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5.4.4 JBEEREDOTFEAL X TFDEN
VIR kS

6.1 FEEILEBOREHEISRES

6.2 7FOBREEEISEED
I

LIE F @
1.1 RIBZEEEDEM
1.1.1 IREBZEEICHT 2EOHFHEDIEL

WERIRIZLIC & 2 HFHRAOREPFLESh TV
(Bl Z1E, HAE2 2003) WBEILIC & 2 BEEDZEAL
&, BRBEICH L CRD FIRICELT A8 ED—D2TH
DI ER G2 5, KO ERE L DI, FEkER
KELAEDOZEALD P S ND, BRI LT
b, BEASHK L7BACE, MWK B A
RiFEFE Y, bl kY - K5udkik (SPAC) WO
KNG v AN EE G2 b, — ), W, REEOZE
LICH L CEEDA B, THRENIEL LSS5 2 &
MNTE D, LIZ K > TEIANE NS DFFEDZER
&, EwOANBREET CEAL NV ToRERES Obh
W) ZEIDEOTWAEEEZLNTWS (Hirose and
Werger 1987, Ellsworth and Reich 1993, Evans
1993a, 1993b, Hollinger 1996), & % ¥k LD
M§ix, ZNZENOMICE > TREDDT, HMIHT
5 REZALOBE LT 5 720121, ZO#ENEE
JEICANGHIET 2 LED D 5. R LTI, JFHEDIE
{LDIED Z & Z 45tk Tty L 8% 5. 5Ai%
WA AT B A B OGN £, o
PEOFHMIE, BARDERELEISE IS 2 & 0 Fl 2 1
WEG-z, HBHROFFRE P L) HHOFRTRE%
b R L 72 B 0 A RS B9 % Rl & VR R
L7220 $ 57202 % 27259 IR, $tEfoH—
ERHIE, ERENOHILOBAER TH 5 )5 HEHHE %
FHEAT 2 Z L0k o TEHARZMA LRI X 9
LLTETWD, BAT BIEERMORRZER I3
BN A2 &> TBLLEDNDH S (Gebler
et al. 2007), HADWIRAIRIZ BT 2 HEAITHN
X, 75 THD. MHBBOKREH % G
BT % 7 F OINERER R L, SRk E )
ET BUEDNDH 5D

INFT, TOREEMNS, HERBEOZELITH T
BEDEIN, RO EEORENSL S
NTETW5, BT 2 N08% L ORI,

5 I SCHR
Appendix 1
Appendix 2
Summary

iR Bk R ST A PE & 4R35 (Ishida et al. 2003)

— WIS, F—BENTH IS WGP S SRR,
PEBETICdH B RagE L X, BEAVE L, HAZBEMIRT S 72
DOREFERE, s7aa 74 VERPLZVWI EDPHISR
Tw3 (Larcher 2003), 233 % je k[l e R0 40600
MR ENED L) IHET 2 EET, PlzE, W
BREE T CREMEROMFE BIF, WBHE T TS
DR LIPS LI ICHRAEL, ThZhokii
BT CTHEARAEEZHOTWAEELLNTVWS, —
T, RGHEEE, BEROmEENE, B, ARSI
W RIZTEELRERNTH L0 B2, =i

1981, Fuili - )1 1984, AARIEA 1992), K4k
DRESLAER IR OBACITH$ 2 ML FE < ) ¥
PEiE, EEBRICE L TL FaMI s htuvnin,

1.1.2 ED4MREDEE) (linkage)
TR BT 2 A BAR R IR L, B

HRICHER LD D, BIZE, LA, LD
KR L BBIC L o TRE (AL E NS (Meinzer
et al. 1995, Saliendra et al. 1995, Hubbard et al.
1999, Sperry 2000, Hubbard et al. 2001, Tyree
2003), %W S, MAEBICLESR COx, KRILE
CCTENICMR SN, TO5ILOME (KiLla vy
5 Y R) FKGHHIC L > THEBEEZ T 205 TH b,
SALBBIO A 1 = X 20, IR I R TR N
W, FhL, BABICE D CO,0HLY Ak % #EATS
5 Z & EEHUT X B KOES & B L A% # BB K
FTHILEWIFLILEDOMD, HDHNT VA%
DI B A A =X DL > THIMShTws e
#z 5 Twab (Whitehead 1998), —H DN DOWIT
55 HAS 2 CORERMCERE (fa2) o,
SiLary sy P AOHPRTZGISEI L, HHEK
HELXIRT S5, T4abb, HAKOSILHIR

(stomatal limitation) ZIKXELZENDH5H

(Ishida et al. 1999b), Z @ X 912, HIAIEDBREEE
IBEEZ W 5 22T 2720121, LX) afEEe &
DL BREFEPET L T2 0E2 W oI T LT LR
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FBETH D, AEZ, 121 DOk T
%L, KA BREFEOEBI O OEWIZ X o TIES
NTwsEEZLND,

1.1.3 BRABEICS T 2EBERENREEOEEY

[A Ui MR L, A A05KE L 2 51
ROBUROBEBEAER I, MR E L CoARAEREY
Yk DOBALNELETH 5. K S BAREMRICIE, B
WICKE 2WHWEEONREZ LT B 21X, Ack-
erly and Bazzaz 1995, Ishida et al. 1999b, Kimura
et al. 1998), M TH O BT 2 H%, #d
WHEETDICONELZLZEEZICEI»NS
(Schoettle and Smith 1991, Ishida et al. 1999¢c), &
DIARMIZT & ZBRTEOHBNIIG UT, AHATEST
FEVEIZBIME I 1b 3 % (Bassow and Bazzaz 1998,
Koike et al. 2001), F72, ZOMEMEZIY &
IEBEOZALIZM A, BT A XHKE L 2 BHARIC
BT, BRI TEWHE L EL 20 L
72\ (Nabeshima and Hiura 2004), #21%, 40
SIRARNDEEIES T, FLEE & IERLEE OH)
HFOE, —EDOMBORENLZ 2 IFLHHFORES
DIFENDPEL S WARDH ERRDOHIRER D—> &
LT, RICED ) ML EOMoMAka Y57 ¥
YA Ky) OWALPEzZ 5N Twb (Ryanand
Yoder 1997) . BARDEHIELEDS, D X9 % AL
o TOBDPEWLNITH720121F, EBOESE
METDA ¥ & 7 M RWEDRPE L\,

AR X, FMEEROBEICBVWTELDE
TR RO LM, BT 7t ADML S SAL
%, % OFAOH L % %> (Barker and Pinard
2001, Ryan 2005), 21X, BAR @O EEMEE,
HE W& ISR C & 2B 2 3 O MR o e T a
I 2 R R, BN OZE QRO T E 1Y
ZALDOFEIC X 28N IZH 525, EOWFRIGHIRES T
Who BUE, 47— L—rRLOREICLY, A
WERBHE IS B A REOEBABSANSD T WIE, B
BHRE (B 21X, Furukawa et al. 2001) Rifiarstfl (1
Z1¥, Saito and Kakubari 1999, /hNiiZ A 2004,
Tio et al. 2005) IR L CEM I -oo0H LK TH
%o Z T TARBIZETIE, ANtz 405 Uik Fld
FEIZ RS N2AMLR O EERBTH 2 7 &
ZOWERIEA X T FORABEIEREHTT, Th
O OBINE IS % AR HARE e 2175 C, &
MEBODDOIBEER L 52 2 L 2ilkAiz. FEflix

Rik$ %o

1.2 F7FHEICxHT W%
1.2.1 WHROLEMH

TFIEE, AR I A R AT
%o FHWIMITBNT, MoK TR {3k, B
MTABEICKESEHBLTWA (Peter 1997) 7F
JEiE, WM ARE T CEE L, MET A ofi
EHARTHBIIH L TRIETH L Eh 5 (Peter
1997), AFH, ST 5 HERRR Lo RED BE
TN,

T FIE DS T B AR PR L, I
Y B HMAETER O, IR A & L To COL
OGN (FHERE))) LRI X 2B omin T
FEEMEIN TS (Wofsy et al. 1993, Fan et al.
1998) L2rL, 7 @A D A A SIS B 5%
EPEE, FoEShTORY, BRI VESR
T—71, COMNEREEEZET VLT L7200
EHI IR T — 5 2 AT 5 2 ETE S,

7% (Fagus crenata Blume) &, HARDG AT
HERETLIHHECTH L, 71, MER—ZATHA
DEEHEBRIIMROR 9 % & i b BERILEMETH
o AT BRAUE, s WrRifE N — 2 T80% 057
FTd 4 (Nakashizuka and Iida 1995). ¥4, 7'
I, IR OB O, KIFEOMELR, a3k -
SBOMFRE, BRSSO AR L WIfFL
T, HROBLOE . BIIEORGR LM LT — %
5N HAGE TS X BB LEERINIL, 2
DT FHROBWAZERL, COWRIEEIFELEIh TN
CREE 2 1995, HPiEA 2003, Matsui et al. 2004) o
AL T, W THRIRT 2 X 5 1Tl LR i
MORE B A X T (Fagus japonica Maxim.) & I
BEAHZ LT, 7HORBICEREZIEICTAZ L
2L 72,

1.2.2 7+rEOS%

WS D7 F gL, Ab1-Ekoo v ik o i P A
162 5 72 3 72 B0 2 1 D KEEME SIS L, #9912
FICHHIN TV D CEBWERME M CTH 5 H
Do L ORBETHBDHERE L T awv) . 7RI,
WD I B TR E IR O I T S A 1
ZWMUCEL, 7B, ERWICHE R V-7
LTHROLNTETW S, LHERERAR TR RO
M BHEZ RS 2 BB CH D, WIFhoflid
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T BEPEDS R <, WBICHI W E S d (Bl 2T F. syl-
vatica (Aranda et al. 2000, Leuschner et al. 2001,
Raftoyannis and Radglou 2002), F. crenata
(Maruyama and Toyama 1987), F. grandifolia
(Tschaplinski et al. 1998)),

HARIZIE, 7FEA4XTF 02807 FIEH oA
LC\W5, HAROMATIIE, JE6 %075 5 SHATRICH,
WA R, BRI E EMR O 3 DK S B A
(Kira 1991), 7%, @Wiwar &3, 4 X 71308
T SEMR IS8 3 % (Nakashizuka and Jida 1995) o
WA T, 71, AER3TEER T T, #5300m
A5H1500mIcE ST 5, 7TFEA4 XTFIE, Wik
BT, 7 E A O T BRI B W CIHE T 5
(Bp3 - BLE 1990)0

T, SESEOEY (FE LT o
@) 2L T, MBI, MR L K07
¥ O(EAAR) MoTrheE HARE (EHAX) BoT T
MICKPITE S (BH 1987), HAWE 7F#H (FEZ
W 0.5m) iF, HIEAHEMTHMMAEZERT 2
(Nakashizuka 1987) o AT 7 #k (125 <0.5m)
X, SMAREAEOBMZRET %, HARME 7 51
EHART, KPR 7 F ROBE 05 2 LBk o
B s, ToOREESEEIN, BIEIMfTbiT
&Tw5 L - M4 1996, Shimano 1998), —77,
A X7, HARBINIZIZEA EGAET, KT

F. japonica Maxim.

HWZHAi$ 50 4 XTFIE, Do 72k ZE RS
12, SRR & BRI Z TS B

RVEERL T Rk & H AR 7 F RO R BT,
FAROMEN, HEMENZZT TR, TIIEFT
57 FHAYOENPW SR> T0D, KPR
FiE, BARBH T F LT, EAVNS WD D B
(FKJE 1977, Hiura 1993, Hiili 1996, Hiura 1998,
it - il 1998, /NINE A 2002) o KTEEIL T
FIRELC, 2R, X DAMRAERRTEET S (2 ~3
J&) ZEICBRL T D Uhh - Ll 1998) . K
HNZBIF AN EL ZLTEWEL, WERISEE LT
BLEZLNTWS UMBIEA 1990, Hil 1996),
VEAE, HAHERL & RPPEI 7 1, MIEMIC R 5 2
EBW S NI o T b (Koike et al. 1998,
Tomaru et al. 1998),

1.2.3 7T+ &4XTFOREEN

TF, A XTFE, BEILCEZOFIIETLTRT
DR ST - HFREROBHTH D, WL
TThbo MEEDDZHERHBEMEICTEHENS
(Masaki 2002) o WFEDEDIMEIZIERI1Z X S PTW
% (Photo. 1-1) 6

WAL, Rk 2 AR R B o
Thbb, THEEEER, 4 X7 FREFERICK
& {MFET A (Niiyama and Abe 2002), #5238, 7

F. multinervis Nakai

F. crenata Blume

F. sylvatica L.

5cm

Photo. 1-1. Leaves of Fagus sp.
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Fagus crenata

64 2w

Fagus japonica

Photo. 1-2. Stems of two Fagus.

X, HEEREET LD, 4 X7FIE, A ML RAEZT
LZWVARSEHTTHLE LM T 5 (Ohkubo 1992)
(Photo. 1-2) s 7' 1%, ME TFIZBIT BB WEREE T A
LX¥ ¥ v TTOWLWEREIGESTE, 1 X713,
WFEABARDO T OB VBB T TRt EZ FIH T
EDZEDHIITAMIM EEZOBN D,

TEBEREPEICB L i, AREBCBI L C, 7%
LHARTA 2T T EHOFABRE THL, ROILEK
Mg 2O Z LI N TS (Yamamura et al.
1993) o ME R E R AEVE D L, BREE IS 2 B
L CHRZZMREIEZ R T LGS, WifloE
WIZHI S22 o TV,

1.3 ®XOEREER

KFFED AL, 7F &4 X TFEARZ AV, &
5% IR 22 R I ZE A0S 03 2 R 2E & IR L OV T o JUis
EWOE2ITT D, Fiz, BARERICHTE S 5 LA
IO OB R AW S 2ICTHZ L TH S,
HRIZ, ARONHRYE & A 3E O A BRGSO BIAR 2 9] 5 2
THILEHME L THIREIT 572, AT, KT
L oA AV (branch autonomy) (Sprugel et
al. 1991) AEAET 5 2 & R AIFRIC, UFEHEE 1 o0
EV2—NE LT, EY 22— VHOREDEN % LK
LESEED T, R TIE, WEDAEEREDOE
WEMHT 2L 0) X 0idE LA, R4 kEiEo
FEDOBRBINEEDENEW SNICT 5. DT OME R
W32 LIZH M E B E MR AT 720

(1) EZED 7 A M & iKY DO ZEH 1Y 70 i 8
(22 L~V DIEHT)

(2) BEBORELEDO T AL E OB OMED)
CHAEFL L~V D fF#T)

(3) MHEAEE & EORE O ko E) (AfkL
OV DIEHT)

(1) EOHEDYE R O

2 WCIE, WA, AT % BERE &
W3 2,83 FTIE, 7T &4 X7 FORERERE (1
FERI14~15m) O EFEREE I T 5 258
F=FERY, HEEEOMO@EAKI VT F VR
(Kyw), ZEDOKDENE, FAZEREEDOH - FEIZE
LZI~, LFiEol)E @) &M L7z, H4TmTIE, &
NS AR I BTN TUY FAE 21T - 72k 1
R o B RRE OWIBREE ) OB T IO BT BB A
T, AR & Y B ok o mE Y ZE L E
BN, FROG)DMNT 21T 7z, H5HETIE, T8
MHEIZ BT, HEORMEUEICE L CREDEIER) R
BZIFBHIEPMESNTVEZ Eh D, BEkaYE
BREATV, HIAE L MAEONBRFE R E XA LIE o T,
FROWETRT, BB, EAROBEEE TOREY
Bz, ThETIThRTuwiwn, BESEDTF A
2T FOENEWLPITT S, H 6 FTIX, KED
BREF LD, HmEibb,

ZXRIGMES 7 —ZIM WA ZRIC LY, EER
BTICBUTS, 7784 XTFRAOBEREED
ASSHENE, BHEN TOREORH O TEENELAH] 5
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W7 Do O NBRBEIS AR, Wehs 7 7 A T8
ROMEEHICETHIEDNTEDLEE R D Rkl
B9 A5 1, Appendix 12T &£ 57z,

FIE FEMBLIURESE
2.1 LI

A, BTEBR ORI H Y, Wi
LR (PR OBATHICH D, 1l (B
E600m bl b)) M X, T F & A X T WA E P
ICAEFR LT b, RlBRiA 58 5 kmficdH 2 /M1
M EM (JLFE36°55, HAF140°35, HER610~
660m) TiX, chFT6 had7ay FZi&FEL,
PENRE, R AR ICBT A0k 2 2fffgEns e ST
W& T5% (Nakashizuka and Matsumoto. 2002). A
RIS, 37 527%, £ XT7F21%, 7T 9%L
NS AR S A AR KR (4685 /6ha) 255 DL
FEEOL ONNFERBEKRT— 5, WEEENR— )
(Masaki 2002), 7'F OB FEH R & EITHMKICE
WA E KT B HAREEE & Ry, 7T UINIS R
AN 20 AHISICIBLT 5 713, AV
SKEWZ Eps, KPFFEMTFERREINS, Fu-
jii (32 (2002) @7 DNA OFEPIZE R0 O B

Photo. 2-1. Location of the study site
(Nakoso research station).

