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ABSTRACT

Intermittent drainage can be used to reduce methane (CHj) emission from paddy soils. However, there is a
significant increase in nitrous oxide (N>O) emission when this water is drained, a significant amount of which
originates from N fertilizer. Therefore, to mitigate the side effects of drainage, the source of N fertilizer should be
considered. However, water and nutrient management effects during rice cultivation are not well examined in
Korea. In this study, effects of water and nutrient management on reducing greenhouse gas (GHG) emissions were
investigated in a rice paddy. Three types of water management were conducted: Continuous flooding (CF),
intermittent drainage (ID), and low level water management (LL). At 30 days after rice transplant, drainage was
carried out for 20 days in the ID treatment, and a low level of water (2~5cm) was maintained in LL treatment.
The same amount of fertilizer (N- P»O5-K>0:110-45-57 kg ha™) was applied in each treatment group, but different
types of N sources were used: Urea (NPK), hairy vetch with urea (HV), and slow release fertilizer in the form of
latex-coated urea (SRF). To prevent N deficiency in HV treatment, 50% of the N fertilizer was replaced with urea
as additional fertilizer. Methane and N>O emissions were monitored during rice cultivation, as were growth
properties and rice yield. Compared with CF treatment, ID and LL showed significantly decreased CH4 emission.
Despite organic matter application, CHy emission was lower in the LL+HV and ID+HV treatments than in the
CF+NPK treatment. On the contrary, N>O emission was increased in ID and LL treatments. However, due to the
CH, reduction effect, global warming potential (GWP) was decreased in ID and LL treatments. Rice yield was
slightly higher in the SRF than NPK treatment. As a result, yield-scaled greenhouse gas intensity (GHGI) was
decreased in water and nutrient managed fields due to the low GWP and high yield. Conclusively, a combination
of water and nutrient management might reduce GHG emissions in rice paddies without loss of yield. In particular,
low level water management and slow release fertilizer application were effective to reduce CH; and N>O emissions
and increase rice yield.
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HEF (CHa)2 o4ilalekar (CO»)QF Hlasto] 258 =2 A
TF-2143}%|4> (GWP: Global warming potential) & A|d 3%
A9l 24720t Hghk: ddbAlow H7]AQl gHollA
Tl ol Al sk, AAA 1914 uiEEde] 11%71 3
=04 et Aog deA Stk (IPCC, 2007; 1PCC,
2013). = W2 (844,265 ha)o] HA| A WA (1,595,614
ha)9] oF 53%E AHA|oh= Sejuel HJA] gl migto] ¥
=ollA] WAEsEAL Qlek 2016 7)<, B AE) Al A8 e
HiEE 6.1 Tg COxeqv. ©|3ITE ol HYEok Hgh vi=
ok (11.41 Tg COr-eqv.)] 53%, =7} A v|et ik (26.3
Tg COreqv.)d] 23%9°] 3fdal= Folt} (Statistics Korea,
2018; GIR, 2018).

=ollA High viES A7hslr] flste] ojE7HA] 7]sEol
U e]ollA AFEAL glow, T 5 St Ut 2 B
7|2 v viES A5k dl aEQl HEF F shuolth
(Itoh et al., 2011; Ma & Lu, 2011). -g|yzlof|A] AAGE &=
He] 7ol o3t gt 5 Aol 2w, Kim et al
(2012)7} Ahn et al. (2014) FAE= R} H|wsto] ek
W 3 Al 66%, ==LAN7] =38 Al 78%7HA] w|et ul
S AT 5 UL sigiek of2fRt =E e Ve
H Al & B W Ak S SHiA e EH B9 2
s VAR YEs YYE of8sto] MR viES A
AT LA Qlok ey B9F o] 2R o= Agk

