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X ——F . HERKRABRAE, v /¥, Granierik, BHERHEE, REE
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LREUOHIC

BAD O ORBIIFRARTIRICBIT 2 KNEZB LB KIZKE R BEEX 5720, XK
BEERMIZHBATIZ LIEETHS. SR LOEBIL, B SEAKINZAIMGE
EHDHWVITEE L B> CTEOTINOERTIE NI T ANbREZ LICERTA L,
BHRRAE I AROBREFM T2 HEL LTRODTEDTHS. BRAERLIESAVLA
TWARBBRBAEEE, b— bR (Cross, 1958 ; Marshall, 1958), By ik
(Cerm * k et al., 1973) # X ’Granierit (Granier, 1985) D32z kBlans. Z o
THGranierfBE XM OBPIEE L LN THBICHE TH Y, BBENLZETH I, FEE
CHWHBNB X ST/ o>7 (Bl ZiEK » stner et al., 1996 ; Wullschleger et al., 2001 ;
Pataki and Oren, 2003). Granieri®Z BV 2 Z &2 & W S OBAROBHIRTE % FEEIC
BIETHZENEREL D, ERBOTERBILEZRZHIATIZENTES. LrL, BAE
MIZB T BGraniertE O EA BTV 72 < (ARES, 1999 ; thd 5, 1999 ; 85 H 5, 2003),
GranieriEZ# AW EAREBOERILITIZ L A EITbR TV, AT TIIEFHRARR
WO /% (Chamaecyparis obtusa) 8~20A& %%t & L, Granierit% B\ THHEF
BIEZITV, BIEER L OCERBOERESCHMIEEMG L OBFRIZ OV TRET L.
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Fig.1 Location and topography of the Ochozu
experimental watershed.
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Fig. 2 Distribution of (a) diameter and (b) sapwood area in C. obtusa in
experimental plot (n=64).
K2 HE7ay hAOE ) FIZE175 () DBHE (b) BMEEDOSF (n=64)

2.2 Granierskic & 2#&7RIE
GranieriE i X 2 BHRFEE ORI EHARIIX2004E8 H48 22 H9A6B TH S, b/ F8EIZ-

WTHHBIEHMEE L CGESHEZITY, A1 59H68 oMIIEAERBORELS
EReT ), SHIEBARLZAEZMZ CEFAROBBIREDCETEI 21T, RLUZ
AT LD IZRERIIDBHAMR 5 2V K D ITBAE.

Granieritiy, e —#—t % — (UTF, HS) 8BXWIV 772y — (BT,
RS) 72572 52K D ER0.2cm, £ X2.0cmO#ERtE 3 — (ULTF, Graniert 3 —)
EEBICHEAL, % FL—Y—L L THHRREZRE TS H5ETH D (K3). HSIZiX
BEX - RFFY) BIORe—F— (avyRxF020) 2REL, RSIZITE
BEXOHENET D (http://homepagel.nifty.com/kumabox/granier2.htm). HSH>5
BE~—EORRIZWEERFE X 2 L, BHIIHERICEI VHSOBREBEVOELN DD
Y —ROBREE (AD) 3/hE<2Y, BEIIB®RRIC X 5HSOBROBELBIZE A




18

Bl ES
F1 BHERRBEZIT- =RBEROBE.

Table.l Characteristics of the sample trees for sap flow

measurements.
Tree # DBH Height Sapwood Sapwood
ree (cm) (m) thickness(cm)  area(cm?)
1 15.0 16.0 19 71.5
2 215 17.0 2.8 154.2
3 26.4 17.0 3.1 225.1
4 11.7 15.0 1.5 42.7
5 26.3 17.0 2.6 183.6
6 16.2 13.5 2.0 72.1
7 19.6 15.0 2.8 138.4
8 25.8 13.5 3.1 199.9
9 253 135 33 222.0
10 19.4 14.0 1.8 81.7
11 14.2 14.0 2.0 78.8
12 15.9 12.0 2.0 949
13 27.2 16.0 3.6 273.6
14 20.9 16.0 24 141.4
15 25.1 16.5 23 147.7
16 17.7 14.5 2.0 93.9
17 17.0 16.0 2.9 143.6
18 12.2 12.5 2.8 87.1
19 21.9 15.5 3.0 162.6
20 25.6 17.5 3.4 250.3

Sap flux

Stem

Fig.3 Arrangement of Granier sensor.
X3 Graniert ¥4 —0HRBE R,

Heater sensor

Reference sensor
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ERNWTEDATIIREL 725, GranieriETiE, ZOBREZZWPET D Z LIT X0 BHRHE
WA B ET 5. Granier (1985) X Pseudotsuga menziesii, Pinus nigra, Quercus
pedunculata\Z >\ THHEFOE L IREZE L OBFRERD, UTOERKRAEEBTNS.