G HARS RIS TIZD S L, Kiigo 7132
L —FI (Clade : 3Ll tHJeh &AL L 72 E W EE)
WA E NS (RINHARBM 7k, 2L—=F1),

2.2 HBMBIE

BIRARMRE BR BN, MR wbh AN ES
PR B AS i 1 S 7z (BUF, 20 R S St
JeiE36°587, HfE140°367, FEE5700m) (Photo 2-1)6
KD HRI20kmNFEICAZIE 5, lBRHIL, 755
JRZER XM, BEUAE X, 14~1TmT, 7
F, A XTFIEMZT, 3+ 5 (Quercusserrata
Thunb.), I X+ 5 (Quercus crispula Blume), 7 7
v 7 (Carpinus laxifolia Blume), I X X (Betula
grossa Sieb. et Zucc.) %O ERELHERCHERL S L 5 (3
Ak, B (1961) 12X B). MOEIEPHSEL, MK E
K1 moBESOMRIER, H5%THL, b, %
M (1972) 1Ko 720

2.3 MRBLUEEFE

R ERIBICAEFT T2 7T 84 X7 FOEAK
B 14~15m) 122V T, BT L BB A
(branch autonomy) 2T 5 Z & & % E L
(Sprugel et al. 1991), BEOMEEWERGE L TH
SNTzTF— 5 DK EAT - 720 B, 1004F % 2
TWh, 19944E 4 HIZ, K4 x 3, B 316mo FHk
2% 13881.5m? 3 KICHKFCRY 72V v v 7
VI LY T —=HikE SNz (Photo. 2-2), ¥ T —%

Photo. 2-2. Research tower.
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anemometer

64 2w

hyetometer

I "‘ /

Quantum sensor

y

Photo. 2-3. Sensors for micro climate above the top canopy (16m above the ground).

v, kg (16m), kg (8m), Tk (1m) 128
W, B TH%E (PPFD: gmol m 2 s7!, IKS-25,
Koito Seisakusho Co., Tokyo, Japan), i (Tar
C. OPT-150-10, Koito Seisakusho Co., Tokyo,
Japan), M E [RH: %, TDK, CHS-APS,
Tokyo, Japan) A%Hl%E &7z (Photo. 2-3), LJET
id, 512, A#E (& msT, A-702-01, Yokokawa
Co., Tokyo, Japan), W # (mm: MES-1705,
Koito Seisakusho Co., Tokyo, Japan) 7%l &7z,
T =&, 199445 A 5105 TrF—4 ak—
(MES-901, Koito-Seisakusho, Tokyo, Japan) IZ
R I RLER S N7z,

2.4 PRLEHEBRIOKR

REEM DML, AE (RERE50cmblF) Tz
P32 WA 72 HARO KM O LB E R Bk,
LRI T, ARTHILE R, 5 2dua
HEbh, LIELIZZYI I L LRRD D 0IIEDITE
43 % (Mizoguchi et al. 2002) . 19954E 2> & 20044F
D104E [ O BHE _F O &R & i 0 fii % Table
-8 ¢, EIREE, 675 (CE¥fii+= S.D.)
TH Y, il (45~85) OTFRIZH 725 GER 2001),
L0AE R O PIGAE R R 1E, 1596mn T 720 TE5E IR 3
WOLEFEMMTH S 5 A2 510H 0 H kKR 1Z, 100mm
Dibd o7z BB IRRC, 1995F0ALFMMICE

Table 2-1. Mean values of air temperature and precipitation from 1995 to 2004 at Nakoso research station.
Data were measured above the canopy at 10 minute intervals.

1 2 3 4 5

Mean
Total

6 7 8 9 10 11 12

Air temperature
()
Precipitation
(mm)

-2.6 -2.5 0.7 7.1 12.0

44 20 89 143 164

15.8 20.1 20.5 16.7 10.9 5.6 0.1 8.7

149 258 185 260 174 92 30 1596
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WU, R L CTRBSIEWIIIE Y T3 H, &k 1995F DE LM OEEDIRE 5 5 Hh D%
TT7THTHICBEENZI0HTH o720 ZDXHIT, DIEE H10H T TOREDZEAL % Figure 2-112/R L
AR, R HRICHFTE B, 720 HEHEMY (6 A5 7 AA)) oo PPED o
60
i (A)
= |
o8 40
[T o |
& g
s 20
E |
0
° 30
3
©
8o 20
e
k9]
5 10
0
0.04
s
& 002
0
150 | (D)
_ i
2 100 |-
% € |
s &
@ 50 |
o
0

M J J A S O

Fig. 2-1. Seasonal course of daily total photosynthetic photon flux density (PPFD) (A) , air temperature
(B) , vapour pressure deficit (VPD) (C) , and precipitation (D) at the top canopies of Fagus
trees in 1995. The thick line and the dotted line in panel (B) represent maximum air tempera-
ture and minimum air temperature, respectively. The thick line and the dotted line in panel (C)
represent the daily maximum value of air VPD and the estimated maximum leaf-to-air VPD for
F. crenata, respectively.

This figure is adopted from Uemura et al. (2005) with the permission of Elsevia in Forest Ecology and Management.
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s, 2 (7 Ahnrs 8 A) d2%TH- 7z,
I, EFONPIRADOENEROMM 2 &40 5
ThHbo 8 HIZBWT, HIEEARD AT,
21.8CThorziih e, 30CEEZ 5 HIMEND -
720 EERADOM DKL ELA (LAVPD) ok
flilx, 8 HICitka e Tz kix, EIITKED
BRI N L 2R T, Kie, LAVPD 25K&
figzE (VPD) X 190.01 Pa Pa 'l &L om0
1995412 BV T, FERIKRIE, 1614mT, 5 A5 510
Ho#EARREE, 1167mTdH - 72,

2.5 MREHERT

ST (ANOVA) &%\ 13 t-test 2%, HEOKE
PDENZ T 2 720V Sz, #EWiE, P
M0.05LAFTH 2 & &, HRAGEDND B LI Sz,

BIE BEREBEOCHAZWEEODH - FHE

1t
3.1 HAXMEKMHFEDOFHK & EE
3.1.1 @FLoic

Wk T2 B 2L OTE BEHE Lo, ot
IANF— ORI A 24T —T7, HHEREL
KRDBOKRHELIE % (LAVPD) DAL ED A
LRI X B EAE OB O R % Il L 22 il
o (UhiliE2 2004). Ho, d L, tEzr<
W% %)Y LAVPD OB P 9 28R o B
RBIEDNTERITIUE, EHHDS 5% LKOIEK
EMz L2015 La vy sy A (gs) KT S
HDHZ LD gs DAL, EOWILOMEE (B
#1%, Robichaux 1984, Ishida et al. 1992) <K%k
ODF vy ¥r—3aryrobi (Flz21E, Tyreeand
Sperry 1988, Tyree and Ewers 1991) (ZE#kT %o
— 77, gs WAL, A BT T B &AL R
(stomatal limitation) %M, JGEBAE LT
Kb, gsD AN = X2 BB STV
WiFh e, EBoREF v (U) RHELED
flomkaryy sy 2 Ky) &wvolzilikIZET
LYEEDS, gs OB E NIZTEEL/INT A= —T
HDHIEIPREINTETW 5,

FWVRETESR T T gs OMiFRZ, HALHEmATY
Yol EOMoEKka ¥y v X (Ky) ®
WM sWIZEORERBIZL o TWERE RS
(Turner and Jones 1980, Ishida et al. 1992, Gebre
et al. 1998, Hubbard et al. 1999), gs & Kw % ¥

D &9 KRGFEED B OBIFRIE, B IZHMIEE
LdHHo gs & Ky OICIZ, BEDM (Saliendra et
al. 1995, Hubbard et al. 1999, McDowell et al.
2005) ff[E] (Meinzer et al. 1995, Nardini and Sal-
leo 2000) IZBIRSA SN, B Ky 1d, EADK
SRR RNEEMICAT) S ETE, MWD T AR
AHRKALT A EEAWREICL, #ERE LTORERIcH
T 55ALHIRZ R/MET 5. BEORERE GRREE
ZHMSELZEICLoTHIERI SN WITOERE
KT VOREAD) &, BOERIEERTICBWT,
UL 2 L DIRTSEWARNEHLTCOIERT v v v
(BWIE) L C gs ZMERFT 2 2 & 20 BEICT %o 1T,
U iE, Ky & gs MOMEAENZ e s 2 mERE
HWTHrIhe, HimaEAROB MR aEIcEs 2
ZOFEMEAZHE VMO TR Gl - I
1984) o KAIEEDOTFEIMW LML LD X HITH A
HHEOH - FHZLISEEL TW 07125 9 )

TR R E OMESBH B, L, TT
IBAHEIIT L T WIEZ 2 R o2 o, B 2 bk
CAEFLTVTOHOREWAMERICE > TX ) EA
BAKA PV AZELTOE0d Lkw, —J, F
1 7 BB OZALITHR L CIEfb 2 47w, AEEWIM Z 8 U
TEHWEARREZEH LTV L2 Lk v, K%k
T, 7 eA X7 FOBEREIEIH LT, Mbs
Bk (Py) & gs OBBEER O LI 2 Ktk
EARGREE, AALE IR, TRRERAEE O FR 2L &
PR FERHMIE, THEAXTFIELT, W
TPy & gs OFMEALT Ky & U LBRLTW 5
PEPOML, R TREAFEKICEET ST L
A X7 TE R, fAORRKITH L ORI 2 I
LTWw2b, ZOMEE, T uamIcx3 % &KL
BRI 2 GET 22 TH b,

3.1.2 FH&
3.1.2.1  HEALERY, FRERVHFME

Wig EEo®En s aa 7 1V (chl) 1, 2% (N)
MR, JLEEmAE (SLA) 2SAEBHMAEECTC—7 H
W12 EREIN, ZNENLOM, ThZzho
WEHIZBWT, chlBEICE L TI08, NigEe
SLAICBLC7HOEINEIZN Iz, chl BEEOFEH
20, BICEVWFFOFELT, il oo
7 4 WV X —%— (Model SPAD-502, Minolta Co.,
Osaka, Japan) %MW T 57z SPAD fiin & A
o7, TNITMZ T, SPAD A5 chl )%
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REED 572002, FRE 72305 SPAD fli& chl
BEOR ORISR SNz chl BREMERE, 3
HH5R10ciDZET 4 2 7 23 D ikhh, wHISh:
80% Tt N Y FTHREYFA XENT TOHIL,

4C, 12,000G T105 [ 0Bl 2 Hze chl
W, 46 EED (Ubest-30, Japan Spectrosco-
pic Co., Tokyo, Japan) %\, Porra et al. (1989)
DERIfE > THRE SN2, bR, Ko
£k o7,

_ (SPAD-54.61| )
chl = exp ( 1979 ) 0.05 (3-1)
(for F. crenata, 7°=0.95, n =92)

_ [SPAD-52.33| )
chl = exp (721.53 ) 0.08 (3-2)

(for F. japonica, 7*=0.95, n =92)

SLAE, BEREISHT 2EHBOHAEL LTHR
SNz, BMATE, HEmALR (LI-3000, LiCor
Inc., Lincoln, NE) ZHWTHlEE N7z EHON
WEI1X, N-C 77 74 %— (Sumigraph NC-900,
Sumika-Bunseki Center, Osaka, Japan) % Jj\vCill
ESINTze BHDPERITHED S 2B VT, S4LE
g, AL SH, trof FE~NOBEEIZL %)
P (SUMP ) 12 & o TH LN B &2 P BmME T
g LovE Sz,

BogFERi, TNV FAZHNTH 17 H
W21, EERE SNz 19944EICT T, A XTFZ
NENIORD 1 FEFEEY, K<Yy 7 THIED
I, WU EE L7z, 2R Zholoiikaid,
ZDFEDBED I F o 72REOMITK$ 2 AH R &
LTmL7,

3.1.2.2 HZRIZEFHDOAZEL

B R EZE D A A LA DS, MR TH >
727 H (19944%» 5 H31H, 7H5H, 8 H4 H 1995
FDO8H4H, 9HI2H, 10H18H) 2BV, H1
W I R B SV AT 20 & H 314 F TIIE S 7z 381,
FAZHEW/ZIRET, 1 HZ@BUCTH U 5 MOFEDE
shize WEHIZIE, PPFD, Tue RH, EGEOH
FRT— 01 MR CRsk S Nz, FIEC, 3R
(Tieat) 7%, /NERF—7TEOEMY 11T Sh
a2y vy vEER (diameter 0.1mm,
Hayashi-Denko Co., Tokyo, Japan) # H\WCillsE &

7z,

BT BE TR 24 72 0 FEOEA RO E (P pmol m™?
s &, AR Hy0/COp 0 T it (LCA-4, ADC
Co., Hoddesdon, U.K.) %W CTHlES N7z, HAL
MA Y72 ) KBS ILa >y s 5 22 (gs:
mmol m?s7!) &, Z—/8—F 1 x—%— (LI-1600,
LiCor Inc., Lincoln, NE) Z W Tl 7z, P,
& gs OWEICFE LD A-0T, WlllEDFIZ
R0 OB O IAA U7z Zf#E (Tr: mmol
m2s Y %, Equationin Appendix 2, AP2-10 X
IEHHE ENT, HoNT Trid, e FEOM O
Karyyzy A (Ky) ORHFEIEDRIT

3.1.2.3 XEBROKILEIE

SALIRPUC & 200 B BE D FH 1 72 S LTI
(stomatal limitation) KX & (Ls: %) Zi#X57
DI, FEHNCOBE (Ci) Zx3 5% P, KIS
(Ci-P,, Hi#) SHIE S N7ze WEL, FEOFT A
HEOHZEALMEH ORI H2 KO HD, gs D HKK
HARESIND IS 120 iThbILz. 7T &
4 X7 FENENIHOEMNBIENZ, WEIE, KA
4R, PPFD %, 2000gmol m2s 1T, #AZRD
COi 21, 15002 5 0gmol mol ' F TR 4 1ZIkD &
72, COoliMLAIZE (CE:molm2s™) #%, Ci#%
#* 5 350pmol mol TP P, & Ci o[ o) it i B A%
PoEE SN/, Lslix, Farquhar and Sharkey
(1982) IZIBLTRD &I TR SNz,

Ls = (1= P,/P,) x100 (3-3)

ZZT, Ppit, CE &, Ciavk& COqiltfi &
LW (Thbb, GILla vy sy v ANERK) &
IRFE L7 B S AR D 5 N5 SaRIDE T MG A BHE

BT %,

3.1.2.4 K945

FOKERT ¥ ¥ ¥V (¥ MPa) © HZEALHIE I,
AT HIAS HRET, & 1 KHBERETITbN,.
U, OfilE, FAEASE SN2 OO FEITH
LT, 7Ly ¥¥y—F v = (Model-3000, Soil-
Moisture Equipment Co., Santa Barbara, CA) %
AW THRbhiz,

KR & UL BER CORET v ¥ v V&g
T 572012, P-VHI#AET Ly ¥y —F v N N—%
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AOWTEFNMZ28ETIEShZ, #o5h/i P-V
MR S, fIKREORBERT > v (% MPa),
WIE% YD L EDORRT V¥ v (TP MPa), #i
N BE DARFE PR DI KA (eM%) DSPeE Sz,
WiElx, PAREOWEDS 3 HUHN, 7FHEAL XT
FENZN 3T OITbN . RSN, 8
Tk S, HREOCRERSEMT T Bk S5
Nizo ™%, #EOERT Y ¥V (Up: MPa) &
HHAKEGEREOMOBEMIIGEOR D B REEX N HIES
Nrze Up ®HZEAEZ, UL OHZ{LEZhZhoF
M o7z P-V il 5 JREE D Sz,

