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Effect of SRI Water Management on the Reduction of Greenhouse-gas Emissions

and Irrigation Water Supply in Paddy
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Abstract

Water management impacts both methane (CHs4) and nitrous oxide (N>O) emissions from rice paddy fields. Although irrigation is one of the most
important methods for reducing CH4 emission in rice production systems it can also N>O emissions and reduce crop yields. A feasibility study on the
system of rice intensification (SRI) methods with respect to irrigation requirements, greenhouse gas (GHG) emissions was conducted for either 2 or 3
years depending on the treatment in Korea. The SRI methods (i.e. SRI and midsummer drainage (MD) with conventional practice (CT)) reduced the
irrigation requirement by 49.0 and 22.0 %, respectively. Global warming contribution of GHG to different depending on the type of GHG. Therefore, the
emission of CH4 and N,O shall be converted to Global Warming Potential (GWP). The GHG emission from the conventional practice with midsummer
drainage (MD) and the SRI plots, in GWP were reduced by 49.1 and 77.1 %, respectively. Application of SRI water management method could help to
improve Korea’s water resources and could thus contribute to mitigation of the negative effects of global warming.
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.M B o] FolE AU 5, A Y 4= 2 o)) A 2R AL
FS n]RIckar ST} (Korean Meteorological Administration,

AT S ES S TAANE] ) 7] S ) of 2014). 2|7 L sto] oJat 7HET} F20] ¥lE s} o] 31
welZb ek WA Qe R e 201568 A RA - g yyspon s 53jo] of3t 7hg 1909) W 218
AU AR S B RO SALBSRILLA ool )2 gage] 2 A0 dle] Hck (Oh et al,
=l 2030 W2 AUH (BA) ST %= ASFAAL S 21) 7] 3aistol mp2 S50l & S| et B 052 5
AALs]of| B35+ T (Ministry of environment, 2015). A+ 7k} I3 FPsEre] Zhal Eo]Z2 82 3] 2w 9lo] B

4o

EASHO EAHOR S SWIAASREI VY e ggm glet ofo) Yo B Rl 3ok 7| S st
sl7] flste] Awd, FatHE A|SE AT SR o L= 02 tH5l7] 93] thokst 2x1 Aok uiH o] T

£ 45k ch R S ehe =05 ek (Yoo, gy

2012). SRR H Al £4714 wiET 5 0F10~20 %2 3}

EFHPCC 52} HaLxlof w2, 7| st o]t 7|2 4 A|FH= Q3 2A7IA i E 0 2 914 %] 11 Qlr} (Lehugera
T WA B e S ek wiskE et

etal., 2011; Smith et al., 2007). ‘gEoFe] & A7|AE=FE

wEkz (CH) 3} oFAF8EE 4 (N20) ]t} (IPCC, 1995). 0]
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247} CHyolth o= Tt ElE fAISHE =0l
EGO R fhagro] HEskR| ot Bl EVIAHE
2)5}7] o]tk (Kim et al., 2012).

2| s Aokl A= 713 o3, o8 Aok, A
A S, vE e A A3 52 98t System of Rice
Intensification (SRI) AuljslH o] &-8-%]) 31 ¢Jc}t SRI=1980
ddfj miepriazt2 o)A AZE e, I8 e 5
, &8 21512 A<, 71513t tf-g, Aol FAMA 5
g4 Q= 7] R H7Eal ¢lck (Norman Uphoft, 2004).
] oA SRI= Wet-dry = HHE6k= 7hetr7
O 7, HaEg =& oM =EYE 371 dHE fA
AAA B Bl o) dha-5 Z316kaL i S STHAIXIT B
o] Wi e EFe] xS SHAIXICE E3 2

T 2 7S A AR ol BB S Folu

1
-
L
-
[e)
T

Ml o

(o]