B85 =olAe] optelaa (NO) HiEo] S71e 217t
CHCai et al., 1997). oPAlsA A= AUPA O 7 EoF 24 9]
25k} 9l gAstof| ofgh St FAER WYt (Schreiber
et al,, 2012). AHFAQl T Ao = B 714 2o
2, Z47E A= o] opikeld s o] Aok 1yt =
Al AXshs EE]ol ot U W g B S &
714 - @r1Hor Heksh, I Ayt dalslel 2Es) vy
= FAsto] opileAs vilES S7HAXIH (Cai et al., 1997;
Hua et al., 1997; Yan et al.,, 2000). o}AFsl2A= GWP7}
298=, aifolrfgte 23t eyl =7] whizol| (IPCC,
2007) =4 S7eke obilsha Ao wiES A Aok
spglol] ofst o)} Wastc

FA oA WSl obilebE A0 AR ool AlE
gt AaH|maRE gl da vlae 24 e R}
7188 R F 7R GRS 4 Qlok sfekH] R0 i<l
o= @4 H]w7} Qlek dHHA o ARESHE 84 HlEe &
agow HgEaNe] 7|7to] #al H|®O &4E°| wof

|

%0 it > w
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(Lee et al., 2005), 250l F=5 o] oMlsHda viES 57t
A o7} 9lck dHbHo| 2kgAl @4 H|E (Slow release
fertilizer, SRF)= Atz o & w|& Ji} X|& 7|7to] 21,
Hl&zo] 4] Yot (Kim et al, 2009), F40] 84 =
= 9 NO HiES AT 4 & Aoz wosnh A4
& Ji et al. (2013)2] HaAFolA 84 24 H|=Q} v
sto] &hadg HlE AMCR 13%9] oMileHE A HiES 5
3k ARIE Qlek $71 HlRe) A9 gun w, EAE 212
5ol 3tk 1 Folde Fa BEE dAske AE A=
Z Rl dllole]H|X] (Vicia Villosa R)= A5 &3} 9]
o= EoF mE-S B3l ok 94 W] & (Seo et al.,, 2005)
o] o] fxzoll 2 thfshAl 8= AL Stk 1y gflofe
HIZS =ofl A8 45 3t & W= oF 90%7} 77]8}s o
H A S| A ol S F 4 e (Lee et
al,, 2002), F-71& AlE Bl o3f] =ollA 9] gt viES
S7AA 7 917 "ol (Yagi and Minami, 1990,
Haque et al,, 2016) o5 s{d3s}7| ¢I5to] F7143l =gfo]
2 g 3.

7Fse Ao R wetEt Ty A7 viEsF A o
He g e EdE 52 dEEE 5 g 7] 71T
283k A7t diF2oln, B3l A3 Ao thgh At
= AY HF3E Aot} E3F FE E-go] FHstL Q=
sllofefux| 9] Adgt ggof gt a1 HA] Hagh Aol
th wEbA] B oA oA HijE T 2AVEAS] 58
Al =2 S8l el =EYAd 7S Ad8ske B3
gjo} 7R A4S Hgsis FELHE A AAsk=
37| 2 ARG ol $iste] Higk W opikalA
2 & EAS R4Sk, 5 & 247 viEEl GHGI
(Greenhouse gas intensity) A4S Z3) A JL 742
7bsteick

2. g % gt

13

2.1 AEZZE 2 X2l A

2 AFE A5 gt oA Hol| A3 SH s daeh
W B AlEEA) (9% 35°82'L41.5"N, A= 127°04'L36.0"E)
oAl 2018¢ef o= 4=3¥sirh Al BEGE FE (Loam)
2 Buwpgo] oFEala, pHE 6.7, 4712 e 15.6 g ke’



B =0IM Y2 S0l ME 247tA (CHs NO) HiE E4 o & S0l 0Ix|

2A 1 29| sk 5442 Table 13} L. @A A=
sueiet R 7 7R vtk Sdels A 371
2 A, AN, == A7) A7t Qi e
o] ¢ A7 7R 84 sfeku|R, d|ojelHA], easd
HE #2E 7RItk 221l 7] EEl e B e R v
I} o] AeltE AABI: O AAEs 3 stst]E 22
< (CFINPK), @ zral 9l slehe|e %|2]5t (IDFNPK),
@ k7l 9l sllofe]HlA] Aelat (IDHHY), @ =& & of
7] 9 sojelu|A] AElat (LLHHY), © el 9 ekad
H]& A2t (IDHSRF), © == A tj7] 2 &84 vz A
2]7L (LL+SRF).

