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ABSTRACT

This study was performed to determine the changes in methane emissions under different water management methods during
rice cultivation in response to climate change. To study the diurnal variations in methane emissions from July to September
2022, in the Apgok-ri area of Gungryu-myeon, Uiryeong-gun, a closed chamber method was used at 4-hour intervals. The
treatments were conventional (CONV), mid-season drainage for 2 weeks with low level water management (2MD-1) and
alternate water irrigation (2MD-2), mid-season drainage for 3 weeks with low level water management (3MD-1), mid-season
drainage for 4 weeks with low level water management (4MD-1) and alternate water irrigation (4MD-2). From July to August,
methane emissions were highest at 14:00 and lowest at 02:00 in all water management treatments. In July, the treatment with
the highest average methane emission was the CONV (29.1 mg m-2 hr-1). The reductions in methane emissions compared
to CONV were as follows: 2MD-1 (51.4%), 2MD-2 (53.8%), 3MD-1 (68.5%), 4MD-1 (70.2%), and 4MD-2 (71.8%).
Similarly, from August to September, methane emissions were reduced by 31.3% to 70.3% through water management. As
the duration of mid-season drainage increased, methane emissions decreased, with alternate water irrigation proving more
effective in reducing methane emissions compared to low water management. Therefore, as a method to reduce methane
emissions in paddy fields, it is most effective to implement mid-season drainage in July (approximately 40 days after
transplanting). After mid-season drainage, alternate water irrigation is expected to reduce methane emissions. Such water
management practices in rice cultivation could contribute significantly to mitigating climate change by lowering methane

emissions.
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1. M2
SATIAGHGE AT SUANE RS 7]
Bol EAISlE 7t Adle) 842 24/t SR &
e ATeds 2 o] e Az AFse 9
FH(Choi et al., 2019; Foley et al., 2011). 5L F-Fof A
HEEE 2AZARE o]AlalelA(CO,), HISHCH.), of
AFARMN0)7E QLoH, 0] F olsfetat: B B
B Ao AAHDE SAA WS Ade] X3t
97 okw, wgat opishuie] ofsh g miah
(Jeong et al.,, 2010). IPCC (Intergovernmental Panel on
Climate Change)x= 7Io|E2lRIoA HUHE Hj&HU2
A F4H} AFo R UirH, o] § FAFF B A,
SAAEY " et or FESIH. o] § W
Aol A F= LA = HgS AF2deE 2
S Vg 9ol Uk kA F St 99 AFG A
T-2HEA] G (GWP)+= oJ4FeFetAx0] 25H] o] D3t Shindell
et al, 2000). BA} ZA o] ol A7-Luksh G 24
7k RAAO| A H|gko] ol4tabetAa ThZo ' HW oF 16%
£ XRS5k At} (Butler and Montzka, 2020). HE- O]
ASlerAt= TR AR A4t otz BEA
82121 Heg/gd+te] 5ol Qg Aol =9 HjEwo]
ek, o] e WBA TS YulHoR Akavt HET Y
A4 ZANA §712L Resto] W A
(Malyan et al., 2016). ¥+= TjFE =EQFo]x] TALE
2 Aui=r] wizol d®xd d714 24 F stdtelH
(GIR, 2019), 247t~ HiE, §39] Hgt WiE9] =2 A
< Sfuolth(Suepa et al., 2013). & A|A9] A2 HiETF
FolA 8%7F B =olA TAS= AR LA Aot
(Saunois et al., 2020). T Uet= AA FZA HZA
1,512,145 ha2] 2F 50%9] 763,989 haZ = HZlo] 2}x|5}
1, 43 2ATATL =ol A DA E I Q= AAoln
(KOSIS, 2023). = ¥ Aujo] w-& =g wi&FE 6.0
Tg COsepoltt. o= & e Bi&=] °F 22%, 5 HNA
e = WiEFY 51.2%E AAR}THGIR, 2019).
AAZHA] =l A Hg #iEZ Adstr] A gFe A
T7F AP low, FIhet 42 B4 7]&0]
He HES F5ched 2t As 202 HiEn
(Itoh et al., 2011; Lagomarsino et al., 2016; Ma and Lu,
2011; Towprayoon, 2005). S-Z|Ugto| A= o|e} -2 o
T7F A=, AR} Hasto] Hig wj& o]
2 B AZYA] 66% A 7Hs s, == LA 7] A
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YA 78%7A] H=0] 7153l tHAhn et al., 2014; Kim
et al,, 2012). F7H44E 53 EYF AEHE 7] 240
FA7F 7Fssto] Higt AteE SXAA viEFE T
Z1(Kim et al., 2016), ¥ A7 7+t EF SRR
ZoREFo s Ao © B 8em E 4 cmET H|
g Aol AUrk(Lee et al, 2005), == S WA
FASHAY dAMSE HX5to] EF W AtAa kS &
ojstA T A HEt HiEo] AZE U H(RDA, 2005),
WA F SXHEHr] 2 ZA2{tf7|(water  saving
drainage)E Aot o AAIES o] 2 He viE
Az BA7F AAJFCEAES HHH] 66 ~ 72% A 7H)(RDA,
2012, 2013, 2017). SZHE7] AuiErd-E ojn] g2 &
7holl A =D glom, AGtEokANE tE HE T
Al 7=t Hste] Bl A7t o]Fojx|al 9l
(RDA, 2020) stA|¢k, =& 7|&2 WE Wj& #1to]
7Fssittal BaEal gloy, g 73k At
of wzt wg W] & ¥FS PIAAUKIm et al,
2016), SZH=H7] olgo] oj#E =5o] v EA5] &
AdA 9l EeE= E7155H(Gwon et al., 2022), o]of &
3t 7tol=7F Bagt AAoth THEolA A" Al 16
At 71 FHSFFATE2](COP16, 2016)914] 7247k~
MED, 55 5 Hdol 23d Me=E9 A4
7§ A1 & 11 X (Biennial Update Report; BUR) A|&°| ZA =
UTHKEEI, 2015). o2t =414 Q7o g 5t7] 2]
A vt Wil S7RRAVEARIMIER] HUAE T
Zrstal glom, 2AVIA ASERE At o] st
oA F8 2AVEA HiEHo] it ARt Wi A
L 2 951KKim, 2007).

