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ABSTRACT

Intermittent drainage can reduce methane (CH4) emission from rice paddy soils, but nitrous oxide (N,O)
emission can increase. We believe that the slow released N fertilizer can mitigate N,O emissions by reducing
N lost to the environment. In this study, we tried to assess the influence of slow N fertilizer on effective
greenhouse gas (GHG) reduction. We installed three different treatments, urea (U) treatment, controlled
release fertilizer (CRF) treatment, and hairy vetch with urea (HV) treatment. The emission rates of CH, and
N,O were monitored using the closed chamber method during cropping and fallow season. The grain yield
was investigated to calculate yield scaled greenhouse gas intensity (GHGI). Compared with U treatment, CH,
emission was reduced in CRF but increased in HV treatment. In contrast, NoO emission was increased in CRF
but reduced in HV treatment. Grain yield was increased in CRF and HV treatment than U treatment. The
GHGI was the lowest in CRF treatment by high grain yield and low GHG emission. In contrast, GHGI was the
highest in HV treatment due to increased CH, emission. In conclusion, controlled release fertilizer can
effectively reduce GHG emission. However, CRF application increased N,O emissions during the fallow
season, and further investigation is needed to determine whether this is due to the effect of fertilizer residues.
In addition, due to field experiments that are easy to influenced by the environmental condition, it seems
necessary to verify the research results through additional investigations over many years.

Keywords: Rice paddy, Nitrogen fertilizer, Controlled release fertilizer, Hairy vetch, Greenhouse gas,
Greenhouse gas intensity

Grain yield, total GWP and GHGI during annual season in rice paddy under difference type of nitrogen fertilizer
application.

o 4 CHa N0 Total GWP
Treatment Grain yield (kg ha™) 3 GHGI
------------------- (kg COzq. ha™) =—mmmmmmmmmmmeeeem
U 4997b 4220b 2092b 6312b 1.3b
CRF 5324ab 2728¢ 2395a 5124c 1.0c
HV 5682a 6813a 1883b 8696a 1.5a

Note) Different letters within the same column indicate significant differences at p < 0.05 level according to Duncan's
multiple range test.

U: Urea fertilizer application

CREF: Controlled release fertilizer application

HV: Hariy vetch + urea fertilizer application
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Introduction

S2uet s 2] WA F 2F 539 =0 2 (Statistics Korea, 2020), ZHE-2oollA] vl&E R = 24714 2] 519, 5
Foh= F 600 THE CO; eq. 9] M (CHy)O| =0l f7122] @714 =aflell olofl viE== 202 d=lA ot
(GIR, 2019). H|gte] A F-2135F2]4 (Global warming potential, GWP)= 252 (IPCC, 2007), w=of|4] BHAIsH= ||
B 272 A A7 )l QlofA Tt Fatolgtal & 4= Qlrh gt HiE S Eol7] st o2 S 5, &
2luehs =20 E SR SR 5 71eS A 2 851l QI (GIR, 2019). HEAS] =53] 7]&<]
= 37T Lo H, EjuRt = A 9] oF 87%0] sid Sk A HellA] B Al Al SX-E AAISEL QI (GIR,
2019). ZLEu o] ool EY R Fg = A (0)) 7T 571 B omtebd Ao HijEe] S7tohe HARE
o] QIt} (Haque et al., 2016). OFASFAA-0] GWPE 298 2 (IPCC, 2007), 250 opalela 4 Az|ate 4| 2417}
2 ol &GS v 4= 7] wiizoll ole] tigt thi#e] H e skt

A AA 577N DAYk oTel 401 45% (2.3 TgNiO-N yr )= HIR ARG 27 E] feflshz 202 4
7] It} (Syakila and Kroeze, 2011). o= EF U u]dE0l| &Ja o]-8%=|o] A3t 3y 5 opitabdart dAgst7]
I=C 2 (Baggs and Phillipot, 2010), & vIES] TS EQF F At s o vl s]= F=-E3l5F (Water
filled pore space, WFPS)= 3l At} (Linn and Doran, 1984). €¥F4 0 2 WFPS7}30 - 60% & mf u]dE<]
ofgt kst (Nitrification) 714 & oMISHI 47 BIZEIRITE, 90% o0& ol tiiof opatstd 47t 2
3} (Denitrification) T & AATIA (N) 2 $H15] 2HE|of opstst 47} A 9] viE %] A] ¢F=t} (Ussiri and Lal,
2012). WFPS7}100%0°1| 0| 2+= = 38| 9] =2 oitabd A v &) 927} 7 9 glov, ESF U] 44 EHito] £3

=S 710 B Y o] § 7| ofhs oiteF A vl E o] ST 4= St wHPA B Al S vt o

7o) 571502 A 274 F7SHe opitelda M-S A5 918 Helo] Basi.