]

2 Aol ARESE ¥ FE-2 A% (Oryza sativa L)OE,

s & o|Ydagict. v Al Al = S
2 ARIAR7]E (NAAS, 2010a)s Bz 36t
H S flete] me AEtolA 59 N-P0s-K.0E
110-45-57 kg ha! AJu]sloich. i walE $isto] ARgEE 2
2o kR Aultols YNFH O ARESH= Q4]
B2E, g8 ¥R A gqtol= LCU (Latex coated urea)E Al
S5t slojejul|z] Aejtellds Aa AMEFY] 50%=
gloja]w|x] 1141 kg ha' (AZ7]2, 55 N kg ha)S 7]8]2
AEBRIL, Y A] 50%= S84 24 H|mE SH|E X85t
Ak 7182 AlgSE Flojaju|R] 9] olstetd o i
SRRSO 75.7%, AABIERES 4.82%, EFASIERES 42.49%, C/N
Hl= 9ieh o] wf, sflojeju| 2] Z2jqtolA Q4u]RE FH]|
B2 ARESE AL Fof R E =0l A8 A g W 90%
7\7ko] F715ke7] wjitol] WAYE 4= Sl 27| wigk wiE=k
7t E A B ozt =5 FAE oshr] fIgolqlt.
H Al Al R4 BlE A2tE A9k sfskela 9 sloje]
H| 2] Al Aol A= Ao S 4ol et A4 vlE

ot
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o Ze| H|mE 23]of| AA Fnlstglen, 1 99 B Afuf
2 AP Be] AR = supplementary table 10f] LERN AT

SV thE Zol Akl AdAlES Al gtella=
W olo} 3 S Aueks Fk 6 cm ol S92 SIS
o). 2 Agtol s AAEE GRS oY &
0URE S U 277 St F, AT sjo] 49}
& 9Jat U o7 6 em o4} 4918 H ISz WAloR
==< It == ¢ == A H7] A=telA=
ol ¥ 30 o|FFE HIE 2~5 em= IWNSo] Ee] A

23 7tA AIE RHE 2 24

Aol Bk ol ol g A7 Wl 5
T = AI7191 10~124] AFolofl Closed chamber B2 0]-83
o] 7} A RS FBFAT} (Jeong et al., 2018). ZHH UHA]
0] 0.36 m’(0.6%0.6 m), =] 1 m =3} polyacrylic plastic2]
27)9] chamber A|3le] 7k A2 225 ol ol g5t
Ak 7k AR # ol T % 13, W FAS AojE
ZFejollA 60 mL FAIE ogsl 7] Al&E AHFskL, T
7€ Dol Welg F A £Eof mg Zsieic). A
B ) 27) S8k 99 Waak A7k E9t fnd 7RE1
A g 302 Fol 60 mL FAP|E o8| $7] AlRE
AL FAS ol ke A7 WA A AlejE At
ek, A 60 mL FAP7lo] ERg s A FhAmE
& 18)|3] (Gas chromatography: Detector-FID for CHs and
ECD for N:OYE o} §510] Hakpale sieon, vg 2 of
AsRA MBS 4 1, 25 0|83 Ak shsick

F=pxV/AXAc/Atx 273/T (eq. 1)
Table 1. Chemical Properties of rice paddy soil before experiment
pH EC Av. P05 OM TOC T-N Ex. Cation (cmolkg")
(115, K0)  (dS m") (mg kg™ (g kg') (g kg') (g kg') K Ca Mg
6.7 0.5 142.5 15.6 9.1 0.81 0.42 5.43 231
Supplementary table 1. Schedule of management during rice cultivation
Plowing Fertilizer or H.V. application Irrigation Transplanting Intermittent drainage Harvest
8 May 18 May 27 May 1 June 2 Jul.~17 Jul. 18 Otc.
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F = CH, or N;O flux (mg m” h™)

p = gas density (mg m’)

V = volume of chamber (m’)

A = surface area of chamber (m’)

Ac¢/At = rate of increase of gas concentration (WL L h™)
T = absolute temperature (273 + mean temperature in

chamber)

Seasonal CH, or N, O flux = Y 7(F; x D;) (eq. 2)

F; = the rate of flux (g m’ d']) in the i ” sampling interval
D; = the number of days in the i g sampling interval

n = the number of sampling intervals

2.4 GWP & GHGI 49

2] 35 o]g5to] H=ol|A] viEE wght ok A E A
2143}%|4> (Global warming potential, GWP)S H35}o]
CO, FFoz 2 skt (IPCC, 2007).

