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Abstract

As a major nutrient sink in a forest, knowing the canopy foliar nutrient components
will enhance our understandings to the nutrient uptakes and utilizations of trees. To
understand the within canopy nutrient allocation patterns and the factors influencing the
patterns of Taiwan yellow false cypress (Chamaecyparis obtusa var. formosana), we
selected three Taiwan yellow false cypress stands in the Chilanshan area, northeastern
Taiwan. The three stands represented an undisturbed old-growth stand, an old-growth
stand subjected to salvaging operations, and a naturally regenerated second-growth
stand. Six trees were selected in eachrof the twe old-growth stands, whereas 12 trees
were selected in the second-growth for analy;is. Six foliar samples were collected per

tree from six positions of a canopy cvery,n}d(_)rzl‘gﬁ‘.sincc Jahuary, 2006 to December, 2007.

| — |
| =g |

The odd month samples were then ahflﬁgd f'pt goncentrations of total carbon (TC),

\¢ |
total nitrogen (TN), potassium (Ko); caldiums(Ca), and-magnesium (Mg). Soil properties

were analyzed from soil samples collécted in November, 2007.

The study showed that the canopy nutrient dynamics of Taiwan yellow false
cypress were influenced by seasons, site fertility, and canopy positions. As a whole,
there were significant differences of foliar N, Ca and Mg concentrations among the
three stands, which were affected by site nutrition conditions. With respect to the
seasonal dynamics, foliar C and N increased with the onset of the growing season, and
were translocated (likely to the reproductive organs) in the late growing season. In late
fall, foliar N was retranslocated from the senescent leaves to the younger ones. There
was a strong dilution effect of foliar K in the growing season and a leaching effect in the
typhoon season. In contrast, no strong seasonal trend was detected for the foliar Mg and

Ca concentrations. In all three stands, optimizing carbon production could be used to



explain the within canopy nutrient allocation patterns. In general, the foliar N
concentration decreased with increasing vertical canopy position in the old-growth
stands, which were relatively sparse. In contrast, due to a high stand density of the
second-growth stand, foliar in the outer-top canopy position had the highest N
concentration. Because K and N were both major nutrients related to photosynthetic
process, their within canopy spatial patterns were almost identical in all three stands.
The foliar Ca and Mg concentrations were higher at the inner than at the outer canopy
positions in all three stands. The foliar Mg concentration decreased with increasing
vertical position, as the top canopy position usually has a large amount of younger

foliage.

Keyword: Chilanshan, nutrient:allocatien patteras, Seasonal nutrient trends, Taiwan

r Ry |
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yellow false cypress [ |
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1. =% Introduction

& & B & (nutrient dynamics) &_P o BoATRE 27 etk 4 B AGRAEC B “4 &k ¢
i TR E ATt 2 R EBEG M o B HiRE AR RORE TV mi
T = Fikeh i & 0% 2 (Chapin, 1980) » & ¥ 3 % #H7# & (succession) & F§ &4+ &2
REARERE DV HHL AL ELEE R FAEE AR OE
AATEAE 2 PRSP R kA R TR AL ARG > 2
AR YT FITEanTR o & SRSy 7 4% { 4v = £ (Turner and Singer, 1976; Wang

and Klinka, 1997; Ma et al., 2007) -

L1 ik A 97k e g =

R T s E RO S8 PR ?-‘r 23 7%] » anut) %] (output) ¥ i 3% (transformation)
e 42 (Perry, 1994; Waring and Rdr}m‘g@: 2b07) ﬂcﬁi AN PUCELINRINC R B BRI
(atmospheric deposition)~ 3 3 %8 Ik 0=z (wﬁea__?herlng) 4 1§ 7% (biological
nitrogen fixation) % #4112 £ (¥ & A\mii;'l r A A,\ ﬁg?] A TR 3 4
4 (soil erosion) % k% (T * (leaching) » % th V3 4 kBl X L S /08 ~ B EF

PP Mg D RA RN o BB £ A f kg & (Perry, 1994) o

& SLp & A 757k (intrasystem nutrient cycle) £ % A d 2 3 T HkE kv 32
3 c1i5 42 (Baton e al., 1973) « 2k F 2045 B 2 A A > L EB I 42
MO FF R b § ¥ IR E e Y P $52 #i%k(internal recycling)
ek o (T 22 g g e fe il cEFFERH o A R MRS
(litterfall) £375 38 & JZ 2 kde > @ 0 T {305 = g2y (detritus)fe # fZ(break down)
SR G 84 i de (exudates) B K G A fRITH B ar R o B AR R R 2
B2 B 5 Y 0 BERTE R ITY 2 BRI (stemflow) £ 2T 0 3 TS d P e

BhA R NE B R a-g 2w AR D 2 3 (Perry, 1994; Waring and Running, 2007)

1



12 R EPFAN2HRA2 4

TR E AR A A L& R adsink) o AATAFR A F R P A A ikt
GlEEc] AP 7 - X w4 R 402 eni & & 4 & % (Turner and Singer, 1976; Prescott,
2002) o fu e kA LATH ERT T R A A FRR(EERE 2 A4 T E)
dno] e iE 2 IR 5 E B e 50-70% 5 48 & e i 2 PG E P e920-30% 5
3 EREIEE T 910-20% (Perry, 1994) e th A T A E 7 A LB T &Y F