U= shol = IHE ¥FS A5k &4

|

L Bkl et 9819 F4
Ql B o eY 4= Qth(Yoon et al., 2007). 34|k, gk
3 o 4 Qe 2A7kA0 i APt

F8 ASAZIE 47| v 7is wiE e HeE
A EozH, 2H7IA dFo] 7hst B A W A
g 2A47A fejo] 283t 72t s R EEoliAt £
AF+E FPsHA
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i ol FRE QTelo] 9T ATA W A
(35.4336866N, 128.2652065E)°|1 4 $H ALt Ad EF
2 AE A 10859 7182 89 Milti Power Gold,
Farmfriend, Korea)2 N-7.2kg10a’ A]-83l9d Lo=,
EXS FE(Loam)o|™, E#bo] ot F2 5kt AlH
A9 EFo 515h8 EAL Table 13 2t} EGEAL
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2 olgsto] 63 MBI AL Aol Ao 0|85
d BEY 9 AEA EAR(NAAS, 2000)°]
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2.2. THH R =

i

g 4H

2 Aol AEE e EE B o] 25 120
kg/10aE EJEHEZYE H|RAILZ|(CH-600], Cheong
Song, Korea)& ©]-&3to] A% A[H[SHOH, AlB]Z 10
cm ZHo|E wiE 2HP HLS 13] AAstgoH, o|&
H o] 5Y A IpE AASH] Sem HO|E B & 2
B2 3= AASHAL, ol S A7I7HA g4A
= 5~7cm= FASFAH

FA ¥ EF2 NAHF(Oryza sativa L)ZE, 2022 62
109] 30¢ SHT FEE 3T 5~ 624 MAAY 23+
30 cm, 7t 15 cm®Z 7] A|°0](TGO660DL, TYM, Korea)
stk o} ajane @ sl AR s20g
Aol AN EEAE] Folol S, A
AZS WL ANE ABIUL. TN Aol Ran
W77t AR 79 1330 AT, B0 27 A
@, @)= 79 27¢0l, XS 35 AYFAB)= 8
4 3Uf|, T 45 AYH@, @)= 849 10€°] 42
SIS SRS BeE AESHIY Sd s =

o
5 Ag7] At B0g do] g4 4omE FA59
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2.3. M 2l A Eh XA}