Selutetol ] 22 AFGSIT Gl 8 AH| R o] £ B/ v 22, Eog] 83 o) F S22l
4B IS 4 Gl o] v Fvke] Z1Z00] BT W] 4180 8 Holek (Lee et al, 2002). A120] A
512] ok Al At ulApEo] o o}, ohiteFA &S 371 et ol thEe] Y vlEo] 85

LB AANA o8 FEF= EA RS Al B vt it A9 vl 5 7714 ¢/ vl = (Controlled
release fertilizer, CRF)+= H| 2 87/} At 0 2 Z131 H]|m £450] Lo (Lee et al., 2005), A4 470 G4}
ke Aot B oF e o g fA Ho] Yk & Q= FAR82 £ 4 Ut (Azeem et al., 2014; LeMonte
etal., 2016). 7718 H 511 ZAF 220 A 2 2h GA) S84 v =S didflsks A9 a2 8¢ = Sl

AR Fake] EAEAER] sl MIX] (Vicia Villosa R.)= A4 H]BE A, A1F& S3A7|E 7150l 2
T} (Miiller, 1987; Sarrantonio and Scott, 1988; Varco et al., 1989; Singh et al., 1990; Utomo et al., 1990). “12{L} =
of sllof=HIAE SLe BT, 2F90%7t _EE U= Fr19kE o ¥ Al 5] A4 Fgo AHEE & 4 e
(Lee etal., 2002), 7= T4l oot HEh &) S7F A7 A 4= 20Tt (Gwon et al., 2019). TW2bA] Slof2]H]

2!

28 Ao vlnd o R ARFE %22 At Bl 27 A 24 52 2 astE Hart ot

2 Aol ¥ Al Al SEE A ol S8 HA HRE diAlsks g A4 vE Fe
Sofl aad o 2AVIA HlES A4 shal A IS HAdshe Weke FAISHIH: 8747 a4 mo thks
st 71 Mg e ¢asd g A2HE, 718 HlazE slof=HiA] 9 94w &9 A2H-E AAlsl 95

= -
2A7EA (CHy, NoO) HIETE B s TS, B i o i E == 27 EA 'SR (Greenhouse gas intensity)
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2he AVgstol UeRolct

Materials and Methods

ANEEE H AME|? HE 2 A7 AebRk et oA il 1Rt =155 dketel Ui B Al Aol
(Y= 35°49'L44.0"N, 7% 127°02'L37.2"E)ollA] =38 =]31ct 20194 H o] (5€ 23Y)S 7|50 = 2020 H
o] At ETA (59 129) o A7FA] 355 B -2A7 A HlE BAS AT HIEFEA] TAR 084

H|= 227 (U)2} @7 @2ka7d BlE A 2]+t (CRF), @dllof2]H2] 2 8 Mg 25 A2+t (HV)E ZH2t 2|5t
ZAFE st olloj2H| A= =B T & 90% 7} e U] F718k=] o] (Lee et al., 2002) B AfjHl 45t 2% B
Zof| o)t A5 AP IS 9217t k. T3t R 1= A8l oJgh Higt uiEe] ST lsle A
(Gwon et al., 2019). o]e]| whe} sllof2]H] 2] Al-g-2] F21-8 44—5}6}71 LI HY Aelte o= By 1% 50%
= ollof2[HIA1E 7 H] 2 ALBSEL, UM A] 50%+= Q4|55 FH|= SHole] BE Aulsilth Al ade] B2 oF
E (Loam) &, B0 81514 EA 0 & pH (1:5 H,0)=6.3, EZ U] %7] R 129gke”, AL THFL 0.7 gkg,