T A b teta % E (leaf litter) 2 378 ¥ 2 (fresh leaf) 3 f84535% o
121 #kEE

d g BT 3 Mk A L B K M S 5T 4 A 2 o Prescott (2002) it
L2 = ka2 g ¢ o g "E"’E%wp#”*“ﬂ‘** P ey £ o
ZA0 EfCERE (s 0 H ‘E}’%f& B Jr*uw fs 7»&{ A S b Al A H A 14 (woody debris) ©
AR P SR L PO s k] s b A u’ﬂ"’éﬁ*mp LR peafEm i r 2 3E 2
AR HEPFAAF AR 7\/’5@ uréeJ) I‘L y 4 7547"“73 A FEEE RR
1“@’%*¢ﬁﬁ%*iﬁﬁ§%F“ﬁ#ii%% W R SRS B
¥ (Prescott, 2002; Inagaki et al, 2007) > 7 3 » B feZi 7§ B E 23§ o4

(fertility) & 5 24+ el 4p Bf (Prescott ef al., 2000) o @ 3t 5 & 4 45 4 k3 > H F 3N

b

feZ 2 F EROEEGIFECEF FEVAAZ ENGGE)T L PN A

% 5 (nitrogen-use efficiency) & & 2] T dp H(Inagaki et al., 2007) = FJp* » E 045 7%

PEASANERILES I BRELEEP .
1.2.2 ##E 5

R cnE I8 & 4 (foliar nutrients) 2= & pr it 4 & & G e f|* > &7 % kiE
%4 = kg %k w(Zhang and Allen, 1996) o R A 24 £ 22 3 35w 4 4 A AaRE s 4 %
BRI EEB Y VA E MR AL RS oo ik AP H 4 A E 2§ (Wang

and Klinka, 1997) - £ & ~ 2 7 ¥ S H 2 & f@;“ﬁi TR hEEE o F IR

2



FH RS e I EINA SRR 2 BEITL R FHELS Y % 2 ¥r(Diagnosis and
Recommendation Integrated System, DRIS) (Perry, 1994) > d b ¥ e f IR & 2 & 473
b P E R G LR -

13 e ER? 2R 281

%

EXY
il

Biifd LARM R A RE F R

A % F 8 = % (macroelement) £ jic 8 <

% (microelement) e F & % & ZA - & ~F ~F “ B R4~ ATEHER KT

’

TR RAoRE S & &R 8 42 B E (Perry, 1994) 0 AP FENE

\F‘\ﬂ

FOACF TR AR R AFIRA A F ¢ ho § R(COy
F}@I&\] Cozxﬁ»}f{l:}:f&’m]9\1'&?]7\?\%5’*"44’\4i§% ﬁﬂp’\ﬂ{m % %

P PR £ OF A b 2 e A &

1.3.1 s (Carbon, C) 7 N\

|
?%?vtdﬁﬁii§%g%»QL%&&@E%N%&&%(3%0@%
r
i i

CAHER) e F LR f R SRR B o AR a4

A

B oo & IR L cp it g%{fﬁ;’f%ﬁ_&f‘%‘zﬁﬂ% Frdaz2 AT %) &3 2 #Fhw
* o H Pl Ef %,L BB (AepERE R R ) s D InA fpkaﬁl A LR

FALE BB R b dinize &2 3 (Perry, 1994) ¢

R ES I REEY B EERAZ BRI FH AT A L 1‘%&'@—
B (structural carbon) 2 25 4 #% (non-structural carbon) (Niinemets, 1997) - ‘& # 14
A A e BEenA S 0 g A S PR g e d L ke 2 A 2 (lignin)
510 RRHMRR S 7 LR AT P F 0 B2 K4 (Hoch er al,
2003) > H 4P| Bt 3 B d S chiE - = R SH de ¥ B (tannins) ~ A~ B S FEAT

(terpenes) ~ # % ~ Fa%s ~ 4 F7 4k (alkaloid) % ¥ (wax) % (Horner ef al., 1988) o



1.3.2 § (Nitrogen, N)

A AF A LA LR A > B EIER A (T BP0 T
A & (production) « ¥ % s » F it bf2 AF e RESE(YZ
6%E )-EHE Ry T F BifsaGo 2 = @iﬁvﬂﬁlﬁ (adenosine triphosphate, ATP)
% & 2 p% ¢ (Field and Mooney, 1986) - £2 £ & i£% dphf chj-v F® X7 3 16%:0

¥ o A& % - EEEL T P B (ribulosebisphosphate, RUBP)z. £ 4 it 4 & 2 it £ R

(carboxylation)i& 7 ¢33 & 4~ B (Kull and Niinemets, 1998) -
1.3.3 47 (Potassium, K) ~ 4% (Calcium, Ca)* 4 (Magnesium, Mg)

L TRy SN LI R
I% ) ‘E’ —,—:l %ﬁ,"}7 ;u ) FTJ j]g%,&,\m ;::r’:,-bt’ﬂ}'gn;}'n“‘-rsbv)gﬂ(m% ﬁ-k?#pfﬁy )

CagEt Lich RS e S

X

‘ri’
4o B, émfg,gf,, P\* iﬁf@?% iaf;fl‘:gqﬂ\%wps% k& iEH g+
it ||

@ﬁlﬁﬁmwm%ﬁﬁ%}&&¢ﬁo@ﬂyﬁ%mwmm%§ﬁ»{ﬂ%@

(middle lamella)es & 2 — » 4 b SR it B w £ & 4 ¢ o

FEEFE L PER e Rk £ 16 g i w84 E S
8 (chloroplast) » 7 &t ¥z sk it 2_ F % % (chlorophylls) » * £ ¢ fmre b 15-20%
Gl aEFFALAF LY o L% F A F Ed % F(porphyrin) ¥ 7 — 1B 2 A e
4adn I % fg (phytol) e = » @ % B I £.d £ R+ 5 ¢ w2 % Ik (porphyrin ring) & 2
W s R ERDE P RS o 2 by R TE LR @kt Rtk
it 22 ATP & - Fifik %t 3 (adenosine diphosphate, ADP)4 3 2 ¥} 5 F flg e {7
(Perry, 1994; 47 1 +2002) « 4+ % * £ ¢ F £ ¥ % = 4 chv 4 # if 4
(transportability) )2 47 5 iF ; — m S AT B 4E BN Y s d 2 Ao F o H P