PAe R A5 S Boel ] o
S F& WAL AT A7
Sjakw Pf A] By of
40~67 % 2= A7 15 Yepdch . R skic)(Liet al,,
2005; Park et al., 2011; Sato et al., 2007). 18] L5 9o &
TAEL TS Be R ES 3714 AdH=
Z/Jsh wg7t2 o A e-E 2AFSESITE Towprayoon et
al. (2005)& 75 23] A3 749 CHy vilEa )
o8] 35 % A5 Tl 319921, Lu et al. (2000)-2 =714
5= 13]9] 39-2H10Y 7HA S & Wet-dry S RHE511S 74
Z}7} 44 %2161 % 2] CHy HlET2] A aa7t Aqicka 2
T5}9ct T3k toh etal. (2011)2 2712274695 %] CH,
Agrazph glekn B skeleh. el o5 s CH, %
102 N0 WA Q1 SHo14) Zeloli, Ext o] 58
2= 183 X2 U5l E (Global Warming Potential
(GWP)) of] gt A= =] %] SshaL it

-2 uetoll A 5= 1980 A th - =ofl A t etk o) ulj &
= SA17) AABEGITE 12 aL v A 28, f7]E 9

o s o, A vl sol Higtr ks vjE e v
2| = o &F Sof WSk A (Kim et al., 2002; Ko et al., 1998;

o

Table 1 Average temperature, monthly rainfall, sunshine duration

2000; 2002; 2007; Lee et al., 1997; 2005; Shin, 1996, Choi et
al,, 2013)7} 21 &=]o] it

el elufelel A SRISH B A 2] 247}
2 HjEA] o] st ¢I9-= Kim et al. (2012)3} Choi et al.
(2013) 5o] Hrgh 2011 A=) =333 1d o] AAtm A
T7FAFo|th 2 Ao HA2 AR a4 A SR 5
WS Foleslo] Aol ), SAKA A7 B3 EAS
B3 FAEoF 7|19 RS -3 A H LA A=E AAlSt=T
o 2 =2 201133712012, &5 23 9] AFA=E A
510] Py} SRI A Ao] o] §27) 7)ok CH.o}
N.OE T2igh 2471 whEF AQEIRE 7|45t 3}

k.

S
o]
S

T=
ol $12]5k 7 eiefakin s olck Z4lofela 4] SRI 41
B RE A AR ¢

O AAA G2l 1= A3 3E (Conventional Treatment (CT))2}
Wet-dry & RE=ESk= 2302 HPRe 2183k = AIF3E (System of
rice intensification (SRI))oA 3 F<2 (2010E~2012)
Z13Y 53l

A A 2= A=A ul (Conventional (CT)), “AIEH
of| 7+ == 23] AA] (Midsummer Drainage (MD)), 12|31
Wet-dry & RHesh= 53] BRiQ1 SRIZ F 371|0] itk
Al WAE= FY AgA oA SaEaL, s
3% 7Ik) 9 Bt £, A4 ARAHE AR
Table 13} Zc}

CHs= 9714 nAE?] CHy gt 23t 7182 2%
328 AbZo|t}, == ¥l A HPAYEHE CH, o] 44288 CH,
Adqte] 718 o] B R, B Se 4 A, A s
AlE 5ol Goks wh=rhal B E itk (Minami, 1993). &2
AL ol A WS AREA Q1 7k uj S Yok 7]

and relative humidity of the site during the growing seasons of 2010

and 2012
May June July August September
Temperature (°C) 177 225 247 255 19.4
Rainfall (mm) 81.1 288.0 609.2 256.9 105.3
Sunshine duration (hr) 213.6 204.8 100.5 132.3 1492
Relative humidity (%) 61.5 67.3 82.4 80.6 78.0
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W2 | ton A A|H]5}aL H-2-5199cH(Table 2). ESHA|FE &
P Qe & AL 1% 4] AP S AL
o] EAFS BRalgich 2 24A)2) ¢151717H- 2010 )
2012@ 7R o|uf &A17kAE= 20113} 2012 S5 2W 7 =
Aagick wfehA £A7kA B L2 AR E AGOIIT,
7Vep BA e 30| 2p= 7} ARS-E i)

2. i

AIBA2] (CT, MD, SRI) 1=8] S, 0o}, 2|2 AJu] 5] o
Fe=71EF 0 2 278X o] HZAHIH (Rural Develop-
ment Administration, 2000)9]] &=&}o] A= Tk MD2} SRI

e v o= A Al )Tk (Table 3).

