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The study of photosynthesis within a young yellow cypress canopy at the
Chi-Lan Mountain site
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Abstract

Investigation of the heterogeneity of the canopy, the main realm in which the forest
ecosystem interacts with the atmosphere, can give us more understanding of how leaves in
different canopies adapt to respective environment. Hence, in this research, which lasted for 3
months from September to November in 2007 at the Chi-Lan Mountain(CLM) site, the light
environment, the photosynthesis parameters, and the chlorophyll and nitrogen contents of
Chamaecyparis obtusa var. formosana leaves at different heights, aspects and ages were
measured and compared. This results showed that the photosynthetically active radiation that
Chamaecyparis obtusa var. formosana leaves received decreased from the top to the bottom
of the canopy, with the mean of estimated canopy light transmittance (P%) at the location of
young leaves (40.86%) greater than those of matured (28%) and old leaves (12.6%). The P%
had significant influences on the performance of photosynthesis. The maximum CO;
assimilation rate of matured leaves was 7.36 pmol CO, m™ s™', which was greater than that of
young (6.35) and old leaves (4.03), while the dark respiration rate of matured leaves was 0.33
umol CO, m™ s™', a value that was less than that of young leaves (1.28), but had no difference
from that of old leaves (0.24). Moreover, the leaf mass per leaf area (LMA), an important
factor that influences chlorophyll and nitrogen contents in leaves, was also positively
correlated to the P%. This experiment showed that except for the quantum yield, the light
environment, photosynthesis parameters, and chlorophyll and nitrogen contents of leaves of
the Chamaecyparis obtusa var. formosana canopy were homogeneous in all aspects of the

tree stems.
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Amax: maximum CO, assimilation rate, &4 fopF g+ = § i

Chlyea: chlorophyll per leaf area, ¥ =¥ & fichES % 7 £
Chlpnass: chlorophyll per leaf mass, 8 =¥ F & S % 7 £

LCP: light compensation point, & 4 /¥ 2k

Narea: nitrogen per leaf area, ¥ =¥ & f 0§ 7 £

Niass: nitroghe per leaf mass, ¥ =¥ & & (0% 7 £

P%: estimated canopy light transmittance, % % & 7 i

Ly

PAR: photosynthetically active radiation, £ & ¥ % 5 »xig &t

PNUE: photosynthetic nitrogen-use efficiency, % & ¥ % 1§ i@

PPFD: photosynthetic photon flux density, & & (F%* k3 i § & &

: quantum yield, % & + & ¥
Qy:q y

Ry: dark respiration rate, =@ ¥ & 5
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2004) - PAR # r k3 02550 IR Gk £ 18 % k3 i § % A& (photosynthetic photon flux
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ARSI AEFERRAE S 1820ha-10 S AR R T AR R T S
BAYBETR M H81.8% 0 L A& RERESE > H k=t i FH%rp(Machilus thunbergii) ~ - i
#+%-(Dendropanax dentiger) ~ 4 ¥ ##H(Lindera communis) - % & (Elaeocarpus japonicus)
v 1o~ & (Illicium anisatum) % F2 3 (348 2003) -

AEF AP HEI0I S0 EZF > TS 5 103mo T8 R A Fd
HImildm %TFAGd 3ImE Tm> 552 F43 - FkPKiE2ZES 8
FRTEBERB AT ERNAH S KEEERPE A ELGFAREYTmE 10 m> T

PEG fiiplics 593 B & 28.8%(Fi 2005 & iy 2007)

‘ 500m
050 Km L o

Legend
¥ Meteorological Tower
A Peak
Logging Road
- 100 m Contour
\ _||[—— River |
A||[C] cimsite

[ | Nature Preserve

K - Yuanyang Lake

Bl 3 ELiERFE-EF
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5. F§ i
51 RRITH

RIHEZ B EE Y DR EEE > & 2006 £ 12 7 ] 2007 £ 5
- B

R EE PEI3 x45m-tF48 x 63m> 3 12meE7E X 11-9-7~5-

3mAGKE T T e F R RO TR 4) 0 b 1ImAT I E S8 A ARk TR
5~ TR FATAE R DB AR -

B

B 4 FAERTRE T R R
RPN GE3x45ms 2 48x63m~F 12m> & 119753 m A&k j T

SRR e e

11



52 HAFHFLF VIR

ARG R SRR AR SF TR REEYAT R PR £ 128
st;%\ér_%—Ewaf[&%f:a?u@ﬁ%’éiﬁ%‘%ﬁfﬂﬁﬂi?'li‘_f?ﬁ”*%"i*%ﬁ*ﬁ“

BV

HEELRPIEEMIES - T B 21 * 2 R B 2 /S (diameter at breast
height, DBH)(% 1) -
PRSI RBHEFVAOLE  FHAEF- EF- 2 27 BA2ES B
f’%°“$"’ 3min T S EERES R ST IImhe B2ARFALT S AL ~F @
Bl K R2BAEFSTEAIBRARRKE S E - T S 12 BRiEkiTRE
ﬁjmiéﬁdﬁwﬁ”ﬁff’%E*&éé%%ﬂﬁﬁ’*Li$$+‘&ﬂ40%
ERBEFER(E D)o
BRI B ETATNBANE o d T R A R EHET TG AR

W F)p AR BAIE A WEE - B9 5 - 10 cm® ¢4 2 E (young leaves) ~ =

# ¥ (mature leaves))? 2 £ ¥ (old leaves) » &7 5 #8 2 e chp| & o A FdH| T > d 3P
AT RS B R EY EE i F R R R R R L

v

R TEEE kY RE P LRSI FARE RFEHRE S A

S eng FXEB S M EELAIT S mT LA TR RN 0 A BE § BT
ATE @ A llmT 5 aghm R TRINR G ARG R E AT RRALER 112 P A

TRIE o
AFBHRA LA Pkt ARERRIE T E BB LY - KT R DALR
BATRBMNTFEERS Ao LR E LA PRALTER KT LB R R
SERTT R B RS S H AP R A i B R R R iERE R Tk o
MHEIAAF ERRALEFRET - KR L TR AFEHET R RERS G O A
% 7

12



F 1 aBRETE: FRTHRLL2BHEA0993 £ Z(DBH) ~ #H3 % - K7 3

Tree  DBH (cm) BE (m) %-KTF (m) EPiF#E KiER AR (@m)
6.7,8.5,9.8, 10,
1 21.7 12.9 6.0 6
11.5, 12
2 8.2 8.3 5.0 E I -1 -
6,8, 10, 10.3,
3 16.4 11.3 6.6 5
10.5
4 15.0 10.6 5.9 2 6.8,7.5
6.4,8.5,9.5, 10,
5 17.4 11.8 55 5
11.5
6.2,8.5,8.7, 10,
6 25.1 11.7 4.7 8
103, 11,11.3
12.6 10.9 5.9 2 8, 10
12.1 11.3 6.5 E I -1 -
8.5,11.3,11.5,
9 19.0 11.8 6.1 6
11.7
10 10.6 10.6 7.4 5 8,8.5, 10
11 20.3 11.7 6.3 1 8.5
12 10.2 8.3 3.9 E I -3 -

AR LD e

W 5 =# %4 &= (young leaf) ~ & # ¥ (mature leaf)f=% ¥ (old leaf) -

13



*F %A L3k e § i r(hemispherical canopy photographic technique)if] £
Ju N

L AE P kBB o 1% Nikon FC-E8 4. p% 4% 5 #5 fie Nikon Coolpix 990 #c i+ 4p 4 B~ 18
21807 AR & g & o 12 Gap Light Analyzer (GLA)#c %8 4 47 (Frazer et al. 1999) »

&1
Jor
F_L
4
o
N
=
\3<
A
E
I
|
<l
v

¥ 4T 4Pk £ 8% k3 i § % B (PPFD)s3

WE (B 6)c - E L E P ATl 2E > 2% ¥ P HPPFD ik 5k 8 23 PPFD

I~

A FED SR Y iRF -k E 7 i 5 (estimated canopy transmittance, P%) ©

Bl 6 417 ARSFHBETEIPE Y+ 3 180 4R & 2 R 5 F i

(@) © ™ &R GLEF 4R A T TG B o (b) 1 1% GLA #F @ Fleng & b = 4
@ FEE o (c) P GLA “i3- & 41 eh B -