GWP (kg COyeqv. ha') = 25 x CHy +298 x N,O (eq. 3)

S W LWl ouse SWks gE
(Greenhouse gas intensity, GHGI)= 4] 18F CO, Fe
olgsto] 4] 48} o] APYELITt (Van Groenigen et al.
2010; Pittelkow et al., 2014).

GHGI (kg COy-eqv. kg grain) = GWP/grain yield (eq. 4)

™

25 £ FAM U B 4% ZAp

SA BEFY olskshy B4 EPAIRE AFIste] F4
%2 mm AE FHAA T2 EFSRREA (NAAS,
2010b)0] FZslo] EASIICE pHE ERS ZH59F 1S
(W/V)2 &35k6F 3 305 7F wHISke] pH meter (Orison 4
star, Thermo, Singapore)® =43}, EC=pH &4 & &
OF g9 #42 oIR]2 oj3} & EC meter(orison 4 star,
Thermo, Singapore)S o450 =43tgch GEAARE
Lancaster] (NAAS, 2010b)2.2 720 nm T4 H]AA
(AU/CARY 300, Varian Australia)= HAJ5}g0m, 2314
9Fo] €& 1M NH; OAC (pH 7.0) fo10 & Zsl0] 9=
stZel=nlEst7] (Potima 7300DV, Perkin Elmer, USA)Z
A5y -4 CN  analyzer (Vario Max CN,
Elementar, Germany)2 A3}ic}.
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(Eh value)S
-8 Eh =7%7]| (ORP meter, Lutron)QE
T, FA] LEAZ o gle] B L ZAHAT} 53
7Iohs i8] 25, et 8 A £98 2SI ©
A §J3 2 HElT W& 10055 5835t § h
#%Li M8l GHGI 4Hgell 283513tk

2.6 SHAEN WY

2]zt 2joli= SPSS (IBM Statistics 25)2 o]t 5%
Fo4===0f| 4 Duncan’s multiple range test (DMRT)E 3}¢]
w| stk

3.1 71 =A

E.

A1 T A A B ] 2 2 BEY 2
S} Fig. 13} Fig. 2 (a)°f e lom, 7hday
7172 o2 FAISHTE = 6wk 8 SHlof 3
TEeH, g 77k ste] 79 10 ~ 84
-] Slepet ool - Atk d Bt 7] &= A
2 wsto] whe 8ol 7HE Eem o A skl
B 2= Al A Fat B7] 2o AR Ao s &
SEL: =] Atelehld 9] A2 Hl=olA B Ak}
/b]'EH"::' o}o].ig Z]E z/\]_s]_ Eokg /\]-§].‘ ?sz,?,]
o} A¥R= Fig. 2(b)e} Aok ¥ AuiE f1sl g5 A5t
W= A2l A Abeteh A 7E dasste] 29 g o
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g. 1. Daily rainfall and mean air temperature during
rice cultivation.
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Fig. 2. Changes of soil temperature (a) and Eh value
(b) during rice cultivation (Z means intermittent
drainage period).