AR D -5 — KB — REGERAR N O 72 5 RE 2 AR
EL, WAHERRTY ) oMkaryy sy v 2 (Ky:
mmol m 2 st MPa ™) 1%, # AZEHHED HZAL
ED DA DN HALBEMAT Y 72 D 2B (Tr) &
HOKRET V¥ x ) (T ORI OBEMBE)GOM6EE H
LRO L) IZPE S NI,

Tr

Kw=5—a—

I (5-4)

2T, UsiE, FHOKRKTF I X NTH S
(MPa), & TCOWREHITBVT, EWHIFRiO U 28
Uk LTflibh, COREDIEL S, KoHEK
ZRAMNIT B0 = — VDI~ AR S
FEORWITH O UL 25, TOX ) RWUHE SR Twi
WDKK D UL, LEWDTR 0 & v o 72 ISR
M OREDD Sz,

Kw OZFFZAIIK$ 2 @K O % i~
D722, OKOIEEHR (Kg kg s m™? MPa ' m)

7%, Sperry et al. (1988) ® k% 51E L7z Lo Gul-
lo and Salleo (1991) DFHPEITHES T, UFEFLL 14
BAZBWTlE S Mz, Widin R oBAY, 199540
5 H30H & 8 H21 HIZERIM S N7z0 & T OYJ WAL i,
ZEENEEIIADL Z L &P 201, EWAKT TITb
Nize BlE, EPOLOEMEMNSIZ 7D, ¥=—
WA AN TR IS I N 720 WFREITBW T, £
NENOMD 8 KA, UM E 1FRKICHTIT Sz,
OIFTIE, 1 mOFESIZO) FIFSh/zkEIIo%
MWolz, KTl ENF 2—TIZORITFbNbZ L
12X 5T, 10kPa OJEDSMTF bz, Kili e i,
25CICHMEFF SN 7ne HATHERIY 720 DK (kg s
i, Bobd ) —hnroMTL 2KRENSRF 2 =TI
OIS, TOREIEZWAZ EIZL - TR
Hahiz, ZOWER, TR XLEEHLEAD
KONGERDOWEZIES 7202, Fa—TID%Io572
FEIIZ, Ty ¥y —F ¥ ¥ N—2 X5 TI00kPa D
KIEASDT HNTze FKOIBEFRDFEY O & I KD
Fo@W»S, TURY) XXX BKROEERDET
LLTEzZbHN7 (Kolbetal 1996), ZhZEho
YTMITH LT, 5 HOLE LIAEOTIED, KD
Kofz#ERE LCHwoh: (kgs ! MPalm)o fH
W, HEOMIWIERTIC & o TR N (kgs
mZ MPa'lm),

3.1.3 # B

3.1.3.1 T &4 XTFOEEOHED IS
RHEWMoORICH7258HD, 7FHE4 X TF

Bt DR ED k% Table 3-11ICR L72e 4 X TF D

Table 3-1. Comparisons between the Fagus crenata and F. japonica leaves at the top canopies in August.
F. crenata F. japonica % P-value
Morphological properties
Leaf area (cm?) 10.6+3.9(n =179) 15.2+6.3(n =201) 143> <0.001
Thickness (#m) 207=9(n =5) 134%3(n =5) 65> <0.001
SLA (m® kg™ 10.4+1.7(n =10) 14.2+1.6(n =10) 74> <0.001
Stomatal density (mm?) 250+ 21 (n =10) 534+104(n =7) 214> <0.001
pore length (¢m) 12+1.8(% =100) 8+1.6(n =100) 67> <0.001
Biochemical properties
Nitrogen concentration (g g ') 2.31+0.19(z =10) 2.31%0.14(n =10) <100» n.s.
Chlorophyll concentration (mg g ') 3.15+0.32(n =5) 2.86+0.48(n =5) 9D n.s.
Photosynthetic properties
Daily maximum P, (zmol m™2s™) 11.9+1.1(n =5) 7.3+1.0(n =5) 61> <0.001
Daily maximum gs (mol m™?s™") 0.286+0.043(z =5)  0.142+0.030(z =5) 50> <0.001

Data are presented as means =1 S.D. Student’s t-test was used to detect significances between two Fagus species in each prop-
erties; n.s.: not significant. < > show the ratio of F. japonica to F. crenata.
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F. crenata (Sun leaf)

Photo. 3-1.

BRI, TF065%E ST Thbb, £ X7
ORERILERF (SLA) &, Fi1g, 7FHE T
AXTFDOHBEGODRIVHENLSLTH o /2
(Photo. 3-1)6 £ X 7 FOFILEEIL T F D2 15T,
42T FOERIODESRZTFD6T%TH o720 T
bbb, TFEHERTA X TFE72 SADMSVEAL
ERiolz, BFR (N) RE, 7uu 7 4L (ch) i
JEIX, WREICEWIE R o720, SLADBTF LD A
XTFHRREVWID, BTS2 ) ONEE
chl &I A X T FEWURTTFTREL B, HA
AL O HZAGIE > H 15 5 M7z H i KRG A n s
B (P & HERAKESILHEGILI T 7 5 v
(gs™) 1%, Zh2h, 41 XTFIETFD61% L 50%
Thoto HMEHLESZ) D PN E, 4 X7F
(0.102¢mol g 'DW s™!) &7+ (0.121zmol g 'DW
s D8UU% L 5Tz, HMEHRDZY O P,
4 27F (4.45umol g 'NsH 74 (5.27umol
g 'Ns) o84% L i o,

3.1.3.2 &£A{bFry, HRERISFHOSEHZEL
WEMARICE LT, 1995051k, 7 (5 H12
H) &HRTA X7F (4 H30H) 2% 2 MR-
72 HEOREBNIZ, WEALE b BERAZ2H M T
Dol A XTFDORVHEL BEWEEDTZDIZ, [
X7 FOEEMMIE T F X 0 K20H £ o 720 Wil
WKHLT, EBEOMOM, %o chl &L, FEosiE
LEBITHmAITEINL 72 (Fig. 3-1A) Ho%EW
IZHEWT, 7F O chl i, 105 Far s K& K
L7 —J5, A X7 F D chl #1310 T ETH
Vol RON ol SO EIE, £ XTF

F. japonica (Sun leaf)

Micrographs of transverse sections of sun leaf of F. crenata and F. japonica.
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Fig. 3-1. Seasonal changes in chlorophyll content (A),
specific leaf area (SLA) (B) , and nitrogen
content (C) in the top canopy leaves of F. cre-
nata (O) and F. japonica (@) in 1995. Vertical
bars represent 95% confidence intervals.

This figure is adopted from Uemura et al. (2005) with the per-
mission of Elsevia in Forest Ecology and Management.
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Fig. 3-2. Relative growth of shoots of F. crenata (O)
and F. japonica (@) in 1995. Vertical bars
represent 95% confidence intervals.
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Fig. 3-3. Seasonal changes of mean daily maximum net

photosynthetic rate (P,"®*) , mean daily max-
imum stomatal conductance for water vapor
(gs™®) , and carboxylation efficiency (CE) in
the top canopy leaves of F. crenata and F.
japonica in 1994 (triangles) and in 1995
(circles) . Vertical bars represent 95% confi-
dence intervals.

This figure is adopted from Uemura et al. (2004) with the per-

mission of Springer-Verlag in Trees.

WEMBITEAGE H64s 2w

D@5 YL LAREORILERT, WMBMIZE LT,
EENN» S ZH oM ogElok, 100 T 6%
FETOM, SLAWXKE ML, NREEIZAELS
KF L7 (Fig 3-1B, C),

HMOBEZERERE, 7FHEAXTFHEL4ADNS
KELHMLZ (Fig. 3-2). 7Fi%, 7 Hhaizix
WEDIEFE 5720 4 X7, 8 AP I3k ED%k
F oA, THRHICRELZERENLET > Tl
720

3.1.3.3 A ZAZBEFHOEHEL

P, g™, Wi & B AEF WM A LT,
SWEN H1TRF DM I%E X N7z (data not shown),
£ X7 F O P DAERFAAE (7. 7umol m % s7Y) 13,
TFOEREKME (11.9zmol m2s™) k1, #35%1K%
o7z (Fig. 3-3A, B)o 8 HiF W LK, 750
P Mg, SIS Lz, TF Oz ofnE, HA
OO TFTlRLNIFER L —F L7 (Saito and
Kakubari 1999). —7, 4 X 7F® P,™ &, 10H
TR CTHRNEILDR Dol #ERE LT, i
MN4OHZ B2/ & (9 HAhl), 4 X7+ P,
X, 7FOPF XD KREL Lot A XTFD
g™ (0.15mol mZ sH &, T F O ge™
(0.3mol m™?s™) DT o7 (Figure 3-3C,
D)o g™ OERAMEIE, MBI LT, ZEH80
2590H (8 H 1)) IZidsk S L7z, COLlRMLRI=E (CE)
i, WAL b, OB THREAICKT LA
(Fig. 3-3E, F)o

MiYEERGEE (P, 1, PPFD oHihne & i
¥imL7: (Fig. 3-4). mififlie &F WM %28 LT,
PPFD %#600umol m ™2 s 1BA 1T, Py i3I L7,
LAVPD & gs @S Figure 3-512/8 SNz W]
FHio LAVPD 1, ¥0I2Eh-72. Hio LAVPD
&, 7, 8 H&ME\WT0.025 PaPa lLI T THh o7
M3 TF (PPFD> 600umolm2s!, @) I2BWT, 7
H®7F o gsid, LAVPD 25%50.015 Pa Pa ‘% # 2
L EWALINE, oMEH, WRECBWT,
W2 LAVPD OIS gs o AL o h
Lotz
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F. crenata F. japonica
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Fig. 3-4. Relationships between PPFD and net photo-
synthetic rate (P,) in the top canopy leaves
of F. crenata and F. japonica in 1994
(triangles) and in 1995 (circles) .

This figure is adopted from Uemura et al. (2004) with the per-
mission of Springer-Verlag in Trees.

3.1.3.4 K454

KB DTBEFHEAL Y — 2, TFEA X TF
ORI KERENEI RN o7z (Fig. 3-6)o FEDOKK
7Yy VO HBREME (TP ik, 6 XY 8HT
K7 » 7z (Fig. 3-6A, B)o P-V4¥HE2S RED S
NIEART ¥ v Vo HEEAE (Tp™0) &, AH W
MZBLT, 7FIZBWVWTL.OMPa, 4 X7 FI2BW
TO0.7MPa # F ¥ b5 4%d o7 (Figure 3-6C, D)o
kB ORERT YL (T 1, 6 HXY 8 H
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0.4
FJun FJun
03 [ -
02 bt -
= |
N
00 [ Tl
F Jul FJul
03 |- %‘ -
| N |
02 |- s h =
L4 ‘a | AA
o1 | & -4 M by
oo AL 1 1 [&
P Agtesy as Ay
= 03 [ A i‘t“ 9
w(\"m 0.2 I ‘o .‘
o £ < ® e B o K
= ) L .é o
E 0.1 *gA e“i}}o%

00 ka1 ? L1 1
03 | =
02 | éﬂ -

- Oct
0.1 w -
0.0 L1 1 a L1 1

0.00 0.01 0.02 0.03 0.04 0.00 0.01 0.02 0.03 0.04 0.05

LAVPD (Pa Pa™')

Fig. 3-5. Relationships between leaf-to-air vapor press-
ure deficit (LAVPD) and stomatal conduct-
ance for water vapor (gs) in the top canopy
leaves of F. crenata and F. japonica in 1994
(triangles) and in 1995 (circles) . Filled-
symbols indicate the values under near-light
saturated conditions (PPFD> 600zmol m2s™") .

This figure is adopted from Uemura et al. (2004) with the per-
mission of Springer-Verlag in Trees.

THRA o7z (Fig. 3-6E, F)o T O#5HiL, LAVPD
DEIN A - TREMHHRRMIATDI I Z & 2R
Fo MINEE D RRHMEARBORAM (™) &, &
W EKRDIKD 72 ) DBEDOWLH/NE L, o
WHIIBEEZ D 2 & 2R MNIE, Tz LT
REBEABR NG h 572 (Fig 3-6G, H), 13
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L#¥EOMomKkaryy sy A Ky &, 6 H25
8 HIZFTHIML7: (Fig. 3-61, J)o 19954F 128
5 Ky OFERAMIE, 7128 vT6.7mmol m 2

L ERDOKDIRER (Kg) 13, 7 DHERZ R
WT, 5H30HEY 8 H2IHICHEICE - 72 (Fig.
3-7No TYHRY XLIZL BKDZEROILT I, WE

sTMPal, £ X7 HI2BVC3.2mmol m 2s  MPal  H, WilFiICBILT, 5%UTFERSHho7
L, AXTFRTFOREGZOMTH o720 MiEHDS
3.1.3.5 XEAEROKILHIE

F. crenata F. japonica B oOE W22 b ﬁ)j" FAEBATH T B 4A

FLEIBIE, 6 H& D 8 H CAo7z (Fig 3-8), 6 H
0 A B 25 8 FIHNTT, 199504 2 7F & IpT, ALK
—~ 05 F = BRIZ, TRHARICE L TR RIS Lz #RELT,
£ o ol a . CE1Z, 6 it Edorbeh, 6o P g,
A PR A 8 HOME B LTEF LB otz 8 AOKIL
N RO, 7FD37.6%, 4 X7 FH44.0% % 4
o] D 2T FDOFHBEEIZKE 72,
£ 15 -
=5 L6 05 | T*
- 1e ° Ia F. crenata
o st ® 04 |-
05 I I N I |
E F 03 |
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Fig. 3-6. Seasonal changes of daily minimum of xylem
water potential (llfLmi")estimated daily mini- Fig. 3-7. Specific hydraulic conductivity in the inter-

mum turgor potential (Zp™"), osmotic poten-
tial at full turgor (¥,") , maximum bulk mod-
ulus of elasticity in leaf cell walls (¢™*¥) , and
whole-plant hydraulic conductance per unit leaf
area (K,) in the top canopy leaves of F. crena-
ta and F. japonica in 1994 (triangles) and in
1995 (circles). Vertical bars represent 95%
confidence intervals.

This figure is adopted from Uemura et al. (2004) with the per-
mission of Springer-Verlag in Trees.

nodes of current and l-yearold shoots at the
top canopy of F. crenata and F. japonica.
Open bars and hatched bars represent mea-
sured values on 30 May and 21 August, re-
spectively. Vertical gars indicate 95% confi-
dence intervals. ™ and * indicate significant
difference between May and August (2 =38,
**P <0.001, *P <0.05, ttest) .

This figure is adopted from Uemura et al. (2004) with the per-
mission of Springer-Verlag in Trees.
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Fig. 3-8. Seasonal changes of relative stomatal limitation

to net photosynthetic rate in the top canopy
leaves if F. crenata and F. japonica in 1994
(triangles) and in 1995 (circles) . Vertical bars
represent 95% confidence intervals.

This figure is adopted from Uemura et al. (2004) with the per-
mission of Springer-Verlag in Trees.