14



WA AR MBI AE PR T AL S kR Y R AR
Prcnt i ER AR AFA T AL AL A XA BAoF AR it 2
EERES S E AR T T o e Rt

i BB AE Y F T ER R B R B R AR T S L Lk Bk
PP F AT BARREY KT RERF LT 9 b PR o
AT AR R S B o “,‘TT’J ’ﬁt%%& 1lm fr 9m s 5 F 2b > A Tm e Sm T 5 Jedp
PR AP ek Bl ) R PR R R R R RREE L R 0 EASE VB e iR
LB ] R PR AR R EAE S LR AE PR A

N

\-v:

F_

& 1 F i g1k € (Zhang et al. 2005) °

N

™2 Gap Light Analyzer (GLA)#x %8 4 7 B& 5 B > ﬁe?] AR RESTAEE SR B
KB R EH Bk Bdhe T 245 2003 3 2005 # ¢ ﬂ\ﬁ‘&%‘*% PR 22 me iR 2 T

Y

EEa

¥ak 0 B bk osght k(R 2) (5 K HLIMHPPFD > kP E bk Bk

5

PR B ¥ OE (¥ 9PPFD(Zhang et al. 2005) °

% 2 AFEFTIHF Y L LIEF FF L 5k E (PARGi) it st % £ (PARGir)

Month  PARg;; (mol m> d'l) PAR gi¢r (mol m> d'l)

Jan 4.62 10.02
Feb 5.64 10.72
Mar 7.63 13.68
Apr 9.18 14.95
May 7.04 13.65
Jun 8.26 15.33
Jul 13.85 15.72
Aug 10.58 15.25
Sep 8.41 13.40
Oct 8.49 10.96
Nov 4.30 9.06
Dec 6.66 9.03

9% 2003-2005 = 2 42 L A 452 3 BT

15



54 FREFRE
541 RBAR

* @ %1% Li-6400(LI-COR Co., USA)ip] %55 & &

2k g e (R 7))t REL
£WLI-CORZ P o7 & ¥ A1k 6167 Pla ik A& A Z4HA 02 PIRRF 2
IS o AKREFT L L3

AR TRIEFF EPEF TN E AR Sl R~ 2§ ALK

BooREF FRIVER - AR LI A2 RRET LV AR ORERREFE SRR D

B F o S0 RIR P HRR TR A AT R PR R A T BB S TV P e g

W 7 LI-COR Biosciences, Inc. #r2 & enig= 2 % #8 % # B £ &R (Li-6400)

iSRG A1 kiRep Ry o L85 Li6400 0 & 5 oA el o

542 RERE

Li-6400 ep| =4 2 5 & £ i b AL 88 4 47 R (Infra-Red Gas Analyzer, IRGA) 4 %

ARz EHEAZ T KPR LEPN D F CREREF F

ZE o

3N,

ERIER O KRB
TpwaRhzfdr REM HFd pEhsin oy FAMENF RT3 E AT
HHRAZPMOFHER € XIHRADRER L’gb—gj:_"};éﬁrzp;,ggﬁ

\

PHTTEI P ANLIEA T S chok & (7% K



LI-6400 Console With
6400-01 CO3 Injector System

Leaf
Flow Chamber

Flow  Meter
I = .] Exhaust
Reafsrence
Analyzers

Hesldctors

Rate
Control Control

W 8 Li-6400 #4313 & e pl £ R F WinseA LW
(http://www.licor.com/env/Products/li6400/6400 envcontrol.jsp)

543 BIE 32
Fd bafens-4E 2 g % Li-6400 ¥4kt F MR TR 0 & 2007 £ 9 7 3
107 > £R27 12B cFatpE S DEE B R o
N LA ETAZRDREIRAZREFTT DR FlREw A ]
mm’ > A R E PR R AR R RE Y A AT e 2 I
A MR B Li-6400 X B R R 4 Rl B
BPIEPE > I 2 F CRRFTSEE P F B E B K £ 4 380 pmol mol
d 39311 7 e X TIF R Z23CoRTHRAFTPRER S 23°C 0 B R 28 70%
£ 2

B L e e B g

1E s gRad LF A 250 pumol 57 o B v RS FH 100 pmol m? s Hk B R L =
MBI F IV A % Z F 1Y F 75 (CO, assimilation rate, A) A& TS 0 o Mk R T
kxiBEPEREY A0, 4,8, 12, 16, 20, 100, 200, 400, 600, 800, 1000, 1200, 1600, 2000

lvlm()]rn'zs'1 %—E_’fr"ﬁ% LHEF,E - KT CEF3ILSALRHEG Ef\%"{’if;i

»

s
o

LEBET - KR s 10 Rk

Jit
|
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http://www.licor.com/env/Products/li6400/6400_envcontrol.jsp

544 kb ev 2§

BIERZRUTEEE PE P hRF B R BF EY AH_0 F 20 pmol mP s e
LB fos §RE R v D S R SRS L L3 4 F (quantum yield,
Qy): £ & 5 0pFen= 3 1 g2 3 FP| 5 a5 ¥ e 5 (dark respiration rate, Rq) » = ¥ * B %
#HE 5 0pFask £ R 5 k4 i 8(light compensation point, LCP) » 3+ & % — £k § & % =
FURFESF T EE > Boho B S Bt kS T F(maximum CO, assimilation rate,

Amax) °

55 FRUMEHEFEFIFE

BIEF RIS 2007 £en 1] P > ARIE R F I OE Pl o Rppe &
Az WP R R ARSI E B Sem’ o e r e BR A v Pz o BE S AL

AL L F TR

551 W E¥E

FoMAET APERELE AP BIRE > L 60CHEIES X > FRHEEE o
Adobe Photoshop 7.0 g Rl #c#g:- S 4p P p £ F o7k £ 1%

PR R B PR R E S e o RS E SR R 6 g 0 # T
Hed o EisE 0 T L E S at EF (LMA) -

FoMeER AFEEHELL > T BEFTA 4o 5 ml kR 99%2
fro i r{EAFREI AR CFESEFR 2 0BT R RAWEY 73 % 1S
vk B Rl B T8 0% B 665 nm, 649 nm £ T Rk B (A665, A649) o #-rrip] 7 ih

kBT I AN EHE %% a(Chla)s %% b(Chlb)hs £ (H = pg)
Chl a = [13.7 x (A665)] - [5.76 X (A649)]
Chl b = [25.8 x (A649)] - [7.60 X (A665)]

EREADESE RGO I B - WA TR F SR E N Y
A

HEZES R afrES A bE tmgg) A FAp T @R E

18



(Chlyass, H mggl)e £ * W EE(LMA)T 5 )L £ » & H =5 ff 0

W
&
e
o
(i

Tl
%% 7 B (Chlyeo, ¥ = mgm™) o

By - UL EFCEE P ES R 0 JI* &~ F% A 47 ik (Elemental analyzer, EA,
Thermo Finnigan NA1500, Bremen Germany)!Z 5z %% (dry combustion method)ip| Z_s* #
FHEFRE nF TR % Npw) o 117 0 E £ (LMA)T 45 900 5 8 2

~E
-b\

¥
BefEafias § 2(HE gm”, Nye) ©
56 T4

Bor R @ehk & v 2B CEF S FEESE RS 0 464" STATISTICA
¥ 88 (StatSoft, Inc., USA) e~ 44 |4 #-73] (general linear model, GLM) » 2 "k & | & '3
By a2 R2FF 2, ~ TES  §FIFTRFAF  AUBRHREBESHFTLI R
Fl+ B A FEF R FLR o &0 Fisher &) B ¥ £ R |5 /% (Fisher’s least significant
difference, LSD)#s %% # Fr kil e F T 358 i £ o

19
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6. 2%
6.1 ec@aipsk ki

Rt TR O NRT LT T EFPREF R HEF gkt Ap B (R
9 A3 EFITPUEREFLE(P=074)(% 3)c - H AT 0 P HAE S LR

Bl

kE T E K (PYqir) 2 AATH L THRF L E T E F(PUar) 0 A e b ¥l R

A 3 (P%aic: p=0.72, PY%qier: p=0.71)(B] 10) > % 7% &7 o 5k > =hiE F > 7 &4 5]
ek £ iF* k3§ % AR(PPFD)iLF £ 8 -
Pl ESE S AP%G REFLR(E 3) 0 EEESPUEF (TIHE =40.86) 0 R
F2 (28) £FRM(12.6)(% 4)c hFXEFTEFEFR 2 A M f 2§
BAEE > EE ] o

140

“e young
“o_mature
120} = old

P%

Height (m)

