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BER A X h BRI LR RRE &
TIEII R DAL

YRS - B2 - ANHEE - SRR

Changes in soil CO; concentration and
soil respiration during rainfall events

Norifumi HOTTA *!, Kohei NARA *2, Tomoki ODA *!
and Masakazu SUZUKI *!

1. MROFELED

TERTORIPEE & EEDOIRICL > TAEUZZEBMERE (COy PHEERFEIOBEEN
LG A LI S IR, FRTEEIBRICB T RECFELEEGRO—2TH D, HH
B2 TETROMENEH TEM SN T &7 (Raich and Nadelhoffer, 1989; Schlesinger,
1997), THEHTD COy OBENI—RICHEHR L LTI b, TEIPIEE O & -
rh COy IBESH OBEDSA (Hashimoto ef al., 2007) *°, T3k COy & FEE 4545 O
% (Hirano ef al., 2003) O RICIEHFEREEET LI L0t oT, TEFTOCO EEH
LEEOREESMHEEIREIC 2 5. @E, TEPRIZ, ZolITkDoNTEF BT
CO,DE&H L OBEME LTEBEIND TEROCOE S LEEIIRESCKRSEHIZL -
TEALT B7:0, TBEPWRIZIE, BE - k9h EOBRBEHANOKTFEIEET 2280 mbh
Twv» 5% (Davidson et al., 2000; Hashimoto ef al., 2007) .

LaLads, MWD L) IZLEFORGEALZ EVBEICET 25612, LEPO
COyBERTEMWAED L) BEELZIT 22OV TIEBEL PR > TWHRVEDNS WV,
FO5 (2003) &, EEEREER FER - JIET) KB THEHEBFy v \—2Hwit
BIPREOEFGHBOKERE, O, BRI IBEPREEMET T 556 L LA TLH60H 5
T ERR LIz, HIEMREEOETICR L Tid, R8RS BRI T ATEBRROKRT 2 %
OBERE LTET TS, BARS (2001 X, DEBTERIN-E G (BRE - BEGE) 2
BWC, BLRATHEECIED CO BEOEGBINT ERL, BRI IESR COy BEFTAR
WEATDHILEMRA L TOLT, BRFIZELABRRIIOVWTIE, BT O T ATEIRE
ODET LD D HEETFORAICL 2B B IS WHUEIE L BT 2 FERICE) S kiR L
Twb, MEITERPICEERGEEOERTIE L2 W) SCHEBELERETB VLY, B
BolzAANZALEBERE LTHETF TV, BOL (2003) LdAS (2001) &, #hFht
BIFIREE & s COy IBESH ST R HIEL T a2, BRI TEF O COy 7 n v 2
# 1 BEKFERERNSEMPETEH

Graduate School of Agricultural and Life Sciences, The University of Tokyo

* 2 HAAREEERER S
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BED L BT B2 ELMIRT 20101, FAEOREEREEHISVLEL 25,

EHIC, MAROLE~OBEFNEHNICH TR, BFRIRIICELS 2 (Weiler and
Flihler, 2004) %, MAOEBREIHEVCTBFOSHESETL, FO5OTABEFELLTH
HIZELEFEETLE, WHOBTRELZT CIIBREOLIEDR CO, X 2HHTE 2w
TR H D, BE, LESIITHRANL ZBICEIBRORERLEEDY, KERPEEREIOE
By, WEUNDOA DA LIZL > TBEIT A2 & (Mumford ef al., 2009) LEISNT W5,
¥ 72, Davidson ef al. (2001) 1, HECAYEZIE L - M CEBEMAS LB EE L FR S LE
Bl hZ b2 HmEL TS, BEEEZMIBICIBNTYH, EFOHRICL ) HEKGIELL
BT UBIE, EWETRORTICE 2 DERERREORTIELAZ EHFH S (BEOSH, 2003)
Fo®, BEMASTERICES 2 2EEAHLPICTALDI0E, BEMEREOE(LR S o TE
UATENETHOCO BEEH LEOEICOVWTISHbETHANLILAEETHS S, 1B
FDCOy DBEEH LLBEOEROFMARKE IO, HEPHEEICE LT, HENED COy
BEERESNG (RE - KD »oBONIME T Ot A0 L AHEE & BB L 5ERHE
LD PLETH b,

PR T BHREBMOL  PERTEICITONTELI LS, HEFROERLZERICER
PHEICE LD HAED L) ST, BRI TETREECS 2EEPFHNTA L 3EE
PREEZOND, I CTHRIIFETE, BAPLERO CO EEL LENRICE 2BELHS
PCTAHIEEREMNE LT, MWEOEFREE - L8 COy iBE O FFFIE % EHAICE
ML 720 MERRLHNCTCOBEH LEDRERESH L LERICFE &N CO 824 Tl
EL, FNFhORBELZHEGREL BT LICL-> T, BREOLES CO, BEOE
CDEREFD AN Z X LIZDWTHRE L7,

2. HAEE

2.1 HRAN

Watershed A
m

0 Study plot

16

HE

Fukuroyamasawa
- i - o — s
0 50  100(m)

Watershed B

H-1 $RILREERGE S L Bl S OB
Fig. 1. Location of Fukuroyamasawa experimental watershed and study plot.
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BRI FOR RS T EEREMELIREBRIIE TIT o 720 THEEBRIIERFEETICEL (K
-1), SLREBRRBITEERAOILER (LE3SE 120 188, HE140E 065523 %) @
W EFETH Do WAL O FEEIRTE (0.8ha), FM QLIRS (1.1ha) D
OO EoiiE s ), MREFOESIR 124m 25 227Tm TH b, HERHE=LE
SHBRICEL, EEEIDEREELRE DRIIBERNL TS 5, AT 1929 FITHER I ML
AF e/ FATHRTH S, EFHTIRIT 142T (1998 ~ 2000 4F), EFHREAKEIT 2216mm
(1994 ~ 2003 4£) THh 5,

L LFREABRTTIE T IR R 72 BRI D5 R, TERIPREE I EFIBAEZ b OFHELERL,
BEREENSEVZ EPHLPIIEN TS (Hashimoto ef al., 2007), 3 AEE TCOy LT
AERHMENT, TORBAICTBEPEEENIRE (2D, THRIIRRER S, TORIET
KELTIRZAICEBTIELAE COy DI s N kb, LEFHE L THRHINALERD
CO2 D 75% A 10cm £ TOHRVWEE,SBEEH T,

RGN BT 5 LB EE W 58 IR BRI P R I - 2B S e BRE L TERE L2
(E-1).