Hgt 7kA MEY-S 1P H(Minamikawa et al.,
201502, 7IExA|Zx&0]7F 60 cmx60 cmx130 cm@l
PC (Polycarbonate) 24Q1 $+EFAHE 0| 3¢ & 4
ABRL, AW HE 2o FAsAT. WM = =
o MRl 5m velo] A she 715G 20em LolE &
ol B2 & ZZo|A] A 7Skl BE= thH|sh

= &2 ol&soto] dato] 1Pt Eat

5m =°] 50 cm £ 30 cmZ A|Z}slo] AA]

o, ol= AR HEZA WY EF ulA= IF
Setes AASG 7HA AR ARA7E ¥

= oopiiy] 9J3te] wo] YRUAS TEsto] 69 17
AERE7NoNE €5 Ho2EQl 10A] 308 ~ 114] 30&
Atolofl 13] AEH st o, o|F 74 27U ~ 28Y(FAE
7] o]F), 8¢ 25U ~26U(E57] ol 99 169 ~
179@&7)hell  MELsHAI, EY Ehe PC8500
(APERA, China) ARg-5to] Z RAPGAE Q7 10A]0f] =
& HEF Al A 2ASHIH

AL-5et W= 7hA Y] WIS ot 7] 95
A 4NZE A0 R AlRE METSH] R4St
Aae AED AE 302 o] AldE S ARt
-0 A Zrzt BEHY ot HE 7kA MEHLS Y

& OlFE(Z 4cm)E "R LolRal,
| Y #4712 32 il 2
Botgitt. o wf FHW 100 cm o]0l A
S5, Ay RoE St A 2
48 T 187 fang S8 SFAF L, 48 S(EH
T 308 A2h 60ml MEH FAE 33 HPst
£ MEFst o, A0 =5 S5 4
2 ZARZI7HA] &1 ERE B
|5E AFFA7A] GAgsto] o]&st
H}o] 2ty (Teledyne Tekmar, USA)O]|
=4 Adaddicty AAHHAs FEHIAETIA &
Aottt ME EAL Gas Chromatography (GC,
Teledyne Tekmar, USA)E ©]85}41, FID HA&7|&2 &
H-L CP-PoraPLOT Q (Agilent, USA; 27.5 mx0.32 mm;
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40T, 4.5min)S ©o]83s9T, 2Yr|e AZY] Lrl

120, 200C 2 A4}t 249 32 o]8std] 4] (1)S
S W sHEF(Flux)S AL
F=pxV/AxAc¢/Atx273/T )

F = CH; flux (mgm?hr')

= gas density (mgm™)
V = volume of chamber (m’)
A = surface area of chamber (m?)
Ac/At = rate of increase of gas concentration (L L™ h™)
T = absolute temperature (273 + mean temperature in
chamber)

2.4. SA Xz

3% Ag= SASTE T(V.9.2, Cary, NC, USA)9]
PROC ANOVA procedured ©]|-€5}9] Duncan®] TS
A (Duncan’s multiple rage test, DMRT)S S3f 3
L % lzAA vmsto] et

5t -

P
0f
>

3. g 3 uFE
Ald A EYL pHZ} 5.06 ~ 52493, OME 20.9 ~
289 mgkg'o|glom, & & A S 644~868gkg'1
0] 1tH(Table 1). Table 2} 70| /\]%1 EF glskAq
A= pHe &3] A= #ol7t §llal, EC= 4MD-1°ﬂ
A 040dScem™® 7P Wgrom, 2MD-2004 0.60 dS
em'2 7HE =4 e OME 223 ~29.3 gkg! WY
B2 ZAESQIH Al & B9 3o B4 RAPA = &
e Ao WE AolE ERlst] o
H7E e AYEE 79 7154 E4L2 Fig |
I 2o, ST AR E= 79 139 olF oF 54 A
7t AR, Sk 71k ZPUVVP A4 74 184
o] 71.1 mmday'9] @2 v|7} Yels 5 45327 SRE
= 8¥ 10¥47H4 <F 10¢€ H= 0.1 ~22.5 mm day ' 7} 9]
H7F WRARE, B3 JHE St S04 Ag+e
ESEE gEste] HE Hi$E XS BE X
T AP FolA Ego] x| fﬂrﬂ} = Al ;o] 2=
AL I &= 99t YFF/| 2L 23.0~30.8C 2 Ut
Eitom, AA| FAZ|ZE %l%&ﬂ_ % 7¥ol 26.6~
26 7CE 7V =911, 8Y3 992 242 ~255C R H|S
SHA e T
E% Ehe 6¥9 1793 0494 AR A S33e 7¢
13404 A7t 2pol7} QU ol= HE A7t &
A7 W2l AoE watdn Shds 25 A
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Fig. 1. The changes of climate characteristics in rice cultivation field
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Table 1. Soil chemical properties before the experimental of diurnal variation methane emissions in rice field