B O c#ah? RERLEHSLEFTEF(PW) LR A MG

EifE y=0.87 x ", 1P =0.76, p<0.001; *RF :y=037 x " ¥ =0.62,
p<0.001; % ¥ :y=0.07 x "’ r*=0.45, p<0.001 -

21



100 - - - -
O Mean [] Mean=0.95 Conf. Interval 1 Mean=SD

80

T

=
N 40 —‘7
g T 32.9 33.8
28.9 O =
26.8 g
O
20 l l L
O -
-20
West East North South
Aspect
90 : - - -
O Mean [ ] Mean=0.95 Conf. Interval ] Mean=SD
80
701
60 [
50 | T
5
¥ 4of
o 315
301
243 258 262
O
20t l
10 | l
O -
-10 : : . .
West East North South
Aspect

W10 c#atpmh? b ok tgFgs .
I

SR L

=
<4
K-
TS
N

. T
J

K
g\
|
*
é_

b 1=

22



23 pAR TR ETFT - AP AL piE o

V- ARBRCN AR e R Y ks kR 73 5 (P%) »  E F (LMA)
/3\ % ’E.(Nmass: Narea) N ﬁ‘} 7% 3 ’E.(Chlmass, Chlarea) :’E s 7% 2 ’E. e 2 % (Chl/N)ﬂf‘f'
0o

£ 5T S 8(Ana, LCP,Qy,Re)> X F R~ (K ~d ~ s 744 ) ~ Ed (£

EESSHREEE) 23O EHLIT T PP piE o
Height Aspect Age

P% <0.001*** 0.744 ns <0.0071%***

LMA <0.001*** 0.075 ns <0.001#**

Niass 0.429 ns 0.757 ns <0.001#**

Narea <0.001*** 0.123 ns <0.0071%***

Chlass <0.001*** 0.532 ns <0.0071%***

Chlyrea 0.459 ns 0.184 ns <0.0071%***

ChI/N <0.001*** 0.646 ns <0.0071%***

Amax <0.001*** 0.071 ns <0.0071%***

LCP <0.001*** 0.901 ns <0.0071%***

Qy 0.943 ns 0.037* <0.0071%***

Ry <0.001*** 0.407 ns <0.0071%***

**%k 4 5 p<0.001 > **4& 77 p<0.01 > *%& 7 p<0.05>ns 2t mEF LB o

2 ASHRET FERE SR T L E TR AE PR
i
L/—\‘gg

LA ﬂaﬁﬁﬁﬁ%ﬁﬂﬁ%%g?ﬁmﬂaﬁ%? £(@LMA)~ 2% £
(Nmass, Narea) N ﬁ% 7% /i ’E-(Chlmas& Chlarea) ?E ;r‘ ’E‘ ‘E_(Chl/N) Ak g
T % % #(Amax, LCP, Qy, Rg) o |6 — %#ic? » 1+ %f-r #EPM v FA AT B

)2 Fisher B/ 8 ¥ £ B RIS 2 o <L 7§ &E_fgg&;ﬂl_ (p>0.05)

young leaves mature leaves old leaves

P% 40.86° 28° 12.6*
LMA (g m™) 210.09* 237.33° 262.69°
Narea (g M) 1.99° 2 1.71°
Ninass (2 87) 9.47¢ 8.45 6.54°
Chlyrea (mg m™?) 406.95 624.14° 358.91°
Chlpass (mg g7) 2.06° 2.65° 1.35°
ChI/N (mg g™) 2.23° 3.14° 1.95
Amax (umol CO; m™s™) 6.35° 7.36° 4.03
LCP (umol m™s™) 17.45° 475 4.05
Rq (nmol CO, m? s7™) 1.28° 0.33° 0.24°
Qy (mol CO, mol™ photon) 0.76° 0.71° 0.59°

23



62 s#htaEA E Y L R ol i)
6.2.1 ﬁ‘;‘éﬁ;’é}; R s

BIEEFP AR EE T F PARARATFTEINGZE P GRE B Roa ]tk

FRed 7 £EZETOLEF A FQy) o Bt B ETE® F(Apa) > X F (R ~ %
A OFBELCP)E £ & 17 4 W S dco v 1S A om0 8 98 2 ¢ cha g 5 o> %
”i%izmmmeﬁiﬁ’:iﬂﬁﬁiﬁﬁﬁ% dhb A m B SR 2 18 A
B T AR o o A B Fli 800 pmol m? s 2 {4 > = F it g E Tk ﬁ*l kg
A R G q T - G Aoauk (B 1) -

fl* Ak 20 umol m? s T gk F W Sdcdh 0 T oRE - E e ()
1) REAF7 F35E 2% £ 35 4 F(Qy) 5 0.086 mol CO, mol™ photon » H # fEB~ 1
BT EFZE S e F (RS 1.14umol CO, m? s > 3+ 8 Hy =0 prerx @ R| 7 8 5

G P ek FE(LCP) S 1325 umol m?2 s ot Hink F W M E - X EEmT - F
RE LR ehTdam > g ¢ chko A B(648 CO, m? s E B enf £ k& &
(Amax) © 358 15 B E P LF b Rend WS > V- B RAT RS E o

LWk A TR chd L o

24



CO, assimilation rate(umol CO, m?2s)

200 0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200
PPFD (umol m2 s1)

CO, assimilation rate (umol CO, m2s?)

-2 (0] 2 4 6 8 10 12 14 16 18 20 22

PPFD (umol m2s1)
y = -1.14+0.086x

W 11l e 18R AT AT H 08 S At imEkF o Mo THLHBHE L 2k
£ 20 pmol m? s 11 T ek F o Sl o 119 i fEAR

25



6.22 EFLEEH i R

'3;

BARSEEEOEY > HEEE* 3 E g0k L EF A F(Qy)h o Btk
& 1F% F(Amax) >~ BRERF(Rg) ~ AT B BL(LCP) 'y B 3%E B T8 ek T £ 55 5
(P%)= & 4pRE > B ¢ Ano 27 P% & it ant = (] 12)°",$ 7 Qyz h o F P AL~ LCP
Ryte? b = > i BEFPLE > S afpits Ak 2 b £ F SAn  LCP ~ QyfrRy
I RFDLE(E 3.

AHE AT 5 736 umol CO,m? s > BEF A EEEfeE (2 4 2 &
Ak P% T o A B A R o EEE 2 0 EE AR Y AR E DAL EP%
BaHehBh ko BiEE Sz > XEEK(E 12) -

EEE RS 1.28 umol CO,m? s » B EF A S REfeL F (£ 4)» 2R F E
B ERGES 6 HEP% 2B A H 4 o fe & E REP% 2B A B 4o R Ao+ (F] 12) o LCP
BIRABF AP 02> E T E HLCP S 1745 pumol m™> s™ > 4 * A R F o F (£ 4): 2 §P% =
B A A etg R S B (R 12) ©

4oF Amax ~RA~LCP— #% > 7 b E&F 9Qy; ¥ L & > £ E 5Qy s 0.59 mol
CO, mol” photon» &F % /| ** EE Ffr L HE (X 4)F £ TR E » hQyi 2 £ 1| s
K% PY% ot QyErE- A e it g Z R chk £ 0FF L A Ay

2 BEFIQyE VTR T Ffer EE Y kB (B 13) -
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12

251

~
o
]
S
S
=
=
3
£ 2 S young
< “n.mature
= old
[}
(o] 10 20 30 40 50 60 70 80
P%

90

young leaves: y = 2.02+1.34In(x), r* = 0.37, p<0.001; mature leaves: y = 2.88+1.53In(x), r*

= 0.35, p<0.001; old leaves: y = 2.51+0.72In(x), ?=0.19, p<0.001

45

e young
. mature
4 old

40

LCP (umol m2s1t)

P%

young leaves: y = 3.46+1.58x, ? =072, p<0.001; mature leaves: y = 2.96+0.28x, 2=

0.28, p<0.001; old leaves: y = 3.21+0.31x, 2= 0.15, p<0.05

B 12 c®ahp? FESE?DLLEF S8 (Anx > LCP Ry~ Oy)f 5% £

(P%) R %

27

35

3.0

Ry (umol CO, m2s)

