o) TR OmEN

S5\ J. Jpn. Soc. Soil Phys.
#/ No. 128, p.23~31 (2014)

Ya jos ¥

W X

Original Paper

24 EEDKBIZE TS
CH, 25 vV RADEMiEETHE (REA) EIZTKHEIE

INEFIRER 1 - BREIEE) 2 - E TR 3 - KSR 4 - Toojinda Theerayut®

Measuring CHy flux in a rice paddy field in Thailand
using relaxed eddy accumulation (REA) method
Shujiro KOMIYA!, Kosuke NOBORIO?, Yuki SHOJI?, Tomotsugu YAZAKI* and Theerayut TOOJINDAS

Abstract: Rice paddy fields are a major anthropogenic
source for methane (CHy), one of the dominant green-
house gases (GHGs). Recently, micrometeorological tech-
niques for measuring GHG flux in a field scale have been
developed. We evaluated a relaxed eddy accumulation
(REA) method, a micrometeorological technique, to mea-
sure methane (CHy) flux in a rice paddy field during a flow-
ering stage in Thailand. CHy4 flux at the paddy water sur-
face was also measured using the closed chambers installed
where no rice plant was grown. The CHy4 fluxes with the
REA and closed chamber methods ranged between 1.9 mg
m2h~!and43.6mgm 2 h~!, agreed well with those pre-
viously reported in Southeast Asia. The exchange rates of
CH4 between the atmosphere and the rice canopy tended
to get higher during the daytime, and seemed to be reg-
ulated by the diurnal variations of horizontal wind speed
and soil temperature. In addition, temporal changes in CHy
fluxes at the water surface might be affected by soil tem-
perature. The CH4 fluxes measured with the REA method
were higher than those with the closed chamber method.
It appears that the REA method measured CH4 fluxes over
rice plant canopy and the water surface whereas the closed
chamber method did only over the water surface.

Key Words : closed chamber method, horizontal wind
speed, methane (CHy), relaxed eddy accumulation (REA)
method, rice paddy field, soil temperature
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FOHRTHEA EEE, MRS MoKREREHEEA L,
RGO 2 A DEgHEE 72> T35 (Baldwin et al.,
2012). ZDO XS5, KEIZFEZEYOa X FAETDH
BERBMTHL—F, BREDRIATHDLIAZ VDA
HEIRFERDK 29 % % 5D TWD (IPCC,2001). /K
H2 6 O CHy FARKBRE MM PIZZ N2 L2
HEENTW3 (Buendiaetal, 1997). KEaHEIEFMM i
HAKEMECRD ZENEVDOT, HEBTREL Y
TV, £D7ed, CHy AREOIEENIER L 2D Z
LT, CHy DA - IS5, P cARS
iz CHy ORZ P ~0fitix, (1) A ROBcHkEkE
Bl LR, (2) MEAKPICEAE L7 CHy &K
KHP D CHy REORERAERIZL 2K, (3) CHy 28
ATERIB DRI X 5B %8 L TIThh 5 (Schiitz et
al., 1989; /\K, 2004). A R OiEKAME B L7I- &K%
PIAKEDH DL CHy HHED 48 % 5 85 % %55
(Wassmann and Aulakh, 2000). 7z, fibba# £ %
AATEKRH TIRIKIBOMEEIC & 5 CHy i oEl & 042
CHy FH D 35 % 76 62 % % 5 Tuv5 (Wassmann
etal, 1996). D=8, TIafEHIz L5 CHy Mkl %
HET 252 ENBETHD (Green, 2013). KHPS D
CH, i, LowmmEestt, BSEEHEO R
LY, Ax EETHRBRMIZL>THEHBHTS O\
A, 2004). KEmE 6D CHy MHEDO B ZEET
A=W, CHy 77 v 7 A& EFHEMIZHIET D Z &0
VETHSH (Yagietal., 1996).