cultivation
pH ECt T-N T-C OM Av. P,Os  Av. SiO, Fx. Cation
Treatment ™ K" Ca™ Mg™ Na*
1:5 dSem? 0 e g kg'l ............... mg kg’l ............... cmol kg’l .........
CONV 5.06 0.75 1.80 19.8 289 261 68.9 013 375 0.40 0.40
2MD-1 5.22 0.90 1.70 19.7 26.4 319 64.4 0.18 5.80 1.00 0.50
2MD-2 5.24 0.85 1.80 20.0 26.1 280 73.2 0.19 5.33 0.70 0.65
3MD-1 5.24 0.50 1.60 17.0 20.9 234 75.9 0.15 4.97 0.60 0.55
4MD-1 5.18 1.15 1.90 20.8 24.4 245 86.8 0.14 4.70 0.57 0.55
4MD-2 5.22 0.60 1.40 17.6 24.5 117 84.4 0.17 5.07 0.77 0.75

fEC, electrical conductivity (1:5); T-N, total nitrogen; T-C, total carbon; OM, organic matter; Av. P,Os, available P,Os; Av. SiO,; available
SiO,; Ex. Cation, exchangeable cations.
TCONV, conventional; MD, mid-season drainage (2, 3, 4 weeks); -1, low level water management; -2, alternate water irrigation.

Table 2. Soil chemical properties after the experimental of diurnal variation methane emissions as influenced
by water management methods in rice cultivation

Ex. Cation
N pH ECt T-N T-C OM Av. P,0Os Av. SiO, - " > "
Treatment K Ca Mg Na
1:5 dScm?! 00000 e g kg" ............... mg kg'l ............... cmol kg'] .........

CONV 5.23 0.50 2.73 15.2 235 314 68 0.20 433 1.17 0.15
2MD-1 5.90 0.47 235 17.9 244 337 112 0.20 5.70 1.53 0.28
2MD-2 5.30 0.60 2.83 18.0 242 281 90 0.20 5.67 1.47 0.15
3MD-1 5.50 0.43 2.63 15.2 223 175 89 0.20 5.20 0.80 0.12
4MD-1 5.57 0.40 3.22 21.1 29.3 275 91 0.33 4.43 0.77 0.16
4MD-2 5.33 0.50 2.97 17.6 25.1 186 100 0.20 7.17 1.70 0.15

TEC, electrical conductivity (1:5); T-N, total nitrogen; T-C, total carbon; OM, organic matter; Av. P,Os, available P,Os; Av. SiOs; available
Si0O,; Ex. Cation, exchangeable cations.

TCONV, conventional; MD, mid-season drainage (2, 3, 4 weeks); -1, low level water management; -2, alternate water irrigation.

Table 3. Soil Eh at different growth stages of rice cultivation in relation to diurnal variations in methane emission

Treatment ™ 17 Jun. 13 Jul. 27 Jul. 25 Aug. 16 Sep.
....................................... MV coeerrrrrereeen e
CONV -301a -272a -299¢ -254ab -282ab
2MD-1 -288a -260a -133b -238ab -214a
2MD-2 -277a -250a -101b -211a -204a
3MD-1 -281a -254a 98a -189a -213a
4MD-1 -289a -26la 95a -197a -211a
4MD-2 -285a -257a 96a -193a -207a

TCONV, conventional; MD, mid-season drainage (2, 3, 4 weeks); -1, low level water management; -2, alternate water irrigation.
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The diurnal variations of methane emission as effected by water management methods in rice

cultivation (July 27 ~ 28, 2022). CONV, conventional; MD, mid-season drainage (2, 3, 4 weeks); -1,
low level water management; -2, alternate water irrigation

