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Emission Characteristics of Methane and Nitrous Oxide by Management of Water

and Nutrient in a Rice Paddy Soil

Gun-Yeob Kim~, Sang-1! Park]), Beom-Heon Songl), and Yong-Kwang Shin’ (National Institute of Agricultural
Science and Technology, RDA, Suwon 441-707, Korea, "Department of Agronomy, College of Agriculture,
Chungbuk National University, Cheongju 361-763, Korea)

ABSTRACT: Emission of methane and nitrous oxide affected by nitrogen fertilizer materials were measured
simultaneously in rice paddy fields under flooding and intermittent irrigation in 2000. Studies focused on
mitigating CH; emission from rice paddy fields are summarized and the possibilities and limits applied to
world's rice cultivation are discussed. The mitigation options are water management, soil amendments,
organic matter management, different tillage, rotation, and cultivar selection. Altering water management, in
particular promoting midseason aeration by short-term drainage, is one of the most promising strategies,
although these practices may be limited to the rice paddy fields where the irrigation system is well
prepared. The test site was divided into two water managements: a continuously flooded plot which was
maintained flooded by constant irrigation from May to September, and an intermittently drained plot in
which short-term (20days) draining practices were performed one times during the flooding period. By total
emission of GHGs converted by global warming potential (GWP), flooding plots were higher 170~208% than
intermittent irrigation plots. For emission of GHGs in fertilizer materials, it was high in the order of Swine
slurry>UreatRice straw>Urea>L.CU. Basing on GHGs emission of urea fertilization under flooding as
baseline GWP of urea fertilization and Latex-coated urea under intermittent irrigation showed lower GHGs
emission by 41.4% and 55.8%, respectively. In this case fertilizer use efficiency (kg unhulled rice/kg of
applied N) were 18.2~20.2 and 18.7~19.0 and 9.3 and 5.8~6.6 for Swine slurry and LCU and UreatRice
straw and Urea in the continuously flooded and intermittently drained plot.
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Table 1. Physico-chemical properties of soil used

Exch. cations
Mg

(15) (g/kg) (mg/kg) (g/kg) -— cmol’/kg — (mg/kg) (%)
58 17 0 12 06 66 22 210 320

pH OM AvPO, TN Av. S0, Clay

Table 2. Treatments and application levels of fertilizer mater-
ial for experiment during cultivation

application level

Treatment

N PO KO u‘zféeor
kg/ha
PK 0 70 30
Urea 160 70 30
Urea+Rice straw 160 70 30 5,000
LCU 160 107 116
Swine slurry 34,800

Table 3. 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
OD. x length  1/8" x2m 1/8" x 2 m
Carrgier gas N; N
. 30 mL/min
Flow rate 30 mL/min (Carrier e up)
Termperature  Column 0C e
Injector 80C 80T
Detector ~ 200TC 320C
Retention time 0.63 min 3.2 min
Concentration of 9.6 and 100 ppmv 05 and 1.0 ppmv
calibration gas (Hyin N, NO in N
Loop 2 mL 2 mL

M= U

) 59 Bison 358
Ze, ¥ ] ke =9 APER FEFoEA
f718°] 17 g/kg Zé. J% l 32%= o|8}st4 E4dL Table
13} 2ok 23 WHo g AAEE (O)Y~2F 3B5Y7A|
S99k olod 35U ofF FE VUMW (FUUEIR
209), 283 ARHPEo s Table 2049} o] EWHA
3t 84 ARIFE (Urea)9} -9 AlHIF (Ammonium sulfate)
TEjsr 94 AHEe] 5000 kg/ha o ® WS AlE
(Urea+Rice straw)s}dr) E=EAH] (Swine slurry)®} Latex
Coated Urea (¢]3} LCU faAHg)= EY HAAGAHZF
A2 FA AR 100%, 2T PR ikt 229 4
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Fig. 1. Seasonal changes of CH; flux, soil and water temperature from flooded rice field and of soil Eh at a depth of 5 cm.

AN AzoR Agsgen, Axk AgaA Sk o
£ 59 50 A7) 1530 on, 79 3~48E oAk

CHs2t N,O 2 Wi

FTNA gkl ofatald s fluxE AV Y 45
$E#1E chamberd™ & ©88190w], 48 chambers ¥
o] 036 m' (0.6x0.6 m)oli ¥o]7} 1 m¢l FH3h polyac-
rylic plastice} 2402 AsIgeh Weksh opshaL WSS
Z45)7) g AgE F 28, 28 9 ~12419) 60 mL FA}
A2 AFek] B AR AHE AR AAS AR
vk Alg AFH7E B o chamberd)] 7] 2 x2S 7)E8)
9, chamberle] §AAe B0l we waEE ARg
AAY Wit fasele ASalsd: AR 3] Azl
Wt =% 6 port gas sampling valver} A2HE GCFID
(Varian 3400)= £4sl9or, column® Porapack N (80/
100 mesh)-& %73 1/8 “ x 2 m9] stainless steel tubing col-
umno| 3L carrier gasv= No® 48 B9 30 mLe 243}
Ak ol 7)Al s S 10 porte} 4 port valveE A
& GCGECD (Varian 3800)8 AF2-3}9J1L columng Porapack
Q (80/100 mesh)& &#3} 1/8 " x 2 m2) stainless steel tub-

