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ABSTRACT
Received: May 3, 2023 Rice (Oryza sativa L.) paddy soils are major sources of methane (CHy) emission in the agricultural sector, and
Revised: May 10, 2023 thus it is necessary to mitigate CH, emission from paddy soils. In this review, we have investigated the changes

in CH, emission in South Korea for the last decades in relation with changes in rice cultivation area and rice
production amount. We have also suggested managements for CH4 reduction in rice cultivation systems.
During the last 25 years since 1998, rice cultivation area has decreased by 30.8% and total CH4 emission has
also decreased by 33.5% accordingly. During the same period, total rice production has decreased by 23.8%,
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Edited by but rice production per unit area increased by 9.2% due to advances in agricultural technologies. The rice
Seok-In Yun, production per unit area was affected by rainfall (negatively) and air temperature (positively) in rice growing
Wonkwang University, Korea seasons, while CH, emissions per unit area for the last 25 years (8.10 - 8.81 ton (CO,eq) ha™") were not affected

by weather conditions. However, CH, emissions per unit rice production (1.57 - 1.97 ton (COeq) ton™) were

positively and negatively correlated with rainfall and air temperature, respectively, owing to the dependency
ORCID of rice yield on weather conditions. Literature suggested that intermittent irrigation and shallow depth irriga-
Nuri Baek tion are effective in reducing CH4 emission while increasing rice yield and saving water uses. In addition, it

https://orcid.org/0000-0003-2246-5960 ~ Was also reported that minimum and reduced tillage could also decrease CHy emission while increasing soil
organic carbon with marginal decreases in rice yield. Therefore, it may be possible to mitigate CH4 emission
by employing theses irrigation and tillage methods while maintaining rice cultivation area for food security
under climate change.
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Changes in (a) CH4 emission per unit rice yield of South Korea for the last two decades and its relation with (b) rainfall
and (c) air temperature during rice cultivation season.

Introduction

20194 7| S-2Uet 247 A HiETR2 701 4800 E (COseq) <1, o= 9-Eluete] 2471 A v EaFo] 420
2 APgHE 1990 HiE=F (292.19RE = (COzeq))ll HISH 28] o1 S7Ft Zo|th (GIR, 2021). F3F, 2A7EA S5
H FHIET 5 CO 643.8HRF = (COeq) 22 HIFO| 7H E2L0H, CHALFNO, 7} 212 27,58 = (COLeq) 7}
14399 £ (CO,eq) HIE= I (GIR, 2021). HIE COL°l| HIsl HlE=2 21A]9F, CH,2FNO,2] 100 715 A2
3}2]4= (global warming potential, GWP)= 22} CO, 2] 28812} 2658 2. 0 =T} (IPCC, 2014).

Y F2e] o z] et Hlof 2] Fofell A Bl E == 2 A7 A= 38R (CO,, CHy, NOo) JIH, 578210l A B &
&= CO= A=9] FMd o8, 181 EY 885 53 St HiEe| 432 ol F = A0 R oto] thE Al
A ool A o) ui St e Hlof A 2] Zoke] 27 FA HlETE Akl 9= 2] Qh=th. whebA, 554t o Hlofl | 2]
ool A 2 A 0 2 vilE W AP El = 247 = CHLAFNO,O T 2019\ 7158, 554 o 247 A sl a2
21.09TH E (CO,eq) 22 O] = =7 247 EA F vl E=52] 3.0%01 SiiEshH, 215 CH,0] 12.09FH E (COeq) 22
ARt o= ZFA[RITH (GIR, 2021). ‘554 2oF°] CH, vl E i A1 37 = B (4.69F = (COxeq)),
71EE A2 (1497 £ (COseq)), 12|10 B AHf (59897 = (COLeq)1H, B Afu] 2 o] WiEako] 714 gt
(GIR, 2021).

