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Abstract with that of a rice paddy subjected to prolonged

mid-summer drainage for 20 days combined with
slow-release fertilizer (W+S). Gas sampling was con-
ducted weekly using a closed chamber method. During
the rice cultivation period, cumulative CH, and N,O
emissions were reduced by 12.3% and 16.2%, re-
spectively, in the W+S treatment compared to the
control. Moreover, the W+S treatment exhibited a 1.9%
increase in grain yield compared to the control. Under
experimental conditions, slow-release fertilizers, in
combination with prolonged mid-summer drainage,
proved to be the optimal approach for achieving high
crop yield while reducing GHG emissions. This repre-
sents an effective strategy to mitigate GHG emissions

Methane (CH,) and nitrous oxide (N,O) are significant
contributors to greenhouse gas (GHG) emissions from
rice fields. Mid-summer drainage is a commonly prac-
ticed water management technique that reduces CH,4
emissions from rice fields. Slow-release fertilizers
gradually release nutrients over an extended period and
have been shown to reduce N>O emissions. However,
the combined effect of slow-release fertilizer and water
management on GHG emissions remains unclear. This
study compared GHG emissions from a rice paddy sub-
jected to mid-summer drainage for 10 days (control)
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227}~(Greenhouse gas: °|3} GHG)E #7-2] &4
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7hE gk Atdslel 1ol w71 $ s sk A Q)
o} 7|FHshs el oA Fo 2E Akl Y3 A
7] witell A& 7heet w9 Al fAE A8l 71HskE
kslel 4= 9l 715 o] st 1,2]. w4 FarelA
EHCH,) ¥ oR A A(N,0)= GHG HiZEol| A 7]ofs}
= EASoth CH N,09 A7-&uksbdA2(Global
Warming Potential: ©]3} GWP) CO, tiH] 7z} 25H],
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Table 1. Chemical properties of soils in rice paddy field
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AHFEGS WAAYER 4 HAEo] 9438t 44 EQF
o vl3) w7t Fzsl7] whitell = At
s}shyd 5742 Table 13 Atk

B9 ety A AR ES AEE T A F,
2 mm AE FIHAA EFSHEAH(NAAS, 2010)5 =
= AAEIh £ pHe ESY 775 15 (w/v)E £
ate] 30+t wHFSE %, pH meter (Orison 4 star, Thermo,
Singapore)< °©|-83t9] 5743911, EC= pH 54 & E%
s #42 AIAE o]&et] o3} F EC meter (Orison
4 star, Thermo, Singapore)E ©]&3t] S4sI3ith & &
2 R CON analyzer (Vario Max CN, Elementar,
Germany)E &-&3ato] #A8I0th & MK Lancaster
HE o]83te] 720 nm IelA H]AA(AU/CARY 300,
Varian Australia) = #435}3130, 58 74> 700 nm 373
oflA B]AA(AU/CARY 300, Varian Australia)S ©]-&3}
o] ZAa8ich 284 ol 1M NHy OAC (pH 7.0)
SR HE: § oHeto] FEdPEe=rHE37](Potima
7300 DV, Perkin Elmer, USA)E ©]§-3to] 43190tk
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PHuvater EC TC N Av. P,Os Av. SiO; K Ca Mg
(1:5) (dS/m) (g/kg) (g/kg) (mg/kg) (mg/kg) Ex. Cation (cmol. /kg)
6.8 0.52 20.50 2.04 498 581.0 0.23 6.41 1.95

'EC : Electrical conductivity, TC : Total carbon, TN : Total nitrogen, Av. P,Os : Available phosphorus,

Av. SiO, : Available silicate, Ex. Cation : Exchangeable cation, K : Potassium, Ca :

Calcium, Mg : Magnesium
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%L, Mk o* AME WAEOR 13, Zee AsvHE
hn)

