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Measuring CHy4 flux in a rice paddy field in Thailand

using relaxed eddy accumulation (REA) method
Shujiro KOMIYA!, Kosuke NOBORIO?, Yuki SHOJI3, Tomotsugu YAZAKI* and Theerayut TOOJINDAS

Abstract: Rice paddy fields are a major anthropogenic
source for methane (CH4), 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 arice paddy field during a flow-
ering stage in Thailand. CHj4 flux at the paddy water sur-
face was also measured using the closed chambers installed
where no rice plant was grown. The CHy fluxes with the
REA and closed chamber methods ranged between 1.9 mg
m~2h~! and43.6 mg m~?h~!, agreed well with those pre-
viously reported in Southeast Asia. The exchange rates of
CH, 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 CHy fluxes measured with the REA method
were higher than those with the closed chamber method.
It appears that the REA method measured CHy 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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BEHROK 31 % 25D T3 (Redfern et al., 2012).
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FTOPTH AL EEE, RS MHOKEREREELAL,
HREHO = A CBHBEL 72-> TWv5 (Baldwin et al.,
2012). ZO LT, KERXEERYOIAZEETS
BEREBMTHDI—F, REDRIATHDLIAZ DA
LHEFBREEDR 29 % & 5HTW5D (IPCC,2001). X
A2 b0 CHy BAERIIAKTERFHRPICSZ N2 EFR
HIN TS (Buendiaetal., 1997). AKFRESHIM FIL
AR 2D ZENEVOT, TEIBETREBERY
TV, 207, CHy EMBEOTBEHREFHELRDZ
LT, CHy AR - BB EEISNhS. HEP AKX
iz CHy OR[E~OBEIE, (1) 4 x0BEKHERZ
BE LK, Q) EEAKFICEME L CHy BE LK
FHO CHy BEOREARI X 58K, 3) CHy 25
ATIERIR ORI L AR %8 L TfThbh 3 (Schiitz et
al., 1989; /UK, 2004). £ X O@ERME2BH LI RE
KB EDECHy MEED 48 % 5 85% % 3
(Wassmann and Aulakh, 2000). F7z, fib b %% @&
AATEKRBTRIIEOMEKIC X 5 CHy i OFI &0 2
CH, HHED 35% 75 62 % % LT 5 (Wassmann
etal, 1996). FD7®, [IAEMKIZ L2 CHy HHES
BET A EBMETHD (Green, 2013). KENLLD
CHy HHEN, TEOWBE(EE, BGEEFEOLR
Y, Aa BT HREEMFIT L > THLEH TS (N
A, 2004). AKEBEESE»HO CHy KHEOESEZHET
D70iTiE, CHy 77 v 7 A EHGEHIICHETHZ &0
METHD (Yagietal, 1996).

1980 A b AL EICB W CAEN L D CHy
EXEETHEDHIL, CHy 77 v 7 RAPENITHLNT
&7z (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 v 7 RAPFEITE—RIC
F ¥ VAR EWMRBFHFERELNE R, FAEEH
EEY, HAKSEOKBEICKITA CHy 77 v 7 ARIE
TEF ¥ o AA—ERLE AV TE - (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 EBUKHOESEE.

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 1[EAH & 2EEOEBROKEEE.
The amount of topdressing fertilizer application

in the study field.
Application rate (kg ha—1)
Fertilizer First Second
N 9.2 10
P,0s5 0 7.5
X,0 0 5

2010). L L, Frv A" —3E3AEGEERTF ¥ N —
DOEMIZEE SN D8, ZERAERENZ Ly (Simpson
et al., 1995; Miyata et al., 2000). ¥£7z, F ¥ —T
WEEBEEY Z & TF ¥ U A—HNORKIDOTENLORE
ZELL, [RiR - BHNE - TRBERZELEEHDT, 7
Sy AREENEEEZTIBES/REINLTWS
(Simpson et al., 1995; &, 2001).