3.1 £ =

WHRRETICAET A7 LA XTFIZBVWT
b, WRFEMERICE o T, MEL VLKL OVl T
DKGFIEEDZEHN 2 LA TEE TH - 720 LAVPD
OIS Ky & gs DFEFEOHMAR Sz &
DOFERIE, W7 F D RAD IR DOZALITH LT
SREONLENI D 5 2 L E2RT, DML,
LAVPD 28 b i A HIZBWT, g™ KAt
L (Fig. 3-3C, D), Je&BII ¥ 2 KL% X 1
K<T2% (Fig. 3-8) TEEWRIZL TV, WD
POWEFED, WA S LN Ky S, EOKKT ¥
VAV AT, gsowAETISREI L
ZEERMIC/R L7 (Sperry and Pockman 1993,
Saliendra et al. 1995, Hubbard et al. 2001) o AHF%E
&, gs i, HRLNVTO Ky OWMETTRL,
T L NV TOREREI L > TRBEENL Z L %2R
L7zo YLED X9 Zfiikid, gs &KRGHEEDNELD
[P E) (linkage) 35 Z & Z2/RLTWhA,

FERDETICBIT 5 gs O HIPOZEENIL, —#IIC
LAVPD OZALDHEH L SN TETWwD (Bl 21,
Heath 1998, Aranda et al. 200012 & % F. sylvatica
DOWFRZI) e L2 LAY S, R TFEA
X7FICELT, AEWMZELCTgs & LAVPD ©
WO %M{RE RO L3 TERrol
(Figure 3-5)o %72, FFICHMEAZRETIIB VT,
v Ky ZFROBKR & HIART, & Ky ZRO8A
® gs B LAVPD OZALIZ X DK TH B & v ) s

»HAHH (McDowell et al. 2005), £ X7 F & T
W Ky 255275 D gs D J5AY LAVPD I2R$ 5 5
WIEZEE RO L VI RRE SN LD o e W7
2B % LAVPD 12K F 5 gs DV EZMEE, KD
CEDHETH A LH)ICEbND, (1EREER O
ZALIC W5 2o OMDRET, (2)8 12 8w
LAVPD ORWHHEE, (3) Tz DR CBHE, Wi 7%
WL, gs I ABICX > TRV IS DT 7Y
VUBOREEWHT A Lhkv (Aasamaa et
al. 2002), F 7z, 7R F. sylvatica D57 % A fER
(ay A7) &, RerEEEZE>IEPMLNT
WA OT (Mt - Fil 1998, Peuke et al. 2002),
AR HK T % gs OFUBYEIZEBR TELT 20D
L7z,

TFEAXTFITBWT, BEWHHZ ®Hw
LAVPD FCEDERT V¥ V2P 3dbZ &k
LIRWEDKERT VI x b (Thbh, HuKOK
51)) 8oz L E2uHeic L7 (Figure 3-6)o 17
FIZBWT, BEMEI, WL 7z LAVPD IZHIE
T 2D WY RN LEFETH 20 b LLe v, [k
12, BEREE, 4 XY TRED F. sylvatica \ZB W
THEOKBERICHE L TGREZ 2 Z & HEIN T
% (Aranda et al. 1996) xFHEI9IZ, R A Y ILiEO
W REBICBIT 5 F. sylvatica T, BEREHAITE
AR SN H -7 (Backes and Leuschner 2000) o
W THEAREL ™ (SRS ZF oM
JaBEIWL, KOEEYB720 OWIE DWW H/HE v
(Salleo 1983, Ishida et al. 1992), \»< DDt
BV THMEREATKA b L AISH LCllfishs 2
EDIRENTETWBIFNE (Salleo 1983, Ishida
et al. 1992, Aranda et al. 1996, Backes and Leus-
chner 2000, Saito et al. 2003), AHFEIZH VT,
R B D ZAIZ B S e h o 72 (Fig. 3-6G, H)o
AROFFEDOFERIE, 2T A TICAE T AWM
LC, WEDHRAMEDLENKET > ¥ ¥ VD HiR
BAEDOLE L VEETH D L) TN F TORMARE
(Robichaux 1984, Morgan 1984) 12X » THHFFEIh
720

WL, 220Kk > T Ky 2
EVAEAREERISH LTI TE %, 121, 38 Ok
) AR A RBERMEOR A E WP S LT LIS
& T (Mencuccini and Grace 1995, Maherali and
DeLucia 2001), %9 —2l, Ksx¥MimsgsrZ L
WKEoTTHbB. 7T LA XTFIE, —HHERY 2 —
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MERD, EHLZELKE CRIET 20T, B3N
ik, ABWMICbZ-oTUFEAEELL RV T4
Db, Ky o, B8£5<, Ks ¥R
L20DANZALDENTHLEEZONL, T
b, KREIZBITEH LR 2 EE O E =~
RNV ZXALDELEEDORAIETHS (Hacke and
Sauter 1995), Kg (&, fEAKD@AIEICEEL TG 25
WS ORBHBERD ) LO—DTHoIThE, WD
MORFZED, Kw & Ks OMOTRE LR EZR L
T&Tw2 (Tyree et al. 1998, Becker et al. 1999,
Brodribb and Hill 2000), 7'F & 4 X7+ ® Kg I,
EHEI A SIS T T L 72 (Figure 3-7),
FEDHH < FITHARMEZ MBS 572012, H LV ke
MAREEEEAZ LIEEETH S (Ameglio et al.
2002) o ARFFEIZBI BARDIREROLHED T2, 2
DOHMD S H LR % 88 OIS T2 % SR
THHEHH. 12BIE, Ya—LOlEEE, br)
EEVH O 4 HBENS T HITRKE ML 7%
(Fig. 3-2), 2 2013, BOKDZERD/S—t ¥ F—
vuzr LCERLINZ Y RY Z81E, 7FHEA4
2T FIIBWT, 5 HTHAEL, 50 &8 HoMIC
KEBRENI R Do T2,

Kw DT, KA PLRARRFIZBNTLEL
WWRDKET > v VP T L7z &, Koz >
R AL THIE I ENS (Tyree and Ewers
1991, Sperry et al. 1998, Sperry 2000), 34 L 72
Kw i, ZBEHTTOgs 2/ L, 5450
AR T KR XA %P < (Nardini and Salleo
2000, Sperry 2000), AEEWBIIZ BT 51 Ky
ZH75THOWREMER, RETH S (Cochard et
al. 2000, Brodribb and Hill 2000, Wan et al. 2001),
L, Koz, BICBIT2KF ¥ AV D
WEZD 5. @RI, RIFFEICEWTHEEKIZBIEE
S Ky iE, CoORIROZESEFINTVS
7259,

AT B ZARERITH$ 2 KO MELIE, 4
B 28 T RFEREZRL720ICHEETH S
LEZ Do RWFZEDMERIZ, WIHIC O &Vl R
PELRVE I BEMHTTE L, Ky L gs DO
AP AL B —2 & LTHETHDL I EERL
T2o TNZNOBHLD DTN 2 BRBEDOZ LI K
JE LTV A% TFIT 5 720120%, Kootz
O THIET 2 LEED D 5.

3.2 JHEARTFHOHRZHISFHEDEN
3.2.1 [FUBIC

PR W RIcBE L, EFEP (8 H) (2
BIFL g b Kw2s, 41 X7FE 7080 TH5S
Z L DBigEE N7z (Uemura et al. 2004), 2D Z &A%,
A X T F ONEBEED N FILEIR 2 Z 1T Tnb Z
ELBEL TR EEZOND, gs DiRAHOREH
DV, LAVPD IZH§ 2 K4l BUS o A4 By
BEWE D, KIS SRR L o TRE L
FHL XN B (Whitehead et al. 1984, Andrade et al.
1998, Hubbard et al. 1999, Brodribb and Field
2000), ZNTIE, 7FHEA X TFIIINHDENE
DB LAZERITTH A I B

MAERUZ, FEAEREEM, ISR &
-C, JE (COMER) ICH3 5k b EEL ST
Hro Tl, BEBOSD TV, BKEETFVIEED
TODOEELEHRTH S (Terashima et al. 2001) o
EVSER Y ) ORFERIL, RO X ITTHER,
BB L o TERSIEL LD TE S, T4
bbb, ()BFEEN2) TRELRENKREZ D, T4
bbb, BEKIIBWTKE R LAR GREZRIRE - HLHz
) 2R, QEVEAREmATY 72 ) ONE R %
Fioo N MIER L NV T FRITHTT 5 5E
W, A HFEOBIZ N L —FF 703557259, §
bbb, b L, BEEPLZONEwE O +=
A) TRELHNEE, $4bb, K&7% SLA (FEm
T % E) 28 o%0, oML, K&%R LAR%
BBHIENTEDL, LEALEYS, HVEEL, KnE
PEBEMAT S 720 DA EE & BRI 5 (Koike
1988)c & 512, WAMEED MICBWT, FW LAR
FHEOZ L, BEKICBI BV Huber value
(HV: m® m™, SRR ORIEMRI TS 5 M4 IR
DORFOWHFEOEE) ZROMBL R D HWHV
3, BUZHAZZEMAE Y 72 ) OKEROE VR L 5 2
5 ENTE S, #IT, KW HV L, ®WAERER
TTegs WP EIED7ZH9, REBRRIIBIFLKT
T v 7 AT AR, BHiEERRFEOBD L v 7z
REEMRHEIC L > TR T LOER SN ZVITRE
(Phillips et al. 2003), BMIxFT 2 EDEEGDORD
SRS WAL, ARDE L 2B T ETHT B KT
BIAANEMSITF2#MFEL LT, RV TS
NTws (McDowell et al. 2002) . B4 L N)VTD
g, RIS X G, AR OE N E D
72O TERNEMNT 27200 BE R EHREZ G 2T
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LelEbhs,

ZZTIE, HEISBERE L NVIZA T =T v
TL, T7FeEAXTFOmEVE S HITFEL IR,
$72, TFEAXTHICHLTHROLN, FEOEMY
Fot A BEBEEEY) L7/ aY—n756 0 A%
EFNEMED, HEL VL YEHL NV TOFREZ
U7z e R KRR RAED Y, T EA
TFOECEME Lz 2 LT, K TYERORERE
FORETE & BED 7 A AR IZBE L T 5y ZHGEL
72

3.2.2 /&
3.2.2.1 HEROFE

WAEFDONA XY AGBICBIF L TF A4 XTF
DENEFRD 2012, 19954 7 H25HIZ, 7 &4
X7+ ENZTNS0KRD BAER S I B T v 5
LRI S Nz, HoR, REEMME, BEEZE, B
CGE+ 3 +i) EFZTLZROM TS Nz, B
3B ARFOMAKENOREL LT, HFELD
Huber value (HV:m?m™2), ¥4bb, MEKROK
BRI KT 2 MAEBILIBORIBO W RGO E & HS 2
NZNO TG S N7z, REFOWnmftix, 73V
W& BNV FEer v a v TRELNZYN &b e
THIZ LRz,

3.2.2.2 fEZEDOH RA3ZHaiFH

DT AKLEE DT — 5 1%, T3.1 H A
ARG OZFER N @B, LR LT =2 Hw bR
720

3.2.2.3 ELLEFOFR

I O % b 72840 COMEM R 2 At D %
72002, WALHETRL Y 72 ) OWFIEEE (Ry: pmol m™
s L MR (stem) OHAHET Y72 ) OIEIL
(Rs: pmol m™2 s7™) A%, A& I % 58 U CRAIRIE,
K& COLME T THE SNz Ry IE, HARHENE
O HZEALHE H O[T & HBICH Sz, L44F
BOWIE, S N728H3E8HF v v =22 % n
72 #5789 HoO/COo 4 #r it (L1-6400, LiCor Inc.,
Lincoln, NE) ZHwWT, HplEShz, Fid, %
MY BRNCTT CICF v v N—ICAN ST, #IC
X B EMPIIIIBLTE 5 LE L7z

3.2.2.4 HAXZHWETIV

HAZIRHEDOH, FEHZEGNED? 757,
BB (PPFD, LAVPD, Tiea) & 7 AZHLME
OEOMZRNS, 7FHeA XTFENEFNIH LT,
M i FEESE O A G, AHOHE R RIS 572
OOETFTNV 2R L7 (Appendix 2-2, Appendix
2-3%M), BohzEF VR E2.4/iD Fig. 2-112R
L7219954E D 1057 MR T E S -5 R 77— % &
W, 6 H»H10 FTOEFHMZ@E L7z, H CO;y
Mefim & H HoO O & AR D o 720

3.2.3 # R

3.2.3.1 T EAXTFOHEFOEFHEO S
AFWH ORI TH 5 8 HITEHERE O LD

TEREMHF ISR S M7z BAEFIZB VT, LAR (&

WRE S MERTE) X, 7FEVAXTFTRER

o7z (Table 3-2)o LARIZ, XIZRT L 912, SLA

Table 3-2. Comparisons between the Fagus crenata and F. japonica of the current-year shoots at the top canopies

in August.

F. crenata F. japonica P-value
Morphological properties in the current-year shoots (n =50 in each tree)
Total leaf number 3.62+0.89 4.04+1.27 n.s.
Total leaf dry mass (g) 0.35 = 0.12 041 = 0.22 n.s.
Total leaf area (cm?) 38.8+11.0 60.9+25.7 <0.001
Shoot mass (g) 0.38+0.14 0.48+0.30 <0.05
Leaf area ratio, LAR (m” kg ") 10.35+1.41 13.80+2.30 <0.001
Leaf mass ratio, LMR (g g") 0.929+0.022 0.879+0.060 <0.001
Huber value (m* m?x107°) 12.5+4.0 8.8%4.4 <0.001

Data are presented as means +1 S.D. Student’s t-test was used to detect significances between two Fagus species in each prop-

erties; n.s.: not significant.



—
(2]
>

82}

(@]

o

N

(72]

—_

®

) 251 ., e
> .

T o 20+ ,°

[T oo 0o o ®

c X 151 7 08° 4 © © 0
8(\-' 0098]0% [ ]

w— £ 10——5. Jm.‘é Oo...

o s .c,u...oc

8 E o

© [ [

> 0 0.5 1 15
—

()

Ko}

=)

I

Shoot mass (g)

Fig. 3-9. Relationships between shoot mass and Huber

value (the ratio of xylem cross-section area to
total leaf area) of the current-year shoots at
the top canopies of F. crenata (O) and F.
japonica (@) .

This figure is adopted from Uemura et al. (2005) with the per-
mission of Elsevia in Forest Ecology and Management.

& LMR (MIEHR I/ LEBHCE) ORI 5 V20

LAR = SLA X LMR (3-5)

TF LT, LMRIZ, 4 X7 FTEDY»P- 72
Wz, 1 XT7FDLYKRE%RLARE, IO K&ER
SLAD72DIC/ONTRRTH o720 2D LR,
A XTFOBFERITBIT D RE R LAR &, BEIHT
HNAFIADKERFLEIZL > THEREINLDTIE
K, MWEZEOZEIZL o TERIN TSI E
ZWIRT %o

4 X7 F O H4EFED Huber value &, W< D
DRI RSP RE 2B 0 0.7g) ZBRWwWT, 75
IV /ANEDP o7 (Fig. 3-9. £ X T7FHFDKE %
Huber value Z 2K & ki, RWHIM 2O R
ThH-o72,

3.2.3.2 EOHAXBIIHT IHBRKEROHE
TrEAXTFOMEREBT S, HEDH,

MAERDH 72 0 O COMERF, HoO AR Z W & 212

T 572012, FEOHN A & AR BB OB R

SEFLEMELS. Py L MARTEOM, gs &

AL E R S H64% 2T

WMASRBEEO MO MRS, Fig 3-10lREhiz, £
NZERO P, & gsid, TRZNOMWEHD 5 D%
TR S Nz Hi KOS R 3 2 M5 & LT
XN (FRZERPSY, g, ThbL, Fh
ZROH® P fl, gsM AT 1125 Do 19944F
E19954FE D AEFMMICH 228 THOF— 2%, Fig.
3-10DFNZNO S FVIC—HICTT Y PSR,
P, BNENZNOWEH O HEKMEIET BRIZBW
T (Fig. 3-100@), PPFD & P, oI IE DM
MR R SN GEEABMBAD L TIED, =
0.97 for F. crenata and »*=0.95 for F. japonica) o
Py, SZENZENOWEH O HIKMITEL 2R ICBW
T (Fig. 3-1000), #W¥XTF (PPFD %%600zmol m ™2
SR 2B B Py oM ISR SR (P, D
HifE FHS) ., L2Lads, 7HICHLT
LAVPD & P, ®RIZEWEOMBIBRAR S h iz
W% B, 890192 LAVPD R Tieqr (2 4E- T P
&, WA LA o7 (Fig. 3-10 C-F)o P LR L
I, METIEBWT, g™, Wy s
LAVPD R Tieqr I2fE» TWA L > 72 (Fig. 3-10
L) STNOHERBERIIN TS Py & gs O UL
BWC, 7FHEA X TFOMICENIIRIBTE 2o
725

INFETOWER RIS, HERDH P IL,
WIS N T AV F—D 72D TH D & ) ITHE
bhzd, ZhZhoH, WHICELT, P, 28k
I L7, MET (PPFD £%600umol m™2 s 'L )
2B WT, HAES PPFD & P, o BIIC & o AH B B AR
RHE SN (Fig 3-11). 2% 0, P, i%, WiNT 2
LAVPD ® Tiea (2o TEWI XD it LA, HEE

HPPFD Ik TWA L7z (r =0.53, n =182, P
<0.001 for F. crenata and » =0.49, n =1742, P

<0.001 for F. japonica) s RimX Tix, H CO 7%
X3 % Py, OHHR T Ol & LTZ DMK E v
72 (Equation AP2-6),

WA LT, AWM % U 725800 & S mE:
Wi (Ry) o RICHBERESE SR (P=0.89
for both trees, data not shown). E&E WM % L7z
Ry (23 % RO fifilk, 7 F75-0.438, 4 X 7 F 8
-0.357Cdh o720 BT 2 Qo fiilx, 7F52.73,
A RXTFD2.61THolze TD QuNfiild, Bx 2k
R TBEINLME (205 4) OHEHAIIH D
(Bolstad et al. 1999, Amthor 2000), F#zHdH 720
DR OBEIFIH)E (Rg: pmol kg ' s™h) ofiid, Wifd
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Fig. 3-10. Relationships between net photosynthetic rate (P,; A-F) or stomatal conductance for water
vapour (gs; G-L) and microclimatological variables in the top canopy leaves of F. crenata and
F. japonica. The values of P, and gs were expressed as P,'® and gs'™, i.e. as a fraction of the
mean daily maximum value on each measurement day. In the PPFD graphs, closed circles (@)
indicate P, values before the mean daily maximum of P,, and open circles (O) indicate P,
values after the mean daily maximum of P,. In the LAVPD and T, graphs, the data were
obtained under PPFDs above 600zmol mZsh

This figure is adopted from Uemura et al. (2005) with the permission of Elsevia in Forest Ecology and Management.
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Fig. 3-11.