4% 2 5 #5c B >t 4F (Larcher, 1995) -



14 E3m% o nE G L H

3 E2R2 TR EEr e 3 AR FEIHEBTEE R

W+’&&¢%i?%ﬂ*m%“*ﬁ##vm%@i%—ﬁ°ﬁ%£$w
% A kRS F £ & & :c%(van den Driessche, 1974) » £ H 4 £ & 27 (K| Hp 2. F 3
EARRT P RESORY - La 3 AR A KRR Pk 5 48 %(Zhang and
Allen, 1996; Winborne, 2001)  i& * £ pF iV 44 % & cn% Bl @ (7 3| eh & d e i
A LGN RFREFAS L2 BB BHAERIPEE FEER
2o ZESPARFHIARNFTEAL BRI AL G0

FRENY ERET LF EAGE TR va TP LR F BT RA

o T RHE A K Kg A '“57?/?%5&‘“‘I@,«,J%fhizﬁ’*i?%ﬂiff%?ﬁ?
. & b R = 3 <= |
R R ke B4 $ﬁ§var]|'den Drigssche, 1974; Turner et al,

ey
45
A

)<
|
=

|
?

1977) » % f & § = s A btk o 4 ¥ o NI N AN T Y
T TV TR S i TR Iy

(climate microenvironment)¥? 7 ¥ 4> & chff B4 363 i i fg o

G FFHERATEPKNREAL LR B NEARDPTE I IR N

bl

e RBRIAFEFAP RN T AR AR AL T BIFL L 0 QI IR S 1B g8

PN B R R L e i FIABA S REY 2L ERA
(photosynthetic photon flux density, PPFD) -5 & B:8 5 &% > "CF 5k P =2 3 &
A% 14 @ YL (Hirose and Werger, 1987; Hikosaka et al., 1994; Kull and Kruijt, 1999;
Han et al., 2003) > }* f&d-5 > % ) & £ B (gradient variance)&_F B/ e - R &
APl B e A feeniidlx Edefe 900 NP W Sk A A B g

‘%L, o



Aaotm o t X TR BEAREE - 8 F (closed)T A &4 & BT
2k Aot R %A 2 50 B 2+ (Niinemets, 2007) » f£.¢ # B 2 % B > (Pinus
resinosa)ch R & 4 2 BT IR d T KR E IR B 5 2] i oo 0 T e R
B F MR n g ¥ AR 2 LG RF N RARESAIELLE
g&m*ﬂg%ﬁ%%éi&%&ﬁ%ﬁ@@h@@ﬁ@%ﬁ’ﬁﬁmﬂ@%ﬁ%
ELEBREFR R AT - » # B R (open)z 2 Z 4 (Picea mariana)=
O R KRS R AR FIR % kR F 2 TR VR AR R R (van

den Driessche, 1974 )

FhASGLSFTEEL AN EHEI LGRS T M o - a0 S EG 2 HF

Bf- #p g Bv A 52 Ba &gl RPPE 7 A 5 5k 2 & BB (crown growth
phase) > ptfEfie 77 ) & if Phdrt | TeE L | F¢ £~ (stem growth phase) »

A RPAFIF2 A PR [ ,‘% ‘E_??EL a}‘ - £ (recharge phase) » 48 & *t kR %

1
"

E R P R RC e A T B 1%

“’—
naﬁ¢mma1%m I Er YIS Ty

- T

AE Al e AH ’1/} L. ﬂl(.ylan.den Driessche, 1974) o
151 A RAF 2 fAMAE T

EIREL L B X ki 18 4 (light-acclimation mechanism)# 78258 m & 57 FF - & 2
% 2 (Leal and Thomas, 2003) ° ,T*u‘—;— *}#lk}_ﬁé{ Z 2R 2 M %A =% > Vance and Zaerr
(1991)=7%= 7 % 3 > jF L § > (Pinus ponderosa var. scopulorum.)? % F§ 2.
AFEY BRI T EP KRN P RAR g B F MO AER
22w - #8 ¢ & Salix aquatica 0¥ e 37 &2 g L = YE(Fagus sylvatica)2-
EFEFRNG LB A2 AT AR P AT R RABR KT £S5
{ * 2 awk % % i £ (Waring et al., 1985; Niinemets, 1997) = g- b » 7= 5 7 3 45 IF
FhED CE R RARF AR ERARG AR LR § R G LR AR

(Fjeld, 1992; Wullschleger et al., 1992; Niinemets, 1997) o



152 =k AT 2 pMEHZ BER

HRAFREE* Bip A EY 2 LB BRp ZAREE Y P22 54 2
fadF > £ sk & Fov B (photosythetic protein) = 4 ¥ 7§ % F & (Franklin and Agren,
2002) « FI 3 Y FENF AR LFK AL AL BRRA LG 0 P L b

B R0 47 R4 A eherofr i ) % 54
(1) £+ #&## (leaf turnover model)

Hikosaka (2005)% £ 178 &# k2 B F A EF F 2277 Mifpr 2 24 L &
ey 2 G RuABERY »F R ad L84 T2 2FRF 2 EESBES -
Bk- BT ARPTRE > 5 1 HER 2§ REEE YA S E Y RE
ﬂii%éwﬁ’f%%WXﬂﬂJﬁiJ?a%?féﬁH%ig@ﬁ’gﬂ