FERES 1293 mg kg, 213 Jolo 2 ZHE, Z, vhadls T2 Z4240.5, 5.1, 1.4 emole kg 0190k

ZISRHE] 2 ZEEE] A[H ARESE = A5 XY (Oryza sativa L. var, Sindongjinbyeo )&, ORI ELE £=0]
ot eH, EEUTA 2EE ARIAY7IE (NAAS, 2010a)°ﬂ e} BE 2270 N-P,0s-Ko05 110-45-57 ke
ha' AlBISHALE. Aoz U Aeltols 48411 84 HEE, CRF A7l a4 HE<Q LCU (Latex
coated urea) & EGAIH] SHITE HV A= sllofeH| A& dAe o s A T S 49 AE 4 U= 2= 45t
e A o HlE S7T2AIE AEsto] i AJHIES] 50%= Slof2|HIA] (B 4.8%, T 7IE 1146 ke
ha! 92 A5t WAE0 2 Bkl ghelatodrt. ofu] Bl gHlst dlojalw|xl= 77871 Soll ohE 2 Afufist

27 A 27 B BR7|E ol 8ol EY ]Q%O]’oq T} A BEHO]50% = 584 A H|RR FHIE
SEol3lth ¢/ vl AeE Al QJehal 2= A5 ol wet AAH| 55 23]0 A4 FH|stlom, dAaHs
Q] ikt Ze] vl == R A2 TrollA SLsHA AlH[SHAT.

7= W o] # 30 4FH S5 209 AARHF, AFG-E sto] 8k 213 -4 013712 6 em ©]
& 5 FASH =2 Tttt 548 o] % U, CRF A2+= o5l BUIZ|E I3t 24T E St H_=
AASE7] ZA7E2] ol A2 glo] AV dHI = FIot W, HV A2 e ¥ 528} o] % 5747] =0 sllof=|H 2] &
27 7 (90 kg ha ' )ate] Afulistd om, B 7] 25 7 73-2-2 5t sllof2]Hx|E Bk ghlate] F=ict. 1 9] &
Z2] A H=Table 13} Supplementary-material 191 LFERH AT

Table 1. Schedule of management during rice cropping and fallow season.

Cropping season

(2019) Transplanting Intermittent drainage Drainage Harvest
May 23" Jul. 2™ - Jul. 22" Set. 20" Otc. 18"
Fallow season Plowing Fertilizer or hairy vetch Irrigation for

Hairy vetch seeding

(2019 - 2020) (except HV treatment) application transplanting

Otc. 30" Apr. 7" May 8" May 22"
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G A\ EEaA WA

Rice cultivation: 2019. May 23" - Otc. 18"

Drainage: 2019. Set. 20" Harvest: 2019. Otc. 18"
. T =~

Hairy vetch cultivation: 2019. Otc. 30" - 2020. May 8" Plowing and HV application: 2020. May g™

Supplementary-material 1. Field management.

7IANE JHF R BEM  HPAE ZAlste] QT ST IS B TEAIZIRI 10 - 124] Afele]l Closed
chamber¥}2 0|85t 7EAA| =5 AFSISAT (Jeong et al., 2018). B ©]Y5to] +86l7] A7R= (148%) 24
7t N BARF = 7R, AR, =017F2H2E60 * 60 x 100 cm Q] 57 of 2 E FHE o]- 851tk 2|21 AE] 15 % 30 em
E71%0% W 8FE A Ulof o], AHllehaA] A7 EA ZFE AAISH oW, 7E A= AFE s AHE 2=
= Alletale GE = MHE fAISIAE B Al 71toli= 5 13], 8 745 Dol AJEiolA 60 mL A
7|2 27] 7t A =mE AF ok, 78S Bal UHRh F, 3042 ol 60 mL FA|E o]-&5te] 7] A|RE AfF skl
THA] ATt ofwf, HH U 57] 2k Q1o Dulet At ol U fans 7FESt3ATt. o]@h-EA ol JlH U] 2 Ha}
oF -t © 2 HE 9] o] S5 Foll HH O] Hul & 4514 0 2 HAsITE. 60 mL TARZ|of] S 7k A=
AR A 714~ 3 20kE T2 1] (Gas chromatography: Detector -FID for CHyand ECD for N;O)E ©|-856
Aok, (Eq. 1)2 (Bq. 2)E ©-85t] uiEskS AlkIsIIT) (Rolston, 1986; Haque et al., 2016). 57 4] <]
ZEAISE AR Supplementary-material 201 YFERH AT

rr

"

