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2004 EFFEEOERHBEODSCETEHRICE T HKTEEMEBD C0, IR

CRIBFIERE (BIEGS), =E (B&RO, KIEHE (REM), LHEBFFR (BR),
ANEREEST RRERAE), AR (LK)

1. LI KBToHEHRFREE (http//www.jma.go.jp/JMA_HP/jma/index.html) |2 &
i, 2004 EOHEZE (6~8 H) 1E, WHARTIX, 1946 ALIKE, 1994 4, 1978 IS <H 3
MORBFETH o7z, RFETIE, ZOLIREIBRFETH 72 2004 F0, KRS EHO
KFEAEHIZE T2 CONKIZONWTHET 5.

2. A&k BRSHTTHLIRIME S IEHEMOKEEMER (36° 037 N, 140° 01" E) TiZ,
19994 8 ALV 77 v 7 ZBRINHE SN TS, KoM IZTa e h U T, 2004 FI1L 5
H 2 BIZBHE, 9 9 BICNHENThNZ., CO:7 T v 7 A, M & 3.25 mIC%ELLBE
B EGE IR EF (Kaijo, DA-600) & B Y& CO2 » H20 3475t (Li-cor, LI-7500) % AV Tify
FABIEIC Lo THIE LTz, 77 v 7 AOFEEMLERERIZX 30 40 (V> 7 U > 7 A% 10Hz) T,
SRIE RN o272 b K ) I FEIE O Z #: (the double rotation) Zfi L, E¥H4 (Massman,
2000; 2001) & RLIEZEREEAE) (Webb et al, 1980) OMEAMEH L=, T — X OMEEH

(Vickers and Mahrt, 1996) Z 17V, fENTIC AL 727 — X 1ZBRH L 7=,

3. RAMEDHWTEAE HKMDCO:7 7 v/ AZERZAOIERELE X, RS bem OHIEE D
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Isotopic Air Sampling in a Rice Paddy to Characterize CO: and CHs Gas Exchanges

G.H. Han®!, H. Yoshikoshi? H. Nagai!, T. Yamada!, K. Ono!, M. Mano!, A. Miyata!, and

Y. Harazono?

! National Institute for Agro-Environmental Sciences, Tsukuba, Japan; 2 Faculty of Agriculture,
Kyushu University, Fukuoka, Japan; 3 International Arctic Research Center, Fairbanks, Alaska, USA

1. Introduction

Concerns over rising concentrations of
atmospheric CO:2 and CHi and subsequent
effects on global warming have lead to
aggressive use of new techniques to resolve the
global carbon budget. Among these techniques,
stable isotope measurements of atmospheric
CO:2 and CHs coupled with canopy-scale flux
measurements are being utilized to provide a
basis for modeling seasonal as well as regional
source/sink distributions of the gases.

We have developed an automated sampling
system that can be used for collection of 100-ml
air samples for isotopic determinations of CO2
and CHai. The sampler was designed with the
primary goal of collecting air samples with
simultaneous determination of concentrations
of each gas. Additionally, other
potential applications of the sampler were
continuous measurements of fluxes of CO: and

several

CH: by flux-gradient method, and vertical
distributions and storages of CO: and CHas in
the rice canopy.

2. Materials and Methods

The study was conducted in an irrigated
rice paddy located in Tsukuba, eastern Japan
(36°03'N, 140°01'E, 15 m ASL) from 1 May
to 16 September 2003. Air samples were
collected with an automated profile
sampler (Fig. 1) from 3.8, 1.1, 0.6, 0.3, and
0.1 m above the ground at intervals of 2
min. The collected samples were analyzed
for their isotope compositions with a
preparation line (Precon) and with an
isotope ratio mass spectrometer (MAT 252,
Thermoquest, Germany).
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Figure 1. Automated sampler for CO2 and CHa.

