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The effects of water-saving irrigation on the emissions of greenhouse gases and the prokaryotic communities
in rice paddy soils were investigated through a field experiment. In the Water-Saving (WS) imrigation, the
water layer was kept at 2~3 cm while it was kept at 6 cm in the Continuousiy Flooding (CF) inigation. A plot
was treated with Intermittently Drainage (ID) that is drained as fine cracks on the floor were seen after
transplanting. GHGs emission amounts from WS plots were reduced by 78.1% compared to that from CF plot
and by 70.7% compared to that from ID plot, meaning that WS could help contribute to mitigation of the
greenhouse gas accumulation in the atmosphere.

Key words: Water management methods, Paddy, GHGs emission

Comparison of water quantity, yield and GHGs emission from a paddy field under different water management.

Water management ~ Weed occurrence  Total water quantity  Yield of rice GWP Emission rate
kg ha'! - ton ha —--eee - COyton ha' - (%)

CF' 0.84 5.49 5.83 6.02 100

ID 28.8 4.43 5.75 4.51 74.9

CF+WS 16.1 3.86 6.18 1.85 30.7

WS 42.4 2.78 6.25 1.32 21.9

'CF: (Continuous-Flooding), ID (Intermittently Drainage), CF+WS (Continuously Flooding+Water-Saving), WS (Water-Saving)

"GWP: Global Warming Potential
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Introduction

©orr

A A BEALE = A Q)M S Fote] df7] A B
2uste] P FE= CH A3 (Global
Warming Potential: GWP)©] CO, tH] 21| 2 573 X o]l 4]
CH, Hi&2 EF=xido] F712Ql Aol A==z £
guetor s ErdER s =Bl F HilEde
2 dHA Qlh, =ESS @R d7 25 Abaast
o] Y&sHA] 47| ol EY W Fr1E2 @714 et
e AXHA F EgoA SAEA] b= mRTIAIE
CH4, ammonia, hydrogen sulfide, mercaptans, dimethyl
sulfide 0] WIS Hrh, o] % 714 Wol wjEEE AL
CHZ7F20lt}, CHe: E%l =04 Ho+CO; Ti= acetates
714 = sto] HA 97] 204 CHy AAatoll sl /=]
1, oA AFE CHE COE ARSI AL ¥ 7| 24&
E5to] 90% o)/do] wiEH, 7|2 wiEEr, 1Eal =
2 G AdHolA By dadEe] NOTN0—N, 2%k
e AXEH, SHEESR] NeOE A153] o= e
3R NO7F Eoll 7] wiZell N:OuljEE-2 Zth
(Freney et al., 1981; Minami st al., 1987; Smith et al.,
1983). 1eut AefRl Hilp= N 9 F7IARY] BEe =
skal ZJsk=2] JiF HAS o] A7IA HER AHR
pahd
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tr

& W7F st} Sass et al. (1990) 4220 A1 1t
Whe BEY 715 23A7IH ¥ pole 9
2401 CHy S-S 88%7HA] AAa=AIXITkaL skQieh, Ftoll=
e St W8S oSl SRI (System of Rice
Intensification) AuHEH o] =¢lo] EhitE|al Ql=1| (IRRI,
2007), +==2] ©4= ZlolE €A tholAl CHy viEE AHAI7]
= g7} Qokar 31T} (Kim et al,, 2012; Ponnamperuma,
1972).

= Wi A7 B EhE AF5A1A CHy A3/do] 9A
Elo] ujgt ujEFo] ol EA T, EFe] .09 vl &2 vt
o2 718t} (Partrick et al,, 1977; Yagi et al., 1991).
waba] mHjo| A T7|1F 2o Hepglo] 5 & o
wef 2A7EA wiEol] W FRkE vt AME o 5
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wEbA 2 =RoA e AT BiEe] == TEE B
2A7EA AEaet v gAY ants JERew v
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Materials and Methods

B AP =8 felE 5 LAkA iz ek 3
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Table 1. Chemical properties of soils in paddy field before experiment.