H 2} o] SR E 207 59F0] F7719] 247 A= A3 DE 2 A5 25, =01 50 em&l EFE HHE 0]
451912 ™ (Haque et al., 2016; Gwon et al., 2019), FEF7 IR 2 7FAA =7 HFHE Q6] AHE 22 TE A @lstA &

[

HSHE FASIAT. 7122 0 2 5 18] 7IAA 2B AFet o, 247 HilE jlop 22 Fd7lol= 27
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Supplementary-material 2. Analytical conditions of gas chromatographic measurement for CH4 and N,O.

Gas CH4 N>O
Detector FID pECD
Packing material Hayesep Q Hayesep Q
Column Materials Stainless steel UltiMetal
O.D. x length 1/8” x3.66 m 1/8” x1.83m
Carrier gas N CH4 5.0 % Ar’'
Carrier 23 ml min™ 21 ml min™
Flow rate . .l
Make up 2 ml min 2 ml min
Oven 60°C 60°C
Temperature
Detector 250°C 350°C
Retention time 9 min 9 min
Concentration of calibration gas 1.9 and 60 ppmv CH4 in N 0.1 and 0.9 ppmv N>O in N,
Loop 2 ml 2ml

IAA RS AFEIA. 1 Qo= 27| uET A 2 60 mL FA S 0851 7] H 5] A AR E fF51
e e =T

F=pxX V/AXNc/Atx273/T (Eq. 1)

F = CH, or N;O flux (mg m~ h™)

p = gas density (mg L)

V = volume of chamber (m’)

A = surface area of chamber (m’)

¢/t = rate of increase of gas concentration (uL L™ h™)

T = absolute temperature (273 + mean temperature in chamber)
Seasonal CH jor N,O flux = Z (F, X D,) (Eq.2)

= the rate of flux (g m~d") in the i sampling interval
D; = the number of days in the i sampling interval

n = the number of sampling intervals

EY Y £ ZAL EYS olpfet BA2 B 2FeREAH (NAAS, 2010b)0]l =5t AAIsISIH:. EF
cEHSRTELS(W Vl)E S3tokal 30 WHESH ], pH meter (Orison 4 star, Thermo, Singapore) = é%j 6]—
Aot ES 715 9 A4 RS CON analyzer (Vario Max CN, Elementar, Germany)-= ©]-8-5to] 245131t 5-&
QIAE2 Lancaster 122 &3] 720 nm T4 H]AA] (AU/CARY 300, Varian Australia)S Z-8-3 £445}%



A :1;— o O T
DV, Perkin Elmer, USA)Z 2A51Ict
F oA o =27 7)1 2 o] 8| A7EA
32 H% 3}
| $1sll 2l

o B8] =
8749

2o Eoko]

(Eh value)S =745}

A

A&
FAFE ogetdirt A A
oFe] Atsletel Ao gk
S| Atslehel ¢
sk, o] & (Eq. 3)
95t 71
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18Hd oFo]-€-S 1M NH; OAC (pH 7.0) &0 &
SISt
Ak FAlel
&2 kS S6l). Aol mgt oA AvtE EY
=2 AR5k TS E 7| (ORP meter, Lutron)& 1%311
Trime®-Pico 32 sensor (Eijkelkamp, Germany)E ©]-85l] ESF T Ed=HS =
(Water filled pore space, WFPS)= LERHITH (Lin et al., 2013). ©|&
A% 9 &3sto] ha G AX %S 51 GHGI 4l

T 5 AT (Al-Shammary et al., 2018)
=] o
(Eq. 3)

F3710l=
ST
39l
TFE R

==
[e]
A ke 2l A 0 10

gafsict
SMC/1—(BD/PD)]
2143}2]4= (Global

WFPS (%)
SMC = soil moisture content (vol. %)
BD = bulk density (g cm™)
PD = particle density (2.65 g cm™) (Blake, 2008)
(Eq. 4)F o-&sto] =oflA HllE wghat opitabd Aol 2]
Hoto] CO, T2 ShelATt (Eq. 4) (IPCC, 2007). T 0.2, = o 2417}
(Eq.4)

