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INFRIEERE ¢ 1 OB - VBIEIE - WEEN | DBEKAEEORLSIMICEFT TS/
1y a7 (Salix matsudana) DRZEHEDLLEERFT BHMEE 75 : 165~175, 1993 &
TS - B EOTE - Mﬁi@igmﬁx#@ﬁtéiﬂkmﬁéntnyU1?@WK,
SPAC ®EFNVaBRAL, KOBREE@ITLE, YIab—YaryOfRIZEIE: X <#E
ELTe WHIFOAKET V¥ 2 MICIE, STHIC L 2BVIE R 5T, EESEO@EKE
B, TEKSEEBEOEBEVEREL, WEETELIAREL, EMTNEHoT, LhL
WEETE, BROMHEL, EE2/MBERSNEL, B2 I V/Ds SHELTW,

WELTRERI VY7 IV ABNEL, BRI T v 7 ABEEORE 3 I3EME, WED
B, WELOIETH 720 BHEOKRRETF V¥ » VIR EETRORE» o722, BEEOM

BOBERT vy v VEEH L DRND, ERTF Yy vidEEE RIS, 20
&2, NV o v EE - BE 8B R0 NENRO VNV TRIGL T, ERT
Yy VERENCRD LD, KSBEEHMIL T3 EEZ 5N,

KoBavasHi, Tatsuaki, YosHikAwWA, Ken, KoBasH1, Sumiji and Masupa, Takuro:
Comparative analysis of water dynamics of Salix matsudana growing under
different soil moisture conditions. J. Jpn. For. Soc. 75: 165~175, 1993 A
SPAC model was employed for the analysis of the water dynamics of Salix matsudana
Koipz. trees, planted on a moist meadow, at the foot of a sand dune, and on a sand
dune. Calculated values with the model fitted well to the measured values. Signifi-
cant differences were not observed in the pre-dawn water potentials among samples.
Reflected by soil moisture conditions, the whole tree hydraulic resistances were very

~ large on the sand dune and small on the meadow. However, on the sand dune, root

extension was deep and the leaf/fine-root ratio was small, which compensated for the
great resistance. Leaf conductance was small on the sand dune. Transpirational flux
densities were large on the meadow, medium at the foot of dune, and small on the sand
dune. Midday leaf water potential was a little less on the sand dune. Because the
solute potential of leaf cells was less on the sand dune than on the meadow, the
pressure potentials were inferred to be the same among sites. It was concluded that
S. matsudana controlled the water dynamics process in maintaining turgor through
the responses at the various levels of whole plants, organs, tissues, and cells.
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FEHREICMET %5, ¥V —WWiEET 27> -
VaRRBAFOT—F T L B, EFYBEAER
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TEL T3, BBRERSMHHRO LBOYRMIIE
EHETENMLTYS (16),

2. SPAC EF I OEE

IV 2 2TV OBERRR-1 WRT, BRE D
BEBOKOBNIEWRTTHEMICES, AL T
W3R, TNETHOSPACET VLBV S 2 v —
Y a v TREL-RITETNVEFALTWA (S, 22,
24, 28, 29), KX THENLWR S > T—RILE
FNERA L, T VIZEE, BEROKOEHE,
TELLEADEKEVI ZODOFTET NI DE
RENb, EFNVOHBAIIZ VBRI, T VOEE
BHBI2oOWTHi>TEB L, EFTNVEZERDKSHEER

#-1. HEBEEOTR
Dimensions of sample trees
Nos. Ages? DBHs Heights Leaf areas  Leaf biomasses Specific leaf Fine root Leaf/fine-root
(years) (m) (m) (m?) (kg) areas (m?/kg) biomasses (kg) ratios
1 4 0.059 2.88 4.84 0.349 13.9 0.059 5.94
2 4 0.070 3.41 15.4 13.3 0.375 3.10
3 4 0.698 11.2 0.305 2.29

0.065 3.39 7.81

D Ages show years after planting.

#-2.  HIEEEDOI MG

Land conditions of sample trees

Volumetric soil water contents?

Nos. lGrO‘inf Land types Dominant root zones Deepest root zones Root zone totals
evels
(m) Depths Contents Depths Contents Depths Averaged
(m) (%) (m) (%) (m) contents (%)
1 0.88 Meadow 0.225 10.8 0.225 10.8 0~0.3 7.9
2 0.97 Foot of sand dune 0.215 9.7 0.315 1 10.8 0~0.45 8.9
3 3.25 Sand dune 0.825 4.3 2.225 13.9 0~2.5 6.6

D Ground level.is represented as height above groundwater table on July 4, 1987. 2 Soil water contents were measured on
July 4, 1987.
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Diagram of the SPAC model
ZETRIEAERRT, BERAXBEOZ &,

Note : Double under-lining indicate measured values.