—F, MREFHHE (EEE, RHEEE, BRER
B ) BEoT 7 vy APITE, EENZEESH
D RiZ, BEMSEORRLZIZEALEIRN. &6
i, /Boh5 7Ty 7 ZAPEMEZR LR O HERYE Y E
BB 2EHETHDDOT, MKAEFHFESRM
OREFBMEEZEDOIZE L TND (FE, 2001). Zhbd
T enb, TF, MREFHHTEEL AW TEBROKBIZ
BiFBHCHy 77 v 7 A0 TH5MENRL B> TW
% (Kanemasu et al., 1995; Miyata et al., 2000; Werle and
Kormann, 2001; Kim et al., 2005; #&4 5, 2010).

WERFENFEEZRAWECHy 77 v 7 ABRNZEET
ZEREEOMAETIE, ZROFEEZBTIREL VAR
EORENLELREEENAVWSLN TE - (Denmead,
1991; Miyata et al., 2000; AR 5, 2010). 1 2OFEET
OREE T AREOREDH % VLE LT 5 RMHERERE,
REHDOEMIZ L 2T AMEREEFZERETHD0T, &K
HEBREOEWBKBEFN 7 I v 7 ARELEEEATY
5 (RE5,1996). UL, BEETARES 10Hz L
LOEEETRAET ZLEND Y., HEEEOE CHy
BRESHEFHIEBED CRMTHDOT, wMAEEIZLS
CHy 77 v 7 ABIEFIE ER LTV (FH - KB,

2001).
Businger and Oncley (1990) X, AR & RFE
| BETRHELLZREE FRBELEY N, BERT

ARESHEZLEL LRWENRER (Relaxed Eddy

Accumulation, S F REA £ 39) E#B% L. REA
EiL, RERE (w) BEOR (Emxol) A0
(FraEoR) I CTHA I KRERR L T—ERH
FEL, ThEThoORE LERRBRRFOTARED
ENLT7 Ty ARPIETHHIETHS. Beverland et

‘al. (1996) iZ, REA £ & iRAERIEIC X - THIE L2 iBJR

WCBTDCHy 79 v 7 AMBIHIC—H LT ERELT
W5, '

ARFZETIE, REA % BV ORIz RT3 kR
EEROCHy 759 v 7 A&, A RDBRVEFTICERE LK
Fx¥ R —FHAWT, KELSEEENACH, 75 7
RAEFRE L. 4 ROBRHMME L KT EBRA Lz CHy
75 w7 RLBESGOBEIZOWTEEL.

2. E=ERF

2.1 AT EIHEE
FERIIZAEET R PRI AR CEITALE

T BB hRED LR L E Y L AN D ER

7KE (14° 02’ 14” N, 99° 58’ 05” E) IZBWTiTh o7,
FEN BT PEHFICVEL, ¥4 EEDOFERFEE
HWED 15T (FAO, 2002), 4 v XU RER Sy DEGE Y
NIFHERICB LTS, EBRMORM 2,900 m iI2H 5K
SZRITBIT 5 2009 EOFEHRIE, FHERER, £
hZh 27.6°C, 1.184m TH -7 (TMD, 2009). EErkh
T, kEEEoHIEELY B 43 %, VU b
41 %, ¥51: 16 %) ThoT-.

EFKRIIHEBAEO 5 BaNCEHE Sh, FHEoEIC
Moo XiAEhi. EKOEITHEBERZ 4 REI
fTion, BEFEKB £ TRKEDOHFEALEL0.05m 75 0.1
m OFPFATHRE SN, ERAKHOESREHE% Table 1
R, KRB IERECH Y, EFKRIIED
T — b KREAXFEFORE LA T A VETHS
Sinlek ##5 L7z, 2000 7 A2 HIC 1 %H7ED 1K
#025m x 025m OB CHBME L. ERTEATT,
BIEEZZME 19 B% (1 EE) LBE49 A% CQEHA)
WA LE. FhEFhoBIEOANR % Table 2 IZ7R7.
2009 €5 10 A 6 BIZFEA D 21TV, WOINET 1,565 kg
ha™! Thot. ZhidZ A EEF L/ hARY 2
EUVERTHERE S A REW 2 HTFETH D Pathum Thani
1 DI 3,938 kg ha~! (Siangliw, FAE) 1THA~TH¥
DUTTHote. Zhid, U7 Sinlek FEANERH

THERL, EEREERE LTHRRSNZGETH D20

ThHb.