ﬁ’»"}s »eehiB v 2 B i ]‘ﬁo R ’L*}é] ‘L’f#r‘*lﬁ E*’”’Eﬁﬁji{ﬁﬁ? s %'%‘E; % A h
#

g E o g g ER B I A E Y e REE Y o

P ERME Eg fFERS o §EFEERBAM VA FILERE D £F G LR
}f%élc’ EiT* ju 4 2. X E 2 £ ¥ (shade foliage) Flot 7% » R m i d #r&F fend 5 K
\l% » X glléfljﬁxiig‘\- ,‘v El%ﬂ ’ ‘?]lbjﬁ%‘ _E— ,%’—/)'z Tl 17}@;}%'}@7%;@-

WA § 1 (retranslocate) T & N (v FenE B P S AR o ek 2

T* 225> Rk F 72 ENNETRE cRaEFHLDE

(2) ¥ ~ =32 (nitrogen allocation theory)

I

AAfEP? > FEFEEAGSIBEMIEN LG ARG 0 R
ER e it f Rk R ens k8 0 Fla Sd 1 A WEE TR

fie e1-% 5 (trade-off) 34 #57(Mooney and Gulmon, 1982; Hollinger, 1996) - — #4335 » 7



Bk 2§ ~% A k95 p k3 i £ % A& (daily photosynthetic photon flux density,
daily PPFD)# & {7 4 fie » * & '*Ff B2 3 - @e4p B i (Lavender and Carmichael,
1966; Morrison, 1972; Comerford, 1981; Schoettle and Smith, 1998; Winborne, 2001;
Han et al., 2003; Nippert and Marshall, 2003; Finzi et al., 2004; Will et al., 2004) o &]4r
Schoettle and Smith (1998){ 45 1 » % B4z +>(Pinus contorta ssp. latifolia) 2. daily

PPFD %% & &8 =% chf RAxB @ vh3 > 2 5 & § A & daily PPED = 1 4n B -

Field (1983) { :&- # &iﬁf*ﬂ& A}ﬁo o dg At F /%1 pEHTE 2 kST
&7 J<#&(marginal photosynthetic gain)jz %_»> & &€ k& £ & 1T % :E & B »cF - &k
PR P 7 R 2k &5 4 S (photosynthetically active radiation, PAR) & 2 %
Moo B R AR 0 A 2§ RAS E3RA 3 (Richardson, 2004) -
B)%Q%Tii¥fﬁﬁmmm%mW)

Bt Ly
=

KA R RRIRT 0§ e #ﬁ%'ﬁ?ﬁ%%sb4ﬂﬂ4é“ﬂ&%

*?

|

ﬁﬂéoﬁi%iﬂ%m‘aﬁﬁh%ﬁmmmmyﬁﬁﬁ{ﬁw&i%bw?
s & enFl it 2 & (van den Driesschev,' 1974; Brooks et al., 1994; Brooks et al., 1996)- i
Ao BELBATHRAE S LERNL ML T AL > 2 A SRSk )
FREIME CBEI AT AMTTERE M AEE S BT ARKE N R -

A4 IR E 2 A 0 B E 2§ A (needle width) ~ & & (needle thickness) ~ #
*7 % ## (cross-sectional area) ~ B & (needle mass) ~ # 3“ % /& (stomatal density)# ‘& ¢
% ¥ *» % ## (vascular bundle cross-sectional area) & & 38 M Mo F L E
(Richardson et al., 2001) » ¥ d Richardson (2004)F= 3 » 77T & 35§ ~ Bk ~ 49 ~ 4T
A E RS RRBULEERFFHRE HEINFERM T C ERFRT2TFEF

AT RN EREF AR R 2R o



153 T hér ~4E2 £~ A F 2 50

4—’\

Aoz P RN VHERBIFIATEUEET AL TRL LA

@
IR

7 b

i
4=

i

T
l=

AR BRE AT R AR AT R 4T

A

S\? &

%

EHRB2Z P =w° ﬁ?ﬂméﬁﬁﬁ il e SFA A 1 2 LAY 0 AP

2 F R etk VR G AR FE 0 3F S AE N2 4 fedk xmbﬁ% WA TR EES LR
By LAFT2H 0 2R A AR 2 HDD o FillA T 0 FEE
TRELF AR AT Y (£ 1) SEFAEE R RARE A A 4R R EH SR
ZARFE G D R ENERES A LE Y B RAXF A LR g

;Efé»%ﬁ'{,%"é]&’ﬁi;;“% Jﬁ'&%\rﬁ” L‘7ﬁ"' LA ﬁ'&rﬁ —»%\I&"
6 % T RHASTLFREEALBM

F - &ﬁﬂﬁ@ﬁémﬁ%@9~pﬁ,¢4mpi 2 %

B AR g o Bivha %?%%ﬂ*ﬁﬁ%’%kf@i*gﬁi

o 35;4
o
/41:!.\
=
[y
g
&~
I

R LR S E ﬁ%*t%?éﬁﬁﬂ Rern k221 24 TH R
s #5-(Wang and Klinka, 1997). >

HAZERR G > A TR AIEZLF BT RERATEZ L AT o 4L
i£ ¥>(Pseudotsuga menziesii var. menziesii)¥? 1§ $++>(Pinus radiata) teix 2 4902 5
ook s trEs A LE R OB RARE A LW s ook it T e

s TR 4 F RIS R LB % 0F R AXF A YRR (van den Driessche, 1974) -

PrRY © B A G 0 3F 5 4 4 e(biotic)¥? 4 I eh(physical) F]F S EFRE R L B @ 5
o DHDEHOESALG G ORI ORF o 2P DFS f R R BT RES
TR P IEFS R 35 R R A G angf B (disturbance) 5 2 BOE H S B gk R
45 F) G BB AP R T S B AR $4 IL F) 5 chE i) (Parrish
and Bazzaz, 1982) « & Ip Pt 7 Ie i PR 2tk S5k & 0 B G T