HRTBHDTHBD, REFASNEE L TCEOEE
T AT A= I Lo THBRENTWEZ Y, B
REDDRFTE, /37 A —FMEEY 4 RDEES
B0, EEEOHBIZZES 2V ERED
HEICED, B, 7 A—FREA L U THEMNER
BYUD TERET B L& Uiz, DTICETF L O
BRICDOWTHET 3,
BEOV7EFTVRUTO LS cERans, #E
REMET 2EOEEEE £ (kgm™2s7) F, &K
DEd>kvend (3, 4,

_ e—e .
El_(l/gﬁ—rb)-PxMw (1)

TR leellFNZNEN, KRKDOKEKE
(kPa) %, g XEBI VY 27 A (molm2571),
FERABES (m?smol™) 2RI PRIAKET, H
EMOES2ERL 87.2kPa 252 72, My iZ7KD 5>
F&T0.01802 kg/mol TH 3,

BRI IZFERED B2 0T, EERNOIED T
BEREEEE kgm?st) &, EWRHERE A %
DI TRKDOENZ DD ETZ, FRERELTELEL
<, ENOKEIPEIREBERET 2L, aldZd
KB BT 2RI ERE o KBEHZ 6N B, LI E
DREDTW EBRD I ZKDENB,

E=keX My (2)

Se
ot r) P>
Z I T de X R&KfEE (kPa) Th 3,
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GRETA—F —FERZ L > TEHMS B, HH
(12) TRz k21, g DHEBRRRD & 5wk
CRIENS LWEERBA I L TESL, MUEHE
LT, SREHF—s0EE T (Wm™?) & AR&RE
= de BHWz, :

— al _
gl——azﬂ_lX(l bée) (3)

8T A—=F @, as, b IFERED & IR RE
Lo TRDTz,

WRIZEBEDP SEADQBARZET 2V 7ETMICDON
THPT 2, BERO 7S v 7 ARWRATET Z &8
T3 (8, 28, 29),

_YU—U-U

ST REEBRYEYVOBME 7 7 v 7 AEE (kg
mi2sY), LU LBELEDAKRT >y v
(MPa), Tid+BrEOMBOREVWIZL->TELS
BENRT v N (MPa) THb, RoldLENHE
ADBAES, (MPam?skg™) TH3,
RRIORIOEBDS L, BT 7 v 7 A bix iR
PRETSE, ()AL DKRAEES,
U=, — Yy (5)

ZIT G REHTRIOEDKRT > ¥ v LV TH B,
L AERLZW EREL, (5)R% (4)RwefRA
5 ERAEEFL (24),

j=At (6)

(6) A2 LErLEAOBEKRKOFTETVE LTz, T
FE—bMSVRBICL o TRAISNE, TOHEDF
MR 2, Ro I (6)REAVTRD Iz, B IIER
DFEHRART ¥y v VTEEND I ENEE L
W, LL, ZOMERE#ETHSDT, ZI T,
AKBEBOBE /T LTEELE 2 o3 BIERE D
SO I OHEOART vy v VERIEL, B T3
ZErizlie,
BEROKOEEDY 7EF LTI, B8 B0
RAKNEEERLT T, EBOWERZ T 2EE LI, ¥
DEEBIEBEOARRT vy vy VEEGKEDBRIZ L -
THE 2, BOART VY vV GBHEDOEKE W
(kgm™2) OPAIE D% > TERINETT 2 LK
ETBE, Bz WarskALoTROEND (8,
9, 19, 28),

Wmax_W__ﬂ

ZZT Wmax (kgm'z) oi%@ﬁgﬂ(ﬂ%@%ﬂ(i%s g

Y=
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BHSEKEERT, ClkgmMPa) 320 #E AL
EEYY ORANERTHETH S, C-(MPa™) i3
Co=C/Wnax TH Y, ZEDKIEHM %R L, Pressure-
VolumeFE W I VRO B 2 3 T&E 2, Fs (31)
BRI DB THEARTWEDT, ZDEE AV,
Wanax 13 THEITRAR D —EOHIE % 7KE7 D FFILL , —H
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W & BWMA LB L 2BROELRDT, HIHHFH
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Wesae= Wi+ —FE (8)