Relationships between daily-cumulated PPFD and net photosynthetic rate (P,) in the top

canopy leaves of F. crenata (O) and F. japonica (@) . P, was expressed as Pp", ie. a fraction
of the mean daily maximum value on each measurement day. The cumulated PPFD shows tot-
al PPFD above 600zmol m 2 s accumulated during the daytime. All data were obtained under
PPFDs above 600¢mol m 2 s over the growing season.

This figure is adopted from Uemura et al. (2005) with the permission of Elsevia in Forest Ecology and Management.

B L CH IR 2 /R L7ze W2 AT, WiffiZB
BE I &0 U223 & Rg ORI 1 2o it %
A% 5 N7 (P=0.81for both trees, data not
shown)o EEWIM 2 U7z Rig& Qo fitilx, Th2
n, -1.17£1.84TH -7,

3.2.3.3 H CO. 132, H H,O EREDZHZIt

AKX THVEFTNVICE 5> TRIED 5 Py
i, MESNLEED P, LR A S N7
(Fig. 3-12A, B)o P, ® HHK T 0% (Equation
in Appendix 2, AP2-6) /WA Z EI2Xbh, XD
EHWHBE A7 (P=0.93for F. crenata and 7> =
0.88 for F. japonica)s d L, ZTDOENXZMb R ITNIT,
MR T L7 (P=0.90 for F. crenata and #* =
0.85 for F. japonica) . ZHGHEE (Tr) ICBLTH F
7z, RAED SNl & FERROME O I8 7 BIARA R
57z (P=0.92 for F. crenata and »*=0.88 for F.
japonica) (Fig. 3-12C, D),

57 HoAEME (1995%0 6 H2510H) O
DR O R D HAif D 72 ) O H COMER
i & H HpO K25, Fig 3-131IR S N7z, AEHW
BRI (6 HA 6 7 Hid) 128 WT, Hif COE
DA ARGHAMTH 2R S N 525, M

WoORETHs (Fig. 3-13A, B). 5 7» HE &K
DOHAEMA D 720 OH CO MR IX, 728
30.1mol CO, m™2 (=361gCm?2), 4 X 7 F #
22.3mol CO, m ™2 (=268g Cm ™2 THho7ze 57 H
[ O MErOBAL A H 72 ) O X 2 KB O
COLIlBRIZ, 7F754.9mol CO; m ™%, 4 X7 F
4.3mol CO; m 2 CTdh o7 EH (7 Ahir s 8 )
DHEM D COHED =012, ERFIHAH S
o, Hh o COMER TR $ 24K M D COiH
BOEEE, TFICBVTIONS16%, 4 XTFHIH
W12 521%I8IN L7z § bbb, HITKM O
WAZ & BHBENKREWOT, LYFRHI L ZEo
MEDVPEFMMEARTE W E W) HFHRIZE RS 20
572 RELTHWZ COJIZET N TIE, HWPK
X, WEEICBWTS > HEOKREHMET 7 ~ 8 %kt
COMEBRBET 872,

57 HE OGO BRI S 72 Y @ He0 55k
i, 4 X7 (5,267mol H,O m 2=95kg H,0 m™2)
7% (10,900mol Ho0 m™2=196kg H,O m™2) ®#
3 Tdh o7 (Fig. 3-13C, D)o LAVPD ® HitK
i, KBRS O7=012, VPD X 190.01 PaPa bl
EEl b2 edHo7z (Fig. 2-1)s b L, Kl
TH W 7228 2 € 7V (Equation in Appendix 2,
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Fig. 3-12. Relationships between the measured values of net photosynthetic rate (P,; A, B) and transpira-
tion rate (T,; C, D) and the values predicted from the model in the top canopies leaves of F.
crenata (O ; A, C) and F. japonica (@ ; B, D) . The measured data were obtained from the
diurnal time courses of P, and T, obtained on 7 measurement days during the growing season.
The thin lines are 1:1. The dashed lines are from the least squares regression.

This figure is adopted from Uemura et al. (2005) with the permission of Elsevia in Forest Ecology and Management.

AP2-1) T, LAVPD ®2°b )2 VPD % w7234,
WA B VT 5 » H B O#KEMET Ho0 844 %20
~30% /NI T BAER L T o720 2D X D ITKEH
HHC X 23RO A, BHEREED H0 HIICH
LTRELREEZFFO, WEICBWT, BfloEy
WK L Ev gs D012, BEloMoH HO %
i, EFEHEOORD 2B Edh o7, R L
T, Ho0 fHEICH§ 24t COMRRDEA (Thb
B, HZAKFNEER) &, TPIE» - 72 (Fig.

3-13E. F),
HALBEMAEH 720, BB H 720, HAER (B
TR BT B A4 ZDOYER) H72h D, 57
HE O B# COMR R OMET (M COMER =) 27,
Fig. 3-14IZR &N720 4 X T F O EMH 72 )
DR COJEB R, TF DA% TH 5720 TNH
B EDH ) CRlA SN L&, £ XTF 7T
D8IY% T > 120 MHFEMD 72 ) DM COHEAR I,
TFEAXTFORICKERENI R D o7,
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Fig. 3-13. Seasonal courses of COz budget (A, B) , H20 loss (C, D) and water-use efficiency (WUE; E, F)
per unit leaf area in the top canopies of F. crenata (A, C, E) and F. japonica (B, D, F) (left
axis) . Negative bars in panels A and B represent the nocturnal respiratory COs consumption.
The dashed lines in the CO» budget (A, B) and H»0 loss (C, D) represent the cumulative
amounts of daily net CO» budget and daily H»O loss, respectively (right axis) .

This figure is adopted from Uemura et al. (2005) with the permission of Elsevia in Forest Ecology and Management.
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Fig. 3-14. Net CO2 budget per unit leaf area, per unit leaf mass, and per a current-year shoot at the top
canopies of F. crenata and F. japonica trees during the growing season, when the canopy
leaves fully expanded. Hatched bars represent the part of stem respiration in the net CO»
budget in the current-year shoots. The calculation in the current.year shoots is based on the

average size of shoots at the top canopies.

This figure is adopted from Uemura et al. (2005) with the permission of Elsevia in Forest Ecology and Management.

3.24 £ =
3.2.4.1 HEROHEBEEOH AZBOEDEE)

MAEHOHHE & 30 7 ASHAFEO B D
ol THERRT, 1 XT7F1, KWHKK gs &
#bH (Fig. 3-3), Btz RV TRW HV 2 #o 72
(Fig. 3-9)o TOZ &iF, BEHITBWT gs & HV
DN EHELREREYEH L 2 E 2RSS, £ XTFD
W HV A%, 4 X7 F Ol 5l & 3
RLTWD EEZOND, A BHEE IS 5 &L
FRIE, AFWHHZEECTFEERTS, XTFTRE
o7z (Fig. 3-8)o MHEEL NNV D gs LNV D
HV O O#AKINT ¥ AH, JERT V¥ v VOMEFRER
KBIZBFHF Y ETF— a VORI L TEET
» 572759 (Willigen and Pammenter 1998, Bond
and Kavanagh 1999), 4 X 7+ ® it d & 5 45k
B, TFEWRTA X7 TR AKFTCELTEY
KEHFIETH B ORFIHRIF D ) &) Ftk % 3

CEEZbND, BIOWRIZBVTY, £ X7 T,
o> B A BEIR SR & I LT, ARARE I W &
WA FEEDTRENT WS (IBARIFA 1999) 6

4 X7FE, BEHNLLY) ORERT, T4bb
LAR K& o7 (Table 3-2), 21, £ X7
AR R A L) BOEIA TR RICIRY 550 C
WBRRLTIE AL, HOEERROZ LITE > TGEKR S
Tz, B0, ROREMEIR Y720 P, &
BRLTWD, TDXIHIZ, BIEFL N TOjr ZHER
W20 2 Mg OE DS, 7] U7 E ORI b AR
THIEBHLNITHR 5T,

3.2.4.2 EELANILTORFBINE

WAL R & 72 0 O EF W %8 U7z CO M4
B (GEML COEER) @, 7FHINTEA4XTFD
EEET4% TH - 72 (Fig. 3-14) o P, O4ERAME
X, 4 X7 FETFD65%TH->720T, WO
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WAL, FIA XTTFOBVELAE = FD72DIT/h
S ol HzbN5, BAHED D OFEHM
COMERRE, 1 X T FIETFD84%T, ZHULEIC
A X7 F D RALRBISE R %,

6 HoWEN7- Ho B3 H 72 ) O Hift CO,
HEfSRE, 7125V T0.3mol mZ day ™!, 4 X7 F
2B WTC0.2mol m? day '"Cdh - 720 Granier et al.
(2000) 1, F72, F sylvatica D& EEEICBWT,
ZORRREDS, AFW (5256 ) oMo
H120.3mol m 2 day '"Ch BT EZRL TV B, ZD
F. sylvatica ® BALIEMIFE D 72 ) O HE COM D
FHiMRZIE, A2 DOTFOELKER LB TV,
MR CRADE AT & IARTHENRO HHS WEL
Mo FREAEE, AFENHIVLTLLEL
o fze TG H O R FEMERE IS 2 KO
COIEDEED, BIIIBWTHMT52056Th
%o

SO H KT (midday depression, YA
B BEMATICBUT 2ERAEDIRT) 1, KEK
W Z WA EEDIDDEFZTH %o AWFEIZBNT,
TFHEAXTFITBITRBNEHOHPET I,
LAVPD % Tieae 2*H Tl % £, HHOFEH PPFD H»»
LPREEIND Z LW S22 % - 72 (Figure 3-11),
F&5 PPFD (24E 9 e BT iE, [T 68 2 LRl
= (Bl z1F, Faria et al. 1996, Ishida et al. 1999b,
Niinemets and Kull 2001) & %\ 3P T oM %
TARAERIC L 2 HE (Bl 213, Turnbull et al.
2002) HHETHB725 9o MONET B A LA
%< ThH, HROGREZT THHELZF SR T &
W ELASH B (Ogren and Sjostrom 1990, Raven
1994), Werner et al. (2001) 12X 2HEHETFT VT
&, TR 2 BT OB MARR, F
¥k D Quercus coccifera L. TIX, Wih7-H D LD
BEIZBWT, M % R DT 5~8.5%0MH %
T2 EERRLI SOMIED X912, RIFEICE
W, HHERTORRZWY R Z &iE, AElE%E
U728 COMBRIZBNWT T ~ 8% mB HAED
NEolz

3.2.4.3 HBERLANILTORFINE

WAEFM 72 D) OEF WM % 0 U7z COMER 1T,
TFEARXTFTRERENIZZD o7 (#0. 1mol
shoot™ (Fig. 3-14)) M4EH L )L T fe FHFH IS
BWT, £ 27T OREAZENFED 72 ) OGE HHE

JEiX, 4 2T FHHEDO® S YL LAEELAE=FD
WIRITIMAT, 4 X7FDKE% LAR (Table 3-2)
WX o THit S 7ze 5B F — v R D 22/ 1 72
RS &, RS LCoRMEiz L iz & awng)s
(Kiippers 1989), Lo 72 Y E 4720 @ COMES
Wi, WA Z OB R CHRAFETE B EKRO—D
THbEHIdLN%,

MAEFE L AOVIZBWWT, W OMAS R FZINE % K
HE8ED1O0EFETH S, EENMOM, BEFKD
MPIE, MAERD COMERED 2%UTTHY, K
FERLVARVTORFNLICKE 2EEE 52 b o
720 MZT, HAOLEHONEKIZ, HOIE %
SMCHIE T AZ EHTE S (Damesin 2003) . AHF
JECBWT, BEHORFNLSFHEINL L &, &
OFAERFmE I NI E, B COMKITHT 2
ZOMEER, TLDTFITHEES,

EVE BREARICH T I3EOFHEOEENZEL
4.1 (FUBIC

WEE T, BiEREE ) o2 o
T&720 Lo L, MWE~HG LNV TRZEE, Wi
W TOEDREDZERMMN B TEIEI % - TL %o
TEPIZ T & B BRBEOZALITH T 2 E OO L O
JE (W) X, TFEA XTI TREREDIESD

WEiFETE % (LAL m? leaf area m™2 ground), ¥
DZEW A, FEOMERG & v o 7Bk, BHEN
TONDMEW R % €3 % (Campbell and Nor-
man 1989) . BHafkd, FEOEERIGEKIL, BAW
WHICHBRL, CoBRE, BHEL XV To COME
BEWMETLZILICHEHMLTwR EEDbDRS
(Ellsworth and Reich 1993, Bond et al. 1999, Ishi-
da et al. 2001, Koike et al. 2001, Kull 2002,
Niinemets and Valladares 2004, Pons and Anten
2004) o LA L, HHefEE oS R coticx3
BHINALRIG AN 2 5 72012, ZOBRITF 72 X < @
ENTwiv (Sack et al. 2006) . 3 [ AL E R
R DFENDS, FEOAALFWRRI DEV EBRT %
ZEDIRENTE TS (Ishida et al. 2001), F 7z,
BEDREED IV & WHRFEABE LT 5 2 &,
FEICHERHCB L CR & T b (Ishida et al. 2003),
JEM B HEBRE OBHEN OB, JEITx3 2 KB iZBwv
T, M BEPEAR & T, R ITIE 2R3 (B 218,
Teskey and Shrestha 1985, Chen et al. 1996,
Kubiske and Pregitzer 1996), L 25412, JEMm &M
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BRI, DR ZOUFH & BHE RO T X % kT
FEAT) 72012, HERMHEWEIEZ :#o 2 L3Pl &
s,

BHEN O % OREAZT 2GR, BN OB
WO R FERREZIRD b I, WE, CORED
&9 MM OBRIEEER B [ ZALT 548, LA
BHHEEDE—DIEW TH S Z LIZFENIE B (]
%1%, Niinemets et al. 1999, Niinemets and Valla-
dares 2004), % 72, 8 4~ OIEHZT 565 E 1L, SLA,
JCEREE)], Zmaua 7 4 VESE, Zuu T 4 )V EE,
BREEEVOLHEOFEOFEE LI ELKTH %
(B 21, N3 Al 1972, Eschrich et al. 1989,
Kimura et al. 1998, Ishida et al. 1999a, Uemura et
al. 2000, Le Roux et al. 2001b, Meir et al. 2002,
Yamashita et al. 2002, Tio et al. 2005), W< D0®
W7ElE, HEOHME S D7) OALFENEE GRE)
D bE LA LMA OZALAS, BN O HBAL R H
720 OHEALF IO BE AP ERTH 5 2 & &R
LTw3 (Bl z21F, Popma et al. 1992, Evans 1996,
Niinemets 1997, Evans and Poorter 2001, Ishida et
al. 2005),

