2012)
- Direct rice seeding on dry paddy Reduced emission by 31 ~40% over rice transplanting (RDA, 2005)
- Flood water level (8 cm) Increased emission by 10 ~27% over the lower water level (4 cm) | (RDA, 2005)
- Pipe drainage Reduced emission by 39 ~40% over no pipe drainage treatment | (RDA, 2005)
- Intermittent drainage Reduced emission by 26 ~66% over continuous flooding (RDA, 2013, 2017)
Drainage period (3 weeks) Reduced emission by 36% over 1 week intermittent drainage (RDA, 2012)
- Water saving drainage Reduced emission by 72% over continuous flooding (RDA, 2013)
Organic matter application
- Rice straw

Journal of Climate Change Research 2022, Vol. 13, No. 1
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Study cases

Impact on methane production and emission

References

Application level

Increased emission with rice straw application level
(61 ~ 62 kg CH4 per 1 Mg rice straw)

(RDA, 2005, 2012)

Straw incorporated long before cultivation

Decreased emission by 20 ~46% over straw applied shortly (<30 d)

L . . (RDA, 2019)
(autumn application and plowing) before cultivation
- Green manure application
. . Increased emission with milk vetch application level
Chines milk vetch (RDA, 2005)

(46 kg CH,4 per 1 Mg of milk vetch)

Barley and hairy vetch incorporated

long before cultivation

Decreased emission by 60 ~81% over the control (flooded soil

without aerobic pre-digestion)

(Lee et al., 2020b)

- Compost

Swine compost

Reduced emission by 9% over rice straw application

(RDA, 2005)

Cattle compost

Increased emission by 7% over rice straw application

Decreased emission by 50% over dried cattle manure

(Kim et al., 2014; RDA,
2005)

Poultry compost Reduced emission by 5% over rice straw application (RDA, 2005)
Tillage
Reduced emission by 22 ~51% over tillage treatment
- No-tillage * Increased emission by 36% over tillage treatment in Syears later | (RDA, 2005)

(Kim SY et al., 2016)

- Tillage depth (20 cm)

Reduced emission by 0.1 ~50% over shallow tillage (10 cm)

(Cho et al., 2016)

Fertilizer

- Nitrogen application level

Increased emission with increased N application level

(Kim GW et al., 2016)

- Controlled released fertilizer
(Latex coated urea, LCU)

Reduced emission by 9 ~33% over urea applied treatment

(RDA, 2005, 2020)

Soil amendment

- Limestone

Increased emission by 20% over no limestone treatment

(RDA, 2005)

- Silicate fertilizer

Reduced emission by 15 ~36% over no silicate fertilizer treatment

* Increased emission under organic matter application

(Ali et al., 2009b;
Lee et al., 2012;

RDA, 2005)
- Artificial zeolite Reduced emission by 23% over no artificial zeolite treatment (RDA, 2005)
Rice
- Cultivar Flux varies from cultivar to cultivar (RDA, 2005, 2012)

Early maturing type

Decreased emission by 9% over mid-late maturing type

(RDA, 2012)

Chemical inhibitor (pot test)

(Pramanik and Kim,

- EDTA Reduced emission by 18 ~23% over no EDTA treatment 2017)
- BES Reduced emission by 17 ~49% over no BES treatment (Waghmode et al., 2015)
- Ethephon Reduced emission by 43% over no ethephon treatment (Cho et al., 2022)

Soil characteristics

- Soil texture

Decreased emission with increased clay content

* Soil texture is not an absolute factor (Choi et al., 2019)

(Cho et al., 2016)

- Salt concentration (pot test)

Decreased emission with increased salt concentration

(Lim et al., 2013)

Note. RDA: rural development administration; d: days; EDTA: ethylene diamine tetraacetic acid; Ethephon: 2-chloroethyl phosphonic acid;