Seluehs A A Aol whet B A A o] ZHAste], @AN7ER] 1=2] CH, DAY= Aok 4
2 Ut Fr0]7] whell = A HE Aol 293 Aktet W A HA 2o whE CH, WA= At =
7} Al SHol A ERISHA| 2R e it whEbA, QPR A ABART CH, HIFE A BT Sk 5 Al
2H] o] Hasith 2 Aok 715 Rst Fakol AdHiA o = AFE 2t 20037t S-2uete] gt 72
H A A AR, CH, AR S 0 &2 EA450] 22uet = 59 2] CH, HilE 5402 welsialtt. =5
a2l 77 AR E 9ol 1= HA-S ESHAA =014 2] CH, vl Aol 7hast ¥ Al ] 714 A8 ARlE
AR5
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Materials and Methods

EA X2 vt Al AR A AR 7 FE A IE (KOSIS, 2022) AH=-E AFSSHL, CH, WSS
2201949 7|5 =7t 24714 QI E E] H 1A 2k2E 8-S (GIR, 2021). B ZHHR717E(5 - 109) 7= 5
w 7|22 7)1 A= E ARSIt
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Results and Discussion

tolr

2Lzt B AL AAR S 2 T0]| 2 CH, HiE HeE  --2u=he] 3 ZEl HA2 19981301 1,058,927
ha®llA] 2021 732,477 ha 30.8% 7HA6tlar, el W& k4o weh & Aater E31 5 7|71 23.8% 7HAateirt
(Fig. 1a). SHARE, 425 /N 5 G5 712 ol oo S9HA o 2 55352 S7 kAU Bt s Eaint
(Fig. 1b). T9] HA & AR 73-9=kt 7] 20f kS Jigk=t, ¥ 717 (5 - 109) F3ke] ZF-9-=Fo] S7Fst
Aut 7] &o] Zol2H & Aikgo] A5t (Fig. 2). o= 79382t 7120] ¥ o]l 2 e & 4% AT,
7350 WAL 7120 e Aol PAo] Rob A B ] FFo] AFLS 7Hs/do] ull$- At} (Yang et

al., 2015).

__ 1,200 1,000
© (a)
-_
S L000[ 800 2
T s00f ey <
% Yield 600 3
Y =
§ 400 2,,
£ 400 g
(%]
g 20 200
£

0 ||||||||||||||||||||||| 0

6

(b
5 L
4 L

Rice yield per unit area (ton ha')

Year

Fig. 1. Changes in (a) rice cultivation area and total rice yield and (b) rice yield per unit area of rice paddy in South Korea
for the last two decades (KOSIS, 2022).
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Fig. 2. Relationship of rice yield per area with (a) rainfall (KMA, 2022a) and (b) air temperature (KMA, 2022b) during rice
cultivation season in South Korea for the last two decades.

R Ut =0l A CHy BFE TR = T4 fhaol| whet 2154 0 & 44-5E3t=tl, 1998 ]| BIal 2019\ l=33.5%
ZH515it (Fig. 3) (GIR, 2021). ¥, ©49] 1= w2 oF CH, HIEZES 8 - 9 ton COeq 3T, 1998 FHE] 201271]
SF
[}

