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Abstract

A flooded rice field is one of the significant sources of anthropogenic methane (CH,) with the
intensity of the emissions dependent on management practices. Incorporation of rice straw,
which is one of the organic amendments, induces the increase of methane emissions during
the flooding season. In this study, we measured of methane emission according to applications
of rice straw in different soil textures during a cultivation period in 2017 and 2018. The fallow
treatments were non application of rice straw (NA), spring plowing after spring spreading of rice
straw (SPSA), spring plowing after previous autumn spreading of rice straw (SPAA), and autumn
plowing after previous autumn spreading of rice straw (APAA). The SPSA treatment emitted the
highest total methane from loam soil in both 2017 (596.7 CH, kg ha™) and 2018 (795.4 CH, kg
ha™). The same trend was observed in silt clay loam soil; the SPSA treatment still emitted the
highest amount of methane in both 2017 (845.9 CH, kg ha) and 2018 (1,071.7 CH, kg ha™). The
lowest emission among the rice straw incorporated plots came from the APAA treatment for both
soil texture types in all the seasons. The conversion factors of the SPAA were 0.79 and 0.65 from
the loam and silt clay loam soils, respectively. Relatedly, the conversion factors of the APAA were
0.71 and 0.43 from the loam and silt clay loam soils, respectively. The above observations mean
therefore that incorporation of rice straw early in the fallow reduces methane emissions in the
main rice growing season.

Keywords: conversion factor, greenhouse gases, methane emission, paddy, rice
straw

Introduction

HIEHCH,)2 HE Aulioh= 2ol A EAY =™ (Meijide at al., 2017), A 7-2F3F2]4~(global
warming potential, GWP)7} 0] AbaFek4A~(C0,)2] 258191 2.2 LAI7EA 2 Shto|tHIPCC, 2007).
2011 AAA 5AHE A7EA 2 HIETFE 522 HITEE CO, eq. 2 ©] F 2F 10%7} B ZHul
of] o]t mgh v Z-0] A THTubiello et al., 2014). -2 L=HE 20161 7|5 Mg & HiE7F0] 26.0
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Assessment of methane emission with application of rice straw in a paddy field

O 2 0] F 2F23%0] s == 6.1 HTEE CO, eq. 7} B IR 2] -G-2f=] QA THGIR, 2018).
1 =ollA] tgk g/ wtol] 25l 7715 0] 712 02 Eai=|HA Y THIPCC, 2006). EXC]
ol 7874 QRI% JFE n|A|X| Tk ghh 7| -3} o] o] 84 EES vt 2ol Tofsh=
QZFZO|EHIPCC, 1996). Khosa et al. 2010y B2, 4], 7}52 EH] 59| 57|15 W ©2n| o] 2to]7} m|ek uf
S ERI5H I (Khosa et al, 2010), 5] B2 EFIH|7} o} L1 7HEE EH|S £
2 uj 2o} ek BjE-2- S 7HAFA THLe Mer and Roger, 2001). o|€2|o}, A& "e|u 5 of2] Yt A 435 A
T AapEo] oJ5hH =of| A HEE Al 831 wff gk v EaFo] A8 thu] 28ol| 4] gul7l2] S7FshS Hol STk
(Schiitz et al., 1989; Yagi and Minami, 1990; Wassmann et al., 1996). 12{L} 22 HiZlo|2t e FQ]5k= whof uj2} Hek
& 7Fo] @EtR| =T, Bossio etal. (1999)2 H &S AZtsto] EARS wiel FH S 2 Bt S-S wfjo]
e &S vt At Azbsi A EARS wo] gk BiE o] AR £9] A|HTH420] | £EOZ AHE S
5} ThBossio et al., 1999). T3H HIA-& FRI5H= A|7]of) wheki] = vgh vjE&Sfo] Detx| =), HE 8 & |
ESF mHof| m]Estct B Zuf A2t 2 Hol] Eqkt S5 wje] migt v E&7fo] 423 & HA S EqfutH
51 ohe- sljof] S ZHul NS wh E o} oF 1,98 & RFTH Yan et al., 2005). 2006 IPCC A] %] oj| A= o] & 112
Al710] 2 ABAGE o] 85l RV 8 BAASE APESHES A A5k QU 28] 7 30 o9k 717t
Egol £ANS we] 7] AL} 103, 2HH] 7 30 o4 717 Foll P S B EUWS whe]
A7} 0.29°] THIPCC, 2006).
2tk 19955 E] B 28l A] BHAY51= mghof] thgt 1417} Bho] o] 0] 2] (Choi et al., 2017), 20091 F-E] A4
HRkS AlRFsteIct 2l Bl Aol k2 (7] &8 BAAISE ARS3l B 2fuf -2 o] ojet v SRS Agstal QLA
PHGIR, 2018), o]+= BZ FJFTHS 7|2 0 & 51 Qlo] f-2|ufzte] theFet Afjul ¥HAlS jEd st HekA| 4= 7o)
g o5t ks Qi) wbA] 2 s HA A8 A7) 2 B9 Wlof| ohE vgt v E S ECiE BE A8 A