Exch. Cation

pH EC OM AV,PzOs NH4-N NO}-N

K Ca Mg
(1:5) dS m’ g kg'] mg kg'] cmolc kg'l
532 1.23 25.7 158.0 4.3 0.16 399 145
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9l columne Porapack @ (80/100 mesh)S =73} 1/8”
X 2 m2] stainless steel tubing column, ~12]al Detector2)
et 390 CE 3}t CHy 2 NyO FA] 278 Table 29
2t

=

22t TR Aol mhebA] AUE (F: me m” b )5,

F=pV A" Ac At-273 T

pt 7tATUE (mg m ),

A= chamber HFEHZA] (m2),

V= chamber Y 271314 (m”),

Ac At™'= chamberd] 7fAsEo] HH 2w (107°
m m? hr),

T chamber Y H#7]2 (K)

CH, ¥ NyO p3t (T=273 K)- th23 2t}

Poma = 0,714

Pn2o = 1,96, prxoo-n = 1.25

AL a8 (GWP: Global Warming Potential)-&
CO,, CHiy, NoO HIEHS CO, AFHFO 2 FHiIs17] 5}
CHyIF NoO % vl &=l X|F--2daAfel 9l 216l e} 3106

et
N
N
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slo] FHAFSHYITE (IPCC, 1996).
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Results and Discussion

OQFHE| S| B Al IRE EQLO] 79 Fig, 1
oA Hi= Hiel gk TR 5ol 16,5 mmE
A7 17 5 7H Ao, Aupr iRl 7ol 572.4 mm,
89 42,6 mm, 12|31 2A|7]Q] 10€ofli= 95,6 mm ©| T},

Fig. 204 & #ejo] W2 EF Eh H3l= 9] d A%
712k Bt == A7) A7t o2 A2l vls) =3ke
o, AR AE7E 7P Wkt 1E|al BEYF Ehh We
H CH, HiEo] =& AR Yyl 7l Aol A
4= 717k 6 18U ~ 64 28 (10¥7holl EF Eh=
—76~+48 mVE 4F5stelom, o] 7|7k 52t CHy #j&2 0
~0.006 g CH; m * day '©.& T2 Ao H]sj 7} Hol,
ESF Eh ¥i3lo| we} CHy MiEE e AA 9-5= Aol
At

Takai et al. (1956)-2 CHy7} AAE7] ¢JsiA= ESF Eh
7} =200 mvo|sl7} T ojoF gtchal SF¢ial, Wang et al,
(1993)-> CHy7} A8/ o] AJZtE]7] 913k B Ehi= —150 mV

Table 2. Gas Chromatographic analysis conditions for CH; and N,O measurement.

Detector FID ECD

Column Packing material Porapack N(80/100) Porapack Q(80/100)
Materials Stainless steel Stainless steel
O.D. x length 1/8” x 2 m 1/8" x 2 m

Carrier gas Nz N,

Flow rate 30 ml/min 3,0 ml/min

(Carrier+make up)

Temperature Column 70C 70C
Injector 80C 80T
Detector 200C 320C

Retention time 0.63 min 3.2 min

Concentration of calibration gas

9.6 and 100 ppmv

0.5 and 1.0 ppmv

CH4 iIl N2 Nzo il‘l Nz
Loop 2 ml 2 ml

700 -

600 -
T

500 -
£
T 20 -
£
§ 300 -
B 200
2
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5 6 7 8 e 10
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Fig. 1. Total amount of monthly rainfall in Suwon from May to October in 2012.
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Fig. 2. Temporal changes of soil Eh flux at a 5 cm depth in flooded rice field.
'CF (Continuous-Flooding), ID (Intermittently Drainage), CF+WS (Continuously Flooding+Water-Saving), WS (Water-Saving)