Net GWP 2 GHGI AtH
= 1
(Eq.5)
SE8

warming poteintal, GWP)&
t =
2%

=2 7VW7y 315
A HPAIEERS: ofn|sl= 2 AI7EA 73T (Yield scaled greenhouse gas intensity, GHGI)S (Eq. 5)& 50l 7514t (Van
)=25x CH ,+298 % N,O

o o
ooz
Groenigen et al., 2010; Pittelkow et al., 2014)

2—eq.
Total GWP/ grainyield

ol 5 A7

Total GWP (kg CO
X TIT70

ha ~
GHGI(kg CO, _ eq. kg grain) ]
BN AP FE AR AL DK 365 (NAAS, 2020)0)|A] AlZs1= 714k
SPSS (IBM Statistics 25)E ©]-85F9] Duncan's multiple range testg AA], 42| 7F 5A 221
sk7] Sl A2 E5, AT (2] ) B AZAES 7N e R o
21011 mmZ, 27]°]| 678
HzE A 8

-

T|M=AL Y
Sl EARALS
2ol E v w st Q1A 7 2ol = gelst]
UEAELAS (Two-way ANOVA)S AAJSHATH
Results
718 A B EE WHal 71V BEE Fig. 100 YERd Bet At A5
F747100 333 mm=E LZE Aot AEA Ao wh} i) 737 HE Afulishk= 2] o]
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= A Bt 13.7°CE 7155130, 2710 22.8°C, F78710] 7.4°CE BEE| T AEA W

Slof| whet ti7| L= 6B E 89 2FHER] (DAT 0 - 80) HF1A 02 Z7519 oL, 11 0% thA] 7H4s)7| A2
60)°ll o= 2] thA] 71T BT JA] ti7|- 25 2 fAlsHAl S3st it

A7 EA AL T Q1= R RIANR A o= EQke] AFset e X191 (Eh value) g, 7737 10h= ES 3= 4=

= (WFPS)E 5451312 ™, o] & Fig. 200 Uit 2H7] 9 4takehed A 9= g deliols= Aol Bt -117

O}, S Es 58S Q1R U o] %olli= F25] 7ot Avlt B 114 - 198 mVe] g2 Lt

EFISIT $78719] a2 A2t Bt 59 - 66% e e o™, 22 7k o] ¢ XA 0 2 FTtoh= RS

Hect

_{

ol
o,
2
o,
]y
zog
(]
e
B
©
>
—
[\

Cropping season Fallow season
120
—— Air temperature
) 130
——— Soil temperature
b [ Rainfall
120
,g 80 o
, —~
N o
£ | ' 110 5
= 60 L
o 10
- [}
40 -
20 A N
ol H ’L, | Ll ”JLMH “ J M

0 40 80 120 160 200 240 280 320 360

06/01 08/01 10/01 12/01 02/01 04/01

Days after transplanting (DAT)
Date (Month/day)

Fig. 1. Changes in rainfall and temperature during cropping and fallow season.

Cropping season Fallow season
500

400

300 -

100 -

Eh value (mV)
WFPS (%)

-100 +

-200 + 440

-300 . . . . . . . . . Y N

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360
Days after transplanting (DAT)

Fig. 2. Changes in Eh value and WFPS in rice paddy soil during cropping and fallow seasons. (Error bar means standard
deviation. 74 means intermittent drainage period. \,means plowing).
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m