7t FRE 0], T F 2AF S 7Y 27G0A oFF] B
5}A] 9kS- 3MDS} 4AMDOJ|A] 95 ~98 mV & F9] ZhS B
gon, W4slo] G4AtE Il CONVE 299 mV 2 714
wolth 2MD-1& -101 mVE.Y, 2MD-2= -133 mVE U
El}, CONV Bt} ZHzF -198, 166 mV © %9Fch. CONV
o} o] A AAINE S S o] o2 EQfo] Eol
A= U ASE AdE7E WZ]E]%\*_T’_(Jang et al., 2023), ©]
T WSl EF Eh gho] CONV Eo} =4 Yegtt.
o|% 8Y ~99Y RAIANE FA7|} AN A
& 9o T8 2, AT US| "ol FAIES
£ AlYsta A7t & Zo|7t i

£ H“E"Oﬂ o2 we B WS 2ASH] 9
3 274 23 27 591 7Y 279 ~ 28] 2MDof
S5 APO}OE‘E} g YT 2l CONVOI
198 ~41.1 mgm?hr'Q 1, 4 B PAHFE 29.1 mgm?
hr' AchFig. 2). Ag] F FAAFo] 71 Z Y4 4MD-2+=
47~13.6mgm>hr's2 Ve, d B g 82
mgm?hr'E, CONV oi¥] 71.8% ZAstch TS5
2MD-13} 2MD-2%= CONV thH| 46.5, 50.4% 7FA5}9ich.
3MD-12 CONV ojH] 61.1% ¥AFo] ¢ HYx
4MD-1L2 CONV tH] 61.3% 74t BE B3]

o
m{m OIr
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N
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o+ gt WA gFo] CONV thH] 46.5~71.8 %
Aog UEyY, St Az g Ay
T AT = dZ AoE FZAHEH. CONVE 233t
D= AEFoA 14410 wigt dAggFo] 7 ©Wokal, of
T HAL vk EAY o] Aottt 24]of Aol 7 A
Rom, 1 o]F F7ete A Bt ol =EY
A Hgt HiEEE 250 B2 I 27 g2l 4=
o|% F7lstt} o] Q¥ AHo| gotH, Hol= YT
o] HojXIth= A2 (Neue et al., 1994)2}F FARRE 733
o7 E AYoAL vg AFL 29| #sto] 234
Ql P2 ¥ AoE woH

849 =] Wl wE we T dHst RAR=
Ho| 7] QAR S 45 AVt BF d5EH &
Q1 25 ~26Yof AAsteh AIZHE Wik WAHS 79 =
Ao Q -2 Ao g WE A FoA 1449 7H &
AL, 24190 7HE A Ath(Fig. 3). HEh EAYF2 CONVZE
14.3 ~20.6 mg m> hr'Qth. LA =ko] 71 & CONVE
A ek o] 16.6 mgm™” hr' 33, CONV tjH]
2MD-1-& 31.3%, 2MD-2% 35.4%, 3MD-12 32.5% 74
stolct. 7P A Fo] AW 4MD-12 3.4 ~13.5mg
m?hr'Qy, dEF TAFS 8imgm?hr'E, CONV
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. The diurnal variations of methane emission as effected by water management methods in rice

cultivation (August 25 ~ 26, 2022). CONV, conventional; MD, mid-season drainage (2, 3, 4 weeks);
-1, low level water management; -2, alternate water irrigation
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The diurnal variations of methane emission as effected by water management methods in rice