06 - CH,

gCHy m2 day'1

mg m2 day_2

0.06 N.O

Intermittently (6.18-6.28)

0.05 4 %Z —e— WS
~0w CFHWS
——%-- D
0.04 1 / o e— oF
0.03

0.02 -

. Fig. 3. Temporal changes of CHs and N,O emissions as affected by different water management system.
'CF (Continuous-Flooding), ID (Intermittently Drainage), CF+WS (Continuously Flooding+Water-Saving), WS (Water-Saving)

)31 3}99th 3t Lindau et al. (1991)-2 CH, i3} Ak}
3191 A1 0] 9ol glrki STt =oke] Bh A
S BT A0 32 CHy A= Asfish] weoll &
& Enel = o] O3t 4ha0] e =EUGCRE HEH
OH, e S 2R F0E e Azt Bk

H AS71F 5 = B A2 CHAF N:O HiE2] A
2 W3l= Fig, 3% Ak, s 27|71 CH, vi&9] Ws
(64 209~ 69 182 A} RN, 2 2l
7] B 1':1]1 27T teE EAN7] A2TFollAl vl
3 opie mglon] 10907 (69 18U~ 64 289)) Z7hdt
= ARt Z_}%J‘:WH% CH; Hi&o] 55 s Hlrh
oFe U ol 1 Al u) s
Stof O, W&he EolErke Hush At
93\11]- (Kim et al,, 2002; Partrick et al., 1977), 7rgtd7loll

o|Z e V|74 CHy wjEHFo] XS
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:12
=L
ox T
01> r
ol

F=of| Bl MdkHow ”71] Uepsith =5 A7) B4
A 2ol A= Ol%L 1 1 TETA] A& FE HjE FolE
HAow, o= LA B & HE7F B
o] Aol Eolf“ 3~4Y HAo R st B Al
st} 2helo] Nkl 0w o FolA A Zh el A9 -
o Zro] CHy 'IAYo] Eof=r) (Kim et al,, 2012). ©Jof H]
3l AJAIE=olAdE A B AE 717 S92 e 2
Ak ol AlSEE "z QIR A7 A F7 1wt
ofsl| =9 ol f71=ol ZaliEof CHyol B F71%ith
(Freney et al., 1981; Minami et al., 1987; Smith et al,,
1983). 27|Fr+e=am A7) A= ol ol 3 E7t
Al (6 209 o= AdAlES A2l wiEHE vlsst
Fou, o E & 7 (69'J 20 o1 F)= == EAHT] A
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. Fig. 4. Total emission of CH,; and N,O by the different water management system.
'CF (Continuous-Flooding), ID (Intermittently Drainage), CF+WS (Continuously Flooding+Water-Saving), WS (Water-Saving)

Table 3. Comparison on water quantity, yield and GHGs emission from a paddy field under the different water management.

Water management ~ Weed occurrence  Total water quantity Yield of rice GWP Emission rate
kg e —— TT0 (Y — - COyton ha' - %

CF 0.84 5.49 5.83 6.02 100

ID 28.8 4.43 5.75 4.51 74.9

CF+WS 16.1 3.86 6.18 1.85 30.7

WS 42.4 2.78 6.25 1.32 21.9

'CF (Continuous-Flooding), ID (Intermittently Drainage), CF+WS (Continuously Flooding+Water-Saving), WS (Water-Saving)

Bl A Ak kS A7) aL E71F &
= LR e

NzO Hij& WHol= CH,O| 7-$-2f it & %7] ufj&sfo] W
ko Tl o] -9 Sk 717k 54t (6 18U ~6Y
28%) N,O HijE=Fo] thE Aeltol| val] 7P =A Urebst
own A He]e] Hg- o]e) gt o] FRE] S F7]
7HA] ST AY UEhA] ¢Sttt o= Ogawa et al,
(1988)0] Bji=2] & 2] Alof| NoO Hj&T-> CH, &)
Ko AEgAzt ok Haeks UA|set