MOGABGEE (P, 1, PS I % U728
#)E (ETR) L EOMBBEHRA»H % (He and
Edwards 1996, Ishida et al. 1999b), #T4F, #EayHl
DHOGHESDIHFE S 4, BFHLSME T THOGIER AN
EWREE o720 52 DNMASRIEREET T in situ
TPSIEHREE=Y—F5ZLiE, ETRIZHNT S
TERE R T, HRE LT, BENO¥ED ETR-P,
BIfRI, RFEEGEOHEEZ THEICT 5o

ABFGETIE, RHAY HCY 25f7bih, FEDRED
BHENZALATHR SNz, HoEhiz H o BikEo H
AL A & 72 D BHEOLE BRI AS, €O
TSNz ETR & ETR-P, BfR2 6 AfEd o
7oo BHENIZ BT 2 BEOFREDO WL, 7 & A X
T TRRDBIESL) o Fl2, TTEAXTFIIAD
NIAERD, ERBEUM L L CORBERTNE D H
WGRES 272012, B L CEF T2 BRI CRH U
TFHTHN TR D3I XX (Betula grossa Sieb. et
Zuce, #E#914.8m) TRBRDOMWE 24T o 720 I T
i FIRO I BT & ) Tl 2R 2 RO, BhE
WICE Y EENEERTE D, ZOMRLLT, 20
X9 ML, B R AR OB TEOREE
RELSZEASERLTY, HWEHELERZ T
o1 BMRGEL 720

4.2 F &
4.2.1 HEEE

BEN OB D534 A5, JEBIA D LY 3 (Monsi
and Saeki 1953, 2005) 12X > CTHXSHN/z, A
BAZYINZ, ZTNENORIZB W TR 28585
THhbEMEL. TNEFNORICH LT, EHIEH
(1mx 1m) 28Ehk FEfICEE S, #Bhigo B
O TEICETARRZ R T 272012, 42502 Y
Y —=DHD AP SO ) TIF SNz, BEAERRE, &
E30cmE & EI S Nz HITHRHBN O R D
B SR bR AR D 72012, 2002EHOFED O
Hiz, 67+ v % — (Koito Seisakusho Co.,
Tokyo. Japan) %\ T4 5 53> PPFD 2%l
ENTzo FEOMPEEZMRD1201Z, BHAD10%DHE)
BNz, WERIDEZRE T, KT 2558
OEE (90°=EH) & LTllEIniz, FREIIBIT
LUOERE (R (0)) 25, ¥EAPMMEIMET5L
RELZLEEDRE x 2HVWTRDO L) ITEKINT:
(Campbell and Norman 1989, Campbell and Nor-
man 1998) o

2%+ tanZ6
k(9= \/*—0.733 (4-1)
x+1.774(x+1.182)
I, 0, KBOKEMT, SEIEARE

W8 HORIEME LTI 23R L7ze B8 x i3,
KV & Tl M RIS BT A BB EFEO TR EH
ROWETH 5. H05, b EoREMGA 2 FOWE
Fx=1, #ESMTEx =0, KPFIHOEEIT
BERKICED L, Thbb, 2L DKM RHEERF
DO, K& % x %R0, EUHNOEZED L (0) 125
ABFEBI/NSWERE L, B2 Bl L 2mEs
OEE (0 () 1, KOXH)TPEshiz,

7 (0) = exp (& (6) L,) (4-2)

22T, Liig, #EoRmRS t £ To LAL (leaf
area index: m” leaf m 2 ground) T b, D4
I HEIE DR EASHE A o 721, HHNOETOEEN LAI
BIRET 72O ITERE L7z,

4.2.2 EZEOELZH, FREMNEHE

AF RS E SN2 BTBIOKR D DS, Dl
EBRRIE N, FEBRETOEOHEO STV SR
7o 512, EOWOBE (A) %, HismEk (L1-1800-12,
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Fig. 4-1. Relationship between chlorophyll content per

unit area and light absorbance in the leaves
for F. crenata (O) , F. japonica (@) , and B.
grossa (M) .

This figure is adopted from Uemura et al. (2006) with the per-
mission of Heron Publisher in Tree Physiology.

LiCor Inc., Lincoln, NE) % fiij 2 fitiF 7z 9 & = %
VF—illgE s (L1-1800, LiCor Inc.) MW, 1
nm [#FET4007%* 5700nm O P RN THE SN A
E, TRENOWPRTORGLEBRDOKY (A =1
- —aE#) & LCEMR SN, BT, Eodsy
A5, zana 7 4 (chl) REDTED7ZOIZH S
N7 chlix, 80% 7t by THiihsh, chlak
chl b @75, Porraetal. (1989) DEXITHE - T
g SN BAEMM A2 ) 07007 4 )V EE
(chlarea) & A DBOBMRIE, £TORICBHLTLID
OMFTEEINL (Fig. 4-D, HZ1T, DD HE
Gras, HEEmAE (SLA), #EHEFR (N) RE, kE
R (613C) 2 RET 57D, 80T TH,
IEON, EBRREIEX, NCTFIAH—
(Sumigraph NC-900, Sumika-Bunseki Center, Osa-
ka, Japan) ZJHWTHE S N7z 615C 1&, ZEMR
ARG E S (MAT 252, Finnigan, Bremen,
Germany) %MW Tl & N7z,

4.2.3 {EEOXERISH

EOEBNIEEOEEMNZELIE, EHERRMNICE
W, 20024F 8 HITHR S N7z, FICH WZIREBORE
DO P, A, gs & Py OHHKT %28 %7212, 8:00
22511000 BIZHE S Nizo WEICIE, NTDGHT v
UN— B FEO BB I A S g v A 7 A (LI-6400,
LiCor Inc., Lincoln, NE) % fiw7z, ZhE ot
FICBWT, EHBRMOE E30cnfE & 12100 )8
5 U FNGRIEN . HIRKMOGABORIE (P,
A 7247, COoi JiE = 350umol mol ™Y, Tiear =30C,
PPFD =1500umol m % s™") & Al COLi i T2 31F
BIAEM AR A BRE S (PS, A ZE& COoift
=1500mol mol %, Tiear =30C, PPFD =2000zmol

2T AE Eh,

PPFD-P, MO MWIAEL (AT DT ILER)
A5, HAHE R TRITN 10O ZEDO N 5 BUZIE LT,
A 7255, COoife B2 = 350umol mol™, Tiear =30CTF
TillE S N7z, PPED I, 304 50umol m2 s ¥ C,
10gmol m™2 s 'FIKE T S 2720 WEIENLHRE, Sl
i, APToRTIERE, PPFD I % P, Dl
MG 2 B PeE SNz BT om TR, e o
FEOWICE 2 HwT, WIXNE N7z PPFD 72 ) O
FIERE LCTBIES N,

4.2.4 BIRHKERDHTE

568 PN D [k IRy D 8 b R T8 o A % LA D B 729
2, HoEihiz o B FRIE T ENN O S F0Ed
(ETR) % ETR X @&AMEE (P, = Py + Ry O
MARZIE L72e Ry OMEIX, &8 THE S -3ER
30CTHORL &, Quo=2.65% &L CitfEsh
(Equation in Appendix 2, AP2-7%&), ETR-P,
BIARIE, HOLMEF v » =y FEEML 2
LI-6400 (Model 6400-40, LiCor Inc., Lincoln, NE)
ZHWTC, ZRZENoBMICE LT, Bk Lifo%
ERTHOEZRZNIKTOME SNz, LD
PPFD &, 1500, 1000, 800, 500, 300, 200, 100, 50,
20, Ogmol m™? s 'DMEFH THWA X 7=, #ikZ, 25,
30, 33CITZ LS 7z MAZRELD COx i IX
360umol mol ' & V72, #iE, P, DMREDTH, &
NENOERTH R & 5305, hEho PPFD

TAHRLEBHISHIEL S E S5 N7z, Genty et al.
(1989) 2 LT, ETRIZ, KD X ICFHE SN,

ETR = (AF/F,,) X0.5x A x PPFD  (4-3)
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22T, AF/Fm’ 1%, PS T OJeETIUK, 0.51%,
IANVF =B BIT S PS TICH$ % PS ToEA&
THhbo ETR-Py BRIZ, KDL B TES
N7z,

P, = aETR (4-4)

ald, FEROM#E L TEINZ, ThZho%E
TO ETR-P, BifRIZ, ZhZhOEIIHL Ty 7 —
ETM SN/ ETR 205 in situ ® COMG & % Rk
bhwicfibi/, ETR-P, BIfRIC, B RT3
LTHEOR, 3BEEOMICH S REIZA O L
otz (Fig. 4-2)e ThZNOIERTO ETR-Py 1
Rid, BOIEOMBBEEER L (F=0.95~0.97),
WRELT, 3L 3o0#REEHETHT—
B LT, #llE S 7z Py & Equation 4-4% 5 BAL b
Sz Py OMICHBE R MBS ESNT (P=0.96),
B3 O B O e & B IE O v, RIS, in
situ ® ETR DK & S v e LCRME SRz,

ETR-Pg BIfRD 5, WiEod, B4k o> B Hb i

. 15— o
) ° A e®
w 6,0/ © A.A.
) a8 °
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Fig. 4-2. Relationships between electron transport rate

(ETR) and gross photosynthetic rate (Py) at
three different leaf temperatures (O: 25, A
30, and @ : 33C) . The values of the upper-
most and the lowermost crown leaves for
three trees are shown by the same symbols.

This figure is adopted from Uemura et al. (2006) with the per-
mission of Heron Publisher in Tree Physiology.

MY 72 ) O R FEHESEZ RS 272012, BEsE
TEoFNZFROEICE LT, ETR, #%iij® PPFD,
A, 2 ) v TRV F— (Model 2030-B,
Walz, Effeltrich, Germany) % 335 L 7Zz#m A4t
WEds (Mini-PAM, Walz) & W CillE S 7z,
WEx, 8 A CEFEMMomE) omhHfcqrb
Nizo BHE EERA S FEICAHT T, BEhHARBERNOZh
ZNOEIT EI50DEENT v ¥ KITEITN T,
ETR & #ENZIFTW5B PPED % IEFEICHIET 720
2, HOGHGEDOM, FEOMBELIREEZERIBWVE I
HE L7 ETROMEIZIE, ThZhofficiL T
1RE 22 L7z,

4.3 & R
4.3.1 BiEEE

Htie 8> PPED 12k % 156 N O Ak PPFD
(rPPFD) &, BHENOE S ORI E- THA L7
(Figure 4-3), I XX (4.50) &, 7F &4 X7F (%
neh, 5.26, 5.52) & HARTHEWE LAL #8572,
#LAT I3 2858 Bk (Mg E A 5% 20.9m
FC) O LAl O#EIEIE, 75 T41%, 4 275 T20%,
IARATI%THolze ZOZEIF, A XTFEIX
ALWART, 7T OEPBRHNT EREOHIZL Y Firp
LTWBIEERT, IARIE, 7HEAXTFER
AT, HAHIGHRED 72 ) OEOEI D e h - 72,

SHIZBWT, #EoMmER, BhE LTI A (X
D IEE) TH DMIA D > 72 EAGAEFEST /NS A —
F—xiE, 7FLVAXTFELEIXAATLYKREDPS
72 (Fig. 4-4)o O kid, 7FHEHENT, £ X7
FEIAAPLY BALEEME, FRHE LIS BW
T, HOZLEIRT, BiESRE LT, MM,
A X7 FEIZRAIHBISENGAT, 7FEETO
W48 C i 7 72 i P 994 T2 - 720 Equation 4-27°%
A S M EHESROBOLREE, 7 (0.87) kit
NC, £ X7F (0.77) £3I XA (0.62) THhEHho
2o TOZLIL, BHETE T TooEBRIE, T )
INAXTFEIXATREVWT LEIRT 5,



160 el E KA MR sE RS 64k B2 5
0 20 40 60 8 O 20 40 60 80 O 20 40 60 80 100
. — T +—+—+—+— —+—+—
é 14‘]% |
-o [i—Y I
C i
-}
o —
—
(@]
(0]
S
q>) _9
_8 Total LAl = 5.26 Total LAl = 5.52 Total LAl = 4.50
© 8 Leaf No. = 3641 Leaf No. = 3298 Leaf No. = 1618
z d
(@] , ,
© A) F. crenata B) F. japonica C) B. grossa
T 6 | | | | | |
T T T T T T
0 0.5 1 0 0.5 1 0 0.5 1 15
Leaf area index (C—1 , m*> m?)
Fig. 4-3. Vertical variations of leaf area index (LAI; open bars) , photosynthetic photon flux
(PPFD) relative to PPF above the crown (rPPFD; O) , and cumulative LAI from the
top to the bottom of the crown (@) . Horizontal lines in rPPFD show +1S. D.
This figure is adopted from Uemura et al. (2006) with the permission of Heron Publisher in Tree Physiology.
o 4.3.2 BIRANICH T BHEER, ELFAFEDTTE
~ 2 [¢] 0
< . . 3
5 . o e, IXAME, TFEARTFERNT, BWEEEL
o T o Toe s TKE WAL Ff o 7 (Fig. 4-5)0 3HIZB VT,
i e ® SLA i3, BENOHEDWA (§%4bbH, rPPFD
2 ' * W) TP TR E SN 720 MR ER (B
£ T . . b S0.3mET) ®SLA W, 7FA%9.25+
= A B 0.30m? kg ! (mean +95% confidence interval) T,
=R I o IAA (11.17£0.56m> kg™ &4 % 7F (13.32+
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& & i T IE oMo BT LMA ©E W, 77
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Fig. 4-4. Vertical variations of A) ellipsoid parameter x 7F (24.48m" kg ) LIERTHEICKE o7,

and B) crown transmittance (i.e., the probabil-
ity that direct irradiance penetrate until each
crown layer) for F. crenata (O) , F. japonica
(@) , and B. grossa (M) . Data until the middle
crown-layers (the range of 0 to 3m depth from
the top crown) are shown.

This figure is adopted from Uemura et al. (2006) with the per-
mission of Heron Publisher in Tree Physiology.

3MIZHBWT, BENOESOWY (Tbb,
rPPFD D) 1o T, BHEE Npass g kg ™)
RN L, MR D 72 ) BHE A Naea g m D)
EA L7z (Flg 4-6), W& RO Nmass & Narea
d, A XTFEIZAERNRT, TFTHEICKE D
o0 BHER G & 5% T8O B O T Nipass D i
Wiz, 79 (6.1gkg™) 25, I X2 (3.7gkgh) &
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{X7F (4.3gkg ) LHNTHEIIKE D7,
3FEICBVWT, BEHNOmIoWL Thbb,
rPPFD @A) 124> T, 70 a 7 4 VK (chlpass)
ML, BAUERNESAV 7007 4V EE
(chlyrea) &, 7F &4 X7 F OB T chlyren
FED/AEhoiziined, 2ERNICEIDLD ho
720 3FEICBWTC, BHENOE IO (T4hbb,
rPPFD ®O4) 1HE- T, #HERITs7 00
74 VEEOES (chl/N) Z3imL, chlbiZxd
% chl a @4 (chlasb) 34 Lz Zhid, BHE
MO TR VB T CTRIFEMIOGEZRINT 5 & v ) 5 H
WCHR2ZZEPRENTETHS (HPIEA 1994,
Hikosaka and Terashima 1995, Evans 1996,
Niinemets et al. 1998, Kull and Niinemets 1998,
Ishida et al. 1999¢)

Depth from the top crown (m)

B
7 i i i i i
0 20 40 0 10 20 30 40
Individual leaf area SLA
(cm?) (m?kg™)

Fig. 4-5. Vertical variations of A) individual leaf area
and B) specific leaf area (SLA) for F. crenata
(O) ,F. japonica (@) ,and B. grossa (&) .
Horizontal bars represent = 95% confidence
interval.

This figure is adopted from Uemura et al. (2006) with the per-
mission of Heron Publisher in Tree Physiology.
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Fig. 4-6. Vertical variations of A) leaf dry-mass-based
nitrogen content (Ny.s) . B) leaf area-based
nitrogen content (Nu.eq) , C) leaf dry-mass-
based chlorophyll content (chlyags) . D) leaf
dry-mass-based chlorophyll content (chlyrea) .
E) the ratio of chlorophyll content to nitrogen
content (chl/N) , and F) the ratio of chlor-
ophyll a to b (chl a/b) for F. crenata (O) , F.
japonica (@) , and B. grossa (M) . Horizontal
bars represent *95% confidence interval.