cultivation (September 16 ~17, 2022). CONV, conventional; MD, mid-season drainage (2, 3, 4
weeks); -1, low level water management; -2, alternate water irrigation
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u] 51.3% ZAFTh AMD-20]A1= 2.9 ~14.0 mg m™
hr'g, 4 g4 SABFL 8.0mgm? hr'gal, CONV thy]
51.8% FAst= A0 R UEyTh oj4d, BE A7t
G/FHAAIRE CONVol 7H gt dhAgsfo] Wl
2MD, 3MD 9 4MD7} wgt dAeko] o AA Yehd, B
AejA] S Aels S04 olF @stol Hd
gty Xi"Oﬂ 384 YFE VA= Ao wE
ol Y g5 & T wEt Hg WAZo] F
7}0}0”1 w{hﬁ ojFET} B AA YASIAAY, A
2 A2 FAE Q= ATH(Cai et al.,
et al., 2004)2}= A} AFS HYT)
9do] B¢ W UE g Wl dHsks e
27 9A 16~ 1790 ARSI Hgh DA
CONVo] 120~148mgm?hr'@y, JHF TyF2
12.8 mg m? hr'2 VER} 7B wokth(Fig. 4). 2MD-1%=
44~89mgm? hr'2, 4 B TAYZFL 7.1 mgm? hr'o]
903, CONV thH] 44.4% 7435t 2MD-2%= 1.8 ~7.7
mgm?hr' HA¥Y, 4 FFTWFL 46mgm?hr'SY
o, JAFS tiH] 64.0% FHAaskleh 4 Bt DR
LS 2MD-1Et} 2MD-27F 19.5% © A Yepgch
3MD-12 2.9~7.7mgm? hr' {991, o HF e
5.0mg m?hr'2 CONV tH] 60.7% Z+4A3Fch 4MD-1
L 25~93mgm?hr' 2 YeEgY, 4 B4 Hunak—g 5.1
mgm?hr'2 CONV tH] 59.9% 74
07~7.0mgm?hr'02 Yo, o ”é‘:—r_" ‘Q"g%%
3.8mgm?hr'2 CONV tjH] 70.3% 745t 7~8Y
AHI} RAMA = 14410 7P A =Fo] Wokal, 2419
71 ROl A AN, 99 RAMOA = AR A7t
A B2 AFE BT, o= 9doll= Hgk Tl &

1997; Sawamoto

o

(]

A
AL, AHA R 7]2o] YopA|al, dwA7E 24| k7]
2ol 3 ATol HehA Ftd Zos ddEY.
Table 4= ¢ YHE W&t & HATFES Uehd A
o2, 7¢¥9l= CONVZE 179.9 mgm™ day'2 7 Wk

3, theo g MD7} ¥hiEko] woFo ) 3MD I 4MD
= 7P AA DSt R A2z Zpol7h Gt BE
E3] Agoll4 CONV thH]| 53.8 ~73.6% © HA &
A5t 11, 1 F 4MD-10] 47.6 mg m™ day' &, CONV T
H| 73.6% 7Haoto] 717 A LAYshlet. o] A E A
T Bk SRR, 3, 45) AP FolA v & Aol
Faotde=d, ol gEoA ¥ A Al FHEEE 5
5to] 79 % 150 mg CHym” d'Q@ =gt HAYgo] A2
002 F435] ojFth= X i (Sawamoto et al., 2004)2},
FREY7] B &5 AIE A S eR)7H R S
S YA Ptt= E I (Bronson et al., 1992)Q} -2 HFS
Bt
8 E3F wgt TAdeko] CONVOJA] 98.2 mg m? day
2 714 wort} th2o g 2MD € 3MD > 4MD 02
@o| YRI5 T 4AMD-12} 4MD-20j|4 Z+Z: 48.8, 48.1
mg m” day'2 7P A YehY, 793 AR AFE B
At 3MD2} 4MD+= 7ol Al= A7t F-2]/4d0] Q11|
9k 8¥oll= ZpolE EAHh ol= 79 ZRA|A 3MD ¥
4MDE= F7H7E APFolaL, 8Yolls BE A
7t 33t L%—’F TEE g5E ™97 g 0499
7)17¥ol] whe} wray ko] X}O]E Hol Ao wtHt 8¢
o= E¢EE Boto] Hgt WA=Fo] CONV tiH] 31.6 ~

51.1% A4 7Hs sttt 2MDOlA EAH 7|2 EAEH
o7l Azt vg FATL] Aot gld=dl, ole #

A LA FA] @9kl TS 717ho] dojye wE

Table 4. Methane emission as influenced by water management methods in rice cultivation

Jul. Aug. Sep.
Treat"
mg m” day”!
CONV 1799 A 98.2 A 782 A
2MD-1 83.1 B 672 B 414 B
2MD-2 79.6 B 62.6 B 28.9 CD
3MD-1 54.6 C 67.1 B 308 C
4MD-1 514 C 48.8 C 309 C
4MD-2 47.6 C 48.1 C 233D
TCONV, conventional; MD, mid-season drainage (2, 3, 4 weeks); -1, low level water management; -2, alternate water irrigation.
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Fig. 5. The diurnal variations of methane emission as effected by water management methods in rice

cultivation (June 17, 2022). CONV, conventional; MD, mid-season drainage (2, 3, 4 weeks); -1, low

level water management; —2, alternate water irrigation

gt Aol M Faste] & ZolE ERlstr] o R
< Z0% woEy, d 4 599 wg WAy
FolE AHE doA4o] & ZoE AmHTh