2.2 HBIFGE

BUANZ 2008 ED S AL I Al o722 DDEMA NV P EMRE Lize S H(BERANY D)
F10 BA5 11 BIZH TORERICE b TR E R OE R ER 2 17V, BEREO8 H, 91,
FEmEO 12 BICbBllz1To7. 98 (BRA N> M2) X 18 HOBEME, 19H2520HD
MR (2 & D T BN R RE OEGER 2 T, BWO 17 HICS B 21T 272,

BT, TEPOGRE, 3B COE, LHUKS, #iR WEXOWTHZELL. Bl
WAICHKE L HEREENER 95, &t 9 — OREME R B AR OBER
EHER-212, TRHEEO-EER-1IIRT,

-2 HEEFREE RN L A - O ER B L BRI RL OBERE
BE (1~9) PWRENZOFLEPIGERENS, * 25 18P CORELr I — L9 —, +
HBTDR v ¥ —DMNEBELET, ERMTRENTHBEIAFOHELEL, BHTRSNLEERITE
HEOHBRBERT. BEOTLT7 7y MEE-1 OTFTBHEEOBRISHEL TWa,

Fig. 2. Canopy projection map of study plot and locations of measurement points for soil respiration
(1-9). Locations of infrared gas analyzers for CO; concentration profiles and thermometers for soil
temperature profile (asterisk), and TDR sensors (cross) are also shown. Solid and dotted circles indicate
canopy projections of Cryptomeria japonica and understory trees respectively (also with additional
characters: see Table 1 for the tree species).

RERFREEEARE , 123, 17-32 (2010)
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F-1 BENSELZOTREAE—E
Table 1. Understory trees of the study plot.

Species 4
a Quercus sessilifolia DAY
b Quercus myrsinifolia vIHY
c Quercus glauca TIAY
d Eurya japonica b ¥
e Cephalotaxus hatringtonia 4 XY
f Prunus spinulosa Ry
g Camellia japonica B A PAC =
h Illicium anisatum TEX
i Quercus salicina TITuN
J Abies firma E 3

A (a~j) BE-2 1B L Twa, ) o
Identification characters (a—j) for the trees correspond with those in Fig. 2.

TN EE RN I RIMECOy T AT F 5 A ' — (Li-6252 K 1FLi6262, Li-COR ), =7 —
Ry T (F % v N —HNOLBEZFEREEH7-0), F v > 3— (EFE037m, 5% 0.013m3) 2 F 2 —
TTER LD A THEICPARE, BEINLTF ¥ =10 COy 7 AERE DOREEL% 506
L7

L7 COyiEEOELESR T, (1) X2 HVTHIBENREESEHE L1,

4%=OD$RIW%W{%§X%J (1

lew%diﬁﬁ%ﬁﬁ(m&hﬂﬂs4kdOM@%%?N~W®GhﬁZ%E®%%
24t (ppm-s1), Vid Imol & 72 ) OEADERE (m3-mol™), V) i3F ¥ > N —D#HEHE (m?),
riEF YN ORE (m) Thi, BlET-7-IMEOFYEZE TEFTGEREY Lz, 9
BETOBMCET 2 2EBMETTHY, FYEIZ 2RI L 0EE L THW .

+igEd CO, 1L, Sem, 15cm, 25cm, 35cm DEEEIC COy T ABEY — (GMT221,
VAISALA ) #38E L, 0% — (CR10X, Campbell #1) % H\ T 2 BRI EICEIE & B8 % 1T o 72
F 7z, BUAIIE T ARIE A BERE IR L CB Y, ERBIOm#RIZIE T ARE1% (GV-
100S, HAT v 7)-CO» ¥AKEE (FATv ) e HOCHIELALTEF COBEL AL
U=l L BB COyBEEF—ETH I LR L T b,

KRG OERB & U T, TDR X 1A (CS616-L, Campbell #:) % 10cm, 20cm,
30cm DAEFICHEEE L, 0 — (CRI0X, Campbell#t) #H T 10 0EICEEEICBITA
EREERBLGE - B L1z, T, LEWPRSNFICEEBNSOMEMSET (0~5cm) OF
BekERE HERGE (DIK311A, KEBE(ITE) CTHEEL. 2720, BRARY P 2122
WL, TREKGETOBMEI L ) EREOGREEKEIUNETE L olz/zd, BRA N
M BLIUZFOMOBHMOBRATFT— 755 10cm EEOEFEEKEL HEMNEOEBEEAED
BEERO7ZH 2T, 10cmEEOKBERKRELSHEE L MEE A7, #iRi Sem, 15cm,
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25cm, 35cm OFEEICHENEES (TR-71U, T&D ) ##L, 10 5EICEEE TllE-
FLER L7z FoHIENGRBEBDIES I B B R O MEREIRZ & 10cm iR T, €20
ImEEET (THI-700, ZHEEHEFRIAT), <Y IUREET (ADS625, A&D) =MW CHlEL 2. &
FEERER ORI O 7 A HR B BT 5 BICER L 72,