7|8 A5 A7 stk -3 = ik
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oot A HA 2|2 A5 et o] A Hol| Y x|eh =15 A8 (35°49°43.76'N, 127°0239.03'E) U} += i
% 2 YE(loam)°]H, Th2 2] -2 HE A A| HE o]l 9|25 = T2 (36°22'23.7'N, 127°19°39.5'E) O 2
Al FE(silt clay loam) ©]TF. 5 2| H5 Aol = & AfjulistE =0] 31, B EF-2 A5 2 7
A2} 30 em X 15 emZ 0| Ysto] HEXEH v BEAuHof| w2} Zjuistict. Skt 5= A& H| SARS A
1} 7)5of| wh2h A AN)-QIAHP,0,)-Z =] (K,0) S 90-45-57 kg ha A|HISFITHNAS, 2017). 20179 FEL} n]AFR] AlQF
EojjAle] Aul717he ZHzt 13983} 1478 A, 2018 AHE) 7|7 = 27 = FASHA| 1408 2 513t ZHHl 7]
2+ 5 Bele oA F5-7 em Zo| & ARt 48 g D A w4 X 2|at it Al A B S 24
A= Table 124 2tk
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Assessment of methane emission with application of rice straw in a paddy field

Table 1. Chemical properties of rice paddy soils before rice cultivation.

PH g oM TN TOC Av.PO (EX' (i?io'rll)
Year Texture (1:5 1 et o » V- 17X o’ X8
H,0) dSm?’) (gkg) (%) (%) (mgkg) ™ ¢ Ca Mg
2017 Loam 76 059 143 01 08 353 05 52 1.4
Sitclayloam 69 070 334 02 19 290 0.7 5.0 0.9
2018 Loam 62 070 127 01 07 458 0.5 49 13
Sitclayloam 57 072 327 02 19 467 0.6 48 0.8
EQo| olstd 2

Sl AU A S B9 71U ], $L U Kt A8
O] 2 K', Ca™", Mg"2 1 M NH,OAc (pH7.0)2.-Z 3 &5}to] -F=ZgZet=nt 2347 (inductively coupled plasma, ICP)
A, 5214 S Lt o 8161 AR

AL 423 BId S A FYsh= A0 & 5to] oF 6 Mgha' & FUSIATH A2l 7= BE FAIE + o] A %
74 =(non application, NA), 0|9 % & H1& A]-8 2! 7J-2(spring plowing after rice straw spring application, SPSA), $2 &
7H& A8 2 o] =7 (spring plowing and autumn application, SPAA), 72 & 712 Al-8 2 74 2(autumn plowing
after rice straw autumn application, APAA).C. 2 J1/J5FQIC} T SPAA 2] 2|0l A HIZ Al 82 48 S HIZS EY 1
rHof| Hafisal o] 55) o] ol BRsto] B Edshe 2oz sl thE A2 te B2 A8t B A
o) A-95to] EokTube S5ttt 2017 B 92 oFE o n]A}Al AloFE o)A 7kt 5 10U T 59 192 o] 23
Skt 7Fe 322 A kol g 4335 & A & X 2fsieletl], FESF n|AR AlFEo A 2220161 119}
12¢o]] AAIsHATE 2018\ B4 FESL}F AIAFE Al EolA 242} 59 22U} 59 190l AAIRAL, 722
FE} AL AFEo|A 22t 2017 1€ 2} 1220 A AIGFA THTable 2).

Table 2. Rice straw applications and water management in 2017 and 2018 rice growing seasons.
Fertilizer

Spring

Year Texture Irrigation licati Planting Autumn plowing ; Harverst
application plowing
2017 Loam 25 May 22 May 30May  Mid Nov. 2016 10 May 25 Oct.
Silt clay loam 28 May 23 May 1June Mid Dec. 2016 19 May 26 Oct.
2018 Loam 24 May 24 May 29 May Mid Nov. 2017 22 May 16 Oct.
Silt clay loam 22 May 22 May 29 May Mid Dec. 2017 19 May 16 Oct.