W AE7IZE F o7 & F 45U (7)) 7HA
=5 CHQF N,O2| ¥ &7 Fig. 49 T} CH, W&
=5 @A 7] BoAHollA 60.8 kg CHa ha !, 2794+
QA 7]7} 81.6 kg CHy ha ', 7FsHIH 194.9 kg CHy
ha'', B4 263.0 kg CHy ha 'O & AAgEH 2o v]sj 7t
N7} 25.8%, Z71E+=E SAIY7] TN 69.0% 1]
I = GA7] W7 76.9%2] 75 &bt Aldeh N:O
o] wjEeES AFAESRol|A] 0.003 kg N;O ha ', 7|
0,009 kg NO ha™!, Z271&+=8 EAY7] 0,014 kg N;O
ha ' T18]31 =8 A7) #707} 0,019 kg NoO ha '& 1}
EfL} T Aol Hlgl =F EAd7] 7L 6,38 Wol
HiE3telth, ¥ = 5 9] A9 F viE Hlile Kim

R T =
et al. (2012)9] AL} YA 3}l ESF Sass et al.
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CO; ton ha o] B3] 7F7 (4.51 CO; ton ha )7}
95.1%, 27|G< =5 At 7] (1.85 CO; ton ha ') 69.3%
Ja)3 =8 A7) ) (1.32 CO; ton ha )= 78.1% 7+
SR} = AR YEhylt) dubd o g 7ha ol A2
+ CHy Bl&S A7HA1713L N,02] HijEo] Eoldtial Bl
31 It} (Cai et al., 1999). 18|l =& FAI7| A=
H=9 & oA =5 ARSRFERE ofu et AT T
Ao ELgt AE HOT) Yagi et al, (1994)> CHy
&2 =5 Iiel U= 5 & e o el BEoke] At
st et s IAE 7L 9lom Ak S
7t =2 E BEYY AEMEI7E 44E CHy #ilE0] RolA]
o2 5 ol wel Al AR viEel| P 1l
thar SRt wEbA =8 G 7] o) Al 3~ 4
A0 & =5 9] 2~ 3 cm W} AA ARE vhESE
Al e = Ak S o] BEoF 20& -A15H7] wiol
|

O

hu o

M) HIRE SATES RS = O
o 27| g A Helt &
As S 91F A 2 Bel 1em 240 gt A
o 47} Hrh, B3] 22 WA =g @A) T Hel
wrh 62,0% FAEE Ao Uehtt

Conclusions
E=oA] LATEA HjEe|| GRS = 7 2 8 =
B E Foto] LAVIA A=A nE gefstaal, oA A

A, el (SR 13] AE)) 1
7] TR A7 & 2Ast] A2, = B A F
2A7EA wliESF B ae} CHy AT} Aol Hofske 54
AE0] BAE Bl 2AVES HEEIE 2ARE ks
o3 2t

Az WS dAEE Ao v == €A &
W7} 42.4 kg ha ' O 2 7P WOkA, Z7|Ep=E A
7] (16.1 kg ha )7} 7Hb7l (28,8 kg ha )X} @hAyEko]
ATt

o A7 Bk B AR AP Hel7t 5,49
5
o]

S

O 1o R

ton ha 'O 713 Wy 27|dst =B AU7]7} 3.86
ton ha ', =5 EAt)7] I/ 2,78 ton ha 'O & 7} & A}
gFo] A2 Z10R Yept, T o] =5 A 7] T
A7} 49,4% 18|13l Z7|EetEE AN 7 29.7%2)
=8 ALans W)

A= & ] oA A= (6.02 CO,
ton ha o] 8|8l 7FHA (4,51 CO, ton ha )7} 25.1%, %
7|t ie 2 A 7] (1,85 CO, ton ha ') 69.3% 1|1l

=B A7) IR (1.32 CO; ton ha )= 78.1% & EI}
7F e A= Uit
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