P I FAAH & 0 RICH 200m BENZ2EETICRE T 2 HESIC BT, BE~ AXWEFHC
LD BIE SN EE A,

3. B

TP TO COy OBEN LEILBAO T AEHBRTELL L&, £EFDCO, DT Ty 7
24, HE COy IREDREN M OWERRE 5 Z L2 & o TFick DE—FEH LY BT O
EITRDDIENTE B,

_F=—I%(%Z) @)

'z

CCTFRBENEES ) O COyhEuEE (kgCOy-m2-s7l), Dyid i 7 2 L8R %%
m2-s ) THh b, 2 TEOEESHMEEL, dC/dz 13 13RO COp AR (kgCOy m=3-m™1)
T, BEEO COyEEETWENBETE > Tk b, D EUTORTE 2 515 (Hashimoto
and Suzuki, 2002)

Ds _ 03677 3)
0
Z T, Do/Do XFERH ARG TH Y, Dy i3 BN AMERE (m2 57D, Dy id k&g
HAYEEARE (m?-s7!), e FEMETH L, Do FUTORTESNS,

T ”5(1013)
Dy,=D, 4
0 “’(293.15] P @

ITTIREE K), PIIRE (hPa) THY, Dyg \IEERED 7 AILHSRET, 293.15K,
1013hPa &4 T T 14.7mm2 s 7352 5T % (Jones, 1992) . AL TIZRAEDOET %
1013hPa L A7 L, RIEDHREIIZEL TV, ML LTI, ZFREOHIEONERHRE
Bviiz, el ZUToXTEZ 6N S,

£=0,-0 (5)

ZCT G IEAETE SRR, QRERERETH L, O 12DV TIIEIM A CERIL L /- 28y~
7N (100ce) DHHHFERD S, 0~5cm B Tl30.61, 5~ 15cm B Ti2 0.64, 15~ 25cm & Tid 0.65,
25~35cm BT 0.62 25 2 72,

WED COy HEES 400ppm & LT, 2) XEHAWT0~5cm &, 5~ 15cm &, 15~ 25cm &,
25~35ecm BOEBIZIBITA COEERE Y 22K 72, B-3 1I0RT L )10, THEPyH
EOBEEISZNLOEZIHRELF T ZEIZEY), R (6) WKLo THEZEETOE
EHLUEREZRHEETAZ DML L 5,

B R RAFENE R A |, 123, 17-32 (2010)
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F, : Soll Respiration

-—
‘ o o(=Fg-Fy)

Atmosphere

ﬁ CO, Diffusion
Q_—_, CO, Production

CO, Cone.

-3 LBEPRGERE L KB O COp LELRE, COy & & LEEOHR
Fig. 3. Diagram of CO; flux calculation.

a; :F;‘ _F;+1 6)

CITFBEUFir BENRFNE-31GRTER O L TR D COy HEERE (kgCOp -m2-571),
0 ERBD COyEE M LEFOHTEME (kgCOy-m2-s7l) THbH, 727201, FoldHEIFRHE
FEOBEMETH L, T/, 35ecm L) TEBO COy MEEBIIRD LN w20, F1l og i35
LWERRY, 35em UESPLOBEEHR LEESRT,

EEEREEZ L, TEPFOTALBEIFREINIE L TWREEICE, (6) R Lo THERD
COBEHLAEAEFABMICHEETEZAZ L6 TS (Hirano ef al., 2003; Hashimoto ef
al., 2007) — AT, BWMFEICIEBLNOERIC L > TLHES CO, OBEIN A U 2B, H-3
DEINCHBOHZEZRLTHEELL [A200] BEHLEEIMASHOL 7 FVHHENS &
Ezonbloo, ERFMELERTOBIHLEEXRNL, WMEOLEZITo72,

Fo, TBEBOCOEEL, (5) REIBAGOBINED,LKE ZEMELS, TERIC
FETLCO,0E (COEFHEE) »# (7)) KoL) TkdbN b,

Ce
S=Z}Z? )

TI TS CO R (kgCOm™2) THY, Cp & F TN LN EEERE TD COz MFE & RAE,
Az 3EBEEBOES (m) THb, COFEEE, HEHFTOCOBEH LA LHEHMHOD
PHEEARIS UTELT 5700, Z0OELEEHT 5 2 & ERFABOLIESRTO COy N
Brmas LCEELEER HN D,
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4. #HR

4.1 HAKER

R4 IZBERANRY P 1 BLT2 0BT ABMWE, LRSS (BREEKE), 28R COBE,
IR HEE OBMEREZRT. BREA N 1T, SA 10825 11 B 24 B OB
EH29mm, BAEBMHEEHN3.S5Smmh THolze BERANY F2121E9 A 18 H (10mm) &,
19 H»520H (86.5mm) D 2EOEMPE TN, BWEL 6.5mm, FARKHMMEL 20mm/
hTHorz, EEELCERAEZER—FERA Ny e L&, 2008 E£DORERA N MEEIL 59
ThHY, BREANRYTI1 L2, ZREFN2Z5FHE THEHOHE T -7z, FBITHME LT,
FER A X b 1 ORNCIE S A2 B2 4 BICH CRFE 58mm OERD, BRANY P20
BICIE 9 B 16 BICHME llmm OBERH o720 BA NV b ECHEMRT OB ICIZEND
D, BREANYM1ITIE052~ 054 BETH-/2DIH L, BHRANY 2 TIE044 ~ 048
BECTH-o 2, MRBEORBOBIREICBI L IHRME, #1271 0.54 ~ 0.56 #E, 053
BehYy, F#0EFNELhoTw 2, EEOLOBMA XY T, TP B R
PHRMAL, BIERTHED LIZo (it L7.