PR B84 5 o B AR R R 0 4 R R R 2 —

9



1.7 ﬁ%i/}#;ggg@_

+§ # iZ.3p 1p # (Cupressaceae) ~ & 1 5 (Chamaecyparis)te # (Huang, 1994) - >+
Foenlghsd Adho ¢ 5 RM(EAE 1995 A B 54 THRE SR
ERH L AR RFABFOPFRLSF T GES THARHE 0 4
Pic¥Fa 20 A00 AL = TR E - F 2B 2 HF HH R IR RAR A
¥ (Zobel, 1998) o - & & § ¥&5 o~ & w9 (C. obtusa var. formosana)? = %ﬁ (C.
formosensis) & ﬁ_%ﬁﬂ\ﬁifﬁ' AR AP L Rt CEEOYRE 2K BT Foe
_%ﬁﬁir/? g AR R AR TS ‘“*%ﬁ#é’\#*“ﬂi BB L @ R
RIF DR AZR AL LF LA 2 X RAF L g adrg 22
35" m A gL - A i 24749 AR USSR, R Rl B AT A 5237 28" AT
Boli— A s A ig 247 46" § HEal T m]f&liv% ié_éfﬂﬁ‘i,?‘ VP 2L g 20 LR
w7 L} 95?’6%%;&1A>#(:§‘K%sr 1995_)_ d "1‘)@3** FRRECHE - 3R
AT R LA RS o HEL AN ﬁ%f‘i m];/*'fﬂ% ESEF o atp ”t’i:%ﬁ (1

oot A EF o T ERRITD G Lm rm ELAL(E RAF 2000 ; i H

£ 5 2000) -

AT S F a5 iiskafae 2o 44309 534 1300-2800 m 2 L F o

TS S dir iR g w SR ERA L BEAE(E 19750 3 & 251995

TR 2000)c ~HRPABTREAOmM WET HE3Im AT E 0 A
MEEFFEM AT AE R ERE > S I ApE S I B2 Wi 0 AR

HFE Sk 229 10- 1l mmo B 8-10 P4 Rk EHE AT LR B /29 4 mm

-

(Huang, 1994) > s atp2 2 £ 7 L 1500 & > B&#2 G cr?b g 35 4 A 22
EAZ U WAL ANTRFLFAL P EEFERE G PR B2 - 0 L
TP S B o E R s BEAEZ AP R AR 0 ¢ 45 40-50 E 2 X R AT A
oy FRARIUE G500 F A 2 ERIREGRA 0 1999) 0 d R E SR 2 LB

atptks o IV RS AT PR R o
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1.8 %ﬁ%%éﬁ o2 Py

4G S MRS £ A A M e e S k(R 1) R B A LA
if'v'f—h ¥ d‘&*ﬁ*‘fﬁfﬁ?;/’a‘f\ﬁ’i&f,ﬁ—* ’dé;gr},ng,;&:g, 5 A

HPBEES e fE o FP o HES R RS TR F RN R FHLCE -
P F

Zobel and Liu (1979)% &= 7 S &= 85 17 B & 1*% Aol BILH IR
WAL DT ERP R A IRAT RS FRAR BT AR ER B

g {'K " HE KRR E B RS o

Hatcher (1990)+ #-3f 22-31 & 2 % %45 (C. lawsoniana)i& {7 3 o E & ~ F &
Beng ATl B M- B2 nEFERRY £ F(ASHE)F > 2 REDE

WHFOERSE %R el i oAt . o

Kmeﬂﬂ@%@”@%ﬁﬂﬂ%4&mf mﬁAp,¢¢agac@ﬁﬁ

||
TR F 0 B(07C) E *%EL' rrwg %.L L EE S e L
1 61°C v '5(5 Cleaf) ‘L%&’ﬁ—r ’Ek/)‘&/%] —%’-IJ ﬁirﬁ e COy kR 2 i en sBC;

SRR R R e g A0 C A R B A e 1

Kaoetal Q00)F#* FH PP REFTHEP HoFniprRE2 F i EEE
=% Faﬁrrm%&;u-%g,\ﬁ —3‘4@_\:‘ g \@q\,—'fr@gi &E%"ﬁ q‘vgi—"@fa%ﬁ,‘.

FUARTEYEAZT A AABE LRG> Y s LR ER S o

AEFEI M ATE AL DY o A HFHEF AR LA TR ZR

BehatiF 0 EAETHRE- HIFAZHE -
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19 =3 B ih
Wk PTG 2P AT

(1) 7L a0 2 A R o A TR EE AL FE PR -

@ AR IR R SRS L SRR RETR - F R BERR T
el ] R

(B) WREFLER G RS R RA B BT A PSSk e s A

2 £ IF F)F o

R T o AR RPRED XU EE A A2 PIE RS TR T RRE

EET PR R B o B B gk oA T o AT A T

%%ﬁﬁ’ﬁ*%@ﬁﬁ%’ifM*%%ﬁﬁv@%ﬁxﬂﬁméaﬁm,j
BOHp Y R R S etk A F AR B %ﬁ%ﬁﬁﬂw%ﬁ AL bR

!"'-“-—5-\

A EHIBR . P S E RS 5&*ﬁ+*#‘%1“‘*¥%%¢k*

|
E WI«IE—’Q BEZ - AR 2

77}9?&??’“’15%{ if‘—iﬁxfﬁ
& A TR N4

AFF 280 P PIEARAR LT 28 ARBE2 2 RS o
LR AREMR D AR 2B BH A ARE R LT A0
By bdp- TRE R > T A RERY B F A RAARZES A~ 0 T
BEAROEREIR - B8 W B R Reap miE R s BN g A 2 TRA