99 et & A E3F CONVOYA] 78.2 mg m? day™
2 7} @91, 2MD-1 > 4MD-1 > 3MD-1 > 2MD-2 >

4MD-2 <=0 =2 o] YAsl= ZoE UeHth BE &
] A4 CONV thH] 47.0 ~70.1% FASHAE AL,
4MD-27} 233 mgm™ day'2 7P AA yErygth BE
Ee] AeoA AR ] wg dA o] asto]
s W AN SAZENN 7L g A A
of antAQl Ao=w Yetgth ES S 7|Tte] 4
ojFof whet wgt EFE HAasHU o= W AH] A
248/ BlE Al S a3 AFolA 2E BEA
oA S5 717te] Aojxo] whet vk WAFE A
AE A= Eil(Jang et al, 2023)2= LAttt 9¥
ol= LA LAA Y] Azt g ST A
0|2 Xt 2MD-27} 28.9 mg m™ day' &, 2MD-1 )
H| 30.3% ZTASFA, 4MD-2 ESE 4MD-1 tj¥] 24.5%
o AA FAYSIAT. wEbA, SAEAHN 7| 7F LAY B
o gk o] o aatEQl AoE |eEW, ol E
A " EYT AFNA, 8 em B Al ZAEGSTF
242 Hoh 1424 Aol €9k, 4em @ HU

1274 A o] WA Ueh, gol 7t migh Aol
g m)ATk= I ATKLee et al., 20052 SAFSH A
Fo & UET

64 A= WOl A5 oA F 227191 17900 AATst
R, & ] IRE AYrE AEE7] Holzt I 13
ZAEAOH, ST F Bt TS Hol= 23 104]
30 ~ 11A]30 Ate]of 13] Zg¥sto] FA15H%ItH(Jeong
et al,, 2018). ELX79] B|LE {5} 7TH~9L2 FAE
o TS vl ske] Fig. 59 YERHh 69 RAOIA =
g7 AAE7] Mol A APy geaE 5~7
em= FAI7] gliZof] A2t YAYFL] ZpolE HolX]|
ookt A A7 Lol A 21.6 ~24.1 mgm? hr'E w|et ok
Aol Uehytt). o]% b7t A2k 79 209 (1Y
T 479)0ll= CONVE A7t B A 2|0l 4] Aol
Aot S 25 A7t gEEo] #pe F2
79 2790l&= CONVS} 2MD-1 E 2MD-201A4 Z+z} 21.
17.4, 18.5 mg m™” hr'' 2 WYeFo] Z7}std A gk, 271
7 ARE7] 91 6 174 R Aol A ]l o=
g g § el wE wg @A o] ST1eHA
9k, SS oldET 5 A WASAAY, A dH
2 AU = EAIH(Cai et al,, 1997; Sawamoto et al.,
2004)9} S-AFSE ARFS Bt} Cai et al. (1997) Her

=

N

o

A
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AgEro] ¥ o]t & 40U H o =EI ¥ HAast
Aoy B 115191, Jang et al. (2023) FESH ¥ 0]} & 45
Aol Hgk 7kA7F 7PE B ol WAYSEIH AL SH3L
o], & A+ 7P B8Rl B2 o|Y 40Y o]% St
7] & Boto] AAEF(302mg m™ hr') tfH] LE A
TollA Hat 89.8% gk BP0l A= U

B o]}T Wg HATFS 15~2090] AuA F715H
2 50 ~ 60Y7HA] AHACRE &2 0] FA=H
o|F FIAZ|IZHA] FE FFEOE [FAEGE=T(Cai et
al., 1999), & AFoANE LHHF o2 wgt YA o] g2
AIZIR1 S 5 & BRAIAEIYF 53~ 67Y)A
gt o] S7FSIAAINE A" Bk 23] A Y
TollA mg Aol A Qlal, o] A} FAadio] YA
Fol A== AFE UEUth

