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Environmental effect of water-saving irrigation on the emissions of greenhouse gases (GHGs) has not been
well investigated. The objective of this study was to measure the effect of water-saving irrigation on GHGs as
well as water use and rice production yield in paddy field condition in Korea. Four experimental runoff plots
of 4x35 m in size were prepared at an existing paddy field. GHGs emission was measured during the 2012 ~
2013 growing seasons while a Japonica rice variety was cultivated. Four different water management
methods, 1) Continuous Flooding (CF), 2) Intermittent Drainage (ID), 3) Water Saving (WS), and 4) CF+WS,
were used during a rice growing season to compare the effects of water management methods on GHGs
emission. CF method is flooding all the time, ID method makes paddy water drained 40 days after
transplanting for about two weeks, WS method maintains 2~3 cil water-level, which should be refilled when
the water-level decreased to about 0 cm, and CF+WS method combines CF method before 30 days after
transplanting (DAT) and WS method after 30 DAT. Regardless of water management methods, paddy field
water was drained about 30 days before harvest. Amount of GHGs emission from WS plot was reduced by
69.3% compared to that from CF plot and by 59.0% compared to that from ID plot. Amount of GHGs emission
from CF+WS plot was reduced by 60.7% compared to that from CF plot and by 47.5% compared to that from
ID plot. Weed occurrence in CF+WS plots was reduced to 62.2% in comparison with the WS plot, implying
that CF+WS plot showed the best effect to mitigation of the greenhouse gas emission in the atmosphere.
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Comparison of water quantity, yield and GHGs emission from a paddy field under different water management methods.

Water

Total . . . Emission
management Weed occurrence . Yield of rice GWP
N water quantity rate
methods

320 - — (10 (Y 1 ——— CO; ton ha’ (%)
CF 0.84 5.46 5.11 5.34 100

ID 28.8 4.55 5.17 4.00 75.9
CF+WS 16.1 3.89 5.64 2.10 393
WS 424 2.49 5.55 1.64 30.7

" CF: (continuous-flooding), ID (Intermittent drainage), CF+WS (continuous Flooding+Water-Saving, WS (Water-Saving)
" GWP: Global Warming Potential
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Introduction

]Eﬁﬂ‘)ﬂ/ﬁ HhARE = Aot gste] ti7] S 3 2
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Materials and Methods

2 A =5 & B9l 247K wiEo) ik J3F

| 918l Aol 121t el
shelo] v A AP zAA 29¥ (2012~ 20139) &R 4=
V5Tt 20124 A& E%% S715% 3o 257 g kg |
2]3 QlAle] 118.0 mg kg |, YUjobe] A4 4.2 mg
kg '9F ZAE|E A 4.3 mg kg o] 201340l 97| §
2 29.3 g kg ', QA 1121 mg kg ' 2|31 jolel A
4 4.9 mg kg 9} WA A 54 mg kg 24 B &)
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717t %13 (o] 3 oF 3 =l 201290]= 69 189~ 64
287H] 1027F 18] 201349 74 59U~ 74 199 77|
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Table 1. Chemical properties of soils in paddy field before experiment.

Year pH EC oM

Aval‘ PzOs

Exch. Cation

NH4-N NO;-N

K Ca Mg
(1:5) ds m" g kg' s mg kg’ 1 110) POl < —
2012 5.92 1.23 25.7 118.0 4.2 43 0.16 499 145
2013 6.05 0.89 29.3 112.1 4.9 5.4 031 582 232
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valveZ} AH2FEl GC—FID (Varian 3800)& HEA3}% 0,
column-a Porapack N (80/100 mesh)& &4} 1/8"X2 m
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2§49 B9 30 nl2 28skl NO TS EE 10
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T+ chamber W Hw7]2 (K)

CH, ¥ N;O p3k (T=273 K)-> th33} 2},

Pam = 0,714

Pn2o = 1,96, pnoo-n = 1.25

A2 43522 (GWP: Global Warming Potential)-2
COq, CHy, NoO HiETFE CO, AJFFOE SAls}7] 9l5to]

F =pV AtAc At 273 T (Eq. 1) CH,F N;O 3 ulj&agol] A2 dslzbaziel 212} 3106}
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o pe fan Results and Discussion

T 353 o|YRE A ¥ A7 Feke] ek Fig, 2
mmm
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1 000mm 2 A7)zt 5 7P Ao, Aupriziel 78l 572.4
mm, 8 42.6 mn, 1)1 $ZA]7|¢l 10¥e)= 95.6 mm o]
[] oc fan 9lom 2013Woji= 5% 129.0 mn, 7 4059 mn, 8% 157.0
mn 712]31 1090 5.4 mo| T, F 7Fe 1,455.4 mn
o L o——i—@25mm (2012), 950.5 mm (2013)& 201210 & worct.