10 20 30 40 50 60 70 80
P%
young leaves: y = 0.35+0.11x, ? =062, p<0.001; mature leaves: y = 0.2+0.02x, =
0.28, p<0.01; old leaves: y = 0.2+0.01x, 2= 0.08, p=0.12
011
o
o
—~ B o o
c ° o o
2 o009 o 5. ° °
E © HpoD ° © © oo o ©
[}
0.08 o° o o
- u} o
— Oo & 0 o
S a8 % ° o-
I 007 | ga 2 oo o og o O o
E am & 4 °
~ oa
O o006} o & o & o o °©
O 0,88, a o
S o005f & ° o o
E P o
> 004 s
(04 s S young
0.03 . mature
e old
0.02
¢} 10 20 30 40 50 60 70 80 90
P%
e g ko
5 & X

Se( young
“m.mature
e old

90




0.080 T T T T
O Mean [] Mean=SE ] Mean=0.95 Conf. Interval
0.078 | T
0.076
= L
§ oora| 0.073
ey
Soo72} ¢071
g
-, 0070 |
O
(@]
< 0.068
£ 0661 D.066
> 0.066 O O
o
0.064 |
0.062 l
0.060
0.058 . . . .
West East North South
Aspect

W13 2k k3 25(Qy) > &3 5 &7 2 Qy T IHE

623 F¥4 78

R FECE2 SR OESE R (Chln) 27 BB R FHF LR (R
3) AR S B Ol J 27 8 PR B RS L R T 55 (PU) LA F P AR
BE(R 14) o R P P% A%< 3% 8 F 7 eChlnasd® 1€ 0 F 2 B FAChlypeesEP% 2 % @
BoU g R EREE A 0 EE FChlns 2 P% 27 4 M (B 14) -

MEGRFRAT  LARP% TSR EY  FHACEGHOEE LT E
(Chlyea)iz § £ B (% 3~ B 14)> 2 # 2 H = F 2 $ 8 (Chlyasy) & 1 E = F & F (Chlygea)
A RERFELAEEAFEPGHFOLAG ) SREAFSE T R (Chlars
624.14 mg m”, Chlpass: 2.65 mg g )& % % * & §= H (Chlurea: 406.95 mg m™, Chlppags: 2.06
mg g ) e ¥ F (Chlye: 358.91 mg m?, Chlpass: 135 mg ') (% 4) -
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6.24 ¥ z &
PR FECEI P E T S ENm) A PR ARG AR X HEHa

FF B Nue) e FB R FHF LR (F 3) 3 P ERE Y PNy 8 ik 9
W kLT EFP% I HED M - EHEE N EFP% = % A A o dot R E
FrEE X o AP% FMITER T > FTE TNy WA REfo X E > FFP% 2 B ATE D
Nareagﬁﬁé“%ﬁ'fr’%ﬁ(@ 15)c SBApEFPTZF T LT RESLTF EF LB (
% 03) X ENTHFF B Nuwa: 1.71 g M7, Nipgss: 6.54 g g') ] 30 =
Ninass: 845 £ &40 #7 F (Nagea: 1.99 g M2 Nipaes: 9.47 g g )T 395 § £(% 4) -
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4.00

350}

3.00

250}

2.00 |

1.50

Seq young
"o, mature |
~a_old

Chlipass (Mg g™)

1.00

0.50

0.00

30 40 50
P%

60 70

80 20

young leaves: y = 2.81-0.02x, r* = 0.49, p<0.001; mature leaves: y = 2.94-0.01x, r* =

0.26, p<0.01

700

650

600 |

550 1

500

450

C h Iarea (mg m'z)

400

350

300

0 Mean [ Mean=SE T Mean=+0.95 Conf. Interval

624.14
]

1

B58.91
O

250

young mature

Age

old

W14 W ek REREY ErETEoEss P
BFPYOM - TH R ERE ST CF s HeE s

30

(Chlmese) 22 5 % £ 3
% g 'E.(Chlarea) °



105 T T T
0 Mean [] Mean=SE | Mean=+0.95 Conf. Interval
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young leaves: y = 0.4+0.48In(x), r* = 0.76, p<0.001; mature leaves: y = 1.32+0.24In(x), r*
= 0.4, p<0.001; old leaves: y = 1.38+0.16In(x), r* = 0.06, p<0.001
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6.25 WwEE

oA FEEFOVEELMA AT FFEZARAMNE A FERLTF EF DL
B(E 3o o@apE S E ¥ T EE T8 FPAEZ REE P SLMAAE L
oAt E Y SLMAEPY B % i Ap R (B 16) - E&e b & £ HLMAK F (262.69

gm?) > FHEFx2 (23733 gm?) > #EFE K(210.09gm) (% 4)-
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P%

B 16 25t b E&E S P LMA g5 L § 715 % (PY%):hM 14 o

i E L y=7533+39.7In(x), I’ = 0.61, p<0.001; = 3 ¥ :y=167.73+24.23In(x), I’

=0.32, p<0.001; % ¥ :y=249.44+25.07In(x), ¥ = 0.15, p<0.001
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6.3 F ¥ h§ it * 2xF (PNUE)fr§ A fe
SHAPESE RS A F § B Naed Y Bt R LT (M) B Rl
R85 EF(P%)PM AR 0 5 K Y REFPY% hH F A4 AR
i Nurea ! Amax £ o= AR > E 7 I Narea B 0 At = (B 17) o #5854 &
E 5 A Naeatp 8 7 @ INE 5 0§ @ 5 (PNUE) » B %A L E8E 5 o
PNUE# & 2 7= % hP% i F M (3(F 18)° # b EdL W ¥ ¥ 5PNUE} £ 8 » #

2  (3.3)f- % 3 £ (3.62)57PNUEAE % + »+ % ¥ «+PNUE (2.39) -

14

— —
(0] (o] o N
O

A, (LMol CO, m2s?)

IN

ol young
o “O. mature
“a_old

1.0 1.2 1.4 1.6 1.8 2.0 22 24 2.6 2.8 3.0
-2
Narea (mg m )

B 17 c®atp? FESE D 9 Narea & Amax 58 12

EifE y=1.69+24x > =0.33, p<0.001; =R F :y=148+2.88x, 1’ =0.16,
p<0.05; % ¥ :y=1.62+1.4x, 1’ =0.23,p<0.01 o
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NES R F e EChUN)R 2 FE YN F AT TS E b At o A 475

Ty E
T B OEABATE R R XL HRFAE TSRS E B E
A8 FHE

[E
BNE %A F a0t @(ChUN)RE (B 19)© # b & &% ¥ enChUN$ B £

(ChI/N G 3.14mgg’ » BEF A E i F(2.23) 0% £(1.95)(% 4) -
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B 19 2 Bahp?FEHERHEZRZEF 20 E(ChIN)fotkm % £ 7 35 5 (P%)

P
e )

EdEE ty = 3.22:0.03x, ¥ = 0.53, p<0.001; *#E 1y = 3.54-0.01x, r* = 0.32,

p<0.001
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7.t
71 E AR LA R AR

cB Rt R R RBEBEEI AN SR afp SR RN E P IR L T
chk & 5% k31§ % R(PPFD)E 22 E & “rdim & kT %2 £ 5 85 F (P%) L 5 k& &

M F > PREFLE B R E T - B ECLR 0 (B 9)(Parker 1997, Parker et
al. 2002, Mariscal et al. 2004) o > % 5 tp 5k 2 F > =cP% TE LB > K& L7 F 2
$enE ¥ VR GPPFDIL G £ R o AT HBEF L AGHY > 2HTHEE pTS
EE;3H8¢%’%$EEF9@’%% RRETI R Y AN E SRR (R 2)ed
el g2 wdt DB LRIPT A BINOFIHEEAG T AAERRT o B A IE A
o E R AP% X3 EEFAR T R
A HEEE T AT EEFR A PEY ¥ e 3] APPFDE H #F

&ﬁﬁmsglkﬁwﬂéﬁ¥ﬁiﬂ’iﬁﬁkﬁﬁﬁﬁiﬁﬁﬁmﬁﬁ+’ﬁﬁﬁ
Fzoo EEERM(E 4 SRl Ed R F E MR b 0 RY SDE P EBRRATE HE R
ﬁ}ﬁﬂrﬁ-k o M g T 4 F RE e % 0 bl4eSchoettle and Smith (1999)#+Pinus
contorta ssp. Latifolias & cr#= 7 # 3R > sgfcifchd & > £ P ERATE R E E s o ¢
BHATE OEFEF S EEE C SHEEEARRR I HL R -