ABWCETS CHy 77 v 7 A LRESKEFOHEL,
20009 A5 AMNB9 B 12 AT TiTHom. ZOH
ik ROHFEBEEHICHZ->TRY, FLEH12m
BEThH-o%.
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Tank for
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Fig. 1 REAEICEZ2WET AT 208K (7, 2009 hZEK) .
Schematic diagram of an REA system (Shoji, 2009 diagram modified).

22CH, 73 v7 &

2.2.1 REA %
A FOBRAERH - HERBZEAT, BHEILO
W72 CHy 77 v 7 A% ET H7-DIZ, REA k%

fEF L7=. Fig. 1 12 REARICEDHIE T AT L DOF
BT sd. 3B EEERE (SAT540, KAUO ) &
7 —4 1 #— (CR1000, Campbell Scientific £&) % >
T, #E2mOBESICBITHEEAEw (ms™!) % 10
Hz THIEL, w OENIEDEL L& 0EIZ, w Off
WREDORIITHMEORICHELEL. w DIEERAIZSELT
7 —#nrH— (CR1000) 2 & v BRSOV & %l
WLT, Em&BRERLUZEHOT B EREAOES A
2LZERE 732, Fr& B AR Lok M mh & E
HAD2LEKE  7ICEKIEITE L. ENENDZESR
A PNCHTE LT-285 0 CHy IR EIT S EBT RE=
4 (1412, INNOVA #1) ZFHW\WT 20 EICHlEL T, 1
RSBz RDTz. ANEBETAE=F Ol L T—
2 {%4F1X CR1000 TiTo7=. REAVEIZLE D CHy 7T v
27 A Jrga (mgm~2h~ 1) i3 (1) X THHLZ (Mclnnes
and Heilman, 2005) .

Jrea = Bow (Cy — Ca) % 3600 (1)

ZIT, JRea BHATF v A (mgm2hl), BidE
Bl (=0.4 ~0.7) (Ammann and Meixner, 2002), ©;

VE T EEOEERZE (ms!), C & Gy ixEnE
NEmMEETREDZ > Z7NO CHy IRED 1 B0
#fE (mgm™3) TH5.

B OfEIX@E, WMIEREE REAJEICLABE T T »
J A& L CTRESIND (A5, 2001). BEFEDOHF
FTIZE Y, BiX0.56 .02 0.4 ~ 0.7 OFFH CES 4
D2 ENWEINTWS (Ammann and Meixner, 2002;
MclInnes and Heilman, 2005). & 512, KHECEHICE
W, B OFRAEIE 0.55 ~ 0.57 O TEE T 5 L
SN TWD (Tsaietal, 2012). ZD7=8, AT
B=0.56 & L7.

FEERHARE T O SRR X PE R P T, 3 IR TR I L

FHORE R L 2RI Y AL O OVER IR O BEHIEA 28
HESINTEY, BHOKRKEIIE50m x 50m THo
7z (Fig. 2). Harazono et al. (1998) %, /KHIZEIT S
Ty NV MEFIZE Y, PeEmEM»bRIESED
HEREDS 1.7 m, RROZREENHFILOZEMETIE, R LM
50 m VNDOHEHFENET T v 7 AD 64 % \ZFE5 LT3

LHE L7, AREBRTIE, HEE® 0.64 % (Campbell,
1986) L{HE L= EaiEZir (0.7 m) NHHESE (1.9
m) OFEEEN 1.2m THo7=DT, B _EAF 50 m AN O
HEANET T v 7 RAZRELSFELTWEEEX. &
7o, JRGEBEENLE A S AL~ 2 m B A & B EIE
VAT LADIHNE Gt 2mx Hi2mx mE2m) O
BEBET D701, ERMEAILALH S SALIETE OB,
CHy 7 7 v 7 AOREHIIITO R o, &bi, BEfH
DT —F HER Loz,

AREBRCHER LTS AT =2 1%, CHy J2EEH S
P KEKTIRE I EFT D0 T, CHy B, B1H, CHy
77w AERBERCHETERNI LN RESNT
W5 (E+,2009). £Z T, AKBIZBWTZERKZ 71
B L7250 CHy IBEZ# FID (R u~ N7 57
(6890N, 7~ L v MERL) & HFEH RE=F DMl J7T
BIEZ1TV, BERUROIICE Y EEEN 2T =& OBIE
BiTo7=.