BES: 2-bromo ethane sulfonate
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= EGES 250 o) AtadgdS ARt ot 9714
st7 o] s (Hedderich and
Whitman, 2006). o213t 98]S Jo & &83lo] = EQF
= 27|40 HEohd HeS Y 4 o] FUHQE =
S et Het S JFol trFstAl A=l ot
Y == AT AHlE W AE A ) SoE
IA A2 5 Utk 1A, W AE A ==l gt
A=, W Al A G 7|7bo] wE A7) S HR HlER
gebgo] SlEith 27l A HlgS 717k 180 1]
7 fAE 7|20 vgk viEE B ustE o, 180Y o]
A HEE {4 20A = e viEo] oF 16% 7HAgh
HHd, 2Ui7] A 309 ol £ 7ROl =2 dYselS
= Hgt viEo] & 12% S715FATHRDA, 2012). &Y
g YR A" =0 HAE Auste 490l 3714 B
& S FAISH] wiZell TFA oYt Hlwste] H
g S-S 31~40% €Y 5 UATHRDA, 2005).

0=, W Aol F =ET o] et = A AR

7b qdck. B Al 5 A" 22004 BE AfulfshA| gt
22 =5 59 fA 2 dAS A HAE SO EY
ihs EOI5HA sto] Hg HijEo] EoltEe A
SRISIATHRDA, 2005). I3y AAEs £HEG
£ Aulists =l AHLRE =83 st 3¢
EH7] 9 AZ7](water saving drainage)S AA|5}H-S
o & =g viE A B7F ERIEJATHIAE S HiH
66 ~72% AZH(RDA, 2012, 2013, 2017). AA| =2 = 2=
% SAEY7] 71e2 280l 4% wE divkr] 57t
A AASs FHOE, AFEolAE oE HE® A5
71y o BEFH R HEst= ATt SYEHE
AUEHRDA, 2020). 124 BE AHists 59 240l
HEH7IE 6] R w7 Qlo] 9442l
Edel= BVttt webA Z2te] 57t A8
TE =50y o] /Y 2 AAE Bart Atk

o
T
K}
[
i
_\:_l
=,
(L
(o)
: 0
ag
] r_r;

0o

|
]

Ak

o & A
o P

=

32 i o Sk

252 {78 &

WA EY 712 e8] V4R &8EHY, &
71 AlE 23 vE wiE delle A3 AV o
stelch oA et AFollAE BE 1 Mgha! T
et vjZo] 61 ~ 62 kg 2715192 H(RDA, 2005, 2012),
2239 A% 1 Mgha'! F Hgk wiZo] 46kg F7IoH=
BEFE FASFATHRDA, 2005). =°f F71&== A=sHd
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- OEA - 0F

A

HO

gt vjEo] F7tsh= FAMEo] oy, EYY XSS
FA8H7] fleiA EF /718 Y2 8ottt o9k
Asto] Hgt HiE FA8-E Fadete f71E AE U
oz Y4 94 AE A== ¥ Al A ol A7l E
ol grdst= Bol s A-Eet A7l BES
9] 3714 49 EG §71E5S SHLstd A
o & uliJEo] o]&s}7] 32 TrAYo] o]AtstetA FE
g 29, f71=0] eHEStE. 11 Ay ¥ AEj Al7]d
9 Ao A718 B 2 0lA Heg/d ol ol-&-st
= 7180l AljtE o] wgt HjEo] FAst= Zo] ERIES
Th(Lee et al., 2020b; RDA, 2019). opx7A| 2, 4|5} 1}
AL ol P FHY =8 2 AR FUERIE A
| BF 30%2] davg oA axet oA Hd A
7 tiE] Mg wiEE 5~ 9% A ¢ Sl oet SEE
HEHE AESHAE 4 o4 FF243.1%) =2
A 3 0.79%)°] Wol, AAHE 30%E HAsH | 9
Sff TFe] EH| Fo] 3FE 0] 23] wgt HiEo] H
A dH] 7% S7FHAEHRDA, 2005). o]AE Bl A&
T Q= FIEEY SR A o 9 RS TS
Al AL 5 Sl W vE &S H skl Wete
el A& A7 29T AHoZ wHd