23] Al SR=] At &
917]%(Water management + Slow-
release fertilizer: |3} W+S) *]2]7+= Control¥} Fd3t
Aol FRHEW S AlEFekaL 71k 28] 1t} 20471
A et HlRRe daiduR(da-dik-2e : 30-8-8)=
Eokell Az F9J%F 9 kg/10a7t HEF WAFORE 18] F
315kt Control®} W+SAH 2]l F7HEw7] 71719 2o
V3 o 9 53 491 Solel 7] 53 £ o
A GAEEIIZ o, W o Qo] SRRk

yil

QS 1=}
b A 8 PR St] delnAg St
PR

o3

(ol

il
2 _lle

m'lN' 0_].4

Ol ot uth i
o

.5
JZ

CH;, & N.O &4 =2

CHM N,O HiE 5745 Sl A3 AHS 018313l
tH16]. AH2] Wwdo] 0.36 m* (0.6 x 0.6), %] 1.2m2]
71 PVC AAlE whEoilvh ¥ Af7]7h st 5 13] o
7k AgE ARSI AR Ak A heazet
E%9)(Gas Chromatography)& ©]g3ato] A= 48t
oﬂT:‘r =% @Hl&l A Ab2 Table 29} 2tk GHG 3t
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F=pxV/Ax Ac/At x 273/T G

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?

Ac/ At = rate of increase of gas concentration
(uL/L - h)

T = absolute temperature (273 + mean temperature
in chamber)

Seasonal CHy or N2O flux = 2'(F x D;) (% 2)
F; = the rate of flux (g/m? - d) in the /* sampling
interval
D, = the number of days in the /% sampling interval
n = the number of sampling intervals

W oAl WlEE CHt N,OOI 4 3% o183t CO,
Yoz $Alol GWPE vehick

GWP (kg CO,eqv/ha) = 27.2 x CHs + 298 x N,O
(2 3)

GHGI (Greenhouse gas intensity)© % 3 GHG %
ks oJnlslH, 4] 35 o] gste] 3t GWPE 4 401 24
sto] T8l

GHGI (kg CO,eqv/kg grain) = GWP / Grain yield

(2 4

ASZE W 7|4
v A7)k Eok o s W A9t 7] % Fig. 1
o 2 AR 62 v sk, 7€ v 8Y 5 9
2 Aol ABHE AdE BAS etk 98 g
w4k 69, 7¢, 8¢, 9¢€ 77} 175.0 mm, 134.0 mm,

Table 2. Analytical conditions of gas chromatography measurement for CH,; and N,O

Gas CH,4 N,O
Detector FID WECD
Packing material Hayesep Q Hayesep Q
Column Materials stainless steel UltiMetal
O.D x length 1/8 x 3.66 m 1/8 x 1.83 m
Carrier gas N, CH, 50% / Ar
Carrier 23 ml/min 21 ml/min
Flow rate
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 CHy in N, 0.1 and 0.9 ppmv N;O in N,
Loop 2 ml 2 ml
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Experiment date

Fig. 1. Rainfall and air temperature during rice cultivation period.
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Fig 2. Depth of water in the field during rice cultivation
period.
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Fig 3. Redox potential of soil during rice cultivation
period.
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C : Contol, W+S : Water management + Slow-release
fertilizer

Fig 4. CH,; emission according to treatment during rice
cultivation period. Values are the means of triplicate and
vertical bars are standard errors of the means (n=3). Error
bars are often too small to be depicted.
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%2 Fig. 59 2tk ¥ A 27]0] N,O&= =4 siE =90tk
ol WAFORE FRl¥ Axd Fo] wol N,OO wiE
o] F71st o7 AZhETi15]. N;OE Control¥} W+S #
2l7oA 27 0.3~20.7, 0.5~15.8 g/ha-day M E wlE
HTh Control> A4 HEZ Q47F FUHNL, o=