Fed B4 FARMenfE N 2 % L AR hdl A B2 fo
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E N Rl L RO ) R R S
Tree age Foliage age Trends of nutrients within tree canopies
Species (yr) (yr) Site characters
N K Ca Mg
Pinus resinosa & Pinus strobus (White, 1954) 12 1 plantation nr. Bot > Top nr. nr.
Pinus radiata (Will, 1957) 26 C, 1,2,3,4,5 plantation no trend Bot>Top Bot>Top no trend
Pinus resinosa (Madgwick, 1963) 32 1,2,3 plantation Bot>Top Bot>Top Bot >Top Bot>""P"Mid =
(well site) Top>""""Mid
Pseudotsuga menziesii (Lavender and Carmichael, 1966) n.r. nir. — NI~ Top>Bot Top>Bot Bot >Top Top>Bot
. e
Pinus banksiana (Morrison, 1972) 30-33 1,2:3 l " -if_mmrql' stand no trend Top>Bot Bot >Top no trend
I |

Abies balsamea (Morrison, 1974) 24-31 1-3 l } plantation leader is higher ~ leader is higher ~ Bot>Top (2, 3) leader is higher

| L

T 2 B
Pinus resinosa (Comerford, 1981) 49 G 1 : plant_atioﬁ Top>Bot Bot >Top n.r. nr.
Pinus rubens (MacLean and Robertson, 1981) 15,30,90 new, old natural stand Top>Bot Top>Bot Bot>Top Top>Bot

Bot>Top(90 yrs) (15, 30 yrs) (30, 90 yrs)

Abies fraseri (Hockman ef al., 1989) 5 C 1,2 plantation no trend Top>Bot (C) min. in Mid. min. in Mid
Larix decidua (Myre and Camiré, 1996) 22 C 1,2 plantation Bot>Top Top>Bot Top>Bot Top>Bot
Pinus taeda (Zhang and Allen, 1996) 11 C 1 plantation Top>Bot Top>Bot Bot >Top Bot >Top
Pinus contorta ssp. latifolia (Schoettle and Smith, 1998) 90 1-4 natural stand Top>Bot (n.s.))  nr nr nr

13



% 1.8

Pinus taeda (Winborne, 2001) 8 n.r. plantation Top>Bot Top>Bot Bot>Top no trend
Abies grandis & Pseudotsuga menziesii var. glauca nr. 1 plantation Sun>Sh n.r. nr. n.r.
(Nippert and Marshall, 2003)
Pinus densiflora (Han et al., 2003) 80 2,4,6,7-9 natural stand Top>Bot n.r n.r n.r
Out>In

Picea rubens & Abies balsamea (Richardson, 2004) n.r. 1 natural stand Sh>Sun Sh>Sun Sun>Sh Sun>Sh (n.s.)
Pinus taeda (Finzi et al., 2004) 3 C, 1 plantafion Top>Bot (C) nr nr nr

| ' Bot>Top (1)
Pinus taeda & Pinus Elliottii (Will et al., 2004) 4 € 1 “! ? ﬁkmtation Bot>Top n.r. nr. n.r.

(older foliage)

Definition of abbreviations:

C: foliage of current year; 1: foliage of 1-year old; 2: foliage of 2-years old; 3+: foliage of 3-year old or older than 3 years

Mid: foliage of middle layer of a canopy; Bot: foliage of bottom layer of a canopy; Out: foliage of outer layer of a canopy; In: foliage of inner layer of a canopy

Sh: shade foliage; Sun: sun foliage

n.s.: not significant (at @ =0.05); n.r.: not reported

14



2. 3 %# P Site Description

21 #@i-%

AR R Rz B AR R A IR 1217 21 4 5247 30 T2
B b B (B D)3 Al Dol B 2 R AR S R R o B R R R (I
B0 2000) o LB BT TR A BRETE R PYEIREE ATORE C RE D

BEATLEEFEAETER RS AARRESFRTEHELR £

EHETEEFRASTE > 3 T ELE Y HAG 2 88168 ha (F i&fr > 1995)

\\
1000 \\
\
\\
\\
LZ £
~ °Z QZ
o [Q &7
Sl (5 |
Yuanyang Lake Taipingshan
d y
3 .
0 05 1 2 3km| [ TAIX}{EAN

. = | |

Bl Z7H%B e (GIS TR KR LFTRFE? v GIS | &)
‘@75 FH%kE Y MY R4-E IR MI30—-G T2 4k YIAK— X AR {374 4k o

22 § BiEm

B LR BEESY Ak 2 0L i EY 2 484K (Quercus zone) 0 F
"L F 17 2 75 (prevalent cloud) 3¢ 2 (Su, 1984) » 7 H % L= 2§ & +r(montane cloud
forest) o F F HIFX AL FR DL L3 PHEDESHE > 2 EEGCE 7T MR
A o FETOfFpETBEIEP KL UM% P 2HEEETE A ER

Bl 8 T3 Arc T R B4 4G bl F L (I ¥ 44 2006) c #h L&
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FAALET IR0 > F CEFES %A £ o 1945 Lai ef al. (2006)5£_1994 &
7] 2005 & i f FOREF 0 g B 2 B 127°C2 0 A T HE 5 5.9°CT7 ¢

Houg ! 3R 5 18.1°C ~ & & & 3396 mm o

2.3 FEy AP AR

AFEELSE R SRR B B L RO E AR R
AiptAR c ERA? Z BHA TR AELLRRE @D HRAFSLE §F

$H A B 1A KB PR 0 REATT KRG PHE
a. HH BT REERE (MY)

SR BT RS R RRE O A R 1700 mi MY $E R 2 AL R T o
PRI E A AR LR 1— B mw%‘ +p o&“r# Fipl-E 3B 2 AR