This figure is adopted from Uemura et al. (2006) with the per-
mission of Heron Publisher in Tree Physiology.



162 B[ RiBTEp N S PN T

4.3.3 BIRBANICH T 3 AHERIFEO BN

B e i b 8 D BALBE A & 72 ) D3RG, & COq

BT ONEKES (PS5 pgmol m™s™) &, 77

(35.59*1.32; mean *95% confidence interval) 2%,
AX7F (27.06£1.26) &I A X (30.26x1.21) &
WARTHBEICKE 2> 72 (Fig. 4-7), 3FEIZBL T,
YA EH 72D, BALERD ) 0 PSS 1%, B
EREOELY IBER PEOEIZBNTRE P72,
B LD 013C (%) &, 7F (-27.78+0.16;
mean *95% confidence interval) 7%, 4 X7
(-27.29£0.08) & I XA (-27.23%0.21) LI~T
HREINE Dotz Tz, BHEHERE (BHERkE» 5
HE0.9ImAH3.0mET) D 513C 1L, 1 X7FE3
ARXEHART, 7HTHBINE o7, 2O LI,
AXTFEIAREWNRT, THIiE, BHHICHS
MAEWZEFHMIE LT, ERNICEW Cl o Tzl
L %713 (Farquhar and Lloyd 1993),

3FEICBVT, BHiENO®E IO (T4hbb,
rPPFD O #A) 128> T, BN E Ry, &
B DRI E pE A L7z (Fig. 4-8). Mg TR o
NHE I, A XTFETFLEURT, IXAATHRE
WCKEDP 5720 chlyea THONZE DT, HAEED
HTIPERIE, BHENTRE LRSS N o72,
hlprea ENER OB FIFITHER IR L TV B D
T (Pons and Anten 2004), BZ 5 <, &S0 b
WZHED chlnass DEM R FINEOKT 2B I25 2

WCHBKL T 5,

e HE64% B2

0
1+ A £
P 1
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6L 1
f f
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(umol m2 s°1)

0

14? 4
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6+ 4

200 400
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(umol kg* s71)

;f

600

Depth from the top crown (m)

7
0 15 20 30 29 28 27
Nitrogen-based P, st 013C
(umol g s°1) (%o0)

Fig. 4-7. Vertical variations of A) net photosynthetic
rate under high CO- and high light conditions
(P,53Y per unit leaf area, B) P, per unit leaf
dry mass, C) P,% per unit leaf nitrogen
(PNUE) , and D) 0;13C for F. crenata (O) , F.
japonica (@) , and B. grossa (M) . Horizontal
bars represent *+95% confidence interval.

This figure is adopted from Uemura et al. (2006) with the per-
mission of Heron Publisher in Tree Physiology.

C

Depth from the top crown (m)

Dark respiration rate  Light-compensation point
(umol m-2 s-1)

(pmol m2 s1)

T l T T
0.03 0.05 0.07

Quantum yield
(umol CO, pmol-* PPFD)

Fig. 4-8. Vertical variations of A) dark respiration rate, B) light-compensation point, and C) quan-

tum yield per absorbed PPFD for F. crenata (O) , F. japonica (@) ,

and B. grossa (&) .

Horizontal bars represent =95% confidence interval.

This figure is adopted from Uemura et al. (2006) with the permission of Heron Publisher in Tree Physiology.
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0.8
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rSLA

rNarea

rpnsat

02—+ C

100 80 60 40 20 0
rPPFD (%)

Fig. 4-9. Relationships between PPFD relative to PPFD
above the crown (rPPFD) and A) mean speci-
fic leaf area in each crown-layer relative to
maximum value (rSLA) , B) mean leaf area-
based nitrogen content in each crown-layer re-
lative to maximum value (rNgpea) , and C)
mean net photosynthetic rate under high CO»
and high light conditions per unit leaf area in
each crown-layer relative to maximum value
(rP,%*Y) within the crowns for F. crenata (O) ,
F. japonica (@) ,and B. grossa (&) . Max-
imum value of each parameter was obtained in
the uppermost crown leaves.

This figure is adopted from Uemura et al. (2006) with the per-

mission of Heron Publisher in Tree Physiology.

BHER OFEOREL, —HMIC, HEDE N2
BB 3 20 RAF 3 %, 3MICBIL T, #hd
M@ rPPED A 12k - T SLA I3 L, Narea,
P i3 L 72 (Fig. 4-9), 4 % &#7z rPPFD |2
BWT, 3HOMIIHEORFEICH I - 2 W R d -

2o UL, I A AL, B g E & TREOMIC

SLA, Narea, Po™ IClBNERECEFo72,

W, 7FHEA4 X7 FERT, I XA APHERFVEREE
TTEZHFTELRVLZDTH LD LIV,

4.3.4 BIRXERORESLY

8 H CEFMM oML o7z H o HAr i
Mif&d 72 ) O COLMRF R OB Y ZALAS, 3 B
WK LTHRED S (Fig 4-10), #Hl CO MR
(umol m2 ground s &, 7F7516.3, £ X7 F A
11.0, I ZAHD20.4TH o 720 #ofl COLMER IR}
T 558 L BEEE2 S5 E0.9m $T) O
COMERFmDEEE, TFHT0%, 4 X7 FHh338%
IARANBI%TH o720 EMOTEE A TH LNz
912, COMMmpEHF;MIL, 1 XTFEIX
AL WART, TFOPHENTEEOFIZEDERLT
WhHZEERT, TNEhOBEICE LT, BEE
~OEFER, M LY COMRREDOTARKE D>
720

44 % &
4.4.1 BIEEEEEOTEMOEE

BHERE R & BHEN OBEDFEEO W BEIE ) ¥ 7 L
TWizo A X7 F1E, A UERZRINETCHL 7F LD,
BRI I X ATEVEEN OO M EZ R L
72 TbL, LAI EEHENOREOWEMMEL, 75
IV, A XTFEIXATINEhols 7TORER
WEPEE, TEIAWHEIPETOMNEM T TRIFMIC CO,
BREATH) TLRWREICT 27259, A XTFEIX
AORHEE, 7 X VIRCBOUREE RS, SR
DHEERDOEVEBMERZHER LA (Fig. 4-4).
013C 1, Ci oIt > TS T 20T, Bohik
flilx, REIMICHZzo TFELEN Clo 1 208
BEL 7% (B z21E, Farquhar and Lloyd 1993), 7
FoRERE O 6:3C 1%, 3O TR /NS o7z
(Fig. 4-7D), T Z &, BZH L 7T 0REIE,
O TEYRELNEZWPSEZ720T
HhHE#EzBHN% (Hanbaetal 1997, Le Roux et
al. 2001a, Niinemets et al. 2004), —7J5, £ X7 F &
IXAD6CHOTTT 7 AV, BEOTFIZID
MM EEB ST TV L ZRIRT S, 2D
DOFERIL, A XTFRIZXADL ) HEHEN OO
WYEDMR AT L, BHENANONGOE#BOKER & LTl
RIS 2RO EET COZ R L TWw5 Z L 2R



164 JCHEE R A ARSI SE64% 2
0 20 40 60 8 0 20 40 60 8 O 20 40 60 80 100

. —t—— ——+— ——+—
§, 14 4 + +
§e) ]
c 13 . .
S
© nE .
o
() .
2 1 E
o) 104 - s
>
@©
2 8T T T
.% 71 A) F. crenata B) F. japonica | C) B. grossa
I

6 —— —— ——

0 2 4 6 0 2

4 6 0 2 4 6 8

Net photosynthetic rate per unit ground area (——, pmol m= ground s™)

Fig. 4-10. Vertical variations of estimated instantaneous net photosynthetic rate per unit ground
area at midday on sunny days in August (open bars) and the cumulative net carbon
gain from the top to the bottom of the crown (@) .

This figure is adopted from Uemura et al. (2006) with the permission of Heron Publisher in Tree Physiology.

T 5, $72, BELETOEOZRMERMIZ, BET
HANOEENGOE B Z RIS 5725 TR L,
B X DDA AEDK T 2T 5 A =X
LAD1DOELTEZS5NTEY (Ishida et al. 2001),
TFRELHNRT, A XT7FRIZAADLHITH 50
ZAHTELZWTHAIEILL > THIBWTH S0 D
Lz, TOXHIZ, BHENOEOTBEORE S
LRPEREOM DY) v 21k, BEL XV TORK CO,
MEREZMELTWBEEEZ SN,

4.4.2 RFERICET ZRESE

BHENOREDOREDREHBY ) - g ViF, &
RO LD BAEALF W IR OB TN O RO R O fici# 2 55
BLEBRsH L LEEZEZLNTWS (Bl Z1E, Hirose
and Werger 1987, Hollinger 1996, Pons and Anten
2004) s ARHEFFEIZBNT, 3FEE D Ny 1, BHED
WEOWA (§7bH rPPFD O 124E - T
L7 (Fig. 4-6A), Niinemets (1997) 1%, k&
FESHIET TR MW BROREL RO L 2R
U7so JEREETERR IS B S N D 3 XA D Ny DT
BEWEALDRY—20%, WD HIN) F)E D Betula
pendula Roth. @ % F & B 7 - 72 (Kull and
Niinemets 1993),

ETR-Pg Btk & in situ ETR % fli > 72 K580 €
TN OR B, BENOENENDETORYE %
PPFD & Tieu BBiZFMETE S L TH D, — 7,
AWIEDET NI, KD 2 DODREZFHFD. Thabb,
(%L DEEIZBWT ETR-P, R 2155 720113 HEH
WHh5b, (2)Py & ETRICEY % 38R (induction
time) ZMHLTWD, 7, HFETEIXF IR
3+ T AT, SALORILEE N Gl - AH
1993)o L2 L, ¥ 7 Ly 298, BhEHNICHNz L &,
Ci o2 b %# U ClER M oIz, ETR & P, O
DR EATE20d Lk, LELAEYD, Py
& gs OFAT L7 ZAIE, Ci & —E DR HiPANIC
DT EMNTELDT (Chazdon and Pearcy 1986,
Han et al. 1999, Schulte et al. 2003), ETR-P, Bf%
VRS IS 2R ORI, B
CHEHTELLDOTHL0d Lk,

4.4.3 TEEOEDORAEHEDE

BRI R IETE Y o 72T E NS, »
KODPDOMETHE SN TETwD (Strauss-
Debenedetti and Bazzaz 1991, Niinemets et al.
1998, Valladares et al. 2000, Ellis et al. 2000, Val-
ladares et al. 2002, Yamashita et al. 2002), < D
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POWEL, MEMMOIEDFME, FICHEOILREMNEE
P, FEMEMALE HARTX VBN THE Z & &R
LCTw5 (Teskey and Shrestha 1985, Chen et al.
1996, Kubiske and Pregitzer 1996, Valladares et
al. 2002), ARBFZEIZB VT, BHENOZEDO I,
iz 3ioM TR -7z, Zo@Ewid, @izl
HENEWH) XD IEE LA, #hEfEomEN L E/LD
WP HELTWE 2 Ltkv, —F, AL TH
BENLENZ, T TS5 EOHERICHET A0
oMM OENTH L0 Lk, T4bb, 3
AR DA VR, W5 T e 3 o G s
LOFERTH S DN D, WEEBEICHH IS
TFHEAXTF R LI E, LMA & Nyea D]
WL, TFEHRTA XTFTINNE oz, &
DIENE, O AR DOBIZN K D720 T
boHEH)IHbNhD, BHENDA X7 F DEOHEIRHL
M, 1EFEEREER2ETHY, ZLTEIY
A, BEORZIIHOZICH LTRESBTE LW
(Uemura et al. 2000, 2V EZR), —7F, BHEHNO
TF OEOMRAMAE, 1EF3FEELZ2ETDH
D, EOESIZ, BOMEAMBOR W DOEIC X
2T, KDOZALITH L TRELSETE %,

AXTFEIXADOBEEER, 7 X0 ey
B, BHENICE Y EEZERIEL I ENTEL,
RELT, GEMIE, HERWEESEROZETITbR,
Wl CO MR H o7z, RUFZETIE, BHEHEE,
FEou Wy, BEgNo COMMOmIMNIL, BEts
A ESELIENTELILERLTE, Bl
i & COMER DM OBIRO LB TEFEE B S 2T
T 5720120, MAMAR LA L, 512
ooy — v &G iihEaef e Loz 3 % %%
5 (Kippers 1989), F 7z, MEMABHEN/ZTT%
<, flil LCOREQRHEOW %I § 5 729012,
MAEZ AT B LELH 5.

BVE ZEOEHMICHTIHOBEREDR
5.1 [EUBIC

I 2 BB O %A (Uemura et al. 2004) 1
RWICT & BB O A (Uemura et al. 2006) 12
LT, 7T EA XTI DEORRLZIFLIETV S
ZEDBWENT ot —T, THRO XD BRI
DR SN LTI, LFEPOREFILERETTT
WL ODPDEDRFEPIE SN TN D T EHHSN
TWwb, 7584 X7 0% RE

(predetermination) (Z#EWASHBH7EA ) 9 ?

Kozlowski and Clausen (1966) 13, RAEJEIC)E
B3 2 ETOENLFICHEMINTVLI LRI AL
720 Al (1983) &, THICHLT, £FoREEL
MAER O (Mhiiat, $mfE, 80 1Bk, 43F
KIhLDimPETEns &2 AL 7
Eschrich et al. (1989) &, F. sylvatica \ZF L C,
BRI AHFEICRESN TS E 2R L7
Koike et al. (1997) &, —FFIEIER O ¥ 50T
RIZB LT, HEOBRBEDHE ORI F I E R LA K
WIS E G252 L RR LIz, LR BHEL, B
TEMY - ABRIHEIE7Z 0 T SRHFEIC X o TH B8
2%\ 52 N5 (Uemura et al. 2004, 2005, #53.1
Wiz, KOWEHIZ L COIRBERI RS D 55 &) H
W SPICT BLEDRD S

LB CHREE ORI UOE & FEOff L, BRI RA
RKELSBALL 7208 L BB 5 IHL25ENn %
»hLev, 2059 R, Bz, MR
RFEFICL > THIEHRZ ENDH DL VEREED OBV B
BEANDOEAL, HHWIE, Fr v TEEEEILICE - T
&R SNDBWEREED S W2 WEREEANOELADH
%o LT, MIRBECESNAIIE, BIBRBICHIE
L7zBsiE%, WERBECES NAIIE, BRI HE
L7zBafE 2 Rk e U CHAi§ 20 BRICZDEITHT
LETORER R L Z 2 SRR T, HiL
WHERED Z LT X o TH LvOBRBICHEIE T A2 &
FTE RV, BT RO BAASE TIE, SRRBEOE
LB L CHEROWMHGEEIT) TR TEL I LR
EN7: (Ishida et al. 1999¢) o —7J5, BiiHER Ok
1 D B A BE THPRAAR O JE S 12 ZAL A A S 7= B4t
(Kamaluddin and Grace 1992) %k, JERE T#
DOFIE, HAMREINCEILE 25T X9 RIEE
ZALIGR Z &, ENEN O FEOIRIER R O
Wid, BREORAMBREBOBRRERHS I EEE Y2
Lhb Lz, Koike et al. (1997) &, ZRR5)
DR BT, HERHERORB ORI EN R D L
ZH ST L7

AL T, FEFEIEDHEIELNDL T L X
TFOENR, DXL T2 1% 520
29272012, HifE L BEONBTOR) R Z 72,
BEAEE F B BB & AT, BEAE I & i 5
WREONERBE 2 2L S 70, ki d 5 4 4F B kBBt %
119 2 LT - T, FEBRMICHEFIERE & R ER ORI
S22 % 38 — Y ORERGDH T ENTE Iz, K
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DEDFEEEIIH T 206 BRIFED LI, HEoRE
1 - B DNIL DREEEZZT T2 <, BRI
TEDMAL DR & o TSN D) ZHGEL 720