Ceali = 4.2 x 1072
— 0% % WVinnova + 1.7

)
X CinNova — 1077 X ey

2

Z I T, Cogii HBRERXD L/ L7 CHy B (ng m3),
CinNova XA AT =4 BRIE L7= CHy #E (mgm™3),
esat TR OEIFIKZASKE (hPa), WVinNova (EH A€
= ZPPE LT ARLSEE (ngm™3) Thad. HAy
o N7 7 CTHIELE CHy BELRERX2SE LN
72 CHy B (Ceap) & OBEfR% Fig. 3123, o7
Bixn=147, Ceai P 2 T V¥ FHBEZE (RMSE) |
0.04mgm™3 ThHotz. f-T, (2) oW 1.1
~15mgm> BENZYTHS.
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Ridgeway

I

Prevail
wind direction

I

0 50 m i #
Levee

Irrigation channel

: Container for REA system

: Chamber locations (9/5-9/11)
: Chamber location (9/5—-9/10)
: Chamber location (9/11)

: Ultrasonic anemometer
and air inlet

Pl ENVEON |

Fig. 2 #flY 1 PR REA Y27 ADOIUH/NE - F ¥ >/ 3—DOELER & eigha .
Site diagram of the study field, showing locations of the container for REA system, chambers,
ultrasonic anemometer, air inlet and prevail wind direction.

222 Fv o=k

BHARTF ¥ o A—EEAWT, KK EKERORES
Bl & KB DRERIC X D KERE O CHy 77 v 7 2% H
EL. BEOT D XA (E28.8cm, &S 23.5
cm) - THEHARF v o N—%AELE. HfEioLE
FEBIET, RO CEEHERVMTE. £, £
ERMNICIE, RAEREF ¥ o NRN—NERE BT L7720
DB T 7 BB T

2009 429 A 5 HIZ, REA {ERIENE X LIEHIDK
HOA R EBEORIZT ¥ N —% 2, HMOKEDA
R EWEDRINCTF ¥ o —% | HRELEZ. Fv¥o3—D
T 3.5 cm AR A L, ARV 7Y v 7 EIcKE
o EEEFTORSE 4 AMEL, AEFEE RO, £
7=, 2009 49 A 11 BiZ, FAOKEDOKAD EF L7
729, RAKBOF ¥ o A—%2ERAOKBIZBER L.
F v UN—ORBENEOFEME Fig. 2 (2”7, EEE®
SETCFY o N"—2EBHLEZEZZ02E LT, 0, 10,
20, 30 BT ¥ U N—ADOREE VY U TEREN
40 ml FREX L7, #EE L 72&REIFEZEIC Lz 20 ml O
A TIHBIZE A Uiz, RAEEEA Lo A TSRS
e AN —F—Ry 7 RIEE LT, BEETHIC
EREIEATFID (AR v~ v7 T 7% FAWTHHT
L7z. 200949 A 12 BE TR 7TEEZ L ITHEK L.
Fr U N—RICE BT AT T v 7 ZFRATRD
(de Mello and Hines, 1994) .

V [dC(t)
Jon = [7] 3)
ZIZT, JnBART Ty 2 (mgm™2h7l), VidFy
UA—KTE (M), ARF v o A—WEE (m?), i3

IR (h), C(r) IXM5RT ¢ lB1F 24 X EE (mgm3)
Thd. ZOBE ANBNREIICLIEELZTLE
ZONBHAT T v 7 ZATHONTIE, BRI LT

F v L N— N O A AP EORFE LI REUCHE 5 LR
7€ L7= (de Mello and Hines, 1994) .

ac(t)| B

1229 = k(Com - 1) @
T IZT, Cuax 3BRANTAEE (mgm3), kIiTEREK
Thd. YT ABELZ Cy LT5L, 4) ROMEITE
Ik TEHE 2 55 (de Mello and Hines, 1994) .