ATmax —AT 1.231
AT

I o, Js: MEFE (msh), AT: vrH—EoEEZ (°C), ATmax : J=0& 1K
EENLEDATTHS. Kostner et al. (1998) IR MRE THER LIZATH BB
Quercus robur, Castanea sativa, Prunus malusTH (1) B Lo Z & % ERBIC
BB L, —BERENZEEARLTWS., ZOXIRERLEE L, 1) Ridtkx 2#ifE
AL LAEMETCEENICER SN TEY (F 2 iXGranier et al., 19%6ab ;
Wullschleger et al., 2001 ; Pataki and Oren, 2003), $tZE#EZXH L LZE OFETH
L BREENTWS (21T Granier, 1987 ; Kostner et al., 1996 ; XM &, 2003). L7=
BoT, AFRIZBNTEH (1) REFEALTIEEH L.

Graniert  #— DR EB2.0emTH 5 Z & nd, EBITBHE A E 2 SHENTE OB IR
FAEL, BEZAEMTADDE2HERTILENRD D, IMIEN2.0cmE b b RE WV
BREEADE Y —2BAT AR YO TRBLETHY, FLLIDIWVIFEIEGranier
B L ABIRRAEIR#ETH S, AMIETIE, Granlert o —%2F%EBELE /25
L7y NNOEZTOE / XF64RICONT, MEH (HWld3m&Es) OR2s2Hme4ER
carTyr Ty L, BRICEDVEMBELZHE L. Granlert P —&2RE Lz
7 FOWHMIEIZLE5~3.6cm (K1) THY, GranieriBIZ L ABIENAIERFETHE LB
Zbhd. FI (1974) Ee— b SAREEZRNT, b/ XOBBROFALHEBRRE D
bOERENCHETERZRIEL, FCHREICIABIBRREOEVTIZEAERNI L E
H|EL TS, £z, BES (1996) I3RARBKERIZELY, b/ XOBRLEAEED
EWERICELIETIZER—THDHEREL TS, ZRHDOI Enh, AR TIXIM
By OBAKENI—ETHD LRKEL, HBRENH2.0cmE TORKKEL £ OBEED
EHFnEE L TRV,

Graniert v 4 — O BREZDO R EWIE T — % n #— (CRI0X, CAMPBELL
SCIENTIFIC INC.) ZHWw, 0BR X7V 7L, IEHERRE&E L. b,
AR TIZEELZE P —2AWT, HSEHELIMTIZE X 2.0emTHEA L, RSIX
BOEELZ TR0 9 IZHS S THIZHcmOMBEE BV THA LR (K3). Zinb
O —IEES BERE 520K D IIHBOLRITHEAL TT AL IFAVTEY, |
KEEOBE T2 LIZ X D AKRGOBAER ST ) a2 THAMI &M Lz, AR T,
O0~128512 BT BB RAT % ATmax & L CJsm R (BRE S, 2003).

Jg :1.19x104X( (R?=0.96) (D

2.3 BRFHBOHE
BAZERIT () RLVRDBEREEZ A TUTOXIVEH L.

F=Jgx A 2
TITC, F: EAKEE (m®s!), As: OMEHE (m?) THD. AFETE, aT7TH



% T

YTV RO BIE LIOMIEN G, BiRRlE 2R & RE U CRIBITEE & O
Makw, ToEEZAsE Lz (], K2b).

2.4 MO BBEDHE
AR EIILLTORXTERH L2 (Granier et al., 1996a ; Pataki and Oren., 2003).

E = JM Xﬁ (3)
Ag

IIT, B MOEEE mPsh), Jy: oy FROESKREE (msh), Ar: Foy

FHORIHER (m?), Ag: Fry MNEME (m?) THEH. AFETIE, Ty hRO

E2TOE ) FURDAHEEFILTArEEH L., 228, 7oy NAOBEMEERIT2L.

6m’ halTH o7,

2.5 MERDAE

HER7 o v b 6KI0mBEN - BB OESE CHREEBOBEI 21T-o7-. BIEEA L,
SRR L OHEAHEE (HMP45A,VAISALA), £2X B85 &8 (PYRANOMETER,LI-COR),
Ei#E (ANEMOMETER, CAMPBELL SCIENTIFIC INC.), & (RBTFHERESTK-
1,7fEErE8) THH, T—#uH— (CRI0X,CAMPBELL SCIENTIFIC INC.) B\ T
ORI T Y L, 105 EEE & L.