Event 1 Event 2
— 20 . : : . 20
s 6 @ L 6] (O
£ 12 L 12
= g L g
£ 4 ' I L 4 I
e o .ﬂp. , ! C.l..l . d 5 (!
0.6 ; ' : 6 : ; :
o
2 0.5]
S

0.4
5 5
S 4
g 3
o
O 2
o)
9 9

0

0.8
0.6
0.4
0.2 (q) %

g8 9 10 M 12 13 14
May September

Soil CO2 eflux
(107kgCO2m™?s™)

B4 BWHAXYNIBLIO2IIBIT 28R
(@) () :f&E, (b) ()8, (o) (p):t3EP COiEE, (d) (b EREFmEEOLERTEE (O)
LR O T EIFREE (@), TBIFRAEEDOL S — N~ IRERELET,

Fig. 4. Time series of observation data in Events 1 and 2 for (a)(e): rainfall, (b)(f): volumetric water content
(VWC) in soil, (c)(g): soil COy concentration and (d)(h): soil respiration rate. Soil respiration rate is
identified without rainfall (open circles) and during rainfall (closed circles). Error bars indicate standard
deviation.

HE RS BEINEEAERE , 123, 17-32 (2010)
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M4 75, T COy BEDOZE LI, BICEE 1Sem iIBWT, 2 D0BWA Xy b CEZ -
T2 EDGhb. BRANRY ML T, BRGSO EBEFEZICEE [Som @ COy BN
KECKETL, ZOBBRMERTEHITICHELTYS, —F, BRANYF2TiE, 98208
DOREWHTHERNIERE 15em @ COy BEN LA ZHGL, BERTRBICE -7 %02 59% B
RS BERITL D EVIREEZRo T\ 5, MOEEOZEIE 15em (CH_2 LEEETIZR VDS,
R A <2 b 1T, BB SETERICS - 723FE 25em & 35cm OBEEFEREGE &b
WERTZ2POTC—EDEEZRLTEY, BEHA N P2 TiE, EE Scm OBEEINERE 15em &
BRI REMBIGRIC LA L, BWE2 & EAMEMICH o 72 E 25cm & 35cm OBES, BW%
BIZLFAEMEZROTLIICRZ D, 72, BRANY P 2B HEE Sem OBEE{LIE,
R 15em OB LT L CHENL T B,

TEIFRIZOWT, 2008 A XY O HBEFEEEEEEETH - 72, sl X iz,
R T O TIEPPERE L 7T AICBAELY b OBHEMERT BRIV ML ZEBELZS
A&, BEMAXY 228U 9 B, BAMEL A THIERBEEO T BIPIEE S EIE S
No, ELLOMBEMANY b BEREC T ERREESKE (EKTT5 L) mTk@lL T
W, AN ] CTIEBERES DERREEFET LA FEE L2V O LT, BRA
N 2T, BB S MR T CHEPREESEEL TWL L) BNEH 5,

Wiz, B OB S TOREIRREEOEII OV TR TS, HB-51%, BHE1~9 (F
-2) OLBEFWEEOBMELERLZLDTHE, BRANY ML E212B8WT, BFEET®
THEFRFEEORZZIIS L TENRFNI DOV — TS Th b, Hns, B EeE
DEBH M OKRNERE, LT LOSBREABRT—RL TR W &350 5, BERA NV b
LIZBWTIE, BRHBO TSP OIS MEILERRTOME I TRy (-4) 5, B8

=)

2.0 W =
R H §
£ s 5
8 1.5) 10=
2 3
S 8 =
210 © 202
$ )
Y 8
S 7
4]
5 (a) Event 1 -
@ 0.0
8 9 10 1 12 13 14

May
2.0 e -
;w g °z
€ E)
~ o
Q 1.5 9 % 107
Q =
o 8 3
£ 3
2 10} 3 202
= 5
2 7
b 1
% 0.5]
o
o
H {b) Event 2
0.0 -

16 17 18 19 20 21 22
September

-5 S0 EPREE O EL
BRETOLEFIEREIZL o T3 20— 7 (LEPREER  KEH, P ER A S8 s
FTRLTWA,
Fig. 5. Time series of soil respiration rate at each observation point. Observation points are classified into three
groups according to the respiration rate (rapid: bold line, intermediate: solid line, slow: broken line).
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O FIBEIPRGRE ISR ZE L CB KX 2 ELTHRL TV, —F, BRI k&L
FIEIIR R AR LT W2 B 343, R AR BB E QR T 2R L, MR L&
TLZZETHD, BREOTEREED R & ABREICHEEL TOZERA RV P22
WTIE, FEFTRTIC R & 7 IR R 2 5R L OV -8R SIS 81T 5 TIEIP R 23, |
BRRIZL EAICETWA T EWGh b 72751, A OBESEOKNERIIIEER SN D,
BRZ, B 8 % 943, BEFERTO DIBIPIRIEEE & ) BRBODIERREED S AR E 2EERL,
FEFR B2\ TRl R A AR L 7281, BERTRT & R LIRBBICR » T B DI TR R W I 2%
%o

DI, SHEIBDOEMANY TR, 1EFCOEE HENREEOTILHIHE
WCERRBZENELPIIR o2, HOS (2003), RS (2001) OFEREEILET AL, HEh
COy BEDZEAIY, BREICERT2L0) ATHEANY P2 CHBASRON, BT
WRE B L Cid, BREICET T L0 ATHANY e BEOS (2003) L@ELTW
7RSS (2003) DEHITIE, BRIA N> b 2 & RIS R 500 [ C I I S5 B oD [
BEHRR O NIz, EOS (2003) 1, MBI BRI T BT E A 12K & 220 E & L WEREIR,
BRI AEr R EADPRONLEROHRE L T b,