3. Results and Discussion

There were clear diurnal variations in the
profiles of [COz] and 6"CO:2 in response to
daytime  photosynthesis nighttime
respiration. The isotopic signatures of
ecosystem respiration, which were determined
from linear relationships between nighttime
dBCO:2 and 1/[CO:], showed an increasing
trend throughout the growing season, and
were significantly higher than the measured
d3C values of plant leaves. The relationship
between [CO:] and §*CO: changed remarkably
by floodwater drainage, indicating enhanced

and

emission of heavier (*C-enriched) CO: from
the soil. The concurrently measured [CH4] and
O0BCHas profiles showed strong
stratifications reflecting CH4 emissions near the
ground. Our results reveal that methane
production (from CO2) in the ecosystem largely

vertical

influences the isotope signature of ecosystem
CO2 exchange. This can contribute to better
constraining regional carbon budget (especially
for rice paddies and wetlands), which rely on
carbon isotope data.
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W, JEE, fAFE, MAXHEE, KR, HIE K OHEER THDH. £, @ET—XITXL Ml iE
WAL, Fc ODRBAETEEZIT-7- (FIEA). £77, 4% - KOG ELEZE L, | F£%2 9 B
(I~ IXEDHIZHEL, SEHM S S MIUEICE D RIS Z L= (5% B). HiEABICED
Fc OEMEZITHBHEMEZ NLR IED O RO T-SHEME & B L, MIEOAIMEEZ ZE L T-.
EATIXEEME Y 7 o =7 “NORM” ZH W=, &£ XRHEFTH7=0 10 EOM2ME O pm 2 ARk L,
D 10 {HONEME A 2 RIBIE T O & L7z, FHESMEIE Hui et al. (2004)I29E - 7-.

4 HER-BE HTIEADPLHELILDHM Fc=—387 gC- 150

m? (%, NLR D —194gC-m™ & ek L TR & RN H —

oo, —F, HEB LR Fe kDL —276gC o 0|

m? L7200, NLR & & OETRD Lz, KBTI, # e 50 |

Rt « U FE - EARE - R T LA 0 Al AR R i 2% iR BE S S B g o

MT—2£%5%. 2O &M, HHEALNLRENSE g 5 |

SNBER Fo OMICEZEARRERO—2LEx5 Q|

N5, w2, HIEBIZK D Fe OWIMHEEME S NLRE o :

ks FEnEHB L (Fig. 1). 2 DOFENL KD 150 ¢

72 Fe O IR HE M 1 - I 2 bR X YRR 22N © -200

—H L7, JiEB & NLR EDSEZEM Fe DI, L movoVoVE VI VI X
MM T - N2 B A 72 8 T 5 o W) R HE EAE o 22 TR Period

T&E7. WM TIE, Fo ORBEEN 63% &EFE L mW Fig. | SEMMSIC Ml EE2BALTKRDE
RS, FE, IR Ao & &R O Fe ORERNK Fc & NLR EH 58503 Fc DLLE.
ELHERY, KBS =D E D MI B R E 2 20
MEITH 2D LW STz, &%ZIZ, MI{EE NLR A 5
£ % Fc OMIMHEEMD —H L=z >WT, MIE
IZ K o TR G S A7l 2 DHISEE O Z 42 fEsd L
72.Fig. 2 IZ7"T X 912, 2 ® MIIEIZ L % Fe OfEl %
DOMSEME I, B AL OY NLR 512 X 2 #5E 8 2 (24
BOETHWZ Fe ORRSI EICHERES T ry b & 187 192 197 202 207
iz, LES, MI EFHFEE, fEAERRE, 7—% DOY of 2001
DORERIZEZRE L7 ETRAT L, WEE T T v Fig. 2 SEMETLIC Ml EEBALTRDE
JAT—HDORPHFEEL LTHYTH D LfbmS Fc OWSSELBAERD NLR EICEZHTH
AU % . [*3Cik : Hui et al., 2004. Agric. Forest Meteorol., 121, 93-111.] 5\@5h7 Fc DAE{L/N2—VDOLLE.
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e FiIcB T 5 2004 FEOK LK EITHONT

OUNPENE B - B KB (R B AT AL )

FL®HIC

2004 FIIRBRELZITILD, Ak, HIEERLRARKFTICABEDNLTLETH T,
[ABLCRSTHEERRRLRKNICLDFERRKECHRZIILO T LR EERE . £
S TRERG] EFIONETHELRPHABL, LEMGT TN TR REENLL L,
ZZTRHRKETERE., FROBKKERSE, FREGILEOER. BLOHNS
mRAMO®E, FHELF RS oAukEM T OK[ LK FIZ O THEB LI,
[RTE