Table 3. CH, emission (kg/ha) according to treatment during rice growing stage

Treatment Rooting stage Tillering stage Reproductive stage Ripening stage
Control 0.06x0.07° 7.38£1.11° 22.1940.88° 30.06+0.61°
W+S' 0.02+0.05° 7.30£1.18° 18.87+0.61° 26.21+0.62°

Values are the means with standard errors in parentheses (n=3), and those followed by a different letter are

significantly different at a=0.05 between treatments.
W+S : Water management + Slow-release fertilizer
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o= e TH10,25]. Table 48} 2tk wjES A28 Fou|gh 20| 7} Yep}A]
=S A&l we 27]d] W wiEgde B3 ot} ¢k HEE g7)9 2k 9 Fhel 9FS W
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> B Qe CH, 1 N09| 74 7] WS CO, 53

50 O $Wlsto] HlwaskH, W+S H2l7= 5.99 t COreq/ha,

0.0 : ' Control<> 6.84 t COx-eq/ha® Control tH] W+S 2]
Mid-iummer drainage Drainlage Oﬂ/ﬂ 12'4% 7&_}]\_0]_03];]_ W+S ;ﬂg]?_ 7]_%[[1] ] 200]_0_

e s o8 e s 87 87 ot w06 102 SATOEH CH, WE A Gake FAa, 24 HE o
FxperimentalDate 2l g/ vEE 13] ARRRe2M N,O HiE A7kl J3s

'C : Contol, W+S : Water management + Slow-release ol WS H2lFollx] GWP7F Zast 2 o2 AZbEL o)
fertilizer SRR NLO HilEe] oftt 71kt AIRE o5 e gt

= HjZo| o 7} kA5 o A}3k
Fig. 5. N;O emission according to treatment during rice " CH, vhZo] Sobd GWP7F 4t [35], [18]9F 4+

cultivation period. Values are the means of triplicate and Avs B,
vertical bars are standard errors of the means (n=3). 25 8 o GHG WlE%2 Y= GHGI= Table 5

Table 4. N,O emission (g/ha) according to treatment during rice growing stage

Treatment Rooting stage Tillering stage Reproductive stage Ripening stage
Control 3.23+1.30° 26.06+1.97° 51.43+3.58° 68.08+4.90°
W+S' 0.56+0.34° 18.07+2.43° 34.86+3.10° 51.574£2.77°

Values are the means with standard errors in parentheses (n=3), and those followed by a different letter are
significantly different at a=0.05 between treatments.
W+S : Water management + Slow-release fertilizer
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Table 5. Total GWP(Global warming potential), Grain yield according to treatment during rice cultivation period

Total GWP

Grain yield

Treatment (t COyeq/ha) (t/ha) GHGI
Control 6.84 7.38 0.93
WS 5.99 7.52 0.80

"W+S : Water management + Slow-release fertilizer
GHGI : Greenhouse gas intensity

o} 2tk W+S A2 0.80, Control 0.93°.% W+S A
gl GHGIZF ¥ Stk o= GHG vl ¢43k= )3l
W+S Ag]7oll F7HEw)7] 209 24 9 gaid vgo 53
Lo ke GWPS &2 4=&of 25l Controlel W3l
GHGI #to] v yehd oz dddc) 31 % 24
HEE AHIEIS winoh $a’d vls Alb] A] GHGIZ} oF
29.8% #AAstk ¢ad HEE B3 a%Esl N,O HiE
A7t 2 ok 7 9 GHGI A7, A3 ok gR s 9
& s or Ax BEE & 5 ui31].

B Afeis FEEIE 20 HE3o RN FHEs
Aokl CHy WiEH Aol 989 93-S FE= 7oz
B ey, e viE AlE Al w5 Es
B TR0l 7K 4 A frejulgt zto]

3

M ,
& ek elgit ol 49t 2 837
[e]

=

=
£
o
=
e
oft
&

A4 Q219 Ygks W Aoy AZLEH ol wE GHG
W= Aol thet 71491 d+7F B Ao FdH:
Note
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