1980 £ ) b RAE T BV T/AKE A & D CHy fikH
BAET B0, CHy 77 v 7 AHERITONAT
& 7= (Cicerone and Shetter, 1981; Seiler et al., 1984; Yagi
et al., 1990, 1996; Wassmann et al., 2000; Towprayoon et
al., 2005; Xie et al., 2010). 7 F v 7 ZAHJEIZiT—RIZ
F ¥ N E LRSI TEREDNDL D, ¥4 TH
Faw, WRKEOKBIZEITS CHy 77 v 27 ARE
TEF ¥ o NA—ERZE HWH T 72 (Cicerone and
Shetter, 1981; Seiler et al., 1984; Yagi et al., 1990, 1996;
Wassmann et al., 2000; Towprayoon et al., 2005; Xie et al.,
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Table 1 SEBR/KH O[5 E BE.
Field management for the experimental rice paddy
field.
Management practice Date
Plowing June 26
Applying rice straws June 26
Transplanting July 1
Flooding July 5
First top dressing July 20
Second top dressing August 19
Flowering September 9
Drainage September 26
Harvest October 20
Table2 11[01H & 2 [0]H OBIED it 5 &.
The amount of topdressing fertilizer application
in the study field.
Application rate (kg ha=!)
Fertilizer First Second
N 9.2 10
P05 0 7.5
K,O 0 5
2010). L L, F ¥ S—iEITHETEHN T v o —

DEMEIZIRE SN D72, ZERAREMERZ LV (Simpson
et al., 1995; Miyata et al., 2000). F£7=, F ¥ /X—T
MEMEZHEI L TTF ¥ U NN—HORKADFTHILLKIE
ZHLL, R[IR- A E - FRAREZELSELOT, 7
F v 7 AREMPEEEZ T BEPREINTND
(Simpson et al., 1995; &, 2001).

—7, KRG (S, REEIE, iR
ERE) BiolcT Ty 7 AREL, BRERYZRHIE A
kDRI, MERMSEOREAIZEALEELI V. &6
2, oD 7T v 7 AREERR L0 FE ) R
BT DEHETHDHOT, MRRENTIEIX G
DRFMEHDL>OIZELTWD (CFEF, 2001). b0
T EDD, R, MREFENITEE W TRROKEBIZ
BIFDHCHy 77 v 7 A&FHMT HHF5EH %< 7o TV
% (Kanemasu et al., 1995; Miyata et al., 2000; Werle and
Kormann, 2001; Kim et al., 2005; #&A 5, 2010) .

WMERRFENFEEH W CHy 75 v 7 ZABINCET
LEEAEDOWETIE, ZROEEICHIT2EESE T AR
FEDRIE N MR HEEN AWV BT & 72 (Denmead,
1991; Miyata et al., 2000; #A 5, 2010). 1 DD FET
DR & I AP FEDRNE D F % W F &3 2 iR,
KRIEAHOFELIRIC L 2 W Ak EZ EENET 50T, &K
HEBMEOSWMKRTNT 7 v 7 ZA[EEE ST
5 (FRE5,1996). LaL, Bl & T RAREZ 10 Hz LA
FoORHEETRETALERD Y, ISEHEDOIE CHy
RS EHNID THEAGTH 50T, MMHEEKLICLS
CHy 77 v 7 ZAMEIZIE H R LTy (B H - 5B,

2001).

Businger and Oncley (1990) 1%, ##HBE & FERIC
1 SECRE LR E T AMERE LS, SERH
APRFE ST A LEE L U7 W EFIBAEFE (Relaxed Eddy
Accumulation, 2L F REA ¢ i09) 2B L7=. REA
X, SAEEE (w) NIEORE (ERE o) Aok
(Frar& o) 126 C TRl 2 Iz KRR Z B L C— ke
BB L, TNTholFE Lz KK o T A BED
ENOT Ty APET HHETHS. Beverland et
al. (1996) 1%, REA I & iRFHBIEIC & - THIE L2 IRJR
WCBITFACHy 77 v 7 ARRIFIZ—F LI @5 LT
W5,

AFZETIE, REA iE% W CKRRRES 31T 2 K H
BIEDOCHy 77 v 7 AL, A XDRVGHTICHRIE LT
Fx U= AN, KELLEHEEND CHy 77 v 7
A EEWE L. A OBKAME KifiZ2#8m L7z CHy
7T v ALRERMFEOMEICONWTER L.

2. RERGE

21 B L EIGER

FERITZ A EEF 2 X N AR ' CRNICALE
THHEY— MRED R AT ¥ L NANO TR
KH (14° 02’ 147N, 99° 58 05” E) 2B\ TITR -7
FHA I G T R A AT L, Z A EE O R EARFE
A D 12T (FAO, 2002), 47 v~ KUEX 5y D
NFRFERICE LTV D, FEBRHIOR 2,900 m 125 5%
LRI 5 2009 FOFEERIR, FEREREIE, £
NZEN 27.6°C, 1.184m T -7= (TMD, 2009). i
I T, KHE SO BT E S (W 43 %, 2L b
41 %, ¥51+: 16 %) ThHo7-.