42 TEEETHCOEXHLE
-6 13, LEEIPIREEEHE S COy IEHGEE D, 5RO HIBERETHD COy 8 & H LHEED
ZERL TS, R (3), (4) »oRE B EPTAILERE (Dy) OZALB P TR L7,

EZC 20
% 16 Event1 16| Event2
E 12 12
s 9 8
. L] l
g, FIW oL A LAk
oo o! ‘c@@&!. o
Of - Ry of %
0-5¢cm
‘:U)
o
£ O £ D ©
0 of -
5]
2 5-15cm 5-15¢cm
B 4 - ©
z 3
TR s 2
c & 3
e 15-25cm &
3 )
S <
B
ﬁ_; o o 2 C'.é‘?"w e
8 J25-350m
- 4
= @ of-—
35cm- 35em-
) El 10 " 12 13 14 : 16 17 18 19 20 21 22
May September

F-6 BERA XYM BIU2IIBTHLEEREILO COE &M LEEEEMEOE(L
EFERE (O) LEAE (@) TRAUSNTEY, 5~15 15~25 25~35cm D3 BICOWTIE, &
ALESRE (D) DEALLRLTW5,
Fig. 6. Profile of estimated soil CO; production rate in Events 1 and 2. Soil CO; production rate is identified
without rainfall (open circles) and during rainfall (closed circles). Gas diffusion coefficients in soil (Dg)
at 5—15, 15-25, 25~35cm are also shown.
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TFHBHENICERET AL, BRANRY ML L 2OHITIE, COBER LEEOEESAIZE
WEH LT EGh L, BERANY M1 OB, HENBEVIEIS L CO,0BEHLES 5,
WENSEE Scm T TE, EESem 25 15em I TOEEZH LEENEREETCKE LEETH
575, BE3Sem FTORBALOEE L S TEPRICFS LTz, —7, BRAXY 20
B, COBEHLEEORESVHEE DHBLFEEL LTS, CO,mBEEH LIdHE
POEESem T TIKEFRLTEY, Sem 25 25cm $ TEEH UEEIR/NE {, 25cm gD
LOBEEHLIZIEE A SN,

M OBEE L L REEEEO TEXRBTORIOKRE S1E, BMEHOBEEHLEEORE S
G LTWA LIRS, BEANY M LIZBWTIE, BEBE35cm 3 THhEMAKE2E{LE
RAETWBOIZH LT, BHRA XY 2T, HEDSSEE Som £ TORUMNTOEIZNS v,
F7o, BERAANY M TRBEISERE Scm $TORE, BE 15em 2 HEE 25cm $ TORBT
BERLAEIELLETL, BOEEARLTWAEOIIR LT, BWANRY M2 Tk, BEL
LIEESmIFTOBTCHEEAHLENSKECBATLTwE2b00, BRANY M LIChETSE
BOBIZEPICENL T TH D,

BERRTRICDWT, BERRA N b 1 TREEPIGEEOB|T (K-4) IS L CE & L RE
LEE L B\AS, BEANY P2 TIRAEELTWS, 2720, BRANY F2HOEEH LR
BEORERBEIZEOEEE, MEISEE Sem FTTHRMETL VIETL, BE Scm » 5% E 15cm
TTOBCTHREL Y ARLTWwaA,

T EER T AEBURROBERT OB, DEkGoE (84 (s LT, BRIV ML &
DERA XY T 2DOHFPIKRE, AN N CHRHERICIES P AEFRIEUIET LT 525
BERA RS P 2ICBTABRTORFSLVEECH L, TEEBIZEREBOETIIRE VS, B
MEOHEIESLH»THY, -6 IR LAZEBRTIRIIEALHEEERL TRV,

43 CO,IrZe

M7 1%, TBEBO COyEE LEMEN RO TEF CO FHEDOELEZRL T b,
T8 COy P BILIERE 35em T COEAEH L, BRI OEE 15em FTORE (LBFEE)
LR 15em 5 35em FTORE (TEREFEE) WA GRLTWwA, TERCO, FEED 2
B L OB E, MiEFS 2SI ISR ENE COy & (HENTE @ HIEITHHEE»
SEH) bHFE TR

B-7 (@), (c) i2BWT, BREWICEET AL, MERA NV MO THES COy FHEN
BRbl b, LEBEBELTREREZGLEL L, BEANY ML OFIEERA N>
F2OBD 2D 3BRECKHEEEZAE L T, HEIS 2EMB D ITRH S5 COy
BLHETZE, BRANY N LICBWTHES COy FEENF 3 HBREREVOICH LT, &
WMANY P2 CHEBRETH -2 T2, BEA XY M OFio LS COp IrE B R WA
BEENCH B Z e BRRTEN DI LT, BRA XY P 2OFNICIRIZIE—EDE L MR L T,
RO CO BREBEOELL A NV P TELZ o7z, BEANY M1 T, 5H 10 HOKM
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Fig. 7. Time series for soil CO, storage in (a) Event 1 and (c) Event 2, and time series of differential of soil

CO; storage and soil respiration (accumulated every 2 h). Soil CO; storage is shown for 0—15¢cm

and 15-35cm. Soil respiration is identified without rainfall (open circles) and during rainfall (closed
circles).