72 cBLpmkER DL TS
e Rt T AR R R TR 5 (A ~ AT T BE(LCP) ~ e e S (Re) i
& &+ 3 £ 3 (% 3)- B AHubbard et al. (2002)3 3Pinus ponderosa % % & £ %
BFTEERG AR R HRPIAS AT RF A ESE ST BREALL L B
- BREARTak FP P TR Rk I F LN L AT HRERL - SR
tporied 40 B4 D AT BRI RGBS TE AP FEF > T B AT
BEFOLg i 20 gL L

F_

BB koA sk TS FP% § M F L A
B o P% A% @ eh 2 7 DAy~ LCP ~ Red% 3 (B] 12) @ 2t g% 22 37 5 $Hat7 K o
7 %% 7 I (Niinemets et al. 1999b, Lewis et al. 2000, Meir et al. 2002, Turnbull et al.
2003) -

AR A RE DA EEE e E o ERy P EEE(R Ho T g o F
AP FRERCCO oy 4 1t ERERE R 0 P FleEsa RN aCO» v EERE S > Ao &
REL SR nipah FRE 07 91 BI0A o £ITESRAEFPY% B4 o H 2o igH e
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R EALEPY% THEF S SR E e (R 12) T A F S A EEEPN &
LEiEr fMNSHED AFEY I A EIREFTER EREEIRG FREF 4
TEEEFHERIDRLEFEY A foi £ Fa Ad W AE AR EEER S it ix
EARBE A EPER > FIRFERRIPERETY A e E RBEFL & P EEE
B ReEd 3t H 4 E Pt or MR LCPE Ry 4B % A I » 2 PY% A% ot > ¥ 7LCP
AF O LCPRAF kR T > E W& (v ST F LT ki 8ot v 5 42
eI AP (B 2) 0 W FHAPY R EELRPLEFIAEQy)EM(E 3) F
oy ehRe BB A ) s Kl & LCP (B 12) -

ARG EHT  QyEri- AARFARE YN IHEFLRSREFEY 28(% 3)>
Bor P ehQy? £ kBB o Laisk et al. (2005)%+Betula pendula ~ Tilia cordata -
Solidago virgaureasi#* 7 B m Qy s EEHF EF L3 BF LB - HRPF R B2 B E
I F % Rk Frd] > & (photoinhibition) 7 B > Poorter et al. (2006) %t % fate 4= crF7 7 % %
S BT QuREFEAI T HETRRG LR AL REETQYRT B AT
FREFALAR A Qyx LT ks uF Mo AFHRD DY &R R
AR f R k- b BAE o

BHEFTRER G Bt E R DA MY TR LR < (£ 5) >
BT 0BT R P AnBE? B 0 2 A% RAOMERRET » 50 -
LT F oW R Ed NS R AR AL ERL > TR RMH

h TR B TR -
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25 SRR FEEE S S ERTE R KL T F(Anp)dt R

¥ Ampax %7 E AT RINI|FAE TR A RENE A XL T FO0HY AT
LB SR AhERIREL 06
Amax

i (el ﬂz
i (umol CO, m’ s'l) = fe

Pinus ponderosa 11.2-21.7 Oregon, USA (Bond et al. 1999)

Pseudotsuga menziesii 4.7-13.5 Oregon, USA (Bond et al. 1999)

Tsuga heterophylla 2.5-9.7 Oregon, USA (Bond et al. 1999)

Chamaecyparis obtusa 4.65-9 Taiwan F=F SIS

var. formosana

Pinus taeda 42-57 Louisiana, USA (Tang et al. 2003)

Dacrydium cupressinum 2.09-2.72 New Zealand (Tissue et al. 2005)

73 ERoELARTHP R

- a g“&%%ﬁwﬁ A B ESREESPE S A E Y TR
B ETEFPU)AEF P E S ant £ £(LMA)4&% + (B 16)° Niinemets et al. (2001)
$tPinus sylvestrisehz & 7 87 > S E OB RS T AE X EF T ab o Ft oF £ E
T ¥+ ALMA- #+ o Sellin (2001)¥tPicea abiestt= & %7 7 P47 LMA $# &> E £
E gV ﬁﬁ FIRE S Ak el B R ehc % o Aranda et al. (2004) ¥~ IR ¥ BHE AT 1 0
Fye R LMAGRS K P arc®i & 2 7 5 & (lamina thickness)/Z 2 £ 7 4 sk do
¥e 2274 ff tw e chvt G (palisade/spongy parenchyma ratio)j B > o % & BHE R K dwfe
SiatmiEat GIL B A FREL RIS LMA R 5i & R Fle AT B
AFBERESOEINBHAPEESRRE  d pRER A FEDESRE TS
B PRI AT RPILMAGu{4c i R E PR R GG M o

SHAHEESLMAR T < EE S SREGE 40 F ol RF R
b FISEPM AP E EY AR ERGARIE N RITE S SLMAEF E#
@ #i 4v (Sellin 2001, Kitajima et al. 2002) -
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%‘%ﬁiﬂ’éﬁéﬁﬁﬁiﬁaiﬁiiﬁ@&% £ (Chlpeo)E ¥ E ¥
XEFEFP%)E KA DR B ek ERESRBET i i

7
E S E o P ARR W E 2 F 5 99T 7 45 % 4p %8 12(Kull and Niinemets 1998, Poorter et al.

B

2000, Tio et al. 2005) o # #= F 1 1Chlyass -5 & P 5EP% = B @ 55 0 F 0 gt S R
EPAE > a5k SFEP% 2 3 0 EEES S RE PChlpn, £ FEAE S (B 14) 0 7 i
EFsvAc g mE o d WA REAFTHPEPN R % EPY% SR RH A TARE R P A (F
N> 2tz h  FREEFAZEFESL D e AT AL DE P TP
(self-shading) » F]p* F R E L F I f 5 T RLF aFHF hs 2oz o
B AR 58 % 4 E % Chl s 1 P% K TR BT

TE S EE(LMAR(E 16) 3 LT R @ e FE e Eo s
E (Chlyrea) 2 P% X 5 B ¥ cHBE T2 (B] 14) » £21io et al. (2005)¥+Fagus crenatasi# = 7 & %
@ I o Poorter et al. (2000)%F =3t & p £ F L 2 F ST AR AP A

(Aspidosperma fendlerii ~ Graffenrieda latifolia ~ Podocarpus pittierri ~ Richeria grandis ~

g 0 ed 3 EPY% R B

Tetrorchidium rubrivenium)e %= 7 &7 > o > ESLMAW A E B 0 2 Chlpass I E K >
F1' Chlyrea B E L W3 & 2 kjgfEci 4 Api - B/ - FF aipr ¥ i %ﬁ%d B
EHFFEFOHRFT UL I PFRCEET VA RBFELE T 7 B kR E
T HEE ki 4 oo

75 BEAEEEERSESLR

\*q,

PR B A FECEIFE L T F BN 25 P E P ™ B ks
kg 75 (P%)E B (F 15)> fed 30 E F (LMA)2P% ki (B 16)> # %8 P% %
BTOETFECEGHTE § N B (B 15)  MP% HF T 1 32 F Nore | >°
FTHE R AFP% BE T OEEF Nyt R RE > T A4 N E e E AR
koo 2R L 2wt R HA(R 9) I £
MARd A g W AEEEY ST Ea
LS E 0 3 AN ENoea > FE WP H L EEE o RE ALY
EP R 5S¢ HE P HF v fc(Niinemets 2007) ©
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76 SHARBEPFRT I EPF AR

BONAfEA Fd FehEd & A% FILAE T g 2@ Wy TH A BER L)
g fh o » KA RGBSR & T i o AP TR AR TR E T B FPR)EE 5
EP o AHCEGHFNE 7 ENaed) ™ 2 s R ETTF F(Ap)r ot o SR ER
Nareaf? Amax = B F L A0 B > Nuead 7 5725 5 DAmat A8 S (B 17) 2 2 5 % 22354 37
% e¥7 3 4p 2+ & (Niinemets et al. 2001, Warren and Adams 2001, Casella and Ceulemans
2002, Han et al. 2004) © Ny e it A BB FE(LMA)T M > Br S& atp
B AGED e B PN e B E P SLMA - # F 2FP% TRET SE Y Nowa2H
2R OREER RAIR o