£ A3 02 F7ket o] & thA] Zhaeh= el A, 7H 4l AF= -1 20190l 19981 thH] 9.4% HAatodrt.
Q] WA o A AR e, oo WA o CH, BiESRS 795 (Fig. 3b) T 712 (Fig. 3¢)oll J2 2] et
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Fig. 3. Changes in (a) total CH4 emission and CH, emission per unit area of rice paddy in South Korea for the last two
decades and the relationship of CH, emission per unit area with (b) rainfall and (c) air temperature during rice cultivation
season.
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9] & =F T CH, HIEE 1998 - 2019'd 71757t 2 BT SISIAIS, & A34bd ol whet gt Asl= 73
2 LFElSAT (Fig. 4a). ©91 8 7 & CH, Bl &S 739300} 71-2.9] A S 4] Aol oo, ¥ Afuff 717ke] 7%
o] WO AL (Fig. 4b) 71:20] WOl (Fig. 4c) Tl B 5 T CH, HlEE=2 71530 HIS 2 <
oJ5f CH, Bl & Z75l= A2k IX]9H (Allen et al., 2003), ©]= 7F-$-ek1t -2 & 0] CH, A4 L HiZEof 214221
V= TFol] Bk, SrollA] A viel go] 2 apagof] gt 73-9-gart 7]-2-9] kS RHedohe A 0 & ket
(Yang et al., 2015). WA, o]} Z-2 APA| = 7| ¢ 2le]| ofof) 739tk 712 ¥} Fo| 716kl = a3
= %Pﬂj FE 71V ool A AL wistet T1o) whE o9l A At I CH, HIET A5 S8 4= Sk

y = -0.0074x + 1.80
(= 0.2, P=0.030)
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Fig. 4. Changes in (a) CH4 emission per unit rice yield of South Korea for the last two decades and its relation with (b)
rainfall and (c) air temperature during rice cultivation season.

La|Lizt & AH|Z 7|E CHy HHE MZ 7S "It KOSISO| gHAH[gxAl| b=, Syt 19]
T A7HA 481 1990 119.6 kgollA1 20201 57.7 kg O & 1990 0]F 2|42 © 2 7}4-35131 QlTt (Fig. 5). whet
A, BAY AFRALRH I AR Al A= S R0, SejuEte] A 2ES o BathE o A
71210 & 2445131 Qlrt (Fig. 5a). -F-eluete] 2 @ 7=k AATRS Bl shH, 20201 o -2t & @ 717+2-2,990
=, B A E3,5067 = o= A gtk H]ol Aatedol 5167 & o okt whebAl, B AHFE 100%E 7FIR
= o A it @S Hllstod, & QJo] S EU 024 CH, BlES TAAE 4= e A0 & oS5
20199 7]Z 02 A 1 E KAl A BAGH= CH L 1.6F (CO,eq)®) L (Fig. 4a), S-2Uet & AAEES 3 74470 &

r
l-
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(Fig. 1a), & 87782 3,065 Eoltk (Fig. 5a). WhAl, 2019 7|54 oJof AJAteF 7h4of| wh2 CH, A7 7Hs3e
1,072,513 (CO,eq) 22 (Fig. 5b), ©1*=20199 CH, B3] 18.1%0°1| sligetct. kA, & AateF 2448 9lsliA
= HES Q191 0 2 AN 717] Bk A AR A0S Foll 72 WR|TE F o] 4t S Ao, =

=
EFLE AEE S0l =7 AR 7S frAfohe Weke] 784 of3fo] 25ttt (Choi et al., 2022; Han et al., 2022).

6,000
(a)
4000 [

2,000 |

0 . . . . . . . . . .

National rice demand (103 ton)

O 492® g gt g\ a® NS T g g ®

2,000
(b)
1,500 |
1,000 |

500

CH, emissions (103 ton CO,eq)

0 1 1 1 1 1 1 1
BN N N S T U R
Year

Fig. 5. Changes in (a) national rice demand calculated using rice consumption per capita and (b) the potential of CH4
reduction by adjusting rice production to meet the national demands in South Korea.