3. RRBLUEER

3.1 BERLARNLDOHEFTENDBE(L
20044E8 10 7 H8B 4B ICBIT A KIR, KEfE (VPD), £KHHES L UHIKHR

BB EERART. 2B, BEREICOWTITESRZ2DBH (21.5cm) OREIA
(#2), FH LY $ KEVWDBH (26.4cm) OREIA (#3) BLUEH LY &/ &WDBH
(14.2cm) OREBA (#11) OHEE(LERLTWS. ZOHEIZERBEEW -1, K
PERIAToR TW2EEZOND. BHIKMECEENIEIZAXAFEOETENEEIL T
W, WTROBIZBWT Y, BHERFEOSI S B30 R, v — 2 B L o= 1ErERT I
BREATIZEALEDLL o, LER-T, BIREEOEE/ S — 2 oW TIitE
BNV ERALNIRoT. F (1974) FREESHRRLD L/ FITBWTE— |
NVZEEORENRIZHEVEDLLRVWERE L TRY, AFEORERITINE—HKLT
Wi,

3.2 VP ATRRICEZ SR
—RXEC S EEB TIIREEER Q (decoupling coefficient) 23/hNEW 2, HBUIVPDR

HEaVEIZ U RZEFLTND EEZ LN TS (M2, 2003). 22 CVPD & #Hk
T L ORI OV THEEEOHELZREF Lz, 3.181 & RHARMIZEIT 56:00~24:000 4
RFE L VPDE OBR A XSIZRY. #2, #3B L THIIWThoRBARIZBN TS, 156
DEDHBHHOOVPDAHEMT B & BHRFENE 72 BEE %R L, VPDAKI25hPa%
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Fig.4 Diurnal pattern of (a)temperature, (b)VPD, (c) solar radiation and (d)sap
flux density for average tree (#2), dominant tree (#3) and suppressed tree
(#11).
K4 (a) &iE, (b) VPD, (¢) 2XAHRELB LV (d) #EWED BE/L.

A5 LBRFED LA NEITHIZ o2, R, 3EA#2, #3B X UMII0EDN TRIE
L7z HB0cmiEED~ F U v 7 RF Vv i, AERMD CRLERL-BEHTLH-
120cmH:0CTH 0, THKZOETIZL AZ&EEINHIR2hoeEXLND. F=, o
REAKIZOWTHVPDEBEFRE L OBRIZIZEAEEDL RS Z b, Ay
TIXVPDIZxH 2 ABOGEHITBEERER 2N Z ERbhofz.
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Fig.5 Relationship between VPD and sap flux density for (a)

average tree (#2), (b) dominant tree (#3) and (c)
suppressed tree (#11).

X5 VPD& #hgFiE & ORIER.
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IO Xz, VPDREINT 5 & BRMENHELS 25@HAAH Y, VPDR—EDEEB
A5 EBRMENBEITHIZRE L VWIHIBREINE TOMRTLEEZIBEIA TS
(ZRJ1,1974 ; ARES 55,1993 ; Granier et al.,,1996b ; Pataki and Oren,2003). Z #LiZVPD#H
—EDEEBZD ETABERAPERTADIRIBEEZLNTWS. FFJI (1974 13,
VPD &%/ % (Magnolia obovata) T#I13hPa, 74~ (Pinus densiflora) DEHAR
TH20hPax B2 2L, E— MV RAEEDO EABBEITHLIIR -T2 LBEL TS,
Granier et al. (1996b) X Eperua falcata<°Eperua grandifolia?s ¥ THER I 5512
BT, VPDIMIShPaz B x % L B ED EH B EIE L7z & ~Tv 5. Pataki
and Oren (2003) 1%, 6BFEIZ >V THHRGE & VPDE OBE{E %A L, Liriodendron
turipifera & Liquidambar styracifluaTi, TEKGREICL > TZOBERELTEZ
EEBRELTWA. RIS (1993) ¥, R—= U HEICEVAIE Lt / FOEREEEI,
VPDA10hPa%#B 2 2 L MAI I NRT <K B EHRELTWS., ZDLHIL, AFRIZE
FHVPDOBENSMOMEL LT 5 L XKEVDIE, AIFRETHEHRRT oy F256H
100mBENL 72 BI/IZ BT AVPDEHAWTWA Z LIZXAFEEEREZEZ LN D, ZhIZHOW
T, SBRERIBHEBLETHS.