HIEE A2 XH3 S ISR A U

Zto]H|2H7J Elf ¥ (Closed chamber method)©l] 2] 3l Mgt Bl =S Z75HATE. 60 cm X 60 cm X 140 em (7F= X Al
2 X #0))9] B of3E HMHE A 2|7 3RHR.0 2 AdX|5to] 10A]0|A] 12A] Afolo]] 3 1 - 23] A|BE Z}F5}
Aot U A A|RE AF ok, Y| ¥ 302 72| AlRE AF o Hgte] 5k HIE 45U Hgk viEel] o
T Fv AR Enet S HiE BiET A Q13 AR AFH Sof 2= B MW Ul A4, 22 5
2 Z451Qie) ABlSH A9l = B E 2 HE] 10 cm X o] AFsle A28 AFQlskal S8 Eh =7 7]|(ORP meter,
Lutron, Taipei, Taiwan)& AF&-5t0] QP E H o] Mgk o 2 S5t 7|2 L e 59 71/ E+ s&X8
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Assessment of methane emission with application of rice straw in a paddy field

A 5471/ B A H] A(http://weatherrda.gokr) S ©]-8-5F3th xHZ| et A 2.2] et 5= 7|3 2 0kE T2l 1] (gas
chromatography, GC)2] FID detectorS- ©|-8-510] & £A1511 a1, t|eh &2 2](1)S S5l AlLtskT)

F=px V/Ax Ac/Atx273/T 1)

F=CH, Flux (mgm~h")

p = gas density (kg m™)

V = volume of chamber (m’)

A= surface area of chamber (m’)

A\c//\t=rate of increase of gas concentration (10° h™)

= absolute temperature (273 + mean temperature in chamber) (°C)

FEhA|4 AP b

[ M) O O

2006 IPCC A ollA= o] A 30 mrt 7|13t & S Sdsto] FUS 495 WAl 12 AAfska ot
(IPCC, 2006). =3 @A =7} B &3 AH7doll 21852l Sl BiE Algoll whe =71 oAl GA] Eoll Al-gskal vt
B 422 o 2204 7= A7) whiell, 22t ok Al 717 F F e vl E TS A Sho] SPsA X E T il E
& tHH] SPAASF APAA 2] 2] F1o] i &3 H| & 2 J&A|+-E APt A (2)).

CFOA=AF//AF @)

CFOA= conversion factor of organic amendment

F = CH, total emission by application and plowing of rice straw on spring before cultivation (kg ha™)

i=application types of rice straw

2] 7+ i E=F 2tolo| thgh SA A2 Microsoft excel-‘ll XLSTAT (Microsoﬂ, US A)E 0|8 5H AR ] ]_ !
H 2kE = ANOVA 52 S5l 24512
significant difference test, LSD)S- A |51},

Results and Discussion

72 % 24w, 220 sist

2017 B Zul 717t 5 2 Al o] 7122 7 - 31°C Atolol] STt Bt 7|22 FES} A AFE A
3 TAF R H]23k 2ol e A1 T x| oo 744k} 7he o)) njAbAl AloFE AlE A W wokt)
(Fig. 1). 201832 Z+ AJg ZA] B 7] 20] 12 - 31°C Atojol| 23|, AdHc} Cha &2 73 Lhepc), =3
njAR Al E A 2] 97 B A9 A7t FEOl vls =6] Eotth 4422201792 20184 2 Al &

ol wh2 2bo] = URARITE, X271 2hol= 22| 4 9kThFig.2).

H:l
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Fig. 1. Changes in daily air temperature and precipitation of each study sites during cultivation in 2017 and

2018.
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Fig. 2. Changes in water temperature of each study sites during cultivation in 2017 and 2018. NA, non
application; SPSA, spring plowing after rice straw spring application; SPAA, spring plowing and autumn
application; APAA, autumn plowing after rice straw autumn application.
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XHEH7 |2t 5 Lokt e Het

T GHElolA EO] Atsked 9l = mE A/t ofy et A-Eake] 7tAwE ] PGS FH(Le Mer and
Roger, 2001), - 220 —- 160 mV H9]ollA12] Eh H3h= gt A2t vlj-¢- g Q82 A A4 atEo] Hojett
(Liou et al., 2003). wheba] =9 G= QI 2hel 7o) A 9] met HHAY-2 Bh ¥igtol| R17tsA| vh8-Sht 2017\ 3}
2018'd 2h2 445717kl 5 X2 72] Eh7t - 300 mV7HA] 4SO W, i o] Sofl= F7toh= SAIE UER
ChFig. 3). ©|Y & 15Y ©]F0]| Eh= H#2 0 2 - 200 mVE SRS 22 W1 202 A& Fofl= o] A &
7¥etict.
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Fig. 3. Changes in daily Eh according to rice straw incorporations during rice cultivations in 2017 and 2018.
NA, non application; SPSA, spring plowing after rice straw spring application; SPAA, spring plowing and
autumn application; APAA, autumn plowing after rice straw autumn application.
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HIEH HHETF HIt