FERUK IS B O 5 AR Sh, #itoBic
b bR E AT, HANBIIHES B 4 A HIC
frbt, EKIEKE £ TREOFKLEZ 0.05m 205 0.1
m OFIFHCTHERF S 7. FEBRUKH O BEE PR % Table 1
WRd. KRBHEEEWIEFIINETH Y, EFRKBIZITA
Y — hKRFEA RRFTORBE LA VT 4 HFETH S
Sinlek Z 4K L7=. 2009 4F7 A 2 HIZ 1 BkdH7=v 1 K
% 0.25m x 0.25 m ORI CTBAE L7, JEIREhE A,
BitzBM 19 i (1EB) SBMH49 HiE QEIE)
W L7z, £NEN0BIEOWNFR % Table 2 (27737,
2009 4E 10 A 6 BICABAID 217\, IO R 1,565 kg
ha™! Tho7z. ZHudZ A EEF a8 b LR 2
B R CHES SN D RERRTE T 5 Pathum Thani
1 DR 3,938 kg ha™! (Siangliw, M) (ZHA~TF
FUTTHoTo. T, #8557 Sinlek N EHBY
TR, EEERE L THESNEAETH DI
Thb.

KEIWZET D CHy 77 v 7 AL BESIEOHED,
200949 H 5 B/ 69 A 12 BT TIT-o72. Z oM
31 OHBERRIESICH > TE Y, FMIFHH 1.2 m
BETH-I=.
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Fig. 1 REA X B3HES AT LORKK  (HEF, 2009 KZEX).
Schematic diagram of an REA system (Shoji, 2009 diagram modified).
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2.2.1 REA %

A FOBFAMEIRD & AEEBEEARL, BEHLO
AR CHy 77 v 7 A% RET 5292, REA %
i L7, Fig. 1 /X REA BBIZ L ABE S AT LD
KTHD. 3 RoBEFREEE (SAT540, KALO ) &
7 —# v J7— (CR1000, Campbell Scientific ££) % >
T, HE2moEScBIsMEREwW (ms™!) %10
Hz CHIE L, w OEMSIEDORX EME oz, w Ol
BAOKHITHMEORIZHE L. wDIEAIZELT
F—# rf— (CR1000) 2k Y BRSOV £ 2 %l
#WLT, EREEAZRH LRI ERERAOERE
2LZERF 702, Fla&E R AR URIZIE TR E @R
HAD2L2BRF 7B R EFE L. ThEThD%EX
27 NICHB LI ZERO CHy BEIEETET A=
# (1412, INNOVA #) Z#HW\WT 20 08ICHELT, 1
R A Z RDIz. ANEBEBTRAE=F Ol LT —
H{R171X CR1000 T4T-o7z. REAJEIZL D CHy 75 v
7 2 Jrea (mgm~2h~') 13 (1) R CHH L7 (Mclnnes
and Heilman, 2005) .

Jrea = B0y (Cy — Cq) x 3600 (n

ZIZT, JRea BHAT7 T v 7 A (mgm2h7!), BixE
%1{E (=04 ~0.7) (Ammann and Meixner, 2002), Oy
IEE S 1 REOERERZE (ms™!), G & Cq ixENE
NLERELTFREDY L 7NO CHy IRED 1 B OF
i (mgm™3) TH5.

B OEIXE Y, #WHAEEE REAERICEIDHHT T
JAEKELTIRESNS (@55, 2001). BEfEOBF
ZEWZ LD, BiX0.56 % F.0IZ 0.4 ~ 0.7 OFEPH TEENT
5 EMREE SN TVW5S (Ammann and Meixner, 2002;
Mclnnes and Heilman, 2005). & 512, KHLEBHIIZE
WT, B OHFRAENE 0.55 ~ 0.57 &G TEHTH L
ENTW5 (Tsaietal, 2012). FD7i=¥, AW T
B=056 & L7.