Zh AR aofl = 9 WA 1Y fEE s = S
T = A7 A, SEAR 2 A 54 BHlE
3k 18]a1 A7 (CHy D NL,O)E 2457 95t of
Y72 2] Chamber (60x60x150 cm)E Z}212] =
ol 37§ A4 x]5}+9th CT, MD “12] 1 SRI A& &

O] A EE-S rfju{o|m, Kytof spgsto] 24 A] 15

2 AlH|=

1 ol
S

Table 2 General soil properties of the experimental site

st Fed, Gl s AP B AR A ol of31H e} 20~30 Aol o] FRLE 7| RITE. SRI A]
s A Seluete] it =R AR Bl wEle @Rl o] m, CTLIMD AP Zojl= AnE 159355
o} A0 Z =) A& ot g1 = 21.6 %] $iTt 2011 A 7| A 0]k MBI AH|EES =225 2HE A
9 FeAl A AR E Bl 2AEN RS, AT HIARTIE (1999)0] SJ3 HEAMH 0 2 N-P,05-K,0 :
2]l qate] o] F=oted 2]l —r‘tﬂE(W71§376 ghg,  110-45-57 (kg/ha) S 7+ A3 0] A|u|akc)

QAT 750 mg/ke, vg;m 2,062 mg/kg) S 7k Al

H]—E]-OE SRI ESEAS agsp o Qi B
J—J'E]% 0}93\1:}. E3] Khidhir et al. (2011)2] ¢17Lo]|A+=SRI
£ .g3tol 9lo] EoFe] BB SRS 27N, B
FE7NEOl FAE 5 s =9 55 Helgte Aol T8
SfEk S, e 2 Ol -8 71 ofe
o] & Z7|of= 7R oF 1 em 7o) 2 B o1l 3~4
) 72 i 7| o] wie} 129 AR B el 4

FRAONA HiEEE 27kl it ATt e
19933 = 7}al7|w ¢l A 7ro|H| A e Chamber H O 2
ZA5HA] AZFE| 91, Shin et al. (1995)0] 7ho| =44 &j
™ Chamber (simplified closed static chamber method)-& 37
QFefe] Abgaka ek

oM P,0s SiO, Exchangeable cation (cmol/kg)
Index pH
(g/kg) (mg/kg) (mg/kg) Ca Mg K

Recommended range 6.0~6.5 25~30 80~120 130~180 5.0~6.0 15~20 0.25~0.30

2010 before* 6.110.2 25 ok - 46102 1.710.3 0.28+0.1
2011 before 59104 19412 76+7 103£17 5.1%0.5 1.940.3 0.4+0.05
after** 6.310.2 28+1.0 13517 163+23 6.0£0.3 1,.920.2 0.5+0.06

2012 before 5.410.3 3117.8 334153 13018 6.4%0.7 1.71£0.3 0.410.1

* befo

** after :

*%k NOt

re . Before beginning of plowing for rice culture
After harvest
measured

Table 3 Comparison of seedling age, seedlings per hill, transplant spacing and water management among conventional practice (CT),

midsummer drainage (MD) and system of rice intensification (SRI)

Treatment Age of seedlings (date) Seedlings per hill Spacing (cm) Water management
CT 20-30 3to5 3015 Continuous Flooding
MD 20-30 3to5 3015 Midsummer drainage (two times)
SRI 10-15 1t0 3 25X25 to 5050 Intermittent irrigation
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H Ao A= CHs2E N2O fluxS A7) $J3l Shin et
al. (1995) (Shin et al., 1995)9] 7to]#| 24 el chamberH-&
ol@ateitt. o] 4P o} 2l & ©] Chamber (60x60%150
cm)of A = 23] 7 10A]9F 2.5 3A]of| F7|A| 25 A5
o} Z12]al JJFFE F7] A7 CHy 7] Al 6 port gas
sampling valveZ} A2 GC-FID (Varian 3800) 2 413}
.o, column-2 Porapack N (80/100 mesh)& &43t1/8”
x2 m9] stainless steel tubing column©]) 3!, carrier gas+
N2& 948 Hr} 30 ml 2 245440} N,O 7] 3155 10
port®}4 port valve & %}2F8F GC-ECD (Varian 3800)& A&
319931, column2 Porapack Q (80/100 mesh)E &743t1/8”
x2 m2] stainless steel tubing column, 18] 1 Detector 2| -2
TE=320°CE 819tk CHy ¥ N,O B4 278 Table 42} 2+
3 flux = 2R A2 (1) o] Lreti Sl