EVHEMZRBEL TS L0 h 5, MM THRIE, BREANYML 2851, RBIFY
ETREEE TR 2R EIMER S R THUL,

72720, B-7 (b), (d) &5, 23Ed COp PR EORLIILBIRFREIC NI ERELS 2
BNZENTRP B, 2EH T OIS CO IFREOEL L TEIFRE % BT 5 &, MWk
LAz & A EDHIRIZB VT, 1P CO, FEEOERE X LIBEFREICHTERTE S
REOHPTER L Twb, BREHIOWTIE, BRANY N1 (5/10 0F#), BEWRA XY b
2 (5/19~5/201270FC) & b L3 CO FF B B DOMEA TIBIFRE L [ A4 — 5 — 12k > TWw»
BIENDB, LELRDD, £D L) %t CO FREEDOHBATEFREILE 2 TV
R R THNZ VW,

felm

FORUREE BRI B M |, 123, 17-32 (2010)



28 HELL D

5. EE

4.1 8BV, BEMREFEOIES COyEE L HENREEOEE, BEI XY M1E2T
BLubl WD holz. FNENOBEANY MIBWT, HEEH TERTEDOL ) 2HE
BELTWOR, 428 A3HTRENERE ELIZEET S,

51 BERANCM1TEUERSR

R A N b 1 TIRMEREGS & D ICHBIEESET L Tws (H4) 28 HEFoN
APHARBOET L, BE Sem DUE CHMBBHEIEHEEL TrOELTWS, Lo T,
FEFO N AR EOESEN R ETIREIOMB EINE CO, EOERTERE 2> Thb
TR MBI & FERCEIH S 7 BEIRoRE 0R TIE, BAS (2001) ASHERET A
E9UT, IBEEEBOMAKIZ L BB ILHUEIRIC L o TE LTV S LR 5 D058
EPRLEZ D,

R A X2 b 1Tl BE 15em iIC B AR F O LER COy BEQVRTIHEECH LD (™
—4), FRC LB coLEFR COy FHEPBRMEICEATLTCWS (-7, oz AEKTLZE
Btk COp IBEILARAPICEBICE LAY, COIFEE8IRT L2 FTHY, BRMBERICT
BHOCODPRMICEDLN T LE o722 e W50 b, TEFCOLBERITRIIEEH(ZADT,
B 1Sem 128U 5 23d COy IEME T 4720101, 520 EICL - TRE 15em
FETCOy PRI ENE D, HDHWIEEE 15Sem £ WiBVE L OV ATENE UL LES S b,
BE Sem O R COy IBENET LT ARV & (B4 25, BELATKIILEZCO 0
WIUEAE L TwhweEZ bNDL, F72, BE 15cm TO L8 COy IBENEE Scm 418
FCOELHABEI TRTLCWAZ LS, HERTON AT TIZEE 15cm TO
TEER COyBENERTAHBET L LEHETH A 5. BE 15em DIFEZETOLERT AN
EFE Sem QTR A A L BRENZTNEZ DL ZETIREEZVUDPS5TH S, LD oT,
HE 15em TOHEDR CO IBEOKTIE, MAKOBBIME) ZEFOTAOMLUE L E, MK
DEFEIHE > THBEREAL LRAL TELRR LD L o TEL TV R REEDSH 5. T
ROLBADBEBITFHEGICH—TIE % {, BRWIELALAZ MO TS (Weiler and
Flihler, 2004) 7%, Z® &9 ZEEHRDS, BHREBEOERO T A L 208 COyE
DETICHES LTwb EEZ bNb, BRREOTEFIEEOEIBNEILL > TE SR> T
ek (W-5) b, TOZEIHIBELTWwAEEZ SRS,

ElD L5 7%, WAOBREBIE) BNV AZTBPEL TCWL I EE2ENITLRRELT,
CO, BEHLEEDEESMOWEERR (H-6) B"BETONE, BMAXRV M 1 HOBEHL
HEOHEEIZIVL OPDEETEDEEZNoTWAEY, HEFOEEDRBTHOMR COy DIIL
AHEU D EIFEZIT OV TAIEIC L 5 COy DRBE) & V) BIHREMEHz S Tw vz,
[T o] BERLEESEOERRoLBRTAIENEURTHA ), Thbb, WAD
FEARAY 2 BB 0 D SR 2 7 AREY, /IO 72012, HIER COy M E OIS DM LB
DERTELIERETML TS EEI LMD,

5.2 BRANYF2TEUEEZ
BER A N> b 212810 5 HIBEFFREEORT S, BRA N2 M1 EEBRC, THERE KRB



BERR A > b A TR LB TR R & IR DAL 29

ORKICIABBIEITEELICLoTEL TR EELILNE, —F, BRANY 1 &
By, BEPICLEF COBEVETIRONZVERE LT, BEAXRY F2EEBEWOL
B COy IBEMHEM A RV b 1 B & TP o 7272010, T A OFZE IR
TERDo-TREENH S, LI, BRANY P2 T, BEANYMITRERONZ D
7 15cm TO COLBED FEPELTWA I EIZELT, BRANRY ML E2THCOyE
EMLBEEORENHFOEVNPRELEZEY S TV BHRESUTO L) ITEETE B,
BRA Ry M1 E2OBETO COy B L BAEHEE (M-6) 2B LILE, BWHAN
YN BRI AR CEL S OB EHL S LEFRICES LW Aol LT, BEAX
VR 2BIRAETE R S SR EP O DBER LIS 0D TH o D505, LA T,
MAICL 2MWBEOBEBICL > THELOORBAIHT 5N COy 1L, BERA XY b2 TidHE
MBI EETHLZEh b, FRISHIBRLT, FTHEE Seom @ CO BEN LAL, BV TEE
15cm @ COy BEMRFEALTWE (H-4), DX % COBED LA, BT i
AL B HEP COyBEORDOEELTFO TV LT HREND 5. BWNEO EIER
HEORIEE LI, TEFCOBEOLANELELTVWEZE2rE, WMAKOBEZRZT
LEMICCO BEDOLEAMELTBY, TAZHRIZLS COyBEDRAPELTWELTH
HBEEING VI EFFARTNDS,