20179 B A 2] Who] w2 vek viE S BH, FES} njAbd AGE B Hol HidS Algstal He o
SPSA ] 2]Lol| A HiEFo] 7H =] e THFig. 4). Sk Bl &2 FE} n|AFE A|FEol|A ZF2} 596.7, 845.9
CH, kg ha' Qlth. FEOl| A= SPSA X 2]t th3-0 2 7}Sof Al-851al Eofl 72 §F SPAA %]2]74(387.5 CH, kg ha™),
7hEoll A-8-5kaL 7H2oll 7323 APAA %1 2]%(386.5 CH, kg ha'), PFA| 9} 0. 2 B4l £QJ 512 242 NA 2 2]4206.5
CH, kgha') -0 HE HHEE]:O] =T} HAE Al-85E A7)0 mhebA] vl ERFo] 2ol & EATE SPAASEAPAA
| HA FUA7= 74L& A717} o2 g o] HiETH 95% -F-2]4Fol| A 8-2] A 1 2ol 7} i}
o} oA AJEE JE % O & HijEeFo] 2ol & UEh on, JESL nix7iA| 2 HlEE Al83t Al7]o
+ HiETol ZFo) 7} AAA|TE & Al 7]0] w2 F-2] A Zfol= ATk nIAR Al FEol| A Q] HEt HiES T2 SPAA,
APAA, 12|31 NA A 2|7 <=0 2 7}7}387.3,331.3, 12| 31. 328.7 CH, kg ha ' R} 0|2} Zro] W& 71-8of nj2] Al
St xj2| L] vek v EFo] A2 o] 5= Al8E 1R E] B E Afulistr| 2712 BiZle] B7]SHmineralization)2t 25H
7} Z18Y507) w29l Ao & ke Hﬂ’f—l Alg & 2 ¥igtol| 2 AxEga GEQol|A 9] coC ATEE
2 u| W EH, AR EYol|A &7t Z7F8HeE €0,C9] MEH: T T3 271519 THDevévre and Hordth. 2000). B
W, CH,-CE9] He& T = G EJolA 257 S71t45 Webxict uheha] ¥ =81 § =o] x5 Jeljol A 3
A Al8ot AR7F &7 dEol A EoliElo] olatatetA FH|E HiEE| 1L o] F2 f7]E0] F7|/dEolAl H
S ot & 4= QUok. 12|31 732 Al7]of] wlef wgt WAiEko] ThAs 2to] 7t W o] f= R & Eafol]

Bk kol o3}

Polat nEate] 4% Wo] Ynta o R Bof HRlo] T2ae njrr A-esto] TS H £ T
o A0 2 AZHECh g s} 720] 2l e o} 3% Wk Abm|ed Helpole) efzhel Afols} At e 2
7128 X183k 72| 7oA Auf 7)) ujE o] EokT ulAP AlkE o] A9 U4-E A2k K| Fo] vto]

BL‘

7Ho Zhasshe @0l B A 2 tofl A LT Fig. 5).

20189 % HAT} FUSHA| FES A AGE R SPSA A 2] tol| A1 2] Hgt v EEFo] 7 =tom 7kt
7954, 1,071.7 CH, kg ha' & UEFITHFig. 4). L F & viE3Fo] =2 SPAA 2| 7-2] teh v &&F2 FES}l njAd
Al FEO| A 2+ 607.3 CH, kg ha' 2t 495.7 CH, kg ha' 331, APAA *| 2] 7ol A= 562.8 CH, kg ha' 2} 418.6 CH, kg ha'!,
NA Z{ 2] 7= 2604 CH, kg ha' 2} 352.8 CH, kg ha' ©] H|Eto] 2HAYFITY, 20189 = PE7 A 2 BiZ A]-§- A]7]o] 2
et ujZ ko] g0 folat Q)1 A& A7)0l WhE xjo|i= glith 2} 5UF x2S Feo|w Epstl E
ol whet Hig v EFro] thE o]-f= E/dol| i F45=2) pH, 2% 52 Yol thE A o= e TH(Yagi and
Minami, 1990).  E2] T 22| 7LojlA] Wt sij&aFo] 2017 2t 201800 &= o]= 77|18 22 I
P ohlet A2 e A2 Qlal gt o &2 g2 do] wol Al 5 3 Al A U] 23l IS T AR A
ZFEth & EAJo] &3 2|9 o] Ajuli7|1t 5 7| 2 sket UANGS v wgh A}, mgk v E o] =2 Al 27| HE
Z 7174219 7|23 AAFFo] 20170l H sl 2018 o] =] LFEFSATHFig. 5).