93 500 £ 04 L od R R (0] %%ﬂﬁ%*’%ﬂ¥ 5 R P 2

e

W ko Fla Ak h )i:#ﬁéa”* % ;%*_4; #Mﬂn (EReds eh gz - 1 g % 1

Befp BR) o S ARA Y - %ﬁfﬁ”w"%‘ %ﬂﬁx?-%’%‘““w HAa80emi Ilmz

o HARRERFE I S B4 (Tuga chmeszs)’« 25 % 2 KA e = & (licium
philippinense) & i B » B s € & 2 BH w3 5 FH §§ (Rhododendron

Sformosanum)~ 5 % q tp ~ 5 B B (Ternstroemia gymnanthera) > ¥ 1§ #(Trochodendron
aralioides) ~ % .11 % $+ 2 (Barthea barthei)~ % 11 #7+~ § + (Neolitsea acuminatissima) ~
o 448 E & (Schefflera taiwaniana) ~ £ % = %+ (Cleyera japonica) ~ & % 8%
(Dendropanax pelicidopunctata)% I# 2 L = (Skimmia arisanensis)% ; ¥ e Q)
r 5 AR X (Plagiogyria formosana)® ¥ L 75 B bR R FRREF > w G
FRFCB20@Ey BRFAVE S0% ) FAEpFgd i nef
#2 e (Mecodium polyanthos) ~ % & jiz(Arthromeris lehmanni) ~ &~ % i (Microsorium
buergerianum) ~ % f ff (Lysionotus pauciflorus) ~ & %~ ¥ § (Pleione formosana)%

¥ L(2 A4 2000) -
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b. ks 22 5] FA 2 £ Bk (M130)

PR AL E 130 MARE 0 A 44 5 5 1500-1650 m 0 B A 5 20-40° > H
woa k3 — A 2 1996-1997 & B 0 AR iR Al ¥R A F TR ny]ﬂ&ﬁ%% 13
¥ n 4B 30ha; 1998 & 2-3 2 F L AT T IFE i“f%m 2 /& 10 cm 1o
T2 ek o SRR TR EA 2R AT RREREY F3L S
B RFTAREEXRTHELATTEGRER 22007 2 % 5 cFatpHik I

TR 2 BERF 0 2 ALY B E R Y 30% (Chang et al., 2001) -
C. X ARL X2+ (Y14K)

PR A 100 ARARE G 14 km um A d R X ARTATTAFR BRI RY
1mammm,iéaaﬂuf,ﬂa%i$%ewm&ﬁ’wﬁ“@ﬁﬁ%%%
Tﬁi%éﬁﬁi’iaﬁﬁ"NHHMw%ﬁ&Mw40w& (%4 % 1988) -
1395 U AE (2003) 35 4P 1T % 82 40 wt[ ’%— ﬁ‘-‘%-% PRSH: o B SN IS URIN L A
i£ 1820 trees /ha > @ B 4 EFL*KP i krg mﬁ I M /\ & (Illicium anisatum) ~ & % Ht

% ~ ‘=X (Adinandra formosana)* —"+ AN F,.(Ilex hayatazana)

24 & 3REk 21 EiER

AR ez BEkE 2 - R PHTERARMY) (B 1) HAgEkp 4
4 (podzolized soils)% 7 & 7 # F 15 # 2 (Chiuetal,1999) 7 & 2 E & 5 10
cm ?fﬁtﬂ’ﬁ WA TS @ F(granite)®* £ P TG 60cme st T IEE G wERM
7 1A (organic layers)z. pH & # [l & 3.3 3| 3.6 2. " » B jL &¢ {r & (base saturation)
Moo F A T 2 P B & (mineral layers) 2 3 B 5 B AR (clay) 2 2 B AR 2

(silt-clay) » 2 3E ¢ ¥ 3 120 F 2% T # & Fm % [£(Chen and Chiu, 2000) -

TR AT A RY14K)2. 23 | Fald o plifsh b 2 431’&,%«;554 %‘r 7
Lithic Leptosol > #.d ¥ FH Efrt Z E#F T A X - FPFTIHEER Y 10cm> HF
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2HEZFF(>2mm)F iE 80-90%2 M F A o HEFEKER S E FFFPIR

ZiEe A E kA2 E A PR d £ 2 2 % i (seepage) B AT

N

(run-of)) I % PP & > #3F S A A F VBT L F ¥ & (Chang et al,

2007) -

-—

EHT EE ERPFMIZ0) B 2 AP ¢ L H et EF R TR
AEE S R A AL IR R E AT AR R T et
ZFWFIEARTRNE 2 MY 2 YI4K - R o d 30 2 234§

e

JES RAT O PEFP B HATEFENEY -
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3. #Legr 3 2 Materials and Methods

3.1 B 2
311 #AZ EME A

AEFTEFZBHEF AU S MY SMI30~ 2 YI4K(F 1) # ¢ MY 2 MI130
BE AP OBEA YUK ERRB 2B A o E0 BB sz (k- #

T EPEBLR G A F SRR (2)F BARMY, MI30)d 2t 2 ok Tiogy v

30m (%2 T RET A RE BT LR E MY 2 MI30Y 27 i E R

[l

£ a\,{;ﬂk (@R A TR R S i

Top ("% %)

Bottom (% & )

Inner (R ) % Outer (} 1§)

B2 5k H e A RE -
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12 BB EALARTHR

Site Stand state n Mean DBH Mean height Mean canopy depth
(per site) (cm) (m) (m)
MY natural old-growth forest 6 88.1+15.1 30.7+2.8 16.1+5.2
Mi3o  Old-growth forest with 6 12064499  31.6+47 17.643.9
snags salvaging
Y14K Regenerated forest 12 288+ 3.5 133+£1.6 7.8+2.5

These values are means + SE.

