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Fig. 1 Diurnal fluctuations of photosynthetic photon flux density (PPFD), air temperature (A7), air water vapor

pressure deficit (VPD) within a beech crown
indicates the sun and shade crown, 20 m and

on 16 and 17 July 1997. Symbol of open and closed circles
12 m height above the ground level, respectively.
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Fig. 2 Seasonal fluctuation of the daily maximum of air water vapor pressure deficit (VPD) within a beech
crown. Symbol of open and closed circles indicates the sun and shade crown.
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Fig. 3 Frequency distribution of air water vapor
pressure deficit (VPD) in day time during the
whole growing season from 21 April to 31
October 1997. White and black bar indicates
the sun and shade crown.
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Fig. 4 Frequency distribution of vertical variation
of air water vapor pressure deficit (VPD) 0 . ‘
between sun and shade crown within a beech 0 5 10 15 20

crown.
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Fig. 5 Relationship between air water vapor pres-
sure deficit (VPD) and leaf-to-air water
vapor pressure deficit (4W). Symbol of open
and closed circles indicates the sun and shade
leaves.
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Fig. 7 Relationship between CO, assimilation rate
(A) and intercellular CO, concentration (C;)
with increasing air vapor pressure deficit
(VPD). Symbeol of circle, square and triangle
indicates VPD condition of 5, 10 and 15 Pa
kPa~!, respectively. The open and closed
symbols indicate the sun and shade leaves.
The I' and C, denote the CO, compensation
point for CO, assimilation and the ambient
CO, concentration. The solid and dotted lines
indicate the demand and supply function
(Farquhar and Sharkey, 1982), which is ex-
plained in the text.
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Fig. 8 Responses of water use efficiency (A/E) and
partial derivative 8E/8A to increasing of
leaf-to-air water vapor pressure deficit
(4W). Details are shown in Fig. 6.

EDEIC D, EEEEDHAKICL RS o9E/2A
DERIZ, KM8A KB TERMREIHATSIZFY
A/E DETENNELRBILERLTED, &
FLEASIC & D AFIFRDET 2 2 53R o5 HEHm AL
EOEMRIZEDRVKELL Ko I LE2EWkT 3,
Z it GUEHL and AUSSENAC (1987) D#RER & —
B3,

3.3 7HEEORTBELHAREECE X S

-2

7HEBORIMESHEREE IS L 2B
BT 20, 7B ORKEEDT—4 (3.1)
ERRETHRIENEAREEDT—2 (3.2) 2RD &
IRFEED, ONEREEIIEEAIZEH9Pa
kPa™ 287 L BAKAREED VYU T ITET
%5 (HM6B), @7+ BAED KK AZE1210Pa
kPa™!' 287 (K3), ®@F = v "—HOAGE L
EHEEEDEVIZIZIZ1IPakPa ' LN TH 2 (K
5\ O 5Q@% %L HBL, 7HBEFEBLTKER
faZH 10 PakPa™! 2887 L X EAREERIET T 3
ZEBFRITE 3,

RS (1985) IZRRRIKY ) IBEEHD 7+

— 185 —

NI | -El ectronic Library Service



The Japanese Soci ety of Revegetation Technol ogy

14 BHERBg{LLIES8E E26% H38 (200

TETHERK - HRBEEEOHELERHEL, K&KfaE
EXEBBREOBFRERITLI: L 23, KRMEED
1ZiIZ10PakPa ' UED & S KHEAREEIRBET T
BMEBMTH > 7z. SCHULZE (1970) B KA Y D7+
BECBLTHRKRICEREL 2. AKS (1985),
SCHULZE (1970) o#& L M 1 R L e KK fdzZEDH
%1t, B6B iR L - EEHAAE & XA REE OBF
EHETCEZD L, THEECBTIHEREED
B ETRASEZOHABKEBAELTWSE
Ezohb,

FEH2E, THEFCBL TARBEEINREAR
REOET2b 63 —BERTHS, KAKEED
BTRKFLa 575 R, MiakER CO, BE,
Navy 79 ADETELE RS, KRBEDH
Rk D AMEEIFEZ D, XEROKFIBREIZ
ET¥ 3,

BEAZBREBHEHEFERNEZREHEHREOR
BREEL E FRERK»S CBE2EV ., $0H
ARETCRRAARZOHEREDS KB I8 H-
720

ZOMEDO—ERiZ HERIER S I & 2 8)IIBIEH
RPEE L XRERFEHRABRYEE REES
09660161) i X - TiTbihlz,

51 XK

1) CowaN, I.R. and FARQUHAR, G.D.. Stomatal
function in relation to leaf metablism and envi-
ronment. Symp. Soc. Exp. Biol., 31, 471-505, 1977

- 2) EuAs, P., KRATOCHVILOVA, L., JANOUS, D., MAREK,
M. and MasarovicovA, E.: Stand microclimate
and physiological activity of tree leaves in an
oakhornbeam forest. I. Stand microclimate.
Trees, 4, 227-233, 1989

3) FArRQUHAR, G.D.. Feedforward responses of
stomata to humidity. Aust. J. Plant Physiol., 5,
787-800, 1978

4) FARQUHAR, G.D. and SHARKEY, T.D.: Stomatal
conductance and photosynthesis. Annu. Rev.
Plant Physiol., 33, 317-345, 1982

5) GuUEHL, J. M. and AUsseNAC, G.: Photosynthesis
decrease and stomata control of gas exchange in
Abies alba Mill. in response to vapor pressure
difference. Plant Physiol., 83, 316-322, 1987

6) Jones, H.G.: Partitioning stomatal and non-
stomatal limitations to photosynthesis. Plant
Cell Environ., 8, 95-104, 1985