F = pxV/Ax Ac/ Atx273 (1)

o]7] A, F = flux (mg/m’+hr), p = 7142} Y= (mg/m’) =
N,O 9 : 1.9643 mg/m’, V = W] A2 = 0.0l m’, T =
e o) Bat 22 (°0), A = o) WHA = 0.05 m’, 1
2|31 Ac/At = gt A7t w2 so|ch

4, X|F-2:teE

] 418717152} =0l 4] WlEE CHL3t N,O= 212} %)
F-exdslel) 7]ofshe 7]ohgo] therh meba CH N0
o] WhETES GWPE WZslolo} Ttk 2 ol GWP

Table 4 Gas Chromatographic analysis conditions for CH; and
N>O measurement

Gas species CHq N2O
Detector FID ECD
Flow rate 30 mi/min 30 mi/min
Carrier gas N2 N2
Column Porapack N (80/100) | Porapack Q (80/100)
Column temp, | 70°C 70°C
Injection temp. | 80°C 80°C
Oven temp, 200°C 320°C

2 4Pgs17] $15te] IPCC (2001)0] A9kl whe} CH2F N0
]

W E S A (2)F AHgBte] CO, e (GWP) O wighs}
et
GWP = CH, % 21+ N,0x 310 )

M. Zot & 0H

1, EYx

Ut =R AR A o= KA 34.8 %, A
E45.0 %, FE20.2 %™ EAJL oFEo]c}(Yeongsan River,
the Seomjin River water systems management committee,
2005). E A FEL] Bk e 49.0 %, HE 34.8 %, HE
16.2 %= ZA =t ol =gt nlsto] HES HE
S W b BRRES 15 % Ak w2 Ao R YEhyt
o U B2 FE (Loam) 0 2 A w0 p-2fuet =&
Fol Fat =g Ak (Table 5).

2010358 201297k4] 31 39] A5-717Hs<t B AHiA,
Al = A 5 AVER BAE Pt B A
I= Table 69 ERNATE CT, MD 18] 3L SRI A @ 3E
oFo] §7] 24| Tha: Wolrl ARk Woli= Ao Lhet
SEOLY, 8 QRIS CToll 2t 24519 3 MD S} SRI=
AR 7ol v Z7 15t

Kim et al. (2007)°f] = QIike: Eofo] 75t F2Hd=
Holu, /o] 2 SollA 7HekE W2 T2 At
o] HES 1elS& Sl H, dFulEsa 2dsto]
T s = S54& A dohal 3k3ick MD2} SRI= &4
71730 Harglol7h WA ek 2ot A|st2 Y FE= AR
o] WK} Aot Eofe BT/ AJHIZ FAIAZIHA AE
o Fahe 2Asto] dige 7R A2 ek wgk
dEolE H TEE FE AR fElyet =B
HAE71E ofslel A o2 Yebydt

FeAGolM e Wile tAA o2 4 SE AlAts)
o] 9 W0l TRt} & Aol M= 5L e 9d LA

Table 5 Result of particle size and soil texture analysis of the soil at the study sites

Particle fraction (%)
Site Soil texture
Sand Silt Clay
Korean paddy average 348 450 20.2 Loam
Study Site 49.0 34.8 16.2 Loam
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Table 6 Result of soil analysis with respect to before, during, and after rice culture of the study site