A H|eh B ST HEE A HH JELL n|AM AR B {755 Tt X7 wgt vijEo] AjH) Z7]
of| UL £27)|7} 77 A A vl o] AR} sk FE UERtHFig. 6). °l= 712, %ﬂa 2of{o]] 3o
sheHdE B, ES AR 5o 24 aQlof| ofsl f7]ES FUT =ollA] o]Y T 408 F-E 2F 100
A7kx] o] vet vjE7Fo] F7Fotrh At A8y A Z3te} H| S5 Th(Denier and Nene, 1995; Kim et al., 2002; Ju et al.,
2013; Kim etal., 2018).

A
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2018

Total CH, emissions(kg ha')
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600 o
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Z b b B
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1,200 4
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Fig. 4. Total methane emissions under different rice straw application strategies in 2017 and 2018.
NA, non application; SPSA, spring plowing after rice straw spring application; SPAA, spring plowing and
autumn application; APAA, autumn plowing after rice straw autumn application. a - ¢ Different letter above

bars show significant effect of rice straw application strategies with a significance level of 5%.

. U — 2018

Alr temperatore(°C)

41 51 6l T

Days after transplanting(DAT)

Bl L

m 111 11 13 141

Solar radiation{MJ m %)
=

o
=

a a1 61 T

Days after tansplating(DAT)

Fig. 5. Changes in daily air temperature and solar radiation during rice cultivation. (a) average air temperatures
of two regions which include each soil textures, (b) average solar radiations of two regions which include

each soil textures.
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=———=2017 — 2018

Adr temperature(°C)

1 n un a 41 L 61 n 81 L) 101 i 1 131 141

Days after transplanting(DAT)

Solar mdiation(MJ m )
s

Days after tansplating(DAT)

Fig. 6. Changes in daily methane emission according to rice straw incorporations during rice cultivations in
2017 and 2018. NA, non application; SPSA, spring plowing after rice straw spring application; SPAA, spring
plowing and autumn application; APAA, autumn plowing after rice straw autumn application.

Hebf b

Fl

Table 32 237t 5= X 2] x| Hol| A Q] mjgt HEHA| 45 UEPATK Table 3). 2017 FEOIA] SPAASH APAA X 2]+
O] A= 242065, 0.6501 AL, RIAFE A FE A= 22} 046, 03901 AT 2018'd FEOA 0] X271 gt
A4 SPAAZ}0.93, APAAZ}0.76 O AL, HIAFE Al QFE ol A= SPAAZ} 0.84, APAAZ} 046 ©] AT X 2]of w2 7}
B/ 2d7ke] HBHA| S g oto] 2 F A E 5 At FEOIA ] SPAARFAPAAE 712079, 0.71 R,
HAFY Al FE ol A1) SPAASF APAA 77} 0.65, 0430 & HIARA AlFEol| A o] HEtAIL7} FERTHFS-S o 4

e,

Table 3. Compare of conversion factors under application of rice straw in each soil textures.

Year Texture SPSA* SPAAY APAA*
2017 Loam 1 0.65 0.65
Silt clay loam 1 0.46 0.39
2018 Loam 1 0.93 0.76
Silt clay loam 1 0.84 0.46
Average Loam 1 0.79 0.71
Silt clay loam 1 0.65 0.43

*SPSA means plowing after rice straw spreading on spring season.
YSPAA means plowing on spring after rice straw spreading on previous autumn.
“APAA means plowing after rice straw spreading on previous autumn.
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Conclusion

FER} nAHE AFEM WA A 8 72 Aol uhE v viE S S7& &3l MeAlRE vl o At
B/ BF B 7kl Algstal vhz 7heol e 3le mhe] kA7 0713 04322 ZHg W3kt 2006 IPCC
A13oll A A|ATSH= A 2 302 01 717ke] BiE A8 712 A1 0299} Bl st thas A9, A -2 et HA)
ol 72 2A7kA Aol 285kl Qlis BAAIee vl sk 2 S A8 Pe w g e gad Ao
wE 7R AR S5317] 98l F O Tt 2l ollM 712 02 olget Aubt m astA|ut uiESF
Ao et mot A = S iRt F2 712 AR R 2 )7 At 282 2o = V| vhEt. 3k 247k 2
= 71e2H HAlE A8 ke 7ol ol g A Al gsl7 | ot 5 HPE Fdshs 2S Wt 247kA 24
% 515 skt 7|og 2o Az
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