ERE P O EBREIIFEEE T, 3 Kool E R EE

HOBE M & R AL D ORI O BIE XA 208
BRI Ty, EHBOKRKESIZIS0OmM x 50m Tho
7= (Fig. 2). Harazonoetal. (1998) iX, KHIZEIT S
7y b7V MEFIZL Y, B i s RERED
FEEER 1.7 m, RROREENRPILOFRMETIE, B LM
50m UINDFHEN LT T v 7 2D 64 % \IZ% 5 LTV D
LW Lo, RERTIE, BEEE® 0.64 5 (Campbell,
1986) LARE L7 o mZAL (0.7m) »»HHEESE (1.9
m) OEEEN 1.2m ThHh-o7-DT, JE LK 50 m IR D
HWANRLZT T v 7 ACRESFELTWDHLE R, £
7o, BGRRENE D S AL~ 2 m B AL R & B EIE
VAT ADOIH/NE FE2m x fi2m x BE 2m) OF
BeA R T D720z, FRMALACE D S ALILTE ORI,
CHs 7 7 v 7 AORHIIThRMh-72. EbIZ, BEP
DOF —Z HEMA Loz,

AEBRTHA LI NETEBT AT =413, CHy BEHD
ERKERIRE KT T 5D T, CHy B, B1H, CHy
7797 AERMERCHETE RV EBRESHT
W5 (FET,2009). £Z°T, KHIZBWTZEXRY V712
P8 L7=22%D CHy IBE%# FID ff W A~ R 57
(6890N, 7 ¥ L M) L ATEHAE=F DT
REEIT, EREYFSPIZ XL D AFET R =5 OKIE
ok,

Ceali = 4.2 x 1072 X Civnova — 1072 X egq (m
—107 x WVinnova + 1.7

Z 2T, Ceati HBEERMN H5 B 472 CHy #8EE (mgm—3),
CinNova HEH AE =4 M3llE L7z CHy 2 (mg m3),
esat I RZDOEFIKFARLIE (hPa), WViNnnova 10 A E
=ZBRE LI AKREKIRE (mgm3) THhDH. HR2
nv /77 THIELR CHy RELBREKXNLHELN
7= CHy JEE (Cean) & DBIR%E Fig. 31, $ o7 v
¥iin=147, Ceq @ 2 BFHFEHRRZE (RMSE) i
0.04mgm=3 Thot-. f-T, (2) ROMMEEHHIL 1.1
~15mgm > RERZYTHS.
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Fig. 2 3V A SR REA ¥ 27 LOWH/NE - F v 73— DELER & sigkfElm).
Site diagram of the study field, showing locations of the container for REA system, chambers,
ultrasonic anemometer, air inlet and prevail wind direction.

222 Fy o=k

FHHARTF v o =AW T, KR E KA DORES
fid & KYLDFEHIZ X B/KMERHD CHy 77 v 7 A%l
E L. WEDO7 ) XFRME (B 28.8cm, & 235
cm) - THEAXRF ¥ o —%HELE. AfEio L%
FEHBEIET, X0 CREFHERY T £, E
BRI, RERE F v o N—NEREHET LD
DEB) T 7 o EBD 7.

2009 459 A 5 HiZ, REA ERIENME I LEH DK
HOA R LEEDOMIZT ¥ /3—% 28, FOKEOA
REBOBIZF vy o —% 1ERELZ. Fr o 3—0
Tum% 3.5cm #FIZFEAL, HAY 7Y v 7 @HIcKE
P EEFTOMESF® 4 [JHJEL, NEHEEZ RO, %
7=, 2009 4£9 H 11 B2, HERADKHDKAD EF Uiz
e, EAKBEOF ¥ o =% OKBEICBEBER LK.
F ¥ U A—OREMEOFEME Fig. 2 [ORT. EEEM
SETFy o \—2BHLIZEZZ045ELT, 0, 10,
20, 30 BHIZF ¥ A —HNORKE L) VIO TENEN
40 ml FEE L 72, BB L 72 RAKIXITZEIZ L7z 20 ml
AT VBIZE A Uz, KRR EEA UTo A 7 VRIZER S
FlE ANTZZ —F— Ry 7 ATRE LT, BRETHIC
HBREBIEATFID A AT v~ 7T 7 & FWToHT
L. 200949 J] 12 BE TR 7R Z iR Lz,

FX o N—BILEDH AT T v 7 AT RATRD T
(de Mello and Hines, 1994) .

14 [dC(t)]

Jon = — dt (3)

A

IITC JpBHATZT v X (mgm2hY), VIiEF ¥
UA—RE (mP), AT v oA —WER (m?), 1R

MBI (h), C(¢) 1XWER ¢ 12361 B0 X (mg m™3)
Thd. ZOBE, ABHREEICLI2EEBEZITLE
ZONBHAT T v 7 ZZOWTIL, BALIE-.

F ¥ R —NDOH R DRI RUCHE D SR
iE L7= (de Mello and Hines, 1994) .

g

it ] = k(Cmax —C(2)) 4)

Z 2T, Cuax IRV ABEE (mgm™3), kiZEREK
THd. YT RARERZ Cy £35E, (4) XOMHTHRE
kA TEH 2515 (de Mello and Hines, 1994) .