4 AiEEiREEm, 5 HIXis LMW - B Tho7e (EH - 4R - FLT5 HEAKE
OB, BT 5 A B MREEME O RARHMEZ EH), HIRAVITFEELY S 3 BREER W 6/7
EHCThHolz, TAHAITHENABROIEBENIERILL, KNERo70, 7THRMD 8 ARINEIXA
- ZMTHBL, I TREIIBROMEZTLEK L, £/, BRRO6 HBLWT7THDA
PRKIE S RE LMoL o7, 8 HE¥X2H 9 AT 3MOERNH WD\ THL
L7z, 9 A ALIBRIZEEMEE T, 10 AICiEEmM 23 528 AN i 2 @i L7z,
ITEHOEHREMBE

HARME DRI TER LIEBRATRAERME L. 7TH 12 BHE¥E2 5 13 BIZHT
THEBRTRWNERoTe, HRT AX ZDOHBEKEN 421mm Ziték Lo, =50 A&
KE(208mm) ., 1 FEBEKEGImm)IB L OEM O HBEKE(225mm) 2 fE 4 T8 L 72,
Zhick v amil, LR, BBRJIT 11 EirnkE, 2 13,662ha BN E L% T
7o TH 18 BIZIZ@HAR THNATRATERL L, MHAOARFEAKE(Q98mm), 1 K HEEK
#(75mm), 10 pEBEAKAE(QImMm) BN BELZEH L, ZOKETIE NI, EEJI TR
BikE, 72 JRBEILROBBRESEOWENH - 72,
=0

6 Dianmu

2004 4134 B 10 80 G RS B AR £ LB L 1Chabl
ALk 5 IR B A 5 2 201X 6,15,16,18,21,23 & anme LY \

Tholz (M), 2055, 15,16,18 5T H A % 1L k
LAbAE T~ AW E m s /i ERE v D 1991 4 19 =
(Whbwwb U ragE) &REOER T, HIL Tk 5
ZHOIC 288 MO EL b Uiz, bl G o E
BILHE S 165 M (2FE 140, Al 14EM, E1L 7
EBH, BHABHTOo =, FETIFEEOHEFEN KX
<, EHFRICKDKM - Ru#kE, REOBREENHE -
o ¥, BABEEDARICES 7= RELEE
L7, 28 ZICOWTIIHENEE L TV WA, #Hf T

23 Tokage

EREOEAK, BHEOER., EOBRENRE ST 2004 S (HLREM T (S
% ELEER (RRTRE)
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THEEICB T 5 12 AOBESWM OHEE & 516

OH R URFEBRBEEINMIZERT) . AHMEB, HHER (LB EENEE ¥ —)

pal & e E BRI B W T, EEMEAEMLTWS, 22T 12 H OFE T HH
IZOWTHENT L7, RICAT KRBT ORBLNT — 2 - L7z, #IK (1961 4~2003 ), k&
e (1987 #£~2003 ), #H1F (1984 H£~2003 ), KBl (1985 4£~2003 4), = (1987
HF~2003 )., AR (1985 4-~2003 /), EALAN (1984 4=~2003 4F), KHf (1985 4F~2003
E), RBITICE D ABMEZ TICHWZD, 12 AT B EIIEE RO H KIEME 2 20cm
LEDB#., 30cm A EDOB# A AT,
HMEMMABEICHET 272010, RatRFEELZR_A T, REMOT—223H0, +BF
BORLTHLHLIHEOHNEZHWT, FX/RBHREOHBEE RO, 2L T, HBEDO&ED -
TERGEFELZHNT, RMITHEZ SR, RAtICHESHRAHE T 2 FIEERRE LT,

BRLER MR —FE»ro O ENSNE 12 AOBERSHETH-T-, LrL,
Inoue and Yokoyama (2003)D FiLIZ &% 12 ABERSHEOHEM CITMEEN TR, 12 A
DEJFEKELEFRE T2, ZhiE, BRBATERK TEH X -BAKEH OMEENEEITITR
HMICE > THBEZZITRELEHNTLHI L, BREOHYAKELZBRSRICER T ZBROEE DR
ZNRBEHRLELTEZILOND, £, [LUEDRFROKSA T THL720, BAKEREIZEIZE & LTH
MENDZ D, BARKEOHBNZDOEEBFRSEOE I KM L, HERSZERLEBFEKEL
DOBIREAF CicZe o 7=, K2, 12 ABKEE 12 A® 20mm L EOFESE 0 & OREKRZ R
To BMAKENZWIZEHEHENHEZ 20, BAK (BF) BIEPEETLIREICL-> T, HE
HENENT D20, Eb2E N KENho T,
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ME DRI DWNAT F TG LEEERFOREE w7 ) A4 FE