PR ESSELIPE S EE T hF @ F 2 F(PNUE)E £ P 1> 8 cP% &
(B 18) 27 27T AP awiB = > A FEHLEFFE 2§ 71t FEaCO & 4
BEA 2o Fp P FESGSPNUET £ 8 >3 77 57 PNUE € " % E 863 4
' 1 (Kitajima et al. 2002, Kayama et al. 2007) > &2 A7 7 e % 4p 2 c BEAR S % fp £ iE
F iNpasst* > BE 3 (B 15) 0 & & dg F rPNUE & 3 F 100 Fipl 0 0 A8 § 914k
ﬁﬁﬁfﬁﬁ?m BAREBRCHR . PRI FHEIAAIRDES > TR AT AL LR
WEPRDF F - MPRAFR AR EA LT Mk FEAL 5 Fa
PNUE -

cE R E RPN NG fer X PIE S ATk R TR E P A B P%
AR HEFZHg 7 20 E(ChUN)AER > B7 M EPRBET > 5 € B 7 hy
§AREESEZ(W 19 S atp s RENChH/N: EdsF ~ > ¥ FP% AXF L 4R
< (®] 19) - Ishida et al. (1999)%+#% F k% #4& Dryobalanops aromatica Gaertn. f. 5 &
MR AT TR 0 et FRChUNEEF E &M HAem & &7 5K LG bR JapEd
R R EFES R R T E RS D PR Y ”Lrii“é
ﬁ—*}'{} (self-shading) s ai % » F]yt F 2 N el fie § G & 8% 8 & et g #5 3=
Jo R eRi o e SR E P PChNEY ZE 7 P ESLT L R I d 0 {HE LS
B i ) Ag R o Rl e g AT e SUATIR(R 9) e
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SRS PALE S 'R ST PN S 3

Tree Aspect No Age Height Ry qy LCP Amax
s photon s

1 West 1 young 9.8 1.14 0.086 13.25 6.48
1 West 1 mature 9.8 0.37 0.060 6.14 7.33
1 West 1 old 9.8 0.14 0.032 4.18 3.87
1 West 2 young 10 0.98 0.070 14.04 5.35
1 West 2 mature 10 0.28 0.064 4.40 6.39
1 West 2 old 10 0.17 0.055 3.17 4.49
1 West 3 young 12 2.04 0.060 33.82 7.09
1 West 3 mature 12 0.41 0.044 9.43 6.86
1 West 3 young 12 1.76 0.098 18.05 9.56
1 West 3 mature 12 0.45 0.085 5.30 10.13
1 West 3 old 12 0.31 0.055 5.60 4.87
1 West 4 young 11.5 1.56 0.095 16.50 7.19
1 West 4 mature 11.5 0.34 0.061 5.57 8.02
1 West 4 old 11.5 0.35 0.063 5.58 6.12
1 West 6 mature 6.7 0.12 0.055 2.16 3.57
1 West 6 old 6.7 0.33 0.055 6.00 1.55
1 West 7 young 8.5 0.27 0.064 4.30 4.79
1 West 7 mature 8.5 0.21 0.074 2.80 3.95
1 West 7 old 8.5 0.08 0.043 1.89 2.52
3 East 1 mature 6 0.17 0.084 1.96 8.02
3 East 1 old 6 0.15 0.069 2.24 3.79
3 East 2 young 10 2.02 0.096 21.08 8
3 East 2 mature 10 0.16 0.059 2.71 6.06
3 East 2 old 10 0.13 0.055 242 4.23
3 East 3 young 10.3 1.75 0.083 21.11 9.28
3 East 3 mature 10.3 0.18 0.056 3.27 7.79
3 East 3 old 10.3 0.36 0.068 5.39 5.52
3 East 4 young 8.5 0.78 0.087 8.94 3.24
3 East 4 mature 8.5 0.15 0.069 2.18 4.42
3 East 4 old 8.5 0.21 0.054 3.94 3.44
3 North 1 young 10.5 1.87 0.086 21.80 9.88
3 North 1 mature 10.5 0.38 0.070 5.51 11.67
3 North 1 old 10.5 0.16 0.045 3.66 5.16
4 North 1 young 7.5 0.10 0.058 1.74 4.96
4 North 1 mature 7.5 0.22 0.076 291 5.53
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WA LSRR E Y ek 8 1Er 2i(H)

Tree Aspect No Age Height Ry qy LCP Amax
s photon s
4 North 1 old 7.5 0.13 0.059 2.16 2.82
4 West 1 young 6.8 1.02 0.105 9.72 6.65
4 West 1 mature 6.8 0.19 0.065 3.01 3.73
4 West 1 old 6.8 0.16 0.054 2.97 2.97
5 South 1 young 6.4 0.42 0.080 5.17 3.7
5 South 1 mature 6.4 0.23 0.065 3.58 2.83
5 South 1 old 6.4 0.16 0.060 2.64 2.89
5 South 2 young 9.5 1.67 0.083 20.22 8
5 South 2 mature 9.5 0.25 0.087 2.88 8.82
5 South 2 old 9.5 0.41 0.075 5.44 4.79
5 South 3 young 10 1.41 0.083 16.88 6.82
5 South 3 mature 10 0.32 0.077 4.12 9.45
5 South 3 mature 10 0.41 0.100 4.11 10.3
5 South 3 mature 10 0.22 0.097 2.25 10.7
5 South 3 old 10 0.30 0.061 4.95 4.18
5 South 4 young 11.5 2.21 0.094 23.41 9.64
5 South 4 mature 11.5 0.39 0.074 5.28 8.81
5 South 5 young 8.5 0.44 0.091 4.84 6.83
5 South 5 mature 8.5 0.15 0.079 1.91 7.18
5 South 5 old 8.5 0.29 0.072 3.95 3.9
6 East 1 young 11.3 2.13 0.092 23.25 6.58
6 East 1 mature 11.3 0.70 0.072 9.65 9.08
6 North 1 young 11 1.79 0.033 54.21 4.52
6 North 1 mature 11 0.80 0.057 13.96 7
6 North 1 young 11 1.69 0.069 24.50 6.81
6 North 1 mature 11 0.90 0.087 10.34 10.3
6 North 2 young 11 1.15 0.044 26.18 5.24
6 North 2 mature 11 0.33 0.076 4.34 8.88
6 North 3 young 10.3 1.24 0.097 12.77 6.6
6 North 3 mature 10.3 0.29 0.068 4.19 8.1
6 North 3 old 10.3 0.17 0.057 3.06 2.89
6 North 4 young 10 1.28 0.092 13.92 5.92
6 North 4 mature 10 0.18 0.057 3.24 6.51
6 North 4 old 10 0.24 0.052 4.58 4.2
6 North 5 young 6.2 0.11 0.034 3.34 2.45
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Tree Aspect No Age Height Ry qy LCP Amax
s photon s

6 North 5 mature 6.2 0.28 0.078 3.56 5.08
6 North 6 young 8.5 0.34 0.075 4.50 4.41
6 North 6 mature 8.5 0.26 0.082 3.19 4.77
6 North 6 old 8.5 0.25 0.054 4.63 3.27
6 North 7 young 8.7 1.31 0.060 21.69 4.03
6 North 7 mature 8.7 0.24 0.087 2.77 7.48
6 North 7 old 8.7 0.19 0.063 3.00 4.23
6 North 2 young 10 0.98 0.066 14.79
7 West 1 young 10 1.69 0.059 28.74 4.24
7 West 1 mature 10 0.25 0.050 4.90 6.83
7 West 1 old 10 0.32 0.070 4.57 5.13
7 West 2 young 8 0.52 0.075 6.91 5.24
7 West 2 mature 8 0.26 0.066 3.97 5.47
7 West 2 old 8 0.23 0.073 3.11 3.28
9 East 1 young 11.3 2.72 0.080 33.83 10.2
9 East 1 mature 11.3 0.35 0.075 4.70 9.59
9 East 1 old 11.3 0.25 0.072 3.53 6.44
9 East 2 young 11.5 3.23 0.101 32.05 11.37
9 East 2 mature 11.5 0.50 0.088 5.69 11.47
9 East 2 old 11.5 0.30 0.066 4.57 3.98
9 South 1 young 11.5 2.40 0.062 38.71 5.46
9 South 1 mature 11.5 0.46 0.070 6.57 9.59
9 South 1 old 11.5 0.27 0.064 4.30 3.58
9 South 2 young 11.7 1.54 0.051 30.42 4.81
9 South 2 mature 11.7 0.46 0.067 6.85 8.84
9 South 2 mature 11.7 0.49 0.072 6.81 8.92
9 South 3 young 8.5 0.18 0.061 3.00 3.78
9 South 3 mature 8.5 0.07 0.064 1.10 4.22
9 South 3 old 8.5 0.08 0.056 1.36 3.68
9 West 1 young 11.5 2.21 0.077 28.69 6.59
9 West 1 mature 11.5 0.50 0.084 5.99 8.52
9 West 1 old 11.5 0.40 0.041 9.81 4.17
9 West 2 young 8.5 0.25 0.069 3.69 4.26
9 West 2 mature 8.5 0.13 0.085 1.56 8.09
9 West 2 old 8.5 0.24 0.056 4.24 4.6
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Tree Aspect No Age Height Ry qy LCP Amax
s photon s
10 East 1 young 8.5 0.37 0.080 4.63 6.06
10 East 1 mature 8.5 0.19 0.069 2.79 3.89
10 East 1 old 8.5 0.27 0.065 4.12 2.61
10 East 2 young 8 0.41 0.087 4.69 6.03
10 East 2 mature 8 0.35 0.074 4.73 542
10 East 2 old 8 0.20 0.061 3.30 3.58
10 East 3 young 10 1.46 0.070 20.79 8.04
10 East 3 mature 10 0.56 0.062 8.93 7.96
10 East 3 old 10 0.20 0.073 2.78 6.61
10 South 1 young 8 0.62 0.079 7.89 5.99
10 South 1 mature 8 0.30 0.056 5.38 5.27
10 South 1 old 8 0.20 0.049 4.12 3.57
10 South 2 young 10 1.06 0.072 14.88 8.08
10 South 2 mature 10 0.48 0.069 7.02 8.52
10 South 2 old 10 0.38 0.059 6.51 3.94
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Tree Aspect No Age Height LMA Chljass Chlyren Ninass Narea
m g m” mg g'1 mg m? mg g'1 mg m’