5.2 / &
5.2.1 HiEHENIE

19954F 4 H OBHEERNC, Bkt (B2 x 2 x
2m) BTFEA R TFOBEOR EFRIZ 1 DT 0%
EE N, ZNERORMICIE, FHEICERTICH-
72#)2008h3 & M 7zo #ed PPED 2345 8 m o
PPFD (#i% PPFD #5%) (R U5 L9 12,
Belx, v b (&m#p) THibhiz (Photo. 5-1),
Red/Far-Red, &, AHxEE, #EEHoN LHT
TREVE R0 7z, By ME, FIT K HHHEAE b
T2, HERIIETEIN, K04 HIIHOED
N7zo 19954EH 5 19984E DHifE 4 4R, 6] U Eoo#
RSNz KD 5 54 ToERKsh: (Fig
5-1) o (DM OFEFIEATROLT TS, FEO R
DL TICH o723 (HL, in 1995), (2HHD#E
FERE L RBIRE L DICHPETICH o 223 (LL, in 1996
and 1997), (3PN OREFILIEDTHET TIES N, 3
DRI HEETICH - 723 (LH, in 1998), (4)Fe

HLOFEIFFERF & BERIRF & BICHOE T ICH o725 (H),
(5)FA DRI 5 8 mALREIRBE T CHIIE & Bl & b
WZERTICH o 7% (L)o

5.2.2 TREHY, HALFRVEFM

Lo SLA, @R (N) REOGHICHLTI
WLEL 7= 1) 7 O EIRIE Nz, #IX, 80T T48HFRH
WIS, WM L72%12, SLA ok, miks
M, R50mghI T IV & — VBT X B BE B B FRIRE O 5T
IZHW7z,

o raaz 4y (chl) RE, EENRED
SIFTICEI L C TALBE 72 ) 5 o EpsEIT 7z, chl
WEEE, T3.1.2.1 AL, BB 1R
L7205 L AARIC80% 7 & b v THlit L 72,

#EHYFE, 370 b—2a (MT-2, NKsystem
Co. Ltd., Osaka, Japan) # H\wC10um OJE & T4
bNTze TNENDOIEDRKE, HEPHEE, EH DRI
DIFE LAY, JEF WS 2 OV THE SR I3 RG
1, FRENOUILT LT ¥ ¥ HITEITN 721004
DEPLPE S NIz, FIEEIZ, ThThoRHE T
LIZT Y FMTRIENTZ 5 BOENS T3.1.2.1 %
DFEMEL \IR L7 & MBI PeE S iz,

Photo. 5-1. Shading boxes at the top canopies of F. crenata and F. japonica.
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5.2.3 HAXWEE, KFT>T vIIORZE{E

I A SR IE D HEALDWEDS, 8 A EWICHIE
Ay bEEFTLAERTT, HE (19954E~19984E D
4 Mg, #EFIERE, JEBE & High light), HL
#1995 M E. FEJFILRE X High light, BRI IZ
Low light), LH 3% (19984F{ll%€, LM Low
light, BEBHIFIE High light), LL %% (19964F & 1997
EWE, B IERF X Low light, BRI IX Low light)
B L Cfrbiz, EheEn 5 BoErEITh, &)
FHiA S HEE THI0SMECHlE SNz, Py
(umolm2s™) & gs (molm?s™hH 1, HIZHW
72K, HEA A HoO/COo00 #ral (LCA-4, ADC
Co., Hoddesdon, U.K.) ZJHWTllE S N7z, 7
#E (mmolm2s ) 13, Appendix 2-11ZR Sz
FHHERIC L - THE SN BEOKRRT V¥ v v (T7)
OHZEAE, FT7—DFT, 7Ly yy—F % N—
(Model-3000, SoilMoisture Equipment Co., Santa
Barbara, CA) & M\ Ty 1 R R CllE S iz,
5.2.4 KM

BEORREE, HALML720) o@@Kka > 7 5

LH

]

]

:

| expanding
| stage
i

1

|

1

1

]

]

]

|

Scheme of shading experiment.

YA (Kw) 1%, 73.1.2.4 JKGHME (R L2
THE S N7z P-V lEIC L 5T, koS
KFrvan (), BWEEE) LEORETF V¥ x
V(W) HIRLEE O AR AR L DR (e)

i BOKET V¥ v b (W) O HELNES S,
Lo HRE (T &, U oHZLT—% &
P-VHiT = 2O HEOERT vV (Tp) OH
WA (Tp™) 2SRARD Bz,

53 # R
5.3.1 TRERY, HALZRVSMICH T 2 RIRBEOREE
S
WA B WC, BERELEE 14 H o HL 3o 3k
&, HELR LU THo7 (Fig 5-2A, B)o 7FICH
LT, LL#EE LH #oREmfHE, LELFRI,2LD
K& o7ze —J5, A X7FICHWLT, LHEDHE
i3, LEEEAERECN 2 o725, LL#ER, L
FIDNEhol, INLOF =51, HEmRIK
T AHUAEONEBEOBIERRE, 7T THRIA XTF
THEWZ EZHRT 5,
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WIS B W, FiFEONERBIE SLA ISE L7
(Fig. 5-2C, D)o ZHIEEICHMEHD & 9 23D
PR RS 2 HHAE O NCBRBE OB O 120D TdH
%o 7HICBLT, H¥EE HL EOMERAK, 28
THY, —F, LL#E, LH#, LIFEOHRAKZ 1
8 <T& o7 (Photo 5-2, datafor LH leaves not
shown)oe TOZ &L, 7 HITBEDNERBEIIH TS
OS2 B W THERARR DO B Z 2L TE w2 & &R
FTo AXTFICHELTIE, HEZEDLLATOWUHD
BOMRMIEAD, 1BTH o7

7O HL & LHEOREFEIE, HELLEOH
M<Tdho7 (Fig. 5-3)0 —H, 4 X7 FOERICH
LCld, HL¥EELLFEOH, LHIEEHEOMIIAHR
B o 720 FITHT B EE O O WAE DN
D1 OOERIE, MERHLKE O &R 5 B4 O JLIR
SO FED OGRS T2 WiFEIE, EOFEOM
DOWEBEIIE LT, HrsofilioRs 223852

Fagus crenata
30

ENRTET,

WA HB VT, HL#EE LL #oEYnzE#H (N)
W, 7va7 4y (Chl) #)E, Chl/N i, Chl
a/bld, LIEDEICED>7 (Fig. 5-4). —J, LH
BEOINLONEL, HEIED» 72, §4bE, N
% Chl i, ¥R EOM O BEDNEREIT L - Tl
sz,

5.3.2 HAZEEFHIIHT I RREOBEEDR
MAEICE LT, P,k gsid, ¥EDNREEIZL -
THBENT, BADELET (2 2 Tld500umol m™
s'PPFD LL}) TllSh7zHM D P, 13, HELD
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Fig. 5-2.

95 96 97 98

Annual changes in leaf area (A, B) and specific leaf area (SLA; C, D) in individual leaves

of F. crenata and F. japonica. Symbols: (O) H; (@) L; and (&) shaded leaves. Shaded
leaves were: HL leaves in 1995; LL leaves in 1996 and 1997; and LH leaves in 1998. Vertic-
al bars represent 95% confidence intervals.

This figure is adopted from Uemura et al. (2000) with the permission of Heron Publisher in Tree Physiology.
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F. crenata F. japonica

HL

LL

Photo. 5-2. Micrographs of transverse sections of leaves of F. crenata (A, C, E, G) and F. japonica
(B,D,F,H).The H (A,B) ,HL (C,D) ,and L (G, H) leaves were collected in 1995,
and the LL (E, F) leaves were collected in 1996.
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Fagus crenata Fagus japonica
A 1995 B 1995
-
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Fig. 5-3.

H LH L

Lamina thickness in 1995 in H, L, and HL leaves (A, B) and in 1998 in H, L, and LH

leaves (C, D) of F. crenata and F. japonica. The four areas in the bars represent (from
top to bottom) thickness of upper epidermal layer, palisade mesopyll layer, spongy
mesophyll layer, and under epidermal layer. Vertical bars represent 95% confidence in-

terval of total lamina thickness.

This figure is adopted from Uemura et al. (2000) with the permission of Heron Publisher in Tree Physiology.
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This figure is adopted from Uemura et al. (2000) with the permission of Heron Publisher in Tree Physiology.
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Fagus crenata Fagus japonica
R gl w N e
&j_‘% _O____g O TURRY) SRR S R
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Fig. 5-4. Changes in N content (A, B) , chl content (C, D) , Chl a/b ratio (E, F) , and Chl/N ratio
(G, H) for F. crenata and F. japonica. Symbols: (O) H; (A) L; and (@) shaded leaves.
Shaded leaves were: HL in 1995; LL in 1996 and 1997; and LH in 1998. Vertical bars rep-

171
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Table 5-1. Net photosynthetic rate (P,, gmol m 2 s™') and water vapor stomatal conductance (gs, mmol m™2s™)
under sunlit conditions in shading experiment leaves for F. crenata and F. japonica. Data were
obtained at a PPFD of more than 500u#mol m™2 s™!, and are presented as means =1 S.D. Values in
parenthesis represent the percentage of values for H in each year.

HL LL in 1996 LL in 1997 LH
, 4.33+1.45 2.07+0.83 3.61=2.00 7.63=1.28
! (56.6) (28.8) (42.5) (79.1)
F. crenata
68.2+13.9 65.5=15.2 77.3+18.6 166.9+17.0
S
g (53.6) (51.0) (56.4) (88.7)
. 3.05%1.66 1.85=0.64 3.22+1.65 4.76+0.78
o ! (53.6) (32.6) (46.8) (69.4)
F. japonica
55.3+23.4 53.6+22.4 69.9+25.8 130.4+13.6
gs
(65.1) (54.4) (67.1) (95.6)

This Table is adopted from Uemura et al. (2000) with the permission of Heron Publisher in Tree Physiology.

Fagus crenata Fagus japonica
E 1.5
= o]0 @) o
g9 - © 2
@ ®
S
o
¢ 05 -
;e
- A B
g ° .
- 0

0 2 4 6 0 2 4 6

Transpiration rate (mmol m2 s)

Fig. 5-5. Relationship between absolute values of diurnal leaf water potentials (¥7) and transpira-
tion rate in (O) H and (@) HL leaves of F. crenata and F. japonica.

This figure is adopted from Uemura et al. (2000) with the permission of Heron Publisher in Tree Physiology.
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Table 5-2. Effects of shading on leaf water relations for F. crenata and F. japonica. Leaf properties in the shading
experiment (HL, LL in 1996 and 1997, and LH) were compared with the 4-year average for H. Within a

species, the Student’s test was used to detect significant differences (**: P <0.001;

not significant) .

* P <0.05 n.s.:

Control Shading experiment leaves
H HL LL LL LH

F. crenata

7.°(MPa) -2.14 -1.45* -1.18" -1.55% -2.13 n.s.

71" (MPa) -2.57 -1.88" -1.63" -1.76% -2.58 n.s.

™ (MPa) 33.4 16.3* 15.5" 30.8 n.s. 24.3 n.s.

¥ M (MPa) -1.3 -0.8 -0.6 -0.8 -1.6

M (MPa) 1.1 0.8 0.7 0.8 0.8
F. japonica

v,."(MPa) -1.96 -1.68"* -1.67 -1.54** -2.11%

71" (MPa) -2.46 -2.22* -2.30* -2.00™ -2.58 n.s.

M3 (MPa) 19.3 18.1 n.s. 16.0* 20.4 n.s. 22.2*%

™" (MPa) -1.3 -0.9 -0.9 -1.0 -1.2

¥p™in (MPa) 0.9 0.8 0.8 0.7 1.0

This Table is adopted from Uemura et al. (2000) with the permission of Heron Publisher in Tree Physiology.
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Summary

We investigated ecophysiological properties of two Fagus species, F. crenata Blume and F. japonica Max-
im., growing naturally in Japan. A scaffolding tower enabled us to measure leaf properties at the crown level
of mature trees (approximately 14 m height above the ground) . In the uppermost crown layer, leaf thickness
of F. japonica tree was 65% of that in F. crenata tree. There were no large differences between both Fagus
trees in nitrogen and chlorophyll content per unit leaf mass. However, nitrogen and chlorophyll content per
unit leaf area were lower in F. japonica tree than in F. crenata tree, because F. japonica tree had thinner
leaves (i.e. higher specific leaf area) than did F. crenata tree. In August (mid-growing season) , daily max-
imum net photosynthetic rate (P,"**) and daily maximum water vapor stomatal conductance (gs™) in
sunlit leaves of F. japonica tree were 61% and 50%, respectively, of rates in F. crenata leaves.

To examine the relationships between gas exchange properties and water relations for sunlit leaves, we
made physiological measurements over the growing season. Leaf-to-air vapor pressure deficit (LAVPD) was
highest in August, suggesting highest evaporative demand in summer. The patterns of seasonal change in
water relations were similar between both Fagus trees. From June to August, leaf water potential at full tur-
gor decreased and leaf-to-air hydraulic conductance (Ky) and stem hydraulic conductivity increased. The
highest annual maximum value of Ky was recorded in August. In that month, Ky for F. japonica tree was
half that of F. crenata tree. Stomatal limitation of P,"** (Ls) decreased from June to August for both trees.
These results suggest that both Fagus trees reduced Ls through seasonal acclimation of hydraulic properties
at both the leaf (e.g. by osmotic adjustment) and whole plant levels (e.g. by adjustment of Kyy) .

Values of gs and Kyy in F. japonica tree were approximately 50% of those in F. crenata tree. We investi-
gated causal factors (at the current shoot level) which may explain the differences between both trees. Cur-
rent shoots of ', crenata tree had a smaller leaf area ratio (LAR, total leaf area / shoot mass) than current
shoots of F. japonica. The larger current shoot LAR in F, japonica tree results in a smaller Huber value
(HV, xylem area / total leaf area) . We consider that small HV in F. japonica tree has a strong relationship
with high hydraulic constriction and conservative water use. We estimated annual CO, budgets (obtained
from the relationship between micro-environmental parameters and gas exchange properties throughout the
growing season) . The annual net CO, budgets in F. japonica tree were 26% lower per unit leaf area, and
16% lower per unit leaf mass than estimates for F. crenata tree, while budgets on a per current shoot basis
were similar between both trees.

To examine the differences between both Fagus trees at crown level, we used the stratified clipping
method. In addition both Fagus trees classified late-successional tree species, the degree of vertical change of
leaf properties, i.e. plasticity of leaf properties, was investigated for adjacent early-successional tree species,
Betula grossa Sieb. et Zucc. Leaf plasticity within the crowns was smaller iz F. japonica tree than in F. crena-
ta tree. Whereas, F. japonica tree had a crown structure that tended to penetrate irradiance within the
crown, resulting from vertical leaf inclination angles in the upper crown layers. Such a crown structure en-
hanced CO, gain per unit ground area in F. japonica tree. Overall, leaf plasticity and crown structure in F.
Japonica tree were more similar to those in B. grossa tree than to those in F. crenata tree.

Leaf properties of F. crenata tree are affected by both irradiance at the leaf expanding stages (current
year) and irradiance at the winter bud stages (previous year) , i.e. there is a predetermination of leaf prop-
erties. Such predetermination of leaf properties suggests a limited capacity to acclimate in response to canopy
gap opening or closing after bud formation. To determine how leaves acclimate to the environment, it is
necessary to examine not only the effects of the current-year environment, but also the effects of the
previous-year environment. We investigated the differences in predetermination of leaf properties (especially
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leaf water relations) between F. crenata tree and F. japonica tree. We experimentally shaded parts of bran-
ches in the upper crowns for four consecutive years to produce crown leaves that formed under different
irradiances during the leaf primordium and leaf expansion stages. When buds of F. crenata tree formed under
light conditions, expanded leaves had a 2-layered palisade parenchyma, whereas expanded leaves of F. japoni-
ca tree had only one layer. When buds formed in dark conditions, the palisade parenchymas of the two Fagus
trees had one layer. Thus, when irradiance largely changes, F. crenata tree made time-lag according to
change from one to two layers or two to one layer for palisade parenchyma. While leaf anatomical properties
expressed the effects of previous year, leaf water relations were affected by irradiance at the leaf expanding
stage. The responsiveness of gs depended largely on irradiance in the current year. Our results suggest that
the change in water relations (such as osmotic adjustment to light environment in the current year) enables

gs to acclimate to the current-year environment.

Key word: acclimation, Fagus crenata, Fagus japonica, photosynthetic properties, water relations