e Before culture During culture After culture

CT MD SRI CcT MD SRI CT MD SRI
pH 5.75 6.30 6.00 6.00 5.80 6.17 5.60 5.70 5.85
OM (g/kg) 32,55 27.70 27.17 2353 21.70 25,63 23,75 21.00 22.68
P05 (mg/kg) 24725 | 140.00 19017 | 19425 | 11800 | 17567 | 13800 | 232.00 | 22650
Si0, (mg/kg) 15925 | 179.00 14183 | 15475 | 12900 | 147.00 | 117.00 | 101.00 | 109.83
Exchangeable | C@ 6.23 6.00 6.17 5.70 5.70 6.17 5.08 5.60 5.83
cation Mg 1.70 1.80 1.87 1.55 1.60 1.82 148 1.80 1.82
(emol/kg) | K 0.50 0.40 0.43 0.47 0.31 0.50 0.33 0.28 0.35
Cr { 5 N.D.* N.D.* 1.30 N.D.* N.D.* 4,26 0.38 0.30 0.10
Cu { 50** 15,53 6.80 14,08 12,17 9.50 12,48 8.80 9.40 7.97
Cd ¢ 4** 0.09 0.07 0.07 0.07 0.06 0.09 0.08 0.10 0.10
Heavy Metals | Zn  300** 59.39 9.60 42,42 56.00 15.30 4111 12,59 16.40 11.45
(mg/kg) Ni ¢ 100** 12.20 0.50 8.42 11,94 0.70 8.32 0.70 0.75 0.73
Pb { 200** 13,56 10,40 10.85 17.59 10,50 12,17 11,61 9.20 8.12
As ( 25™* 3.15 1,80 2.64 2.42 2.40 2.35 1.89 2.40 1.83
Hg ( 4** N.D.* N.D.* N.D* N.D.* N.D.* N.D.* N.D.* N.D.* N.D.*

* N.D. : Not detected
** Maximum contaminant level of Korean paddy soil

Table 7 Comparison of irrigation amount (m®) and reduction (%)
between the treatments

Table 8 Irrigation reduction by SRI compared with conventional
rice culture in some countries

Year CT MD SRI Country Irrigation water reductions (%)
2010 36 - 16 China 26.5
2011 47 32 24 Indonesia 40
2012 52 37 28 India (a) 52
Average 45 35 23 India (b) 222
Rreduction (%) - 22 49 Pakistan 70
Irag 374
Qw249 519 0, Table 7-2 34 (20108~20121) 2] Mali 10
84 AMERHE ROl CTHM) Wit /}8< A8 MD Panarta 8
9FSRICIA] 242122 %2449 %2 Wbtk #7484 MD Average s

HT}SRI = #e| oA o] Ho] 24 &= 3= 2 o= yE}
ECp

Table 8f+= Amir et al. (2011)0] 233} SRIC &3t 2=+
of W8 AdeS B ARl 587 AE
ERigiel &2 oA St Ame AT A=
Table 89| T8~ A3 21 24¢] Blale o 4= Q)
Tk SHA|RE = 1 2] 2] FA|ehefoll A SRI 2-g-of 23t 824
HENE ST AR Lo B, & Aol SR A=
£ WAF SR gfiste] Blastcy £ Aol 54
I SRI T84 A7HE-S A9 = ool oF 35 %
B R r LEE s CEDICEE R

* Source : Amir et al, (2011)

N8 ARFAEIQL 42 %oF 2 Aol YAl = e A o=
T

Kim et al. (2012)¢]] wt2H 573 Xl 4| CHy ¥iE-2 T4
A2 A sl =Eofo| F j&Yo|, o]= Eoko & A

o] UEeHA) 917] woletm sk

rel

3. 2&7IA HiEY Gt

201134 2012139] 8] o]a7]ofl 4] 48+ £47174%] CH,
TN,09] Bt ST Fig. 13 2k CHy &2 CTo]
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4] 412.8 kg CH, ha' Q16 H]3}e] MD= 214.4 kg CH, ha”,
12)31 SRI= 95.9 kg CHy ha' & A =]t} o] MDS}
SRI E¢e]= ¥ Aul (CT)oll Hlslf 22t 48.1 %2} 76.8 %
O] CH7} 55 952 gtk NoO 9] it vl &2 CT
0.001814 kg N,O ha-1, MD 0.006 kg N,O ha™', 12| 3L SRI
0.040 kg N,O ha' 2 2 =]t} N,O Hj &3-S CTEcMD
2} SRI &2 oA T =3}tk Ogawa et al. (1988)2} Tsuruta
et al. (1995)= H1=2] & ] Ao N,O vj&=2 CH, vl &
et FLo] At A| =, Tl Al Akeketkd 21 9 5714
ol A HiEhlEEE S0t oMb 40 vilE2 57t
Qhohar SFQAL, 2 Aol A = vl=sHA| LT