3.3 BAROKEST LRBARES L VERERE & DER
2004F9H 3 (FEXA) LIA6HE (BXKR) BT 2RBAR0A DB TE & DBHE

DREFEZR6IIRT. BRAICBOTE, BRMEIEEROIEIL>EBH-7hs (HFRHE
"2£28.7, EEVFEE30.5%), DBHR K EWZEEWMERAA LN, —F, ERAIZEBY

S

[ @) 93 [ (b) 96
o y=451x+288 o y=0.70x+20.18
g R =042 ° T R-008
2z %o
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Fig.6 Relationship between DBH and sap flux density on (a) 3
September (fine day) and (b) 6 September (cloudy day), 2004.
(6 20044 (a) 9A3H (FEXAH) & (b) 9A6H (‘EXRA) BT S
DBH & ## i & D RIR.



2 Bl D

T, BRFEEDIES S X bbb DD (EHERFEIS, FEME2T.1%), DBHO K %
SIIHEFET, JE—ETh-o7= (K3Bemdh).

7y NAOE J FE64KIZEITHDBHE OMERE L OBFRERTIZRT. KFPFORA
XGraniert > % — % BB L=RE A%, AALZERLSOREAZT LTV 5. DBHA
KREL RBIE-> TOMEELAEXL 2o TEHY, MEIEEVEEEE R?=0.78) 2
Aotz 2B, RPOKBIARS TEONEZERERTHY, MIRIIKumagai et al.
(2005) RINKFEBREEROL / F1226KICBVTHE-ERESRTHS. FFEOR
EIARDDBH (8.9~27.2cm) O#FN TIXME IR L T\ 5

350
y=11.11 x- 89.40
R*=0.78

2
Sapwood area (cm)
8 8 8 3 =
T T T T
°
e}

wn
S
T

(=

DBH (cm)

Fig. 7 Relationship between DBH and sapwood area for C.obtusa in
experimental plot (n=64). Black circle is the sap flow measurement
trees and white circle is the others. Thick line is the regression
equation of present study (y = 11.1x - 89.4 | R? - 0.78) and thin
line is the regression equation of Kumagai et al (2005) (y = 12.2x
-105.3, R% = 0.79)

K7 HB&E7oy FHOE ) FIZBITSDBH L IMEEE OBFR (n=64). B
HiXGraniert ¥ —E5RE LI-BBAZ, BAEENUSNOREARE,
KABEAMS TR ERER (v = 11.1x - 89.4 , R? = 0.78) &, M
i¥Kumagai et al (2005) CH-ERES (y = 12.2x - 105.3, R = 0.
79) &Y.

20044E9H 3R (FEXH) L9A6H (BKA) 28T DREA0AKD B AK S Z L DBH
LOBFRERSIIRT. BXH, ERAICEDLT, BAKEKEIDBHAKREL 25138
L RBEANRH Y, MECITHEEGE EXRBR=0.72, BXBR?=0.62) »nHbhi-.
¥77, BREICHTHERB O RDBHOEMIC T 5 BAKRBEOBMA KX 217z,
EXH BT, BEKEIIDBHO K& SIZEFE L2V, UM mERDBHO K& &
S TKREL 2570, BARBRIIFICIMERIRTEL TAKEL ok, —F, W
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RKBIZEBWTiE, DBHR K EWIZ EHRFENELS R2ERAAEH Y, IHIEIMEHED
REL 25720, BRELEUTEAERBIMFITKFEL TEI o7, UEDZ L XD,
HAKBEOMEEZEL, DBHOX X XI5 M EBEOEMOEELZ T 57517 TR,
DBHizx 4 2 MBERMEOEELZ T A LBHLMNI ko, ZOLIIL, BHEN
DBHO#EMNZt LFERENIZEMT 5 Z L BRRA L NIRRT,

[ @ 93 o [ ®) 96
~4 F  y=0006X" L y=0009%"

2 R =072 R’ =063

g 30 F o B

= o
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iz 009/ °
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Fig.8 Relationship between DBH and transpiration on (a) 3 September
(fine day) and (b) 6 September (cloudy day), 2004.

X8 20044 (a) 9A3RH (FEXRH) & (b) 9A6H (8&XH) & 5DBH
& BEARKEE L OBMR.

FN (1974) iTe / FUARICRBWT, DBHBRKEWAKIZY, IMEEAREL, BE
BE— RNV REEBLUCRABEL — PV AEENEL 2572, DBHEBHRERE L
ORUITERBRER VLS Z 2 HE L TWA. Granier (1987) X, Douglas-fir
(Pseudotsuga menziesii) 728V T, BERIZHBERITHATHRHIRTE H LS, 38
EREPKENWD, TEERBRL CTHEBRIIZE LIS RDILERLTEY, KiFRD
BRI EELE L.