ORI - RATAL T - BI/ME - R E X
CRRR PR PP A B A R A M BR B LA 58 =)

JE I OIEREIE RO IER), Gk, ARGHR SICEELKET, b oME 2R
X, NTOERAHORERFEEFIZBWT, EEZH#ET 5 2 ka’E%@ﬁmﬁﬂﬁ%ﬁLéﬁé }:
MTEDLARMENRDH D, &2 THLlL, NLICHIH O HEE A RS2 R, JED
EMOEL R EICEDLL2AHMEEEIZKIETTREEIIOVWTHEL WD, ZZCTAHDE

S, BWRICEDD Y akE, PitWE THELT AaLe U (EXIC) T /A4 R
(B-TimToipy), TV T=r, BERBRTCOHLIBOLIN T Y LR ERRT, AT
FET, LERMBAaETLHLI I e T ) A REIZOWTRHEEZIT> 70, EEESDITITF Y L~
Y 7 (Spinacia oleracea L. cv Okame) %, #EZGIRICIETE @KL OURGHEELT 2 vz,

FiE

B 7 AR, 3 REAGEITZ M CHIM 16 Ref, ®FH] 8 MEfH, &R : 23+1°C/20
+1C (B/R), SEAEETREE (Ui, PPFD) 270210u mol m2st CHEK L7=,
itk 8 HEICBAE L, KIHETHE Lz, $7-FHA X0 OLEWME 2B LT, WEXIZIEREA,
FH O 2 Z N ENHEMBHN L2 RAKETF AKX, MEZREAGRE LIEREX, X E L
THEREET 2N LXK 2RI, B1ICKLEBEXOBEEMKZ R, T XTOLEK|Z
BWT, & ErEER TO PPFD 2 30010z mol m2s 12722 K O Wil L=, JCELFREH 1A 14
30 HH OERIFEE, whE, ErnEZHE L, £/, FAOREKT 30 /5a1ICE 3 HE
HEA6mm OU —77 ¢ A7 ZAER L, #HNn M%%%Tﬁ#bto%®7427#6ﬁm
T A REEME L, Rk e~ 777 0 —2HWOTHEE - E& L,

&R

EAREMEITTFAXOAE L KL, OB KXE CIIARETRO bR o7, EWR~D
H Y, REXTEL, FAXKEREFRTRWMEMEZ R LT, EOREIOHFETH LR
& (SLA) I XB CTHEEFIRO N2, HAKX, FEKX, REAXKOIEIZ/N S 7
%, DFEVENELRDLMEMITH o T,

EFHEH- Vo7 on 7 4 VERIFLHEXB TARETRO L)oo, EHMEHZY
DHwT A4 FEGEIL, F6AK, REX, REAXOIFEICKE S LM ER LT,

UEXY, 250 0RHNIL, EN~OZMPREZIK T I8, EORELZHINSE, 7
ohuT ) A FEELHEINSEL 2 enTEramERRESNT, LrL, DAiFxs 8 {Tolca~
Y HWEERTIE, RAXEID b HFOAXTEMN~OEZYHEREL<, EHHEELHZV O o
T A FEERITFRAXEFOXTREETHY, HONIAT LU YT IR RLIFERIED
Nice 2O X, HEISEITIIEEZNFLET 50T, MOFERBIZOWTHHRHELIT O L
D%,

£1 KBEOHREMB(PPFD=100u molm *s™ ' &L 1)

uv Blue Green Yellow Red FR
i E X 300-400nm 400-500nm 500-550nm 550-600nm 600-700nm 700-800nm Pfr/P
e RX 0.2 2.1 4.2 14.6 79.0 4.2 0.88
*ERX 1.1 25.5 7.2 14.8 52.6 5.1 0.85
FERX 0.2 75.1 20.6 3.3 1.0 0.8 0.58
H& X 1.2 9.6 12.4 34.2 43.7 4.8 0.86