Q=

25+ 320 T2 s} CH,y

ing column, 18|31 Detector2]
2 N,O B4 2718 Table 33} 2},

CH.2} N.O

F=p-V/A-A/-273/T
pE 7% (ng/m),

Az Chamber BFPEA (m),
V= Chamber U 371414 (m
Ac/M= Chamberll] 712 EE2)
hr), Ts= Chamber W H771& (K)o]tk
oaksld A pak (T=273 K)2 th2-3 2tk
pN;O =196, pNoO-N = 1.25

3

—
<

(2, J2anesmdway



wAA &3 Feged B2 WE(CH), oPItEAN0ME 54 139

300
200 —-PK
——Urea
100 —e— UreatRice straw
= ——LCU
\E 0 —&—Swine slurry
L
=100
-200
-300 |
—a@—PK - 40
—d— Urea
—a— UrezrRice straw {5
e LCU
[ —h— Swire dur
= - O Mater 'terrq:nr'."r 130 =
a;l: - #~ -5l temp. 3
£ 125 E
=3 In ]
£ »E
g 5
g 15~
+ 5
S 0=
5
0

Q718 ¥ H4 HISE HEH (CH,) IS flux

AN g wEe) Fadlw dwid f71Ee
o3t zpo|o} Aango] et g wiZo tie AAA wis)
£ Fig. 1ofAgl o) Auj 717 3 Awkr) (79 202 Aol
HE 7oA, 1 o] TollE L AHATN Ee ulZS 1
Stk ool dulz AJg I, D5Ale] dratelolA 7
Aol o8] §718S Bt wgke] uhE dulE W
Aol ng) Bk wzr) W] 7)o vg wjEe] Z)s
IR = WA A8 F Fvle e AT
Hla] Qa+gHZolA Be WES BAt Yagi''9t Min
ami?E o]2jg FolE f718e C/NLIA 7|98 Aol
T sAetk BRI LCU S ETE A A%
N3 F s S RYoug 4R e4E AR g4
F7F LCU ghavgulaol] wis) g wiZo] wgpom, o=
§P9)} w23 AFolQTh LCU SN 7= vk ot

S5 WEee] st ol gy davlne Aol
4 9 BEe BRI AR 270 Are) B $45
s kel T AHNE AU W ohte} v}

7 20 % 2
t Fg 29 2tk R /KK o g )& uakel o

HARES frAksh, S04 71RbERle

o WA Qsleh. o

rlo

210 o i
=

ox ﬁ?

= el

o, =

—>: aQ

- N

=2 L8R

:

o

o rr

iy

2

rl

i

G

o

e

ok

3R

&)

~

v
R B R R
2ol FUF 7IZte] Hls) AWAOE A Uehgek e F
1) BAAQ HIE PP EFREE WAV} FA BA

i

ulzel 24 Wseld ) A2l vEmEe B
ez ne 9L vk S

Fig. 14 AAjeAgle] EEh = #o] A A&7)7t
% vlAe} Su)7) 99U QA BAAT (175366 mV)
S} ofu|F (129~288 mV)7k e Azlol Wis) siskos]
2E Azl EYEVE Gom WeklEe] Ee A0E v
el Fig 2t F7144 o)<l 74 39 olF 20Uz B




140 nAG -

it

%)
i
op
s
ek
r
oo
o

800 | , 741.4
BFlooding

700 M Intermittent irrigation
600

6222

500
400
300
200

CH 4+ emission{kg CH4 ha ')

100

PK Urea Urea+Rice LCU Swineslurry
straw

Fig, 3. Infegrated methane emission from paddy field under different water management.
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Fig 4. Seasonal changes in nitrous oxide emissions from flooded rice field.
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Fig. 5. Seasonal changes in nitrous oxide emissions from intermittently irrigated rice field.
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Fig. 6. Integrated nitrous oxide emission from paddy field under different water management.

Table 3. Total emission of GHGs converted by global warming potential (GWP)