300mm T Holes for water circulation = peo] w2 EoF Eh W3} (Fig, 3)= o]0} XA =
L Lo B T2 Ak o B 94408 dopeh) e
r : o] 2hA3] ghdo] H A)7]oll= Eh7} 7P o), 2012

Fig. 1. Schematic cross section of gas collecting chamber for
measurement of methane emission rates in rice paddy field.
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Table 2. Instrumental conditions of gas chromatographic analyses for CH4 and N,O, respectively.

Detector FID ECD
Column Packing material Porapack N(80/100) Porapack Q(80/100)
Materials Stainless steel Stainless steel
0.D. x length 1/8" x 2 m 1/8" x 2 m
Carrgier gas N2 N
Flow rate 30 ml/min 30m1/.min
(Carriertmake up)
Temperature Column 70°C 70°C
Injector 80°C 80°C
Detector 200°C 320°C
Retention time 0.63 min 3.2 min
Concentration of 9.6 and 100 ppmv 0.5 and 1.0 ppmv
calibration gas CH4 in N, N,O in N,
Loop 2 ml 2 ml
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Fig. 2. Total amounts of monthly rainfall in Suwon from May to Octoberin 2012 and 2013, respectively.
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Fig. 3. Temporal changes of soil Eh flux at a Scm depth in flooded rice field in 2012 and 2013: CF (continuous-flooding), ID
(Intermittent drainage), CF+WS (continuous flooding+Water-Saving, WS (Water-Saving).
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& Ehi= —76~ +48 mVE /AF5819om, o] 717t &<t CH,
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& 71 SRR N,O HjE-2 0,001~ 0,025 mg N,O m
day o2 th2 2ol vl 713 &gtk 2013d o= A
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H A7t T = w2 AEE CHLI N0 HiE2] A
2 Wsl= Fig. 49k Atk o]¢f o] $E Al A= o]
A AI719) CHy vl E2] HES B A2t A vl o4
= Hon, S A2t dlis CH &l
et AaE HAAAL olef v 2 N0 &2 &30 o=
LA Bfo] 7= Hgte] whet Alolehd ¢
7} s8] CH HilE 2 Sol=u B AXaMdefollA

N.09] Hl|&0] Z718}al (Partrick et al,, 1977), Yagi et al,
(19913} Kim et al., (2002)2 EF EhEs AA|A CHy A
4 eAsio] CH, WhEo] SolAl NO W& FobHict
stotrie mael Qxstele el el Ae) 7]
o] Bt olFHE FE|7A] CH, WEHES AE O
A=l wlsl WA et == A7 B A

bu R



Gun-Yeob Kim, Woo-Kyun Park, Sun-II Lee, Jong-Sik Lee, Eun-Jung Choi, Un-sung Na, Hee-Young Jang, and Sang-Uk Suh

CH, (2012)
0.7 -
—e— WS
........ O CF+ WS
06 + ——%-—- 1D
———- CF
0.5
E 0.4 -
a
€
< 031
T
(@]
o 0.2
0.1 4
0.0
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
Days after transplanting
CH, (2013)
0.7
—O0— SW
ceOQeee CF + SW
0.6 1 —w— DD
—-—s.—. CF
0.5 . L
Intermittently (7.5-7.19) [t
§ 044 %
o~ o
e o
< 031 £
I D
o £
o 0.2+
0.1 1
0.0 1

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150

Days after transplanting

481

N,O (2012)

0.06
Intermittently (6.18-6.28)

0.05 4

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150

Days after transplanting

N,O (2013)
0.06 -
Intermittently (7.5-7.19) —O0— SW
....... O CF + SW
0.05 /7‘ ——%-—- D
—=A— CF
721
0.04 /l
54
0.03 - /
|
0.02 - \
\
|
0.01 A i
|
}
0.00

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150

Days after transplanting

Fig. 4. Temporal changes of CH; and N,O emissions as affected by different water management systems in 2012 and 2013,
respectively: CF (continuous-flooding), ID (Intermittent drainage), CF+WS (continuous flooding+Water-Saving, WS (Water-Saving).
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Fig. 5. Total emission of CH4 and N,O by the different water management system in 2012 and 2013: CF (continuous-flooding), ID
(Intermittent drainage), CF+WS (continuous flooding+Water-Saving, WS (Water-Saving).
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Table 3. Comparison of water quantity, yield and GHGs emission from a paddy field under the different water methods.

W t . .
aer Weed Total Yield of GHGs emission Emission
management . . GWP
methods” occurrence water quantity rice CH, N,O rate
kg L —— ton ha’ kg |V Y — CO, ton ha'' %
CF 0.8 5.46 5.11 254.1 0.0018 5.34 100
ID 20.7 4.55 5.17 190.2 0.0042 4.00 74.9
CF+WS 14.3 3.89 5.64 99.9 0.0011 2.10 39.3
WS 37.8 2.49 5.55 78.3 0.0019 1.64 30.7

'CF (continuous-flooding), ID (Intermittent drainage), CF+WS (continuous flooding+Water-Saving, WS (Water-Saving)

Hof Kim et al, (2012)9] B9} FARBICE =olA & &
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