1.6
;',E\ n=147 1:1 line
> RMSE = 0.04
E 15}
3
-— [ ] °
g .o N
T 14 LD
o
5 agopd 1"
S 13t o
s .
8 o ® o9
g .« %"
O 42| o*%
T L]
O . ?

1.1 1 1 1 1

1.1 1.2 1.3 1.4 1.5 1.6

CH, Concentratiorby GC/FID (mg m-3)

Fig. 3 #®IEXA 614G o6/ CHy i & GC/FID T
BE L7 CHy 35 (mgm™3) DRIME.

Relationship between CH4 concentration calibrated and
CHj, concentration by GC/FID.
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Table 3 JRFEE7 &7 & EOHBBIEHOKHA TRIE SNz CHy 7 7 v 7 A L ABFIERER & oLtk
Comparison of CHy fluxes in rice paddy fields in Southeast Asia during heading and flowering stages.

CHy4 flux Irrigation

Application of

Measuring

Location (mg CHy m~2h~1) Season condition organic matter method References
) Dry and . Nugroho et al.
Indonesia 19.5-44.8 Rainy Flooded Rice straw Chamber (1996)
o Flooded . . Simpson et al.
Philippines 9.7-374 Dry and drainage Organic matter Micrometeorology (1995)
) . Rice straw or Jermsawatdipong et al.
Thailand 6.7-23.4 Rainy Flooded rice straw compost Chamber (1994)
. . Towprayoon et al.
Thailand 34-556 Rainy Flooded No data Chamber (2005)
This study 1.9-43.6 Rainy Flooded Rice straw Micrometeorology This study
R L D CHy ARGEE S BN S DT (Westermann,
C(t) = Cmax — (Cmax — Co) exp(—kt) (5)  1993), KMNCHATHIES EH$%HHICCHy 77 >

BITE U7z T APPSR Uit g~ A vm Y 7 b
TRNAD I NAN—EREEZ W THEHA L, k & Chax DEE
RE LTz,

23 REEH

BE L2 E Y 9 — (HMP45A, Vaisala) THli |-
E2m OKIE - B A, T BEEX CIEE 0.05 m
OTHIREZ 10 PRBTHE L. MELET —Z1X
7 —4 1 J7— (CR23X, Campbell Scientific &) % T
5 EICEBM AT L. REREFREH (RS-12P,
ESPEC #) % VT 30 43 ikR CTHIE L TRtk L7z,

. MRBLUEE

HHAEBRE I O AR EBRKBIZBWT, REAEE F ¥
N—{ETHE L7 CHy 75 v 27 A1 19 mgm =2 h~! 7
5 43.6mgm~2h~! oA TESR L7 (Fig. 4a). Z D%
L, MOMREICL > THRET ¥ 7 & EH o HEEB
OKETHESHZ 34mgm 2 h~! 75 55.6 mg m2
h=! L[AfEETH-7= (Table 3).

HIEBM A, ACEEEIE 6 RFENHEM L, 12 RFEH
B 16 FFEIZ T TR &7, Z20%, KEIZHT T
Wb Lz (Fig. 4b). REAEIC L% CHy 75 v 27 2116
FEEE N5 12 RFEEIZ M T REA- L, 12 FREN S 16 FEEIC
DT TR L 72 o7 (Fig. 4a). £, KFEREDH
JEZE 8T REA K2 X 5D CHy 7 7 v 7 A0 BJAEBNICH
B L7z Hezsn 5 (Fig. 4a,b). KFREEENO CHy 12
FEFREAFICHARTEEH OO T (Miyata et al., 2000),
IR D K & ORI I, KRS ~MRAT 5 8
Ik 0, KFGEEE & KRB O CHy 2SS b &5
ZAHNTHD (RED, 1996). F7o, KFEBEAKE <
2% L L0 EL OFEIRBMBERE D DT, ShE MR
HOHERZE o BWREL 72D, (1) X band &
IR THPICT T v 7 ARKEL g o T— K
EBZEZLND.