Bk (2), (3), (6)~(8) Huz &> THEEDK
SEEETAVEEBR L. EFAOFZYBIZOWTIE
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3. EEE - BERE - AWEART > v ILOBEIE
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BEHIVY I VADEER R A —F —FEIZ X -
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T, BERS L RO THEHIz> TR EEIESR
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BRIEE R E— M SV AR E o THIE L2, &
AoV TERTNRAESE 2 AL D, WHTEI»
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CLOsS (2) 12 & o TIRE S N, SWANSON and WHITFIELD
(23) WEk-oTEESNZAEZAVE, EE 2mm
DI —FRAVEEDE — bV AEE HPV
(mms™) BIROLIKHESEN S,

HPV=0.003289+1.072x (z/2¢)
+31.32 %X (x/2¢)? (9)
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P—REELTCE— FSVAEERRE L, FOE
POBMEORESAMEEREL T, RO LS
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BT 2ET, 22 TRAEBL— SV AEE &
X3,

HP%m=éme%wHPV (10)

ST RBFELEOE — N SV ARESHDOLE
B, dr ZBE (mm) %, » ZEEEOFOEER
ELRBAEDE I BOEEFAOME (mm) %, A
5 BOEESHOMEREE, HPV HE&SD
t— SV AREERRT, B8 No. 2, SEMHRICDNT
138 S IAFERICEROBKE L OBFRERA~, B
WHREOHELEDOFZ LRI L e, TukEIRKERY
ANCHIRR & DR UL, YITE 2K E R 7Ry b
o, Xy "HNOKEDOBPERBET 2 2 Lick
S TRDIz,

REERT > ¥ v ik Kig#E 1k DIK-7000 FE¥I7K 5
EHEEREAY, Sy yy— - F oy KK
& o THIE Uiz B, AT L Ltk 2 ~ 3R %
2T, RHUENEEMEE L1234, BFiRE&1
BT, BEEOXD L Hlo T2 EERP L
720

[ART—F ikt v —HNOKRBHBHECHES h
72 30 4338 E DIE%R V> Tz, 2 BREZIE FEOBHERE T
BLILEERFA Lz, A7 ARHIZILRER I D iz b
FHFEHY, »OREUFEERMERMAL Tk
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1. EEOLY 250 R g BTN A—9D
HH
3SHEOENT -5 2HEWT, (2)R>0»THER
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®-2. No.2{Eff& No. 3EEDEEE — bV RHE (HPVia) & Bk

E0BIR

Relationships between volumetric heat pulse velocities (HPVva) and
water uptake rates of No. 2 and No. 3 trees

BINE (30) ObDERV, Wb LWiEER2E
B2 EMTE, FEEIZT0%LLETH 572,

2. EEBYYOBIETIS v IRBEJ, EKET

Sv I RBEE DWEE ke DEH

-2 3R E — bV AHEE HPVea LEEWTE & U
OBKEDERZEERLIZbDTHS, No.2, 3 &I
ERARHEEERTY, ZOESZ 1 »oETINT
72, SwWANSON and WHITFIELD (23) OEIE%FE v
Te iR L ABEREREOHE A - — LTk
BN L WERE LS, EESHEECEPEVEEFEI
KEBBREL OBEBRERDIZ I EBBEL WV Z &
3, No.2 &£ No.3 DWW TIRBAE 2 E/RBRE L
27T, MFOERERNZEWT, BERYD ORBKTE
ErETE I i, :
BARYY OFNEREE 2 RERRECEl - T, g
Sy AEE] (kgm?st) 2RO, K31 &
EHavY 75 v AORRED 5RO I REEDOEK
WE EOBEBRERLIEDDTH L BT 5y 7 AE
EBJeAROTEHN AR EE THIRE T T v 7
ABE E E»D CHENENR S - TH, THOE
BTRFELTEY, L CHPORROLEL -
& T, MER—W—0BEfRcd2 I enFrgn
3, $oTH-3RE & EEDBEMERTRT Ebwx, %
OEZ I ERE ke 2T WEOFED No. 2 T
k<1 T, WEED No0.3 TiZ ke>1 72 3BRICk -
Twb,No. 2 TREBNEL, —HOENFEEZT
%2 et o, PN BEBRE E RGO +023E
DETHS ELVES BoktEL>NE, —H,
No. 3 BEZEOERIZ/NE L, BEOER D DRV, &
7o, WELTIEHS, BENEMLEIVEI RS L