Treatments Methane emission GWP@) Nitrous oxide emission GWPD GWP (@+b)
(kg CHL/ha) (kg OO (kg N:0/ha) (kg 0Oy (kg €Oy
PK
Flooding 192.0 4,032.0 031 97.3 41293
Intermittent irrigation 90.7 19047 0.36 1119 2,016.6
Urea
Flooding 3217 6,755.7 0.64 1984 6,954.1
Intermittent irrigation 181.7 3,815.7 0.82 253.3 4,069.0
LCU
Flooding 2732 57372 047 146.0 5883.2
Intermittent irrigation 1378 2,893.8 0.57 1752 3,069.0
Urea + Rice straw
Flooding 6222 13,066.2 0.77 2387 13,304.9
Intermittent irrigation 3009 6,318.9 110 3410 6,659.9
Swine slurry
Flooding 7414 15,569.4 0.83 258.2 15827.6
Intermittent irrigation 4273 8,973.3 1.07 3314 9,304.7
& Aoz Vet BN frelAol ST ST
FUETF7IRE oRlEda wiEde AESTAE (Fig
£712 ¥ HA HIZE ORSIEA (N,0) HiE flux 4HT EAIA ] (Fig S)ell A wokar &l heaziA) of
B (g Yo D Fig. ) Aele) opustar  BAEF (g 290 VIS wE WZS HAQ. O O
RE B RS uerﬂ A RA el 70 Bl Hiee] B oRishbdd wiEEe vidEgs
U 7 (793U E 79239) L A9)E 11 9 7|7k WS 5ol AHAA vk Barsh YA|skTh OWﬂé‘i«l =
okke A H=d 528 HYul LCU gaiueTs 3 7R SRS Sl et HeEE vagk A7 (Fg 6)
AEAS Ea) vg 9 olslds wjEg] vekzy), o] B EY, wlele] g oluslAst AARERT ekl
= 954 Ainlgs die §4 W BAS APAFT A A 115~143% 2 Ho] miEsle %S Hol Wigujsshs o
& 2700 Aiol B F5HE AAE Are] 1%T s ol det Az webMe g} TdaElla
g 7 HE 8-S ZRIAT o= QA4+E on] 73 94 AHlGro|A 049~07, 053~

g A7t A= QA 7F 4
A3 2753 §lck Firestone 592 vl pH7t NO*
FEIF S f71RAE TR W] Age AlgEE ¢
AL o7y NOZF S7kittar &1915, 18] McKenney
=)

of
rlo
ol

Lrpdelol 4R Mg okl

068, 041~052 kg N\ON/ha 402 @gkn SaEAulgs
olsHch ujZo] H9I (03~0.36 kg NON/ha).

HRIE xT2CE QWP HI=0ls RS
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o= sl Had Ans Table 3o Heuksh gl
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Table 4. Yield and fertilizer use efficiency of rice from treat- g Algd uwhE we ollalEAs wiES Wl A7k
Tents T 4 gl e 27) S8l B AEe st B
Treatments I\(IkS(/n}l]rac)e Yielrcjicgf u?}}:ulled E’;fl;e;ﬁhzer use WHO B = AR (o]~ 35Y7HA] B} o] 35
: bobe)  Hideny (U o) o) 271d%a 0mabl (305571 209), )2 A
PK HEhgo g BEGS AT ARl BEYEE, B AAA
Flooding 0 4,605 - = Hol SEge o
Intermittent irrigation 4,646 - HlgE, Sy, LU fhaguls, T191ar Ng A8shA
Urea B2 U2 52 Aste wg ¢ oA wiERs &
Flooding 160 5505 58 At vk viEae (R ARl A w9k,
Intermitent irrigation R 66 oRsha wlEFe o} Witk etk f71Ew wEA
LCU & FFol we vigs) opdshds wjeRke odnlsh A
Flooding 7,603 187
Intermittent irrigation 160 7685 190 HHHZA ol A 7 E9koH, LCU SaAHIgolA 7}
A wiokth AFudsiAE o g Shlgk A7 wWiES &
Urea + Rice straw = RPN o wolo
Flooding 155 6276 93 dE] Z2A0A gAErE iR 170~208% =S
Intermittent irrigation 6312 93 o, QA2 AL ADEE 71F F A ule B
Swine slurry wEjete 4 Ao wet A7 wiEs Rlushd, ede
Flooding 7510 182 9 A8 9 AT A HES =9 2
Intermittent irigation 00 787 202 a4% LCU dagls B8k= LA7ks W@ 24 4
— e Ao vl a8jal MBolEESS LCU ghaiy)
“Pertilizer use efficiency (kg unhulled rice/kg of applied N): 7, Au>ARAR+RZA>AAA ] S0l

(Yield in respective treatment-Yield in PK) + N fertilization rate.

IPCCol|A] wjghe- 21, ojxlgldiol 3102 Falo] o)alsiet
A, Wl olibeldA 5o wiEd ZHd thit £5A] (net
balance)E B ollslEa (CO) EHos EAEn.
AF2dsiAEe S 230004 ARG ik
171~208% @tow, AMze] wel wE3e
AR>SO SaAugE ¢oldnl 281 dwkzlog
LA} delE Aol =ZA Zledshd a Al opt
3Ha49) WjEo] Bohdtly Husw Yu e olisld
2z oPiisherao] 310u]je) o2 FAIE 4§l SAVkA
oAt dety olisldA WiEHS ATddAEos
Hlwshe  Hmoae olidsldAv) wiehilEsk (1947~
155694 kg COy)oll vla} AA) wj2 (97.3~3314 kg CO)EE
7422 UERsiTE IPCC Harel] 9Jabd, 24712uEe vl

o}z o] ) AR Akl 7 EJWOE 143}
g9} AN E 7|Zo 2 Asln }\-—i Q42 A
ekl B S AEE & 7%% g sl
Zh Ao w247k WlES Hlushd, 4E 414%,
LCU ¢raAdulg 55.8% 2 4712 uiEe
o2 Jepdt) Table 4= Z2+ xg]¥g vlg
W Aotttz vls) Hlsolgago] 714
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