7 = 4
=5 sk, F2E AASE 59 oldel A =4
q

al., 2016). TL2u A&AQ HF2 EF A 3, 714
A oo o3t Al B4 59 FFLE EYY &7
A& A ¢ ok dEtH o E AE HAF 5ol EY
R £xot= A g B2 A A& &
AZE EGel fdEo] @tEolA EfEHEA EY &
£ AAE g 4H|, ¥714 ES o] ddvto] w2t
Het sjEo] 71 & QU vh, 3 2HqAE
o] 2 g wet EQF F=o] WY, 7|4 F4to]
g2 HFO W A|(Gregorich et al.,, 2006) HEF A5t} 80|
St gHgo] 2AE 0] Hgt viEo] AAT 4 AUTH(Regina
et al., 2007). =HjollA] =P H AFNAE HL tfH], F
73 ¥ Al =4 wgk HjEo] 22 ~51% FAste A
O 2 YEPHITHRDA, 2005). L2y o4 9] iz, 5
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4 ol FAeE AAR =M EF 718 g9l &
7kl w2t @35 wg vl Skt =W A7t 9l
TH(Kim et al, 2016). et B71F 345 AT =
AN EF F71=3 #A A= wiE wsto] gt £71
2 477 Bad Aoz wkEch

254 EY &l Hz 2 EY HHH A8

HE AF2 599 B4 44 2 SHE 9o g+
ZQl FEojrt. 9hA, 84 HEE Hg vjEo] fol3t B
& E2 A} S tH(Wang et al., 1993). =il
A AARE AFME @4 AlG FF0] FUEEE F
Het wiEx S7ste Zol At 18y dAeE
ol HIEE A&T AF AEAY HE At} Aol
Z7Fote] 259 Hgt sjEo] AT 4= o] FRlE7]
T SFYTHKim et al., 2016).

EG NMEAE g7 350 F FHQ HRe 29, B
¥l £ PEA 5= A fls EGel A&
st= 248 48 E=T. vty o R 4] E pHE &
ol B AAR M3 AL, o A8 A
9 oek Wlo] oF 20% Z7eH= 2.2 LeRdThRDA,
2005). ¥, £Fe] Ze4S SR 1 Agetol=
2 A8 A% o wEo] 23% Y= FAIE 0=
UERATHRDA, 2005). Bo] WA T4 BEE BHo
2 AGSHE FAY BR AS oEk WES 15~ 36%
71F Z9THAL et al., 2009b; Lee et al., 2012; RDA,
2005). o] A =] =3HE Ho] AYA [ &
A= 2-goto] Wit datdS Asfiet A=, 4Hd H
2 9oz FS 23t ohE B4 AYoAx U
A7E E £ YA Gwon et al., 2018).

255 H &3

B Au7)7do] dEEo =a2 7Hre 7Rl B2
T 2AF He ST BEG $ UE wiEc] He 5
ATHRDA, 2012). 121t ShA T3t vief o] ¥z B
W A da 8 B#2lE S frlike sadtet
ER W 759 EE Freo] wet Hg 5 58 5ol I

TES 7 7] dieel, 429 B F50] Ad S0 ot
2t g #iE= Aol Y & Aok FUiolAs et
W &5 A v siEso] AR v gloH, W F35
et wgk wiEe] Zel7h e Aol A AUTHRDA,
2005, 2012). =i B EFS A C=Z 3t Abtulba 5

(2015)9] Aol W= Z4zke] FFo] Ad ¥ HEE &
et EQGO RO 4ba AdEof wht vgk AlslEo] kS
o wA Hgt vjEo] fol7t Gl Skt 12t of
Hat E4o] ¥ EF 7t A4 AgE o] Zjo]o] YRIQIA]
5ol tigh AF-2Q1 2AF7} o] F0]X|] ofo} F7HA]1 A
7t Basitia wekEh