HIEt Y OMitSHEA HIE W3 et 9 opishd A vkE=) Hal= Fig. 30f Uehd viel Aok v o]¢} o] < o
Eh i ERke R A2 ollx] STk ARS Uit S A o) Bt Higt viEe2 U, CRF, HV #g]
Tl 22 10.94,7.91,33.13 mgm” hr' 2 o] 2|HI XS Al-g1F A 2] ol| A 8¢15] -2 vet viEo] T=Ert.
T FEE Ao Hek SRR Ftote] S A7]9] Wit Mgt HiEE2 U, CRF, HV A2]ollA]
7}7+0.04, 0.05,0.15 mgm™ hr' & ZHA51ct g o] ¢ Bt vgh WiESR2 U, CRF, HV Aol 22} 2.48,
3.92,628 mgm” hr' 2 THA] 57151901} F3h4 o) o) vet viEe) o714 S8k B519et o] 5 8ke
A7t U5 AAJEIAL Bt et HiE3RS U, CRF, HV #2l7EolA 21240.07, 0.02, 0.02 mg m™ hr'! 2 Hjgt sjj&o]
9] dojuz] gigket. Tevt 54717t 5 dAIS Hgk viE R <lste] 217] 5 U, CRF, HV A2 tellx= 212t 168,
109, 272 kg ha™ o] H[gto] HiZE| 9L 0w, X 2|4 Zhof| 21491 2to]5 ERTE (Table 2). -2 27] Hgt F 2 <l
S| HV A= tellx] 71 g2 wgto] viZ=|giet. §HH, 57 719] Bt vilgt vlE=2 U, CRF, HV A2]tellA] Zkzf
0.02,0.01,0.01 mgm™ hr'" 2 27|} B wghohe wjgh @hago] 7o) dojuiz] ehofom, 9358 29 Flo] ol
ufef XA 0 2 wek s} dojub= 21 TRt 4= Qloltt 1 A7t 7d7]9] B mlet MiEsRe B AalellA]

g,

=21 5 A

Cropping season Fallow season

- U
—~ CRF
50 - & HY

40

30

201

CH, emission rate (mg m* hr")

600 -

500 +

400 +

300 +

200

100

N,O emission rate (ug m? hr")

Days after transplanting (DAT)

Fig. 3. Changes in CHs and N>O emission rate during cropping and fallow season (Error bar means standard deviation).
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2}7] Z oketE A v ERR At Tl AR HF glo] Sk BHESIG o, Bt opitebada
CRF, HV AH&7olA 217} 31.91, 44.70, 34.71 pgm™ hr'' 2 A 2|7 7]l 2 ZJol= IQlct. 11 2} 21719 F opit
4 HIETHE U, CRF, HV 22| ollA 2421 3.7, 3.8, 4.0 kg ha” &2 2]
2). F74719] opitald A vllE=Ee] 79 AubA 0 2 n= Aol A] AR

opiteka A vl ETFo] 7ok ko] WGl -2 AATSHL T th3 U 2 CRF A 2|+of|A opitebe A viE
#3563 - 486.1 ugm” hr'! 7HA] Z715190c) 12t sjlof2lHlA] AR ¢ls) 422 AAISHA] $ HV # 2]+l
A 0] Wt obatelA 4 HlEHL 163 pgm” hr'! 2 TFE A2 to]| vls| 22 =5 vt 11 AT 577 F okt
4 B ES A HV A2l 7ol 2.3 kg ha' 2 B A2]7Lo] H]5] 2F 43 - 87% 212 .22 X 9]t} (Table 2).

(¢}

B 2 Y GHGI A7 d v 53 2 GHGI gt 5- Table 30| JFERHQITE ¥ $=8-2 HV, CRF, U &0 2 T
Att AT F 2V HIERRS CO, T EHtoto] LERH Total GWP A HV A2 oflA] 7P Zlom, 202
U, CRF A2 =o|qit}. 11 A} 5 o 2471 siE=3RE Uehl= GHGI a2 HV A=l 7F 210w,
CRF Az}ollx] 7P welet,

Table 2. Seasonal fluxes of CH4 and N,O during rice cropping and fallow season.

Season (A) Treatmnet Seasonal_1CH4 Seasonal_ll\le
(B) (kgha™) (kgha™)
8] 167.9b 3.7a
Cropping season CRF 108.6¢ 3.8a
HV 272.0a 4.0a
U 0.9a 3.3b
Fallow season CRF 0.5a 43a
HV 0.5a 2.3c
Statistical analysis (Two-way ANOVA)
Season (A) Hokk ok
Treatment (B) *ok *ok
A X B ek sk

Note) Different letters within the same column indicate significant differences in the same season. NS, and *, ** and ***
denote not significant, and significance at the 5, 1 and 0.1% levels, respectively.

Table 3. Grain yield, total GWP, and GHGI during annual season in rice paddy.