ERith. Er el e CFANPK Z2]tofl A Alstehdd 9=
150 mV 32e] g8 ehion, o} ) wael o
£ 870 wjgk walol] HgtelA) HBEILS Tla 4
AT} (Masscheleyn et al., 1993; Wang et al., 1993). HFHoj|
7N 9 =EdAEd7] A2l 249 BdEd

=
s S4GiEl ARBRAAS) glo] Yo R 49)2 8 A

ASHAF 2|3 93~184 mV7HR] Z7tslglon, o|2EE EoF
SHgol 27| o HehH A& SRl 4= Aqlet Leju 2k
ol Aol A= tAl NS AlIRFSIA} Alslehl ] 4k
= FA; asste] ohA] 59 72 vEblieh REHo| ==
715 AARE AElFollM= SRR o s ARzt

et ol 71 @ 9ol ofs) w A} 45}
Zo orsl Hol] YEoR AzkEr. TEHOR BE A2
TollA] 42 915 Y4B ANSIA, ASRIIAESE o)
2he ek

32 2A7IA HiE w3}
32.1 HiE HiE EA
7h7to] Ael7 8 ok WjE% WSk Fig 3ot 2tk

CFANPK H2)70lA] wlgh HjEahe: AMA g4 A4 o] 3

A} 271810 0|9 F S0zl HiHe trehon), 802

ol S4710] o]2e] A} sk Aee W) ol v

§ =7 &

et EOF 2ot g2 ARl FFel sl S4st
€ B%e 2l Aor gotEnh AA| B¢F 2=0f vk
= 71 IFRAS HAARE AT 1m0 oS IS
< ATt (supplementary Fig. 1 (d)). RFef ZHels 4
ARt gl A HiE wilE2 Y ol F = HA; fasto
ol F- 4047 gk HiEo] A of dojubA] ottt ol o
o ofsff = o] A 7] iEor whekEnh AA|

2 B¢ 1lehel AHE vehlls Alskehel e g |
g HiET 7o) SRS AARE A Alskek 97w
=75 WE wiEEe] solve e ERIE 4 gl
(supplementary Fig. 1 (a)). ©l= A3 S50 A19F nEI7HA]
2 RS ffall AAshs Yol el = Wi 7IAI7F =
4k B W AR w7 Sk 5 Bl 218 oR
Ahe|an, 7 Aat vgk Aeto] skl wgk Alshto] 5
7Fste] wgk vijZo] At Ao & Heltk (Ma & Lu, 2011).
=EEANE AR AgaEelMe IFiE AAIRE
A5 FARE ARE Btk ol =29 " 4ot
FA FAE Tt EFe o) dha ghito] FTRE Gk
2 Jhdale} 53t o= ve viETe] Hagt Jlow
Holth (Kim et al., 2012; Ponnamperuma, 1972).

o
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02r

Drainage
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N

=
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o
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Fig. 3. Changes of CH4 (a) and N2O (b) emission rate
during rice cultivation (Z means intermittent
drainage period).

B el F = vjet uiE2RS Table 30 UEhA Ble} 2t
CFNPK A 2]-te} vlasto] ) 3l =EdAd 7|5 A

http://www.ekscc.re.kr



08} (a) —— y=0.1823.190e*x r=0.281 | — y=0274:0015x r=0427= ©

CH, emission rate (a m® day')

.
. .
ets t 4
TR
LI Sk A
Yyt .
- -“'*o .'.-.. .
Daedd sevena®s *TaVerl e
a0 20 1w 0 I 18 2 24 E) 2
Eh value (mV) Soil tempearture (°C)

.
.

N,O emissicn rete (mg m* day ")
.
.
.
.

Supplementary Fig. 1.
Regression analysis between environmental
parameters (Eh value and soil temperature) and
greenhouse gas emissions (CHs and N2O).

AlRE A2|Eol A frolaor W vgk HiEro] SHelE
ok & e wiERS CFNPK A 2|toll A 71 ghgion,
o]oj A ID+HV, ID+NPK, LL+HV, ID+SRF, LL+SRF 0|3}
ok 53] 771 WISl SRS Aetlaole et
[l R S =2 A E 3ekdle W & vl v
o] CFNPK A 2]l et #Qiet. o] & Fdf =ue]
LA RH Sof2|HA] Algel wE HE vilE SV
I 5= == & 4= AUtk Haque et al. (2016) of w2
v Al A] AAhs S5 Heee B S 2U1HeR
ghsto], Eofoll A8t f71=o] Hge] ofd ol iteieka
o] FE|= &al= L ek o] Y7 |Rhtnt ofu 2t Ags
ool e Hgh viETFo] W BSETAL ST & A
M FLRE olF2 slofRHIAE ASSRE AHTE Rt
L= Rl 9 =a A AeltolM e & HE wiE
&fo] CFHNPK A2t ABrt AA] et Z o= Hel.