1.6 .
@E‘ n=147 1:1line
o RMSE = 0.04
E 15 ¢
B
L °
g (] (Y
S 14+ ® o
(@]
§ gt 7o’
S 13t
= ‘% °e
3 o oo
c ° ®e
8 .‘: ']

12+ e
= Y
(@) 0'.0

14 : : - .

1.1 1.2 1.3 1.4 1.5 1.6

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

Fig. 3 ®ERNH4E b7z CHy #REE L GC/FID T
BIE L7z CHy J2BF (mgm™3) DBIfE.

Relationship between CHy concentration calibrated and
CH4 concentration by GC/FID.



X XA EEOKEICRITSD CHy 77 v 7 ADEMER (REA) HEiICL20E 27

Table 3 HET V7 &EDOHEEREHOKETUES N CHy 7 7 v 7 A L ARIHER & DLk,

Comparison of CH4 fluxes in rice paddy fields in Southeast Asia during heading and flowering stages.

Location CH ﬂg)z( —1, Season Irriga}t%on Applif:ation of Measuring References
(mgCHym“h™") condition organic matter method )
Indonesia 19.5-44.8 DRij?l;d Flooded Rice straw Chamber Nug(rlo9hgo6()3t al.
Philippines 9.7-374 Dry anglgroa(}flgge Organic matter Micrometeorology Sim?lsggs(;t al.
T T N, A
Thailand 3.4-55.6 Rainy  Flooded No data Chamber nwﬁgggdd
This study 1.9-43.6 Rainy Flooded Rice straw Micrometeorology This study

C(#) = Cmax — (Cmax — Co) exp(—k?) &)
BIE Ul W ABEIK LT~ A 7m Yy 7 b o
TENDINA—HEEEERVTEEL, k& Cux PEZ
WE LT,
2.3 BRE&H
BRLEBE Y — (HMP45A, Vaisala) TH#i E
®2mOKIE - HABEE, T REAEXN CHRE 005 m
DHEREE 10 PHRTHELE. BELLT—4iX
5% 1 — (CR23X, Campbell Scientific ) % VT
5 HEBICEYEERELE. KRERKESH (RS-12P,
ESPEC #) % fT 30 4 FRE THRIE L TRtk L7z,

3. BRBLUEE

HREBEEHOARERKBIZBNT, REAEEF v
N ETHELECH, 79 v 7 XX 1.9mgm™2 h™1 7
543.6mgm2h~! OHFTEE LTz (Fig. 4a). D%
BiE, thoMRFICL > CHRET U7 B OB
DABETRHEENE 34mgm™2 h! 55 55.6 mg m?
h™! L EfRRETH 7= (Table 3).

BIEEAR A, AEREEN 6 FREE2 S L, 12 REEM
5 16 BREEIC T TIBR ERY, £0%, REIZHTT
B L7z (Fig. 4b). REAICE D CHy 75 v 7 A3 6
BREA S 12 BREICHNT T EF L, 12 BED b 16 BREIC
NI TR L e o7z (Fig. 4a). 2078, KERED B
JAEBNE REAEICE D CHy 75 v 27 A0 B AEBNCFH
BL-bHeszsns (Fig. 4a,b). KiEEEEAO CHy
ERRKPICHENTEEB VO T (Miyata et al., 2000),
AKIFEEE DK & VT T, KRBHEAN~EBATIE
WLy, KFEHE ERKH O CHy REBMEESNWD L&
ZHNTWE (HEH, 1996). F7z, KRERENKEL
25 & L EL OER@BHAERSND DT, SHEHHEA
WOBERZE o, PRELARD, (1) b bohd &
HIKRENCEERTHRIZTZ T v 7 AR KREL Ro—RA
tEZOLND.