150 - .
» % Y=1.244X -
&> ’ .
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[
2] :
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Transpiration rate ( £) mg/mé/s
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X-3. No.2{E{& & No. 3EAEQBERETDED K

BoEE (F) LR 7 7 v 7 ARE () 0%
Relationships between transpiration rates on can-
opy surfaces (E)) and sap flux densities on leaf area
basis (/) of No. 2 and No. 3 trees

DREARSGN TR, &5 T EDBHIEAWTWAER
FHESOEEIDE LOEBOEBELVE» 52T
ENEZONE, FOROENE LDRPREL
Kol-OTRuwheEZzo6N5,

No. 1 DWW TIFBAKZEI & o TEBBRRENS KD
SNTwZEWV, LA LEHECERRFHFEIESR L 2R
FEFThdEEZONE I, EENDZLIELS L
DER/NSVEEZENE I LS, B L ERIE
FELOERICHZ Z EBHERlans, 22T k=1
CIRE L7z No. 1 ORI 7 5 v 7 ABEE T %, Pk
IOV TR/IEEB T Oy I AEEE £ HPVia @
HCEUFEERD, Z0O/RE%E HPVia X017 THEE
L72e
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3. EERSE Y O@EKIEN R 0EH

M-4 27w 7 ABRE T LARTF Y2V &
DEBICOVTRT, (4)HA &Y Z0BERIEEDE
AHEFL R 2T, DOMEE I, No.1 & No. 2 i3FE#E
TNo.3WKREM» o7z, &> TWREED No.3 Tl Ry
BESREREWZ ERbP S, F7-BPO/ERERE
EARRT vy VOBGRIZ, BTLLERNZLDT
B, FBENREL 2B EART VY vy VOE TR
MNEL > Twd, TEbLMEDENIRETIE R
BEFLTwS LERENS, 20 R, OFREMEERME
DEARDWTIEWL DOLDRHSERENT WS
2, ERL{bhroTuin (9, 14), SEOEF NV
TRZOEFEHRIEETT, ERELTHEI L
L, WMAEDEW10:0055 17:00 £ TOMED S Rp
BRDZ,

0 -
_0.2 -
04f
06
08
1.0
4.2
4.4
1.6

Leaf water potential MPa

L 4 St
0 30 60 90 120 150
Sap flux density mg/m?s
e:No.1,s:No.2, a: No. 3.

ERAECBIIBE 7Sy s ABEE() LE
DRKT > v v (T) DA%

Relationships between sap flux densities (J) and
leaf water potentials (%)

EiFid No. 1.0, Bz No.2 @, figlZ No. 3 DBHEERT,

Note : Solid, dashed, and dotted lines show relationships in
No. 1, No. 2, and No. 3 trees, respectively.

®-4.

o 1200 ¢, 40

E1000 35

800 5 30

600 5 25 :

400 £ 20p  «F

200 2 15k fep
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Irradiance W,

nnnnnnnnn
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e : |rradiance,

B4-5.

6 8 10 12 14 16 18 20
Time ~ hours

= : Temperature,
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IV. ¥2al—>aroiER

Yiavlv—yaYIZEWNS X —F LE B
DNTR-BIEZEEDTRT o7 I RT X —5 —HIER
WERBENE UTRALEEZOE ERAVR, ¥
HHETH 3 U BEREEOBIEIEOFIETD 5,

HEBDRETF—F ey Iar—yaryOiERiE
B-5~8 IR F, WTNOMEAE L b I EHIE L £
FWEEERLESS, No.3 Tl4: 0RITHIIEY 5 v
7 ABEOTEENE DI, 14 00 UETEDICR -
Jeo E72EUL No.3T, AEF vy ¥ VOEEMES
400 ETEAMEL VEWERICH 2, ZOFE L
LT, EBOEM BE» H— gt L2704
U7:i8%, Hr0iE R BWHEMEREZI L TwzZ &

£-3. YIal—v3grORERHE

Calculating condition of model simulation

Tree nos.