3.4 PenmanD AT HEZRRE & KO AR & ORF
ARG OB EHMRBEE L OBFRERNT A0, AELEZHRERT—¥ AV TLU
T ?DPenmanz. (Penman,1948) 2 LY AlREREE (Ep) 2EH L.
A (R,-G y
+
A A+

f(u)=0.26(1.0+0.537u, ) (5)

E =
P Aty

f@D @
Y



2% L P

ZITC, Ep: MHEARE (nmdY), A: ARARKEHBROAE kPaCl), v &
BEFES (kPa C-1), Rn: MiffE MIm?dY), G: #h#fE MIm?dl, 1:
AOFEFER (MJ kg!), uz: BE2mORE (ms'), D: VPD (kPa) TH 5. Raid
FTARKEOOSEREL TERERBLIVHEL, GROLFEELT.

(@)

E, (mm)
w o [\ S [«,} o]

i}'

@
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8/1
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Fig.9 Variation in (a) Penman’ s potential evaporation, (b) transpiration
of the experimental plot, (c) evapotranspiration ratio and (d) rainfall
on Aug 2004.

B49 200448H @ (a) Penman®D FIHEARE (Ep, (b) KoZEK#E (F),
() ARt (E/Ep BLT (d) WEOEH.

X9Z8H4E N H8A24B DR T u v hOEEE, PenmandD AlREARRE, AR
(E/ Ep) BIUBRREORAELEZ Y. AHME L THEARRBITRAENMZE L THRE
Li-E@#fEmss b, BREHIF0.255~0.40FENRH Y, FAEHB D OIEHIF0.33
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Thot-. E£17, ZOHHOKRIKEE L TEARE L ORICITEVAERBER (R*=0.83)
NdH o7 (10). Granier (1987) ixDouglas-fir (Pseudotsuga menziesii) (23 T,
THEEA R AR AR L TR AR R L OBRICEVHEEEE (R'=0.94) AHbhT
25, BRI L COAREIIERBSME SN, ZOBRICERLLNIEEREL TN
5. Bk L7z & 9, AETIEAEHHFIESHNCERRS Y, TEKSTEICRE
otz &b, TREASOBTICEAEEMEIIR blehoktExoNns. ML
ZEnD, ZOHBORSEBBIIEIIBEREGFIEFELTWDZ Lbho T,

3 -
y=029x+0.14
2
R =0.83 °
o~ 2 o
o
£
g
| 1k
0 L 1 1 J
0 2 4 6 8

E, (mmd™)

Fig. 10 Relationship between Penman’ s potential evaporation and
transpiration of the experimental plot on Aug 2004.

10 200448 AFB 2Penman D W REA R (Ep) L HOEREE (B
& DEELE.

4. BHYIC

AFFZETIE, GranieriEx AV T8~20AKD  / F DBHEREIE 217\, BKEER X
VBB OEEEPHME LML OBIRICHOWTRF L. BHEREO AL 3 F— =
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Summary

Sap flux densities of Chamaecyparis obtusa were measured by means of Granier
method in the Ochozu experimental watershed of Kyushu University Forest in
Fukuoka, Japan. Sap flux densities and transpiration rates were compared among
different sized trees and the relationship between transpiration rates and climatic
factors were discussed. Although sap flux densities significantly differed among the
trees, their diurnal variation patterns, such as rise, peak and down time, were similar.
Each sap flux density increased with vapor pressure deficit (VPD), but leveled off
when VPD exceeded 25hPa. Sap flux densities tended to increase with diameter of
breast height (DBH) in fine days, whereas they were similar regardless of DBH in
cloudy days. Sapwood area in trees increased with DBH, and a high correlation was
shown between them (R?=0.78). Transpiration rate from a single tree increased with
DBH regardless of weather, and high correlations between them were shown on a
fine day (R%=0.72) and on a cloudy day (R®=0.62). These results indicated that
transpiration rate from a single tree increased with DBH due to increase in sapwood
area and the increase in sap flux density on fine days. Transpiration rate in the
experimental plot was linearly related with Penman's potential evaporation (R2=0.83).
Since soil moisture was adequate during the experimental period, it could be
suggested that the weather condition is mainly responsible for the variation of
transpiration rate.
keywords: Ochozu watershed, Chamaecyparis obtusa, Granier method, sap flux

density, transpiration