1 West 1 young 9.8 248.8 1.49 371.61 9.02 2.24
1 West 1 mature 9.8 239.5 2.73 654.80 9.58 2.29
1 West 1 old 9.8 298.2 0.91 269.93 6.45 1.92
1 West 2 young 10 2133 1.88 400.27 9.65 2.06
1 West 2 mature 10 278.7 2.85 794.01 8.85 2.47
1 West 2 old 10 275.6 1.85 509.30 7.72 2.13
1 West 3 young 12 241.6 1.03 248.34 10.42 2.52
1 West 3 mature 12 282.7 2.42 684.25 9.46 2.67
1 West 3 old 12 330.2 1.61 531.52 7.56 2.50
1 West 4 young 11.5 281.5 1.32 372.71 8.16 2.30
1 West 4 mature 11.5 298.9 2.86 855.87 9.25 2.76
1 West 4 old 11.5 332.1 1.59 529.29 7.29 2.42
1 West 6 mature 6.7 181.3 3.23 584.83 8.74 1.58
1 West 6 old 6.7 221.6 0.95 210.05 8.04 1.78
1 West 7 young 8.5 167.5 2.92 488.82 8.92 1.49
1 West 7 mature 8.5 297.9 2.61 776.56 7.94 2.37
1 West 7 old 8.5 209.1 0.74 154.81 6.19 1.29
3 East 1 young 6 144.0 2.90 417.59 9.33 1.34
3 East 1 mature 6 184.2 3.25 599.49 8.89 1.64
3 East 1 old 6 224.4 2.01 451.57 7.54 1.69
3 East 2 young 10 210.1 1.91 401.97 10.45 2.20
3 East 2 mature 10 198.8 2.66 528.04 8.84 1.76
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Tree Aspect No Age Height LMA Chlnass Chlgrea Ninass Narea
m g m” mg g'1 mg m? mg g'1 mg m’

3 East 2 old 10 281.9 2.03 572.47 6.35 1.79
3 East 3 young 10.3 192.6 1.86 358.22 12.23 2.35
3 East 3 mature 10.3 275.0 2.64 725.57 8.66 2.38
3 East 3 old 10.3 278.3 2.36 658.07 7.25 2.02
3 East 4 young 8.5 137.1 2.36 323.67 10.25 1.40
3 East 4 mature 8.5 197.6 2.88 568.59 8.30 1.64
3 East 4 old 8.5 249.8 1.92 480.45 6.16 1.54
3 North 1 young 10.5 206.2 1.79 368.33 12.52 2.58
3 North 1 mature 10.5 201.4 3.24 653.21 9.83 1.98
3 North 1 old 10.5 263.3 2.30 604.60 7.40 1.95
4 North 1 old 7.5 181.3 0.87 158.42 6.46 1.17
4 West 1 young 6.8 160.0 2.54 406.27 9.95 1.59
4 West 1 mature 6.8 239.2 3.19 764.25 8.33 1.99
4 West 1 old 6.8 2135 2.56 546.60 8.06 1.72
5 South 1 young 6.4 167.7 2.70 451.97 8.11 1.36
5 South 1 mature 6.4 257.1 3.17 814.18 8.32 2.14
5 South 1 mature 6.4 186.7 2.02 376.63 7.58 1.42
5 South 1 old 6.4 169.2 1.31 221.49 7.54 1.28
5 South 2 young 9.5 222.0 1.51 334.92 9.35 2.07
5 South 2 mature 9.5 205.9 3.03 623.89 8.25 1.70
5 South 2 old 9.5 228.4 1.65 448.57 10.65 2.33
5 South 3 young 10 218.4 360.02 6.35 1.79
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Tree Aspect No Age Height LMA Chlnass Chlgrea Ninass Narea
m g m” mg g'1 mg m? mg g'1 mg m’

5 South 3 mature 10 246.2 2.68 660.97 8.97 2.21
5 South 3 old 10 303.9 1.89 575.79 6.93 2.11
5 South 4 young 11.5 209.7 231 483.33 11.46 2.40
5 South 4 mature 11.5 276.5 2.82 779.18 8.15 2.25
5 South 5 young 8.5 150.0 2.72 408.55 7.80 1.17
5 South 5 mature 8.5 222.1 2.41 536.09 7.77 1.73
5 South 5 old 8.5 255.1 1.62 414.33 6.40 1.63
6 East 1 young 11.3 270.2 1.25 337.07 8.65 2.34
6 East 1 mature 11.3 231.5 2.14 494.93 8.90 2.06
6 North 1 young 11 279.2 1.34 374.99 8.62 2.41
6 North 1 mature 11 246.0 2.55 628.46 7.85 1.93
6 North 1 young 11 260.5 1.27 331.61 8.50 2.21
6 North 1 mature 11 239.0 2.56 612.76 8.83 2.11
6 North 1 old 11 300.0 0.47 142.42 5.48 1.64
6 North 2 young 11 269.0 1.91 514.78 10.00 2.69
6 North 2 mature 11 234.7 1.73 405.88 8.48 1.99
6 North 3 young 10.3 260.4 1.50 389.77 9.20 2.40
6 North 3 mature 10.3 236.5 2.76 652.92 7.66 1.81
6 North 3 old 10.3 252.5 0.10 24.32 4.48 1.13
6 North 4 young 10 266.4 1.28 342.20 9.60 2.56
6 North 4 mature 10 211.7 2.07 437.94 9.90 2.10
6 North 4 old 10 271.9 1.88 509.90 7.04 1.91
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Tree Aspect No Age Height LMA Chlnass Chlgrea Ninass Narea
m g m” mg g'1 mg m? mg g'1 mg m’

6 North 6 young 8.5 178.9 2.90 519.55 7.89 1.41
6 North 6 mature 8.5 214.2 2.28 489.50 6.89 1.48
6 North 6 old 8.5 220.8 0.33 72.56 6.11 1.35
6 North 7 young 8.7 162.4 2.77 449.10 10.02 1.63
6 North 7 mature 8.7 207.8 2.81 583.34 7.72 1.60
6 North 7 old 8.7 271.3 2.26 612.88 7.21 1.96
6 West 1 young 6 153.2 2.37 363.24 9.47 1.45
6 West 1 mature 6 189.8 2.94 557.89 9.37 1.78
6 West 1 old 6 188.6 0.27 51.08 5.99 1.13
7 West 1 young 10 220.6 2.64 582.67 9.49 2.09
7 West 1 mature 10 238.8 2.64 629.38 8.12 1.94
7 West 1 old 10 310.1 0.09 29.09 4.11 1.27
7 West 2 young 8 185.7 2.90 538.89 5.96 1.11
7 West 2 mature 8 236.1 2.73 643.85 7.86 1.86
9 East 1 young 11.3 264.2 1.54 407.87 9.66 2.55
9 East 1 mature 11.3 270.0 1.95 525.82 8.41 2.27
9 East 1 old 11.3 2433 1.51 366.82 6.12 1.49
9 East 2 young 11.5 241.4 2.01 485.52 9.99 2.41
9 East 2 mature 11.5 283.8 2.66 754.57 8.15 231
9 East 2 old 11.5 342.7 1.55 532.64 6.58 2.25
9 South 1 young 11.5 229.5 1.29 297.14 10.35 2.37
9 South 1 mature 11.5 207.4 2.70 560.80 10.55 2.19
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Tree Aspect No Age Height LMA Chlpass Chlyea Ninass Narea
m g m” mg g'1 mg m? mg g'1 mg m’