P

arameters 1 9 3
ke 1.000 0.8643 1.244
%n(s m? mol™!)  0.43 0.43 0.43
o 0.2058X 102 0.1845X102 0.8203x 1072
@ 0.5066X10"2 0.5128 X102 0.3096x 1072
b 0.1330 0.1259 0.1711
Ro(MPasm?kg™) 0.9419Xx10* 1.112x10* 1.970X10*
Whax (kg m™2) 0.7125 0.7206 0.8105
C-(MPa~) 0.02165 0.02260 0.02679
Initial conditions
¥, (MPa) —0.28 —0.29 —0.30
Calculation time units
At (s) 60 60 60

Legend : k&, Adjusting coefficients for canopy transpira-
tion ; 7, Boundary layer resistances ; ai, a2, b, Parame-
ters for leaf conductances ; Rp, Whole plant hydraulic
resistances on leaf area bases; Wnax, Maximum leaf
water contents on leaf area bases; C:, Relative leaf
capacitances ; ¥, Pre-dawn leaf water potentials.

w

Vapor pressure deficit kPa

July 8

Time hours

«:V.PD.

v av—yva YT ORREFEOBEL

Diurnal variances of meteorological conditions
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Leaf conductance mmol/m9s
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No. 1 July 4
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No.1 July 6 | . No. 1 July 8

Time hours

B4-6.

Time hours Time hours

o : Measured, — : Calculated.

Yial—yarORER(LDERZIVIII VA

Results of Simulation (1) leaf conductances

r\io.1 July 4

No. 1 July 6 No. 1 July 8

Sap flux density mg/m?/s

Time hours

&-7.

® IR TR S S VUV S T | TR 'S
6 8 10 12 14 16 18 20
Time hours

" Time hours

® : Measured, — : Calculated.

VIal—-varORER(IBET I v 7 AEE

Results of Simulation (2) sap flux densities

BEREZLLNE, ZOLEIRX—HIETORNEN
3H 2, SEELTREFVIEERE2 LILEELT
Wi EWZ LI,

V. /835 A—4% DERORET

ZDEFTNVOIEIE JONES (9) DS [T A —%F
P—F DR LIETN] WHicb, THhiZZ56->T
EFNDNRTA—F DY DOERERITLTAH B, (8)
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0 No.1 July 4 No. 1 July 6 No. 1 July 8
0.4 s
0.8 o D
1.2 . ] <. N
46 . * * e °
S R AP .
= 0 No.2 July 4 | No. 2 July 6 No. 2 July 8
g 04 s
5
*g_ -0.8 F / D
g -1.2 . L . ® . . .
o . Y .
2 18 AT AT -
O
S o
-0.4
0.8
1.2
1.6
Time hours Time hours Time hours
® : Measured, — : Calculated.
®-8. ¥3Ialb—yavORER(3EDKRT v
Results of Simulation (3) leaf water potentials
B A O e trecs T b 3%PHT B % COBMERT, 113 Ro
ime co S 0 mode ree . R
i P L CltkoTHE 3, U OETOREERE, ¥b
Tree nos ROEED LV, EXT Yy v VOET2ES
1 2 3 ¢ EBNERSE S LEZ 5B,
7 {min) 2.42 3.02 7.13
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ZOWMAFERIRD LS ETZ (9),
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#-5. %@%@ﬁﬁﬁ%ﬂix—&,75v7x%§,mﬁiyvawm@(ﬁwwﬁ#ﬁ%M,

5% LV RIVTEEEZEDRWI EERT)

Comparisons of water dynamics parameter, flux density, and water potential among sample trees

Tree nos.
n 1 2 3
g (mol m2 s71) 24 0.156+=0.00872 0.144£0.00782 0.0630£0.0052
E (X10*kg m™2s!) 24 0.107+0.0034 0.0859+0.0035 0.0541+0.0031
R, (X10* MPa m? s kg™") 10 10.942+0.030 1.1140.033 1.9740.026
Ror (MPa kg s kg™?) 10 0.114+0.0036 0.2700.0080 0.769+0.0076
¥ (MPa) 9 —0.28+0.003? —0.29%0.005% —0.30%0.005*
¥ (MPa) 10 —1.27£0.0462 —1.33+0.050% —1.40+0.030°

Note : Means (£S.E.) in a row followed by the same letter are not significantly different by #-test (»<0.05).
Legend : g1, Midday leaf conductances on canopy surfaces from 10 : 00 to 17 : 00 ; £, Midday transpirational flux
densities on leaf area bases ; Rp, Midday whole plant hydraulic resistances on leaf area bases ; Ryr, Midday
whole plant hydraulic resistances on fine root biomass bases ; ¥, Midday leaf water potentials.
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