A2 zto] tigt-2A7EA 0] 7] of e 2AVEA O] F
of whet t}= 7] wfFof] CH, N0 9] v &7k GWP R $h4t
slojok gt (Yagi, 1997). CHiZNO HiE RS o akshekas bl

g

kg CHy ka™

-

T T T
CT MD =

(@) CHs

Z5F0 2 AP CT+=12.8 ton/ha/yr, MD+= 6.6 ton/ha/yr,
SRI:=3.0 ton/ha/yr © & AP ¥t} (Table 9). SRIZ = =
8= 9 GWP=CTo| 1|3} 77.1 %, MD] H]3}0] 49.1 %
oliksteka: uijEwFo] Tt 2 0 & ey

71 CHa ¥l 22 A7 U N0 9] vl &2 571t
Ch3 B %3 )T} (Cai et al., 1999). NoO= o] AlalerA o]
3108e] o] 2= A2 (GWP)E 7FA]aL Qlet. o
2hA] ZFH 2 N2 O 2] 571= GWPol| W kS v| 2 4=
ek Tt 2 A A NLO vl S7F2 CHy 9] A=k
of ulaf A A o & uf- Zto} GWPoll= & e 4] 33
t}. 2 Aol A 24 E N0 0.00083~0.0018 kg CO, ha'!
A= 2 CH,y 815 3.0~12.8 kg CO, ha™ 2] ]3] 27| v & 5]
At

Table 10-2 Shin et al. (2014)0] 2FE 3T =0 A A A

AN
o

Kg M,0 ka”

=
=]

am . r .
o Mo i

(b) N2O

Fig. 1 Two—year average CH, and N>O emission with respect to treatment

Table 9 Assorted greenhouse gas emission and global warning potential (GWP) from the study paddy plot during 2011~2012 growing

seasons
Total emission WP @ GWP ® GWP (@+®) -
Water management CH: @ N0 ® kg CO, ha” kg CO, ha” kg CO, ha” (%)
kg ha kg ha

CT 458 4 0.000028 14.2 0.00001 14.20 100.0
201 MD 1677 0.007 49 0.003 490 34,4
SRI 126.8 0.074 3.9 0.034 3.93 279
CT 367.2 0.0036 1.4 0.002 11.40 100.0
2012 MD 211 0.005 8.4 0.002 8.40 73.8
SRI 64.9 0.006 2.0 0.003 2,00 177
CcT 412.8 0.001814 12.8 0.00083 12.80 100.0
Avg. MD 2144 0.006 6.6 0.003 6.60 52.0
SRI 95.9 0.040 3.0 0.018 3.00 234
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Table 10 The GWP and Net GWP according to measured at paddy field

Date GWP (kg COz—eq./ha/yr) Net GWP
CO, N>O CHs (t COz—eq./ha/yr)
2002 128.2 384.8 16,179.2 16.7
2003 227.2 721 14,824.2 16.8
2004 2235 282.5 16,515.2 17
2005 351.7 618.7 17,620.9 18.6
2006 260.1 4871 15,566.1 16.3
2007 205.2 4238 16,755.6 174
2008 2858 365.4 16,033.1 16.7
2009 447 389.7 15,875.2 16.7
2010 106.3 842.8 18,596.4 19.5
2011 213.2 116.9 16,120.8 16.5
Ave, 2451 463.3 16,408.6 171
Source : Shin et al, (2014), Journal of the Korean Society of Agroculture Engineers 56(2), pp. 47-57
Table 11 The contribution rate GWP to the CHs and N.O
Date GWP (kg CO;—eq./ha/yr) Net GWP
CO, N>O CHs (t CO2—eq./ha/yr)
2002 1% 2% 97 % 100 %
2003 1% 5% 94 % 100 %
2004 1% 2% 97 % 100 %
2005 2% 3% 95 % 100 %
2006 2% 3% 95 % 100 %
2007 1% 2% 96 % 100 %
2008 2% 2% 96 % 100 %
2009 3% 2% 95 % 100 %
2010 1% 3% 95 % 100 %
2011 1% 1% 98 % 100 %
Ave, 1% 3% 96 % 100 %
F A3t sEolcth v. 8 2

g A= g o] g5t 2ATEA ujE S ATt
GWPO]| CHy£} N,OO| 2HA| k= 7] 0182 717} 94 %~98 %
O %~5 %2] H9]o] 9li= A 0 2 Blel%| 9t} (Table 11). wh
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