BERIA N b 2T HICIE, TPV RAEBABOKRT (B-6) 12f#oT, B-7 (o) IIRT
I HER CO, FEEOHEMAREONL 0D, EBPLOBEHLOFESFAETTH D
FediZ, FEIEECIIBRREEFREL WL EEZ LN,

5.3 FEMRAHIEFIGEE & itk CO, BEICE X 2 5E

PEZERaTsE, BEMEFICIE, FKICXZ2MEOHBEILL LT AMLHOEIL L, WADRE
WZRE D BB e AR E LA LIk o T, Ll COp i & TP EE I ELT 5 &
ERoNb, FNENOELOREL, BEHRATOIED COy FRER COy 3 & 1 LEEOEE
FRVEBENTENT A0, BRFICIERIINAHRIIEENELLLFLDLI LN
T&XI,

BERANY M E2 TREENEL D, WEDEWIC L LHEEIINE o bEZ LN,
M ARV N2 OFDPHENIKE L, ARV MIBTOER BB TOTERFOELLKE D>
ol S, BER A NV b2 TIIBERE T QI HERGRE A RE L T iz Z4UIR LT
A N> b 1 CREMBOERTEEORENENLTEBY, TOET, WaEO/NS ZEHRA
NV N OFH, HEPIGEE ST AR ORENKEDP o LB R b HEI TR LS I,
BRI A N2 b2 ClE, ZBHESEICHEREE,P SO CODBEEH LICL s TEL T2
2, BMMBOBESEro/2LEZ LN, —F, BEANRY N1 Tk, BE»50 COy DE
EHLOTERFEADOFEEDNRE P o 2720, HEKRGOELIE - Th LR EOETO
HEE BERETRIIRTLI LI o REND L. LA LaWs, BRA NV 1T,
TEF CO, FEEDERBIELRERLIARL TR (B-7) Zehn, HBERHTO CO,
BEHLEEESHMEAZZEE LTERTLTWAZ ERNRTENS, BMIC L 2RO (B
FHANRY P2 TIHELAEEP 72O LT, BEANY M TRHICTETLE) REDE
BIZDWTHPE THRETALERH L7259,

%B, BRICX > THELALEF COy FEREOEE N TIETFRIRE L5 2 58BN S ho

R RFEANEE MR |, 123, 17-32 (2010)



30 Y HEA S

7z (E-7). Hirano et al. (2003) AT % & 9512, TBEHOFHEREO/NE EHFEFOERT
HbHH)o LizboT, LR CO FEROEENIEICLEF COBEOBLICHND EZ S
oo

T/, RENRRERERZEROZEEDENIREL, BERBOE LI BAICL TR (K
—5)o FIAKDBIRAYZEBIME D AN L3R COpBERTOER L LT LA, £
DEH) BB DL LY ORT TR, BEWNEOTEFRANERIZELSZ L35 (Ohashi
etal.,2007), L724%> T, MERIALEIFRICS 2 588, A KOBBREEROLILLEL T,
BIC L ORECERDLIEDVEROND, BIZIE, BRANY F2OBHMERERIDLIIZ,
REFR T2 0 IR R ASREM AT O % R 2 BFT T, RGN0 5 T RERY O 5 FE
DEFAZT TR, BERICH) TR - KOBEREOEMOFELZ T T AW R R TE
57259, iz, E-T (b) Tk, BWAXY 1 OEWATEICTER CO FHEFRE (R
DL HEDL LT, FOWITHIS L7z (CO, DiHIC L %) TBIFHRED FRIZAEL TV
Blolze TORIIDOWTY, FAKDBIRIYZEEIIHD AR L o THEREM TRATIIIN
HENT2 COy 7%, 9 DOBM R TORBEIFIEE 7 NEREHI L T { &) AP OBIR &
TETDIBRETE Do 22 EFEDOEROERH L LTETLNS,

6. IEER

FERAT LB COy BER LB EE IS 2 2 B8 HS MCTH I L FHME LT, 2
FEOBEMA NS FPICBVWTHERTOEGREMAERBLHEE BRNANRY ML o THESP
COy i, TEWRREOELFELL I EPHSPIZR o7z HIED COy IBEOELIE, &
B 15em 0BT, BIRA RV MCE YW LB BALHOBb2 R LA ETRELER ST
Voo IBEFFEEIICE LTk, BRTOEIIEER A X P CEEETH D, BRBEBRERICK
ELETT2EVIETHIBL TV A, L L2ds, BIRTHT Il g 23 mE
T5/Lewkn) BTELR > Twiz,

BREOTERD?L COyBEE N LEESMOMEEE, 1EBFO COFHEELHHOETHRETL
FoRER, MERERICIE, AR L D2HMBOWENFTISEI TV AEHOEL L, FROEBEEIZES
BEH T ATRE V) 2200 T 0L AT Lo T, T3P COy B L HEIPHREE LT 5
EEZ BN, TNENO T ADOFSOEEH, BHETO1ER CO, FEERL CO, B& H
LBREORESMICEEINTET 2720, BEANY ML o THRBICEIERIShLH
RIT—BIET SRV EIRBENT,

o B

A A DD S 2T, BABEDERIIBNTIE, TEFIK EHEEE EidsX
FREEAR, BANBREK, MEBEAK ILAEKRIK EEHRK (UE ERAEAERE
S R SRR R EUK R Ob B T3 9E ), TEME R RREEAS) EFEF—HK (K
FRFEZER) CEREDHITHHEVTTE W, 510, HRAFEKERBEEGHETERE
MY FEEZEOM T HAEERICIBEORELIT) LT, AMEHHETERINOKER
RUOBBOF A IEHETOIE SEREELTT) LTE DA W27z, Rk
MEA R OB LEMEEORFEAEEIR B OBELRMER 2V, ZZIZELT
OB LET. &b, RUfgEid, B [ TEEREEICERSES 2 28Il T 51