Treatment Grain yield cH N0 . Total GWP GHGI
(kg ha™) (kg COzcq. ha™)

7U 4997b 4220b 2092b 6312b 1.3b

CRF 5324ab 2728¢ 2395a 5124¢ 1.0c

HV 5682a 6813a 1883b 8696a 1.5a

Note) Different letters within the same column indicate significant differences at p < 0.05 level according to Duncan's
multiple range test.
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Discussion

HIEH & OMMEHEA HHE HEE 27| T F el w=olie |714 ego] draetol uhet gt HiEe] w4
3] 5715t e ™, 53] {71 Hl =Sl slof2H| 25 Eofoll -t A2 oll A met HH%C’] w25] STl (Fig.
3). ol Bl T f71Eol d714 ] 87 shollM el wf ERe o= e @S2 (Haque etal., 2015), 5|0
2] et otz 714 H| 25 Bl AL8the ¢ 54 o= Uehd 4= Qe Atz wekdh. 22y
T A mEt Bs Aol v siEe g Aol dastledl, Heoll ols) EY Wl A4 raert 71
She -5 Bl 2714 ez Aes]7] vhg o2 Tehen). o714 Aol g A4t e] B/do] skl migk
Aol o] &7do] F7toto] teh g o] fad 4= 0™ (Ma Ao M &= Yol ofsl] EF Aot
A 7SIt Bl 2714 o] ed = et HiEh2 Hashs e SRl o A3dH (Fig. 4).
TRy SRR QTS A Bl A @714 7 o= ek Slaoll e Etotal e viE R
Xl 011494 7] RHEEA] b, YA (Haque et al., 2016) Bt Hieh go] S7hg=p eo
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Fig. 4. CH4 emission rates related to Eh value during cropping season in rice paddy.
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Fig. 5. N,O emission rates related to soil temperature (a) and WFPS (b) during fallow season in rice paddy.
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Egol sae tarseol 71t fr71E o] whE 712 F 5115 o] (Greenwood, 1961) A 1% 17]=¢H 7|
58] Zﬂi%oﬂ whet e IS ARG 2 0 &2 H oIt} 2179} vl wsto] {7 7] ofl= B 22 tollA] wgto] A
O HiiE =] hgtom, wiuf 2 S0 vjEe] WS HIH o= 2714 7471 w=ollMe Hig Adate] @4l A
ol ope}, A5k o] 7] 5 Hlgke] gk Atehtof ofsf AH]H FFEC = HRITh(Cai et al., 2016).

Z1719] gk vilE s 2 obted A HilES R APl F-3iet A glo] S WSS (Fig.
3). GEHA O & A A S Aflieh= B¢ Ea AElol A= omtalE Azt A o) iAstA] ek o, She
o 598 A| oIS A vl Eo] FTsle] HE Zr AR Al -fARE 27T} (Haque et al., 2015; Huang et
al., 2019; Oo et al., 2020). ¥, F73719] opitabd A vllE2 B 22l Zhol| fArRt Bake = F31 shlrt (Fig.
3). EFR LI SIS oS A v Ee] FUIoke RS DI ¢ 2ULoH (Fig. 5a), EY 25757t
o2t EQF uiE0] 2 W §. 50| SV F3F o2 H Itk (Andersson and Nilsson, 2001; Lopes de Gerenyu et al.,
2005). FI 2 EQFO] WFPS7} 57185 oiIskd 4 &2 7Hashs o] Ul (Fig. 5b). EXEo] Z7}
SHH opAFSEA A7} HEASH= 243} (nitrification) ZHg0] B Q5 4F4 0] SHito] A3l=]H (Schjenning et al., 2003;
Skopp et al., 1990; Zhu et al., 2013), +& ALl A YERd HEeF o] WEPSZH60% o/ ?] Z20lA] opitebd A vl

o] Zr4st 4= Qltt. §747] % obalslA 4 &2 U W CRF A2l 7ol -2 (DAT 321™& 7oz dAjzos =
7¥stl o, 7= AAISHA] 92 HV A g Ttolli= 2 HalrF HEEA] 9t o= 7=l ols Eel 571 i
2 f71= ek @] ofsl U B CRF #2]Ftof|A] opqtabd A HilEo] Z71t 21 © & K Q1T (Chatskikh and Olesen,
2007).