CH, MZ ¥ &2l 7|& CH2H A A g /dejollA] @714 2700] /g =o] ESF Ul nAd=Ee] ool &
& f71Eo] 71402 FolE|HA IAlolk= 2 o= 2 A2 A Qltt (Gwon et al., 2022b). CHy> Bl A1 EA1E 55
2<% (transport), 52 (ebullition), 2t (diffusion) 74 25 -5l 7] £ vi&==| (Rajkishore et al., 2015), B A=l
g Rkl AA HiEER= CHL 2] 90% oVdol ¥ F71%2-& F oAl 25 th (Schiitz et al., 1989). THA], =oflA]
CH, HIE A5 floiAl= B Al A2l E Alefste] & welE Sl I Ao 4kt 208 fAIAA & 2avt
it thEAR] =5 e W2 A B, S 18] 31 =5 EAITH 7], SRI (system of rice intensification) #]2]
W 5ol ATt (Kim et al., 2012). ‘A @ Bl ST U] = ] 52003 Al f2]ok= T8 & w3
HolH, S Blo] A F710f Hpol= ol Bl o] St E St =2-& ol L 2 - 37 A 55
#] =l of| 22 Fo] A3l WRl=o] d g A% 2
F2-5em Al =E2S A L 212 0 = wejw ohi] 7| ths 2FS o4to] o w74 REERIT. SRI=H
Afafje]] #]4-gke] 2p¢d =
o g A7l vHEsh

H 57|71l et CH, BiE=e] /dolRtd, A 271olle == o] A daglo] CH, HlET=> S71sith
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ol Bl S 48.1%, SRIAZ=76.8% 43T (Table 1). CH, 2412 H4 glolof] oJsii = A E2tA]
£, B o7t EodaE AT 20l50] @714 20| & g AJE]o] CH, HAYEo] B2 F3lo] S71%it (Rath
et al., 1999). WA, AA o] vl wsle] P4 Fgo] ZAAsHH, =EoFe] d7]4 271 H4dlst 47129
7] B2 WiolF7] fRo] CH,o] Z4-5tt §5], SRI A g]ofis = EoFo] Aot dojual 714 248 &
AJ5k= Alte] AojA CH, BilE] B2 WOtk (Seo et al., 2018).

Table 1. Results of a case study on changes in CH, emission, rice yield, and water consumption by paddy water mana-
gement relative to permanent water-logging during rice growth period".

Water management CH, reduction (%) Rice yield (%) Water consumption (%)
Middle-term drainage -48.1 +2.1 -15.2
SRIT -76.8 +16.1 -47.4

"Data adopted form Kim et al. (2012).
T System of rice intensification.

F>

T3 o]eh g = e WS Eoll ¥ A STt s -8 AR AR B T 4 ok o] 7o) Al
(Lee etal., 2020). 2] W (JATE=S, S SRI A2 ol whet ¥ -2k AAEol H]ol SRI Z2]llA 16.1%
7V, 1ol SJal} 2.1% S7FokSint. ERL 5U-84 ARG AdAIgoll Hlol S 15.2%, SRI
2= 47.4% 74t (Table 1) (Kim et al., 2012). ©]2} Zo] 232 Hho] ule}t CH, HIEH 14, 5 5, 5
B8 A A 59 BE 7S 4= Q7] izl @7 ol S 9t R-o] 2o st} shA|eh St
St =5 SAI7] 5 & Telol Sl Ede] 2714 0 = X8| o] CHym AASHAIRE, FAtste] oRENLO HiEo]
371t 4= Qo= BAIZE Lol CH, Bt 248377 NO, HiE: §7 11218 B 87} It} (Cai et al., 1997; Xu et
al., 1997; Yan et al., 2000). Gwon et al. (2020)< =& 2|} A4 v 5 FFo W2 CH, N0 HiE 12|11 X
& H A5 AASIEH, W 4 SFetH] s Blal slojeHixu had 4 HlE FeiTellA SRt
CHANZO Hj &2 237 o 3int (Table 2). CH, HIE-S HIETHJTHglo] AAIE =l Hlol Zithafet ==
LANZ] A7 HESEAEE N0 # &= 1 Wil ik webA, HIE =04 CHyol T2 WEEA]9E NLO #l &2
EE A IEE BT vejoto] Sy 9 AJH] Y] S AEE E oot gl

rlo

Table 2. Results of a case study on rice yield and CH, and N,O emission under different water and fertilizer manage-
ments".