BERR A > b b3 TERM bR RIRE & R ABIPR R 2L 31

B A A BRI OEALICE R L-RE] (BF B, WELX, REEFS 20780112) Ofb%
BTiThbni,

£ H

B TER TBLRE (COy) BERUVIENREEICSEZ 2B 2AL/2D, 2008 4F
SH(ERANY MDD & 9B (BEANY N 2) 02 BOREZNRICERFOES CO,y B,
TENREEOEGERINEZITo ., FOBE, RN CEHIECE(LICEVSR N, T8
FCOyBEDOEAE, HITEE ISem BV TKREL B o TV, BRANXY M T, B
WBIAD O HEFHAZIC CO BEPKECETL, FOBBMATHRECICEELL. —F, &
MANY M2 T, BEATEMICCORENLAEZRBL, MWK TRIIY—2020170%
DBWATL D BEVEELRo T/, HEMPIEREICEL L, BEGOMEIIMENCHEET
HY, BERBGBBIIKECETTIR2L V) ATHHBL Tz, LALEYES, BEARU M
TIZEFIR T # TBIPREEDSEE L 2o 203 LT, BRA NV b 2%, BHEms
FIREREE  CHBIPIRE D HE Lz TEEBOCOEEH LEE, CO)BEEEDHTHERE,S,
BERI A XY M1 Tid, WA HEREEZHET A L1085 COy IO IRIIMA T, FAKIZ
BHoTRATAEKIEE COL I L B HBEFEFREE CO, M LIHELLE W) 200HRPE L EE
Aoz =7, BRANRY 2T, COLBDEIEPERL Tz EX LNz, BRH
WELLHESENF2ROBERA XY M TEL-AERIIE, BRETOLTES COBEOEVILH S
ZEATREBEN,

F—T— KB, BN, DEPIRCRERE, AR

5 B X B

Davidson, E.A., Verchot, L.V., Cattanino, J.H., Ackerman LL. and Carvatho, J.E.M. (2001) Effects of soil
water content on soil respiration in forests and cattle pastures of eastern Amazonia. Biogeochemistry
48: 53-69.

Hashimoto, S., Suzuki, M. (2002) Vertical distribution of carbon dioxide diffusion coefficients and production
rates in forest soils. Soil Sci. Soc. Am. J. 66: 1151-1158.

Hashimoto, S., Tanaka, N., Kume, T., Yoshifuji, N., Hotta, N., Tanaka, K. and Suzuki M. (2007) Seasonality
of vertically partitioned soil CO, production in temperate and tropical forest. J. For. Res. 12: 209-221.

Hirano, T., Kim, H. and Tanaka, Y. (2003) Long-term half-hourly measurement of soil CO, concentration and
soil respiration in a temperate deciduous forest. J Geophys. Res. 108: 4631-4644.

Jones, H.G. (1992) Plants and Microclimate: A Quantitative Approach to environmental Plant Physiology.
456pp. Cambridge University Press, New York.

WOET - KAa#E— - 00 - HELE - WEEE (2003) BEMES v o NN—ZHAWIRER» L0
COy AR E O BIEREE. HAREBEARTE 3 1-12.

Mumford, K.G., Dickson, S.E. and Smith, J.E. (2009) Slow gas expansion in saturated natural porous media
by gas injection and patitioning with non-aqueous phase liquids. Advances in Water Resources 32:
29-40.

RARHF - MRS - BB (2001) B EHBRMESIC BT A TEP CO D T O T 7 A v, HE -
THE D RS 14: 68-69.

Ohashi, M., Kume, T., Yamane, S. and Suzuki, M. (2007) Hot spots of soil respiration in an Asian tropical
rainforest. Geophysical Research Letters, 34: L08705.

FEUREE RAEERECE MR |, 123, 17-32 (2010)



32 YRR 5

Raich, J.W. and Nadelhoffer, K.J. (1989) Belowground carbon allocation in forest ecosystems. global trends
Ecology 70: 1346-1354.
Schlesinger, W.H. (1997) Biogeochemistry: An Analysis of Global Change. 588pp. 2nd edn. Academic Press,
San Diego.
Weiler, M. and Flihler, H. (2004) Inferring flow types from dye patterns in macroporous soils. Geoderma
120: 137-153.
(2009 4% 4 A 28 HEZA)
(2010425 10 HZH#)

Summary

Soil respiration and soil CO; concentration were measured during two rainfall events in May
(Event 1) and September (Event 2) 2008 to investigate the effect of rainfall on soil respiration
and soil CO; concentration. The behavior of soil respiration and soil COy concentration during
rainfall differed between Events 1 and 2. Soil CO; concentrations were significantly different at
a depth of 15 cm. During Event 1, soil CO; concentration decreased rapidly in the first several
hours after rainfall began, but returned to the initial concentration by the time rainfall stopped.
In contrast, during Event 2, soil CO; concentration increased at the end of rainfall and reached
a peak after rainfall stopped, thereafter retaining a higher CO, concentration than that before
rainfall. Soil respiration during both Events 1 and 2 was similar at the beginning of rainfail
and decreased rapidly after rainfall began. However, after rainfall, soil respiration in Event 2
recovered to the same level observed before rainfall, whereas soil respiration in Event 1 remained
lower. From the estimated soil CO; production profile and soil CO; storage, lack of gas diffusion
induced by coverage of the soil surface with rainwater and gas exchange enforced by infiltrating
rainwater affected soil respiration and soil CO; concentration during Event 1. During Event 2,
on the other hand, only the lack of gas diffusion was dominant. It is inferred that such different
processes during different rainfall events depend on the initial condition of the soil CO; regime.

Key words : Soil respiration, rainfall, soil CO; concentration, gas diffusion
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