-

e,

2.5.6 MIEt HiE X3HA|(Chemical inhibitor)

dg W& AfAls durdoz feEgAddtol] st 9
& B9 mRAEE SA o] Tofsk= MCRE] 2402 AIgH
t}. o|e} #ETIo] oA Pt AFSoNAE HIEAY
At AAE At o wgt vjEEo] RAEIL
o, A+ EA A AY £ B Bt g4ES AY
TE A3o7 APt AHZT} EDTA (ethylenediamine
tetraacetic acid)E A& F-L, T2 thH], 18 ~23%9]
Hgt Hj&o] 745} th(Pramanik and Kim, 2017). L&
U EDTAE HEHEAdw Qo thE E vAE &4
= A AAste] AA] &Eoll= ol ALE Uk
o} Hid, weggdatol Sol4 AsiAIR]l BES(2-bromo
ethane sulfonate)E A2 ¢ FAg thH] 1L 49%
g Wgo] ZASHs Ao ekttt Teht 1t
BESE H AH] w70 A&st= A2 H-E ZA= <Qlsf
ojfth. o] Hst= T A AR, WA A
o IAE o dell(ethylene)2] A of El| & (ethephon)>
A2 ], 43% 71F We viES Y 5 AoHA A
qHog 7HAE Agste] &8 Mol w2 AeE
cEh 28y g REe] Aol AujolA AlRtE 27
A =G| wiZol] AA ¥ 2NN L FAg At
He= 7to] tisf *& A7 BR3 ZA0E Holth

2.5.7 7|E}

oA B BA(EA, pH, £ So] vg sho] o
A= Gl dhe) Ausch SUlE B4 @
EFe] @iio] o3t wgk i ko] 2AHE B k.
£ 43 Beistel, 8 A} = Eore] WE Fharo] Z74e
22 djet wj2o] sk Aol SAHUTKCho et al,

2016). Jejut WRE, EAo] g vEe] & 3FL o)
XA 9he A0 WerEle AFATHE 910)(Choi et al.
2019), ©]7 Aol B viet Zo) vg wjEo] =4
Mok B4 5 EY 0 909 3Pl | 2 Ao
2 weEn. £ ¢ 529 Busteldt 1EHA
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po

Aa% -

—
N
o)

o —=

83 ZEAR O R wgt HjE JFo] wHlolA A
I ATHLim et al., 2013). § 5=} He vi&F 7t
o] A ERlE]leH, ol= He AT &
a7l BEY €73 dieos A4dEn 114 5
o] Aol W Aufo] E3tEo] Utk oA
(Jae-gwon et al., 2020) L4l = EFT} ThE 7HHR] =0
Ao AA| Het vjEo] et vl A7t /Y AOoR
Az

il

ANoox e ot mlo
jus)

19 1o 4z

3. 2%

S ueolA wiEEE HEHe] 2% HE Auishks
=04 LAYsEaL Qltt. o]9F TEsto] FUHjoAE =oflA]
& == Hgko] disto] thfst AFE s o 1
U A3 Alglo] tis] Autzlog AH vy} glo] A
A% 9 Zash A FEo] Hig gefo] ojgt. £ R
A= oA AAIGE =olA9] wgt #H A+ Abl
et S S do& "Rt A HEo] thgt 3k
< AABtIA}; 19T BAlo =olghs o3 FolA
gk wj&o] tigh olsiE w71 $Ioh LA w7 Aol o
gt HET TA Agotad oidtt. B2 7HE =2 d71
2 gHgo] ddsto] ASE A7 29 3 YERH,
-100 ~-200 mVo] o|2¥ HEAF/g2] E/do] FX1E o]
Hgto] viEHEth E3F 49 HH AU EF 2= 20~
40ToNA R71ES] EoitER] ot EALTL S24v0lAbstet
40} 22 714do] FFEH Hgk viEo] ¢S 7&sE
o|%, EQF WollA AT ek 80 ~ 90%+= A=A 7%
S B, 1 9 IdRE £E € 4 S 5 B 5
o7 wEHEn. 15e FHolAE W dE &40
IS F= oY I8 2 Hg wiEol TSt A7t
o|Fo|A Hrt. Al Aol e HiE ST T
sto] =8 9 4718 #Eo] 27 T YUt 1
oo EQF e, AEAH &F), HiEt #E AHAl o
F 5ol tigh =gt viEo] A B At} Ty g
O] AFEL @7 H gt & B7F g2 29
AEZ 714 Yol 3t viet & Jgoll digt
ZAR= oA v ES vt S sy E A
FAHoE ZAbE 0] gk viEo] JFS v|A]= AR o
S AFAQl EAo] tha HES| & Jivth webs] g
9] AFE= 71K EY #E 5o o8 #sleh= gt
&S 2goto] gk viEo] JFS vAE= 449 89l
of gt M A7t 2a8 Aoz wrkEr) o] ZRE
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