]
]

£ 247tA HEZ LU GHGI 5 vEhui&E2] 99% o/do] 7o WAty o™, 27| - wjek #]7ko] 4]
LA o] 2 HLEQLS gttt A58 (Zhou et al., 2014; Anitha and Bindu, 2016)°|4 &= X2 173t vt} 7+
o], 27| & ¢ d H]=5 Al-8]t CRF A2]of|A] & gt viEsdo] 7 A 3Utt (Table 2). ¢/ H] =5 ARESHH
H #2)7} D EH (Tang et al., 2007; Peng, 2013), 215 53 AA3w.0 8 wE Akslgo] S7ietol wet
(Gutierrez et al., 2014) 2}7] - & HE vjEsfo] k4 71 02 Btk vhH © 7|22l 2 0] 57| Fofl=H[eto]
Aol viEE] 7] o¥orom, Al A1E SARH AE selgt 4= 91 9It) (Kim et al., 2017; Gwon et al., 2019).
et ] o 5 opabsbA A HikE0] 47 - 63%+= 27191l 36 - 53%+= 73710l ATt 2ha/d A= ARS-
O 2 opikeb A v ES AR A8 AAEek= (Jiet al., 2013) 28, 217]9] F opibebA A vllE=R2 A7) Tt &
O Q1 2fo]7} ISt 1oLt Azt a8t i et al. (2013) 9] - AafolA = LeRt HEel Zho] Ax|H o & &5 4]
H| 2 A2+ Ko 80| = A elof|A] opiteld A viEsko] A AP R A 0 2 Hof, B A thd7he]
H 287 d5ol o 2o = AY7hE) §h, 5747]9] - opitald 4 vl E-2 A 2|71l 214 Q1 2ol & Lt
AT} (Table 2). 7d-2-= AAIGHR] -2 HV A 2] TLolA] & opitabd A vlfEo] 71 Aglom, ol S i o 2 547 &
7S Hadlols T TRl E Foll oftEE A Ml ES A 4 kS A 0 & A7 S5k s AAIRTU
3 CRF Ae]7oA= 4R H5E A8 CRF A9 & oMitebd A viEsdo] o okt T1aju ole} weish
A7t aH]ste] 2k7] Fof| AJRIeE H]=.0] 2HA ofefol thet 571 A7 Hajgh 2l o2 Helrk
BAx FFE AL vRl o8 g T 9 7= Faol 3 E 2 7 Batol] ofol U A 2f+te} Bl stod
CRF ¥ HV 2] Lol 4] Z7¥5}91Th (Table 3) (Tang et al., 2007; Cho et al., 2019). 12t} -7 & A|-&of o2 2}7]
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< WE HiES] S7H= HV A=HolM 7P B2 2AV A7 HElE S/l o H, A4 o & 2 GHGI ghe= Qs 24
7hA A5 G EolRl= A 0 & WEHT W, CRF A2|7= U A2 7ot Hlalsto] w2 4 3 22 2A7EA
HjE2E0 & 2R GHGI gFe UEh 28291 4= il &ol= it

Conclusions

& A =olld FH=ell ofell S7ohe oitelE A vilEe Adehe aa2Ql 247 A5 S At
7] S1ete] B = et G- A 58] 84 vlE A2 (U)o} Blalste] Hx e ke /] vl A2+ (CRF)
e sflofe]H#] £ Bl gaH] 7 29 A2 (HV)oM S71sktt U 1431—719} Hlusto] F weh HlE2 CRF #1<]
Tl Aast e HV A2kl 2] S71sknt. & obiteld A BlE-2 CRF A2l A S715H1 2L HY A
2lFollis vha Hasieint. A 5 F 27 EA SRS CRF A 2]7ollA %‘ Aol om, HV Z2TolA S715H3
o, 11 B3 i A7 BERQ] GHGI 42 CRF A=l A 704 0 & 4ot o™, HV A2l S7F
SHAH. mebA oM a4 4R RS tiAlske gadd vI=E AT ike STistal 247 A HiE2 A
7 %}04 BEAQ 2T A0l s A o' e, TRu e HlE AR O ® §77] ofttelE A i Eo]
ol A 4 = Hl tiek F7HA”) °4?L7} Zadhzlo s poben) Eot o] wtet 9
J

%3711%*%5&%@@94%& A7k F7PEQ] FAIE Bo) 2 A7 2ukE PEHe We] WA S0 AR
.
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