7 AEEE . 7FRAKICET 3 LR TREDE

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

— 186 —

ERREMEEES I DT, 5 84 B HHkER, 163-165,
1973

KAKUBAR], Y. : Modelling the productive struc-
ture and function of natural forests of Fagus
crenata at different altitudes in Naeba Moun-
tains. An analysis of dry matter production with
an eco-physiological computer simulation model
based on an individual tree. Bull. Tokyo Univ.,
76, 107-162, 1987

BERE NV AAT— e N, YV IT—L IR
ZI120FEDI—ay e TFODEDKKRT >~
¥y, 32 BEBHHKEE, 137-140, 1984
ARERE-CE M- -2IUEY . 7—5HAGEE
BEZ221:8KD CO,H,0 %A@~ R
T b E T RTOR B, B AFRETEE MR
%, 9, 1-14, 1985

ARFEE - BFNEM - AEBA - RER—8E . &8
EBERNY Iav—yaryEF VOB L Intact
in Situ DAHEIEZ2EFVORTI-EBICBIT S
KERRENDKS, 1 BOXERESB & UFER1LEE
BOMNRG L B#E L T—, 592 [F BHER, 341-344,
1981

KIESE, O.: The measurement of climatic ele-
ments which determine production in virious
plant stands. Methods and preliminary results.
In: Integrated Experimental Ecology (ed. H. Ellen-
berg), Ecological Studies Vol. 2. Springer Ver-
lag, Berlin, pp. 132-142, 1971

Kira, T.: Forest vegetation of Japan. Primary
productivity of Japanese forests. Productivity of
Tree (eds. T. Shidei and T. Kira). Univ. Tokyo
Press, Tokyo, pp. 1-9, 1977

ARG - BIREM - AREE - RER—E8 1 32K
DHER - HREEDOHE Y R T 4L 7 HHTOR
HE, BHkEE, 64, 149-154, 1982

SAITO, H. and KAKUBAR], Y.: Spatial and sea-
sonal variations in photosynthetic properties
within a beech (Fagus crenata Blume) crown. J.
For. Res., 4, 27-34, 1999

SCHULTE, M.: Saisonale und Interannuelle
Variabilitat des CO,-Gaswechsels von Buchen
(Fagus sylvatica 1.)—Bestimmung von C-
Bilanzen mit Hilfe eines empirischen Modells.
Verlag Shaker, 164 pp., 1992

ScHuLzg, E.D.: Der CO,-Gaswechsel der Buche
(Fagus silvatica L.) in. Abhingigkeit von den
Klimafaktoren im Freiland. Flora, Bd., 159, 177-
232, 1970

ScHuLzE, E.D.: Carbon dioxide and water vapor
exchange in response to drought in the atmo-
sphere and in the soil. Ann. Rev. Plant Physiol.,
37, 247-274, 1986

TEeskey, R.O., FiTes, L., SamueLsoN, L.J. and
BONGARTEN, B.C.. Stomatal and nonstomatal
limitations to net photosynthesis in Pinus taeda

NI | -El ectronic Library Service



The Japanese Soci ety of Revegetation Technol ogy

W - AR TR ORTRESHEREE L SILERACS L 2 BE 15

20)

L. under different environmental conditions.
Tree Physiol., 2, 131-142, 1986

VON CAEMMERER, S. and EvaNs, J. R.: Determina-
tion of the average partial pressure of COQ, in
chloroplasts from leaves of several C, plants.
Aust. J. Plnat Physiol., 18, 287-305, 1991

22)

stomatal response to CO, enrichment of four
tree species. J. Exp. Bot., 48, 2095-2102, 1997
ZHANG, H. and NoBEL, P. S.: Dependency of ¢/ ¢,
and leaf transpiration efficiency on the vapour
pressure deficit. Aust. J. Plant Phisiol., 23, 561-
568, 1996

21) Wi, R.E. and TEsKey, R.O. Effect of
irradiance and vapour pressure deficit on

(1998. 8.28 Z#)

Summary

The influence of air water vapor pressure deficit (VPD) on CO, assimilation rate (A) within a standing
beech (Fagus crenata) tree crown on Mt. Fuji in Japan was examined by integrating the actual VPD
during a growing season and the measurements of A and transpiration rate (E) under different VPD
conditions in gas-exchange chamber by detached method. From 21 April to 31 October 1997, the maximum
of VPD in sun and shade crown (20 m and 12 m height above the forest floor) was 32.8 Pa kPa~! and 24.2
Pa kPa~!, respectively. The number of days in which the daily maximum of VPD exceeded 10 Pa kPa™!
was 101 and 80 in sun and shade crown, respectively. The frequency of the measurements at half hour
intervals in day time in which VPD was over 10 Pa kPa~! was approximately 109 in both sun and shade
crown. When the VPD in gas-exchange chamber changed from 3 to 15 Pa kPa~!, the difference between
VPD and leaf-to-air water vapor pressure deficit (4W) was less than 1 Pa kPa-! for sun and shade leaves.
The A decreased to below 90% level of maximum with increasing of 4W over 9 Pa kPa~! for sun and
shade leaves. The stomatal conductance, intercellular CO, concentration, and mesophyll conductance also
decreased with increasing of 4W over 6 Pa kPa~!. The E increased with increasing of 4W, thus the water
use efficiency of CO, assimilation (A/E) decreased. We conclude that (1) VPD is an important factor
that decreses the A and A/E and increases E within a beech tree crown, (2) the decreasing of A is
accompanied by the decreases of stomatal conductance, intercellular CO. concentration, and mesophyll
conductance.
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