ol

=L

1o B oL e

ek 7F S obelle WlEAE M) CRNPK A2
A9 oMIBlAL WS B olF HA Zhaelo] o]

217 o F2i= 7le] vjEEA] stk ok B71Hel ®

& gHdo] wraste] wet 2Est 3 SN0y — N0 —Ny)
A opileha ATt Al No&2 H8HE| AL, Ad=Ee] of
7} Bof &7 tfEogE Kt (Freney et al,
1981; Minami, 1987; Smith and Patrick, 1983). BtHof o]}

[T
&
B
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30, FFHE AAIRE AgasolMe IE AAISH
ok e HiETo] AAA R FA S8 o=
o] B9 gHo] 3714 gt
of what AALkeke} erEsl wgo] SxE o] opikah A Y
Zo] Z7I6E Ao R HET} (Cai et al., 1997, Hua et al.,
1997; Yan et al., 2000). AA|Z 2ARSE BEQF A5l M 9] gF
o] Z7} @ ufubch obkEFAL HjEo] ANH O Zrlek
e AT = AAE =EEAR 7)ol A = Thalel bf
7R = BQF 20 2714 2ol o) ofiketdas &
o] Z7I%E Aoz HAlth ey oMsE A viE) Als)et
A A9 7 B HEAE AR AR FoE 2 4 9
At} (supplementary Fig. 1 (b)). o= Eo] LAF o= At
3} H3le & Alelshar opitsbE ATt A HiEEA] ¢
FRFor FElRt FRFdo] UehbA] 92 Aes Azt
EFo] Atslghel Ael Qo) opitalEa vjEe] ke = ¢
7 Mtz BEF 2ot opitehd A viE ke S| A

5
;

frolde &I o= AUTt (supplementary Fig. 1 (d)). ©]
B 27t ANbAQl nAE 2ol gk ndl Autg
2k

H Al & F ofAkeE A wiETE: Table 3of yephd Bf
o 2tk CF+NPK A 2]7-e} vlarste] Zhaytrl Bl ==
715 AAEE AeTEolA Foldem 2 opilabEa
EFo] FRIER & opikelE A ujEE= LL+HHV A2+
oA 7P wWqkow o]ojix] LL4ASRF, ID+HV, ID+NPK,
ID+SRF, CF+NPK <=0|Qlt). opilabdas ulj&whe wgh uf
S ANEE 3RS HSA=T, ol Cai et al. (1997)2] ¢
T AvfetE AX|sielth T3 5T ] AAE FUSHA
SOl Eokal A8 AU F5el wet opibeREas
HiEEFe] Zol7} Ul 53] sofeHAE Al87t A2
TollA opiteE A viETko] iAo ® & Holl=T,
ol slojeHA =Y T B U §7] gt st
= St A FofAl 2 SEEE Tl ot ke AE
t} (Schreibor et al., 2012; Schmidt et al., 2009).

E7) W] 274, A, Az S Table 29} Atk =
Y ofsellE =Bkl AR

ot Ao Tl wet S 54J9) Xo7t uERth A
Ao ghak HEg ALBRE Auteld 2, Ed,
o] i ESit) ol 444 BUR FHE 9EA vwrt
A2 £AS M43} slHA D] AAE Bea sl
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Table 2. Growth properties and grain yield under different treatments to rice paddy soil (Different letters following
each value in the same column indicate significant differences among treatments)

Treatment Plant height (cm) No. of tillers per plant Grain yield (kg ha'l)
CF+NPK 923" 9.8° 4,974
ID+NPK 94.8° 11.5" 4,857
ID+HV 94.6° 12.2%0¢ 4,731°
LL+HV 98.8° 11.1%¢ 5,074
ID+SRF 107.1° 15.4' 5,039
LL+SRF 109.4* 14.7°° 5,344

Table 3. Seasonal fluxes of greenhouse gases, global warming potential (GWP), and yield scaled greenhouse gas
intensity (GHGI) as influenced by management of water and nutrient (Different letters following each value
in the same column indicate significant differences among treatments).