=1

B g molm?Zs
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BEICEBTEEKEDRE(F4, TvYo3—, RUTaT7IZHETBHH)
Measurement of Evaporation in the Tropics (In cases of Thailand, Myanmar and Bolivia)
OJL A B Ik (Katsuo EGARA, formerly Expert of JICA, 10 Naoka Shinden, Joetsu 942-0244, Japan),
Pradit SIRIPONG * Jeravun JARAENPUN
(Narathiwat Land Development Station, Narathiwat 96110, Thailand),

Eddy AJHUACHO
(Centro Tecnoldégico Agropecuario en Bolivia (CETABOL), Casilla 555, Santa Cruz, Bolivia),
Rubém CASANOVA
(Centro de Investigacion y Mejoramiento de la Cana de Aztucar (CIMCA), Saavedra, Bolivia),
John Ba Maw and Soe Myint
(Central Agriculture Research Institute (CARI), Yezin 05282, Myanmar)

FLCHIT: BEAEICTFHOIRLEHENEET 20, AEEIIBKEELICEERE
FThD, LLICARTCTEHARENRESLREREZED, MMAEEETCIIZOBRINNAL S
nNTWs, 2T, 4, 3xro~—BLORI T4 TICBITL2BHHBEZHENL, 2EIC
i3 %,

#BIE A% - OThailand : NLDS (6°19'N, 101°56'E, & 10m) T 1981~89 4 ¢ 9 4 [ &I,
¥R IE 26.9°C, @Myanmar : CARI (19°49°'N, 96°17'E, 110m) T 1999~2001 4E o 3 4F [ #l
M, FN & SR X 1983~2001 4F > 19 4 I BLHI, ¥R 26.7°C, @ Bolivia: CIMCA (17°14°S,
63°13'W, 260m) T 1973~97 4 25 F [ BLHA, W& & XIR 1L H 40km ® CETABOL T 1969
~98 £ 30 F M BLHI, FHIKIR 23.8C,

PLED 3R TIEWT b EAE 200e0m DA ZMHEH, RUEIZEROT -2 255
LCHITE, T2 0WEE1E, 2 05 8 O K JEHE E % (Snedecor, Cochran 1967)12 L 0, AL
HAEH, 7oy 8L LTHELT,

R AREBEBIUVKBAKEEIR1IOEBY TLD, ZEENZ VDT v ~—T,
fitd 2 22FF X VK 400mm % <, ) 2000mm, ZHIEEIE & ENICERL TS, ¥4 TIiE
XY=LV DOTNCHEETHDLIN, ZHRNOEDICEAEEITZ b, RV T 47T
THIvYUr~—CRBEERNTH LD, [RENCCEVWTEDARBRETZL L7720,

Tab 1. Monthly data of evaporation and precipitation

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
Evaporation (mm)

Thailand 124 128 163 162 139 131 136 133 129 122 107 114 1588

Myanmar 127 132 174 223 185 203 196 160 182 146 127 134 1989

Bolivia* 130 161 168 170 149 126 131 120 131 112 100 96 1594
Precipitation (mm)

Thailand 53 38 78 44 115 125 136 132 192 181 516 555 2165

Myanmar 2 4 7 24 151 204 223 247 163 137 52 8 1219

Bolivia* 43 49 72 103 125 177 193 163 111 86 82 57 1262

Note: Monthly order for Bolivia is changed as Jul to Dec and Jan to Jun.

BARTOIRK : & H TIE 1922-58 ® 37 FF X EF 20cm, 59-65 @ 7 F- 1 102cm D 2%
FFOREME, £F 1 ~4 03RRI TEW, AR EIFTO29 @35 @57 @98 ®122 ©®120
M135 ®158 @95 W66 (D45 234 Ft 993, di ks TIL 1967-2001 @ 35 AR E£E 102cm D 7
FEFCEIM, BEEITD69 ®93 @82 D106 ®109 @74 W54 31, I KFTIL 97 4
5H F CTHEA 120cm O Z& %G CHELUA, BB CIX 1980 47> 5 B A& 120cm D Z& 5 & THLH,
T URME, BT —4%b b5, HERIERL - b2 2, BARATOHLEHRIENLEND,
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