9 South 1 old 11.5 253.6 0.16 41.37 4.58 1.16
9 South 2 young 11.7 245.9 1.37 336.56 9.83 2.42
9 South 2 mature 11.7 279.3 2.12 592.61 8.05 2.25
9 South 2 old 11.7 3124 0.60 186.30 5.00 1.56
9 South 3 young 8.5 139.7 3.34 465.88 9.30 1.30
9 South 3 mature 8.5 196.1 2.26 444.08 8.01 1.57
9 South 3 old 8.5 265.7 0.53 140.36 6.28 1.67
9 West 1 young 11.5 265.2 1.18 312.26 8.32 2.21
9 West 1 mature 11.5 281.0 2.40 673.95 8.05 2.26
9 West 1 old 11.5 300.4 1.80 541.44 7.23 2.17
9 West 2 young 8.5 176.6 2.39 422.47 8.35 1.47
9 West 2 mature 8.5 217.4 2.50 543.76 7.93 1.73
9 West 2 old 8.5 264.8 1.99 527.70 6.70 1.77
10 East 1 young 8.5 221.0 1.90 420.55 8.86 1.96
10 East 1 mature 8.5 260.5 1.99 518.02 7.37 1.92
10 East 1 old 8.5 216.4 0.11 23.01 5.11 1.11
10 East 2 young 8 148.2 3.18 471.95 9.50 1.41
10 East 2 mature 8 182.4 3.38 616.18 8.51 1.55
10 East 2 old 8 287.1 1.77 507.28 7.16 2.06
10 East 3 young 10 209.7 2.46 516.97 10.69 2.24
10 East 3 mature 10 284.0 2.20 625.11 7.56 2.15
10 East 3 old 10 322.6 1.72 554.11 6.71 2.17
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Tree Aspect No Age Height LMA Chlnass Chlgrea Ninass Narea
m g m” mg g'1 mg m? mg g'1 mg m’

10 South 1 young 8 144.1 3.32 478.18 9.27 1.34
10 South 1 old 8 238.6 2.14 510.87 8.22 1.94
10 South 2 young 10 239.5 1.28 306.55 7.98 1.90
10 South 2 mature 10 292.6 2.50 730.33 10.67 2.55
10 South 2 old 10 295.5 0.17 50.92 7.42 2.17
11 East 2 young 8.5 201.9 2.06 415.51 4.71 1.39
11 East 2 mature 8.5 222.0 291 645.55 8.47 1.71
11 East 2 old 8.5 245.5 2.11 517.34 9.28 2.06
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Tree Aspect No Age Height PPFD P%
m mol m™ d! %

1 West 1 young 9.8 8.01 38.94
1 West 1 mature 9.8 8.01 38.94
1 West 1 old 9.8 3.83 18.6
1 West 2 young 10 6.79 33.03
1 West 2 mature 10 6.42 31.2
1 West 2 old 10 2.99 14.55
1 West 3 young 12 13.71 66.66
1 West 3 mature 12 11.97 58.18
1 West 3 old 12 4.42 21.48
1 West 4 young 11.5 12.74 61.91
1 West 4 mature 11.5 8.20 39.85
1 West 4 old 11.5 2.65 12.87
1 West 7 young 8.5 1.51 7.33
1 West 7 mature 8.5 3.49 16.95
1 West 7 old 8.5 1.67 8.14
3 East 1 young 6 1.81 8.79
3 East 1 mature 6 1.58 7.67
3 East 1 old 6 0.96 4.67
3 East 2 young 10 11.64 56.57
3 East 2 mature 10 2.27 11.05
3 East 2 old 10 1.11 5.38
3 East 3 young 10.3 10.89 52.96
3 East 3 mature 10.3 3.44 16.75
3 East 3 old 10.3 1.37 6.66
3 East 4 young 8.5 0.66 3.22
3 East 4 mature 8.5 0.59 2.89
3 East 4 old 8.5 1.46 7.11
3 North 1 young 10.5 12.96 63
3 North 1 mature 10.5 9.03 43.92
3 North 1 old 10.5 3.86 18.79
4 North 1 young 7.5 1.66 8.06
4 North 1 mature 7.5 1.49 7.24
4 North 1 old 7.5 0.68 3.28
4 West 1 young 6.8 2.92 14.18
4 West 1 mature 6.8 2.93 14.26
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Tree Aspect No Age Height PPFD P%

m mol m™ d”! %

4 West 1 old 6.8 1.42 6.92
5 South 2 young 9.5 8.78 42.68
5 South 2 mature 9.5 2.10 10.22
5 South 2 old 9.5 2.76 13.44
5 South 3 young 10 8.83 42.93
5 South 3 mature 10 2.86 13.89
5 South 3 old 10 2.58 12.54
5 South 4 young 11.5 14.88 72.36
5 South 4 mature 11.5 13.92 67.66
5 South 5 young 8.5 3.69 17.93
5 South 5 mature 8.5 4.14 20.12
5 South 5 old 8.5 0.98 4.74
6 East 1 young 11.3 15.56 75.67
6 East 1 mature 11.3 13.53 65.8
6 North 1 young 11 17.10 83.13
6 North 1 mature 11 5.94 28.88
6 North 2 young 11 15.69 76.28
6 North 2 mature 11 12.21 59.35
6 North 3 young 10.3 6.14 29.87
6 North 3 mature 10.3 3.95 19.18
6 North 3 old 10.3 1.80 8.77
6 North 4 young 10 9.01 43.78
6 North 4 mature 10 8.25 40.13
6 North 4 old 10 2.53 12.28
6 North 7 young 8.7 6.20 30.15
6 North 7 mature 8.7 3.16 15.36
6 North 7 old 8.7 1.95 9.5
7 West 1 young 10 9.73 47.29
7 West 1 mature 10 5.45 26.47
7 West 1 old 10 1.39 6.75
7 West 2 young 8 1.94 9.43
7 West 2 mature 8 0.93 4.53
7 West 2 old 8 0.57 2.75
9 East 1 young 11.3 16.07 78.13
9 East 1 mature 11.3 13.47 65.49
9 East 1 old 11.3 10.78 52.41
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Tree Aspect No Age Height PPFD P%

m mol m™ d! %

9 East 2 young 11.5 11.77 57.23
9 East 2 mature 11.5 7.51 36.5
9 East 2 old 11.5 3.64 17.71
9 South 1 young 11.5 16.18 78.64
9 South 1 mature 11.5 2.20 10.68
9 South 1 old 11.5 4.34 21.12
9 South 2 young 11.7 16.18 78.65
9 South 2 mature 11.7 12.21 59.37
9 South 3 young 8.5 2.90 14.1
9 South 3 mature 8.5 3.03 14.74
9 South 3 old 8.5 1.89 9.17
9 West 1 young 11.5 7.06 34.34
9 West 1 mature 11.5 11.24 54.66
9 West 1 old 11.5 6.38 31
9 West 2 young 8.5 2.36 11.47
9 West 2 mature 8.5 2.61 12.71
9 West 2 old 8.5 2.60 12.64
10 East 1 young 8.5 2.57 12.52
10 East 1 mature 8.5 2.61 12.7
10 East 1 old 8.5 2.59 12.57
10 East 2 young 8 1.44 7
10 East 2 mature 8 1.14 5.55
10 East 2 old 8 1.49 7.27
10 East 3 young 10 10.20 49.59
10 East 3 mature 10 6.36 30.92
10 East 3 old 10 2.27 11.05
10 South 1 young 8 2.26 11.01
10 South 1 mature 8 1.81 8.8
10 South 1 old 8 0.92 4.47
10 South 2 young 10 10.73 52.16
10 South 2 mature 10 7.33 35.63
10 South 2 old 10 2.46 11.97
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