Seasonal flux (kg ha™)

Treatment GWP Yield scaled GHGI
CHL N.O (kg COy-eqv. ha) (kg COreqv. kg grain)
CF+NPK 435° 0.78° 11115 223
ID+NPK 208" 271 5997° 1.23%
ID+HV 225" 3.01° 6531° 1.38°
LL+HV 182%¢ 4.40° 5861° 1.16°
ID+SRF 154 2.45¢ 4580° 0.91¢
LL+SRF 106 3.88" 3801¢ 0.71°

Yag Baelo] Arolgas s FUNA S0 S7He A
Bt} (Linquist et al., 2012; Snyder et al., 2009). 718§
U Al 7ol SolHel ekel Aol UELA) elsk

o

3.4 X[F2LtEkK|e (GwP) Y
—scale GHGI)

B Q73 & E371E Aol uE GWP W GHGI=
Table 30f] UreRH vle} 4tk CFNPK A 2|12} v]mslte] oF
T Fles A8 AAEold woHeR 22
GWP ¥ GHGI gk #Igt 4= QI%ltk CF+NPK &2
GWP 3 m[gho] 2A[sh= HlE-2 9% HiEH 247129
ool wgto|qiet. wido 7&%?&711 2 == YAE
AAgE A2 GWP 5 Hlgh 82 76~90%, obitald A
82 10~24%2 VrERsiTt. ofuf, opAlstas: wliEo] F7tst
o= Estal migk uiEe] A=ave Qs GWP7) 2
a8h= S 21T 5= ATk ol wgh} opilskE Ao ot
8} (trade off) PAro 2, 7H) W =EXA 7] =352
= gt HjEo] %iﬁ} opitERA HiEo] SRt Alom

X|F2USIE (yield

]I

Xolt} (Cai et al., 1997).

e G AT viEES UEhie 7% GHGIE,
2 Aol B A8 7hsAdell it B7He] A 28
SkQick Table 3o uehd wRe} o] izl Akl
CF+NPK A 2|7l A GHGIZ} 71 =30tk ol= 59 %
o] & Aikeh=t| uiE s 24717 CFNPKOA] 71
Woee onjgieh whde| 7l 9 =EATIE A
Algt T2 A2 tof| A AP E GHGIZES CF+NPK A 2]t
Oﬂ H]g—H oF 40~70% u—ol— E{s] 9]—_'{3‘_/\‘]3] 22 /\]gs]- Ezg—
71 AEatellAl GHGIZE Roith o= Adidoes W
GWP 9 =& papAdo] o3t s, Il B =a%
Ah71e 4 vlas I A8ske 5d7Ied I A

& A EabHl SATRS dEo) TR Jlow Az

?1;%01]/\«] =049 HiEH t SATA =S f]g],
OH_@H:_‘& Hi= —ffl,*g} 2—4 GHGI Al_rxgvg_? 5t &2 28 7]%_

We,
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& BrFskarat silek A Ay WA ¢l CF+NPK A2
ot vlasto] 7kl 9l =8 Fegetel wek
gk vjEo] fojHom Zadt bl opilshaAe viE
71tk B e 79 "] Fell wet 4 Aol
7h o qlglon, ha/d HRE AR AElatolA AthA]
o7 pifo] Wolth @ A8 7 BUME Sl AR
T GWP 313l GHGIE Aej+t 7tol| v]agt Ay, CF+NPK
Ao 71 Zlem, o]ojA] ID+HV, ID+NPK, LL+HV,
ID+SRF, LLA+SRF <= o]l 53] ¢k H|mE A83t
LL+SRF$} ID+SRF x| 2]FLoll 4] GHGIZ o] 8-0)& 02 Uk
o}, ol AtiF o g Be AV viER 9 =2 ROl
ot Alow, =EdAdr|e ¢ha HwE A A8k
o 710 A A8 Al 7H ARl 247 o] T

o

® ATE SENTY FeEPTAY SYBA1E AT
ALY (PI012614) A1) Sl ol0l4l A2
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