Treatments Rice yield CH, NO,
(kg ha™) (kg ha™) (kgha')
1. Permanant water-logging + Conventional chemical fertilizer (CCF) 4,974 435 0.78
2. Intermittent irrigation (IIr) + CCF 4,857 208 2.71
3. IIr + Hairy vetch (HV) 4,731 225 3.01
4. Shallow depth irrigation (SDIr) + HV 5,074 182 4.40
5. IIr + Slow-release fertilizer (SRF) 5,039 154 245
6. SDIr + SRF 5,344 106 3.88

"Data adopted form Gwon et al. (2020).
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B AR A7 HE, EY 7 1EA o W el e € 4 e W A B Z1eolth (Gwon et al,
[A7E, H270] Ytk (Lee et al., 2021). F78-2-2 57 1AIE o185t 2] (=,

A0S 54 g
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olYshe ol AR
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2 5152 1S AR Hhlolek. 2273 0-0 A Al WAL B2 G AR B R EL SIF A 7

o
A
oM,
Mo
I
2
i)
oM,
o Mo
ol
?
i
oM,
Mo
_O'L
rir
okt
rE
0
o,
Mo
EN,
o,
|
=
(@]
=]
Hu

(RDA, 2018).

Lee etal. (2021)2} Cho et al. (2015)0] =5 Zufj A] | 47523t 742 22| ] CH, HiE S AT A}, |4
732l ool CH, HiETgo] 22} 13%2} 56 - 67% 7HASESAT (Table 3). TS, 73-20f 2]gt Q191291 E<F wahs |
Asleto] G720 EallE]o] th7] 5o & HiEEE CO,%E E0] L EY-H71E sahd =Y 4= g, T3 Ao

Sk
Kim et al. (1997)2] Aol A= 748 91 AHlA] B 4=3F0] 1.8% 7345111, Hong et al. (2003)2] 1| oJ5HH
T3 159 AEiA] B o] 1.0% A A-SH3AT (Table 3). TWHEHA], -
732t ATt S7retel wet A2 0 2 SlEE= 7 0 = YEPkt whebA, =E Peet A8 Bl E S0l A ¢
2 o &2 ikl A CHy BlES ASAIE 4= & 2 o= 7]digch
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Table 3. Results of case studies on effects of different tillage methods on CH, emission, soil organic carbon, and rice
yields.

Parameters Effects of tillage methods " References
CH, emission MT: CHj4 reduction by 13% Lee et al. (2021)
RT: CH, reduction by 56 - 67% Cho et al. (2015)
Soil oreanic carbon CT: SOC decreases (by 1.70 ton C ha™)
(SO C)g MT: SOC increases (by 1.36 ton C ha™) RDA (2018)
NT: SOC increases (by 1.57 ton C ha™")
Rice vield NT: Yield reduction Kim et al. (1997)
¥ (1.8% and 1% for nine and 15 year on average, respectively) Hong et al. (2003)

TMT, minimum tillage; RT, reduced tillage; CT, conventional tillage; NT, no tillage.

Conclusions

1998 AHE 2021 A71#] S-2]ufzt B AfuHZ 0] 30.8% 7HASt] wel =] CH, & BlEHE 33.5% 7
W Al A kAol whet A FAAREE 23.8% AT, W Al ]e e os) TheHAT
9.2% 7ol Sict. SHAIRE, THeIH A A it v A% 717 5 71 2200l A Gk k=T,
O] A, 7123k A4 o] At A7 ASiet. @] AT CH, HiE T2 71/ 2210 FF2 7] eokAy
AYAr CH, Bl &R 7393} 7120 ofeh & A4k jislel] dsoto] Bishalt. X, =CllA CH, &
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27} l0] CH, &S 2 4 Qs 202 LS|k S5, 7| T8l ool obr 14 Ay sk 57Fsk 9L
L Ao, Selute} F31 0] QP AL SlIAE EXjo]g MAREH: CH, 40% T 2 AL /1Ee
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