Tz, TEOBEREWE XS CHy 77 v 7 A0
L7 (Fig. 4a,c). TEEEO EFIZtE-> CTHEF O CHy

IAMKEL o bHFB 265 (Wang et al., 1997).
HmEAKZ R L TRRAP~EHE D CHy 1E, EITXK
WWIZE D TH D LI TV 5 (Wassmann et al.,
1993, 1996). ARFEB/KMBIZHIT 2RI8F D CHy IREIL,
Uzaki et al. (1991) OWEE (1-59 %) &[EERIZ 31.4
% LRRD TR UNE,2012). KiAEREb b%OE
B D A E N K LEICB W TR ST
@ (Watanabe and Kimura, 1995), fiio & 28 38128
ETRENTWVARERKHICBNTS, CHy [IANTERK
SNRTWERIETH o7, ERRICHEREDS EH LT
RFEE 2> & 15 BFEIZ 2T T, Kyanilk T o R L)
SEHTLIETEEMAICIVEE L. LEOBEED L
FIZEVREREIEL T, BANRKEL 2D T & THIE
mnHARPE LR U, RIS SIT, Ko
DCHy 79 v 7 2N ERLIZEEZ NS (Kellner et
al., 2006) .

SIADEFEITFE DK FIZ L » THHEIN9 5 (Fechner-
Levy and Hemond, 1996; Kellner et al., 2006; Tokida et al.,
2007). Tokidaetal. (2007) (2L Y, 16 hPa fREDRK X
RRIEDIR T, KIEIC & 52850972 CHy ikt A
AL ERHEINTWD. RUEHBF X, KT
METL7Z9BENS 1S ERIZ/T T, CHy 77 v 7 AlX
EHL, WRkLio7z (Fig. 4a,d) 2, [UEDK FId
KT4hPafEECTH -7, D72, KJEK TIL CHy 7
Ty ADERICEE LIZ AL H 0%, EDHEEGD
EEWEITSHRDOERIMEEFFONENR D D.

HIEHIE 2 U C REA EIC X D KBNS 0 CHy
7797 AFARDIRNGENIRE L2 T ¥ 3=l &
LHEEOFHE & e TREWEBIZH - 72 (Fig. 5).
F7-, REAEICLACHy 75 v 7 AN 1: 1 B0 E
Micd oWy, REATELTF v /—{kD CHy 77 v 7 A
DFNZIFIAERBIBERARD b (B 1.06, FHEFFR
% r=0.976, p < 0.001,n=10), Y10 TRNr-oT=
(p <0.001). REAEICED CHy 77 v 7 AlXF ¥ o~
N=EDAXDIRNGI D7 T v 7 ALK TH 6.4
mgm 2h™ ! K&Eho7z, ZHUE, A FDORWEFTO
Z w7 AIKEREOHRTHDHDIZR L, REAJEIZL D
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Fig. 4 (QREAEEF v /\—{EICL D CHy 77 v 7 A, (b) KFEREGE, (c) BE Scm @ HHHERLE,

(d) KEDRRFZAL

Temporal changes in (a) CHy flux by REA and chamber methods, (b) horizontal wind velocity,
(c) soil temperature at 5 cm deep, and (d) atmospheric pressure.

KEEENS DT T v 7 A A FO@KAERA &K
BEOWETHDII-DEEZ BN,

LL, 9B 7HE9A 11 BREICIE, Fv /38—
I2& % CHy 77 v 7 ADOFEEHN REA EOfE% EFEl-
7= (Fig. 5). Fy o A—@ 3@ L-0T, W
NPDOF v 8= BRI O X 52872 CHy ikt
PHELEZET, Fy o "—kiIckbdCHy 77 v 7
ADEHENRRELS RoTtEZ2bN5D. FHIZHL,
REA 3R RO KK O FHH 72 CHy B % 8E3
BDOT, Fx /N —EORRICRFEERT TORM e CHy
EEREZBRHELIZSWHERSHS. Tofd, 9ATH
9 A 11 BEMIZBWT, Fy o "—Eicksd CHy 7

T v 7 AR REAEIZHARTKEL o tEZEZ NS,
4. F&&H

AT, REAEEF ¥ o \—EEAWT, #4E
EDKHIZBITS CHy 77 v 7 A%RE L. WFik
THELZCHy 77 v 7 2ADfE (19mgm2h~! 25
43.6mgm2h~!) [FEET V7 OBEFEOBEHE (3.4 mg
m2h7! 25 556mgm2h7!) LRABRECHHTZ. &
b2, CHy 77 v 7 A - KERGE - HHEREXEH IO
Az T#mL, ®Mic»id T L. oz
Mo, CHy 77 v 7 A0 REEENL, BEAEO®ER & FH
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Comparison of CH4 fluxes over rice canopy and the water surface measured by REA and
at the water surface measured by chamber methods. Bars indicate one standard deviation

withn = 3.
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