¥z, THOBEREWE &S CHy 77 v 7 DM
L7z (Fig. 4a,c). THEEED FRICfE-C L8P D CHy

ARREIC &5 CHy £REEN £ 5 DT (Westermann,
1993), WEIZHETHIENS EF T38RI CHy 75 »
TABRKEL pol&E L2 BN 5 (Wang et al,, 1997).
HEAZREHE L TRAP~HE s 5 CHy 1, FiIR
IZEBHBHTH D EHRESINTWD (Wassmann et al.,
1993, 1996). AEBUKEIZRBIT 2 &EF O CHy BEIL,
Uzaki et al. (1991) D#MEE (1-59 %) & FHkiC 314
% LRBOTEN->T (INE,2012). KRIERBLOESDE
YBRESSEAENTZABLBIZRBWTERINLOTY
DT (Watanabe and Kimura, 1995), fh &2 +Eicd)
EFRENTVAREGKBIZBW TS, CHy KIEHBTERK
EANRTWEEThoTe., ERICEBEESER LT
RFEE A 15 BRSO C, KRR T om0
LEHT 2T 2ERICIVER L. XEoEEDOE
FICXOVREBWIREL T, BANKEL 2B 2 LTIk
ENOKFEER Licth, RK~EKRESHT, KEZEH
DCHy 79 v 7 ABRERLEEEZEZ NS (Kellner et
al., 2006) .

SEDEREIIRENETICE » THHEMT 5 (Fechner-
Levy and Hemond, 1996; Kellner et al., 2006; Tokida et al.,
2007). Tokidaetal. (2007) iz&¥, 16 hPaBEDOKE
BRRECETIZHEY, KIBIIC X A28 CHy FHERS
EUEZERREINTWS. AREHR ST, |E
PET L 9ENS 15T T, CHy 77 v 7 Al
ERL, BKkEARo7 (Fig. 4a,d) 2, KEDKTIIK
KCA4hPalRETH -7, 0D, [FEETIZICHy 7
Ty ADLERICEHEE LA RERIESH LD, TOHFED
EAVEEAROERBIFREHOLERDD.

HIE#AM %8 U T REA ¥iC X 27k AEE5 5 0 CHy
7T w7 AFA RDIRNEFNICERE Lz F ¥ 13—t &
DREBMEDOFEH L EEATRENEMICH - (Fig. 5).
¥/, REABIZEKACH, 77 v 7 A0 1: 1 ERo L
NC® 8F, REAEBE T ¥ N~ O CHy 7T v 7 A
ORICITAE B BEERXIRBD b (HX 1.06, #HELE
#r=0.976, p<0.001,n =10), BIFi% 0 Thhof
(p<0.001). REABICEBCHy 79 v 7 AXF %
R—EDARDRVEBFRDOT T v 7 A LY EHTH 64
mgmZ2h™! K&Molk., ZHIE, 4 XORVWEFHROT
Z v 7 RAKERBEOHR THDDILK L, REAEIZLD
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Fig. 4 (@ REAEELTF ¥ o N—JEICL D CHy 77 v 7 A, (b) AKERAE, (c) HE 5cm O HHEE,

(d) [RIEDRERZAL

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.

IKEEENGD T T v 7 AdA FOEKAMEBEE & KI
REOMFTHDI-HEEZ LN,

L2rL, 9HTHE9 A 11 BEREIZIE, Fvo3—ik
285 CHy 77 v 7 ADNEMEMN REA JEOESY LEl-
7= (Fig. 5). F¥ v N "— I3 MAICHEBELZOT, W
NDDF v o N—NRILOE I X 5887 CHy ik
ERHELIZZET, FyronN—{EICkdCHy 75 v 7
ADEHENRKEL IpolzEZ2BND. THITHL,
REA BT E LRI KK OIFHE R 70 CHy IR E 2 RIE T
HDOT, Fv NN —{EORRIZRFER T CORE 7 CHy B
EEAZBRELISWHEERSHD. 0z, 9ATH
L9 A 11 BEMIZBWT, Fx¥ o n\—1kicksd CHy 7

T v 7 AN REAEICHERNTREL R0z LB BND.
4. FEDH

AR T, REABELF ¥ o —EEAWT, ¥4 E
EOKBIZEITSD CHy 77 v 7 AZHE LIz, WFEE
THELZCHy 79 v 7 A0 (19mgm=2h~! 2n5
43.6mgm~2h~!) BHET 7 OBEOHREE (3.4 mg
m2h ! 225556 mgm2h7!) LEBETH-T. &
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Comparison of CHy 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

with n = 3.
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