£ ArolAs e 2 BE B3 AuE o)
g A dWste 257 A Fobyl wet S7tsict
7b 14400 Z7H Aol Wk, HAF Haste] =7t
7P 22 2419k 99 A4 DB Aol A= 6Ale] 7t
 AA GBS ol EYolA v HiEES 2%
o 2 JFE W=rhs AFZE I (Neue et al., 1994)9F
FARE A Btk 79 ~ 9 RAPJA BE S
L LA} FAZHN 7] A FolA F ve DA
T Zasteled, dAEs iy 8y AtolA ¥
Aol Al AAAE(0.174 g m? day™)  iH] ZFTNA]
33.9% wgt Ao FrAekqith= HEI(Shin et al,
1996)°}t 2o A B ul A] FHIG+E Boto] g &
g Aol 7Hsotithe AZTH(Sawamoto et al,
2004)2F GASE A3S B YTt ESH Choi et al. (2014)2
Al F71 o)A F WO wipE Sof e TS A
242458 kg ha') H T} 300 ka ha' BHE9] A 7to] 7153
T Haste], 2 AP fARE AFE ok 2w
9] FH FEME GAETY BF 269 ~ 503 mg CH,
m” day” HAYEFI O, F7HSEo) A 78 ~ 184 mg CHy
m” day” RHA¥SI] Hgt @AY A7to] 7155+ 1 (Corton
et al., 2000), Z= H[o]o|A 4A7t HE viE&S AT
At A tiH] S A Al 23% A7) 7hsot
PO (Wang et al., 2000), o] Qo= Q% QAL Alo},
= 9 oA E FYeE S5t W viEeHE
20 ~73% AT 4 AUt B E HE Qloj(Wassmann
et al., 2000), 2 A} FAFSH FFS H AT} Jang et al.
(2023)> H Al A] H]& Al S 29 At

=8 S 717to] dojylof whet Higt WAgEo] A

=
(<)
&
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7 B9 Basen B AN 7~ 99 ZAA

5 F30d4 717k0] Aojxlo] wet vjgk Whalego] e
L, ol Fr4: 717to] Zojgo] et grjHoz
E

qomw, 2o| gl B Eo] Akst AH7t f-A = o
Hg &S AP ¢ AAE Ao AYZHTHChoi et
al., 2014; Chu et al., 2015; Jang et al., 2023). 5}X|q2, &
g7t AAEE A7 Hel GFBA7I0A AR
7182 doj7t= 588 Al7[o]aL, o]AA|7]d whet At
717k A £ Qlo] B9 = W F-o] JFFE vX|A]
domn, 7k X99] 7|38 EAS vge S0ds 713t
4 o] dgo] "Qd Foz AZH

4. 28

2 At 7|1FHSS B S oo mE 2

H e =ofl A 9] wgk LAY HstE dotk ] $st
Fgotrt. 202240 oY+ FHE =g Ad 6
oA =z 45 wg HHFS
7t Ao A 73] WS 8ot XA
AW-EZ FAEG(CONY), S 250 LA 7]
(MD-1) 9 FAZHN7](2MD-2), S5 357 LA
713MD-1), F7t4 45000 LA 7| (4MD-1) 9 A E
2 7](4MD-2)2 A5ttt 11 At 79~8Yoll= &
£ B3 AegolA okF T 14400 71 we HAyE
o] wWora, 240 wgk WAYZFo] 7t Hoch. B vt
Ha 2dd v A] 7H 22 wg AL 709, 8Y
> 9¥ <oldnh. 7Y WA RFo] Wotd 7EoA A Hi
met wbgero] 74 o ATl AAGSTE(29.1 mgm?
hr') o™, 2MD-1 (CONV tH] 51.4% 7+4) > 2MD-2
(53.8%) > 3MD-1 (68.5%) > 4MD-1 (70.2%) > 4MD-2
(71.8%) =02 YEISTh 89 ~9Y T3 Sdot &
A7l 2 EAZHN 7] HZE Boto] Hgk AYFo]
31.3~70.3% AZEAt. S 4 Ee] wdo| 9
g 3y Az 2A 71945t e, k717t 4oj
A4E vjg dAgEFo] Woky, EAd Y] Bt EA A
717 wligt A A3tol o a3t o] Qi) uhehA], =0 A
Her A FS Astr] s Ho R wg wAgFo]
7P w2 7901 F o 40Y o]F)of| FUHEFE ok
Aol 71 AAAY Aot} S ol EAA Y]
£ ot= Ao] Higk B8 Azto] 7hsst B Ae) B3] W
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