EifEh  AF LR L FERREE S 9 A 4 (Top) ~ ¢ & (Middle)
% & % (Bottom) 5 -k T % w4 2 p fpl(Inner) % *F tg(Outer) (B 2.) » #& = thit € 3
6 B2 ZEE 2 Adc % H 2 ¥R (single climbing technology) ™ & 3
FRIFPLZRCEZ C B el c BRI LS EERE- R HAE
iﬁ@’iﬁiéiﬁ‘ﬂi%%:@iﬁ’;”??ﬁiﬁé*ﬁWwwgu

mBF A AL BRI K Eu S 43 L SRR LN

n
1!

ok S e 2 R B RIS j'% ﬁﬂ@ﬁ%mﬂéi’vé*éﬁr

fie & ¥R » 245 2 P %%iﬁﬁ%“wmh#ﬁu) i3 B ERE

T 24 tRtRA > OV FR B etk Al 1440
312 F3EH A

AR P A B RARMY, MIZO)R > d 30 5% ndpthh B IR RE > &30
FHRE AT ¥ QAPFE2-3m A EREHE 3 B TG ‘)%‘",fi*l o befi B EA
£ EZ 8em Pl Aj 5k 2 BHERER 2 10em 2 £ 4 > I RE iR 3 Bk AR

ERREAZHE T - B2REES 5 XRFREHRF 2 I FHRAEAFHRE N

T 2 A H(n=6) -

=2 AR(YI4K)? o 50 AR T Ap A5 > Pt BR A R AB EE 3 B R
dole P E Rk G E A BEE kA WY 2 5 12HEAZ 6B HEA

£ 47 (n=6) °
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313 HEEA
PORBERIENRE S EFT S aph L 322006 £ 1 7 421 2007 & 12 7 F

@E#*i"‘f 1%%&];7 ?‘Fﬁ_]_lg A—%m}!g%,l«t‘hg?ﬁg Eﬂiﬂii'ﬁ-g%oi

AR AP 2007 E 11 7 B - = o

32 HAAIEZ LB A H

321 Em# 4

(1) % s

RTE R AR T2 ATk AR RG Hihx - T2 p 2 Sk AEgiF

é'l: ;L")lz 'ﬁ’f‘fﬂill \%‘A\‘;—JJ %"%zxu—_;ﬁ'ﬂw rgm_gocwl Jfﬁfé‘fﬁ_f_%"

FfEE B AR REFARERS 79{;#* §'§C’;§r3 EL fﬁ.)gﬁﬁ g 2 KA o

| &

Ents > A i

jud
[l
™

F
=

s

ﬂm

t
“F

2EF o wagFF eE A &2 F P (Zobel and Liu, 1979) » hE B
%’%?ﬁﬁiﬁ%ﬁfiﬁﬁiﬁ*?ﬁ“’ﬂiiiﬁHﬁiﬁaﬁﬁ%m
£33 > R I HMERELAGCERL T b BRI o R BT AR
ﬁgfﬂfg’&wl RN RP ﬁiﬂ\w,fi P B ARERY T BB AR

o
(2) EL £ L2 0¥

AT T A 2006-2007 £ 5E B FRRR 0 MR G 24 B 2R A o AR
LAy R G ATEE PR A SRR RIR S A AR A AT

EADTIVAR Ll R
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foliage

fine branch
twig

B3 RAE e AL A SRl e SR T N A i
(B 5 %k : Flora of Taiwan 2" ed1t1pﬂ) kB ~

B b 3o B (S 2 R A M a'Ll rmlls MM301, Retsch Inc.,

Germany)it 7 fm fr o & * ~ &

"’?}&m\’nml an*alyzer EA, NA1500, Pantech
Instruments Co., Ltd.)i& 7 > 5 2 }@?’iﬁf 21 /?'J «Ll’ Fplap A 60CTE T v X
x5 3 vﬁ Sk L FARFRSmE KPR EANTREY 280F 0 @

{%,i‘f?‘?? foig 7 FmR 2 e
b. 47(K) ~ 45 (Ca)% 4%£(Mg) (Moore and Chapman, 1986)

1 60°C T A Btk A 0 A AP s AEBR 05g 0 B o~ 100ml 2 A fRE ¢ o0 4
» % Sml 2 = fe A j2i% (HNOs: HoSO4HCIO = 4:1:1) 4 % 1 [ Prig otk & 2 e

REER I BRF A 80T ME A 30 A& FRA B 1 150C % E 4 $ 90
Agpie B (digeshm 2 I EFIRA o FABAAfRE G 9 SRS 0 T A~
20ml 2. 1 NHCD ff fiche &+ 4~ j2 ¢ 2 $lo J ikt = 275 f#> & ¢ * Whatman No.1
1258 A (2 42 5 150 mm)i kot if 1% o £ 40 » = X Z 4G K 28 3 50ml 12 5 il o
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L RSN IR o B i JE R 18 0 14 R 3 v Tk 3 i (atomic absorption

spectrophotometer, AAS, AAnalyst-200, Perkin Elmer, Inc.):& i7 49 ~ 4T 22 4% )k & 2_ R

e

% o
322 3 HHE X
(1) A2

IREFEE TR EE Y S RE T IS 2mm d R o |
M 2 ENF R R GCHD c RICI AN HREERRAEIRE S HIEE

AT R AR

(2 2 HZAXEF A7

a. 23,3 -kF (soil moisture)’

|

/
1 '

| ";',,_ |
Wair-dried 7W0\J| dm ' | :
Soil moisture (%) = ‘L[ - xlOU%
WOV;?I]. dne«; !

W : weight (g)
oven—dried soil is dried by 105°C for one day.

2 3% pH & (Kalra and Maynard, 1991)

P10 g Bodgd der BOR(2 D k=120 o FHEE 1L RS L U
B 4E > £ 46 ~ pH Meter 2 R 182 3 B3 ig pH o ¥t * 0.01 M CaCly i3 3% >

i PR -k 2. pH P 2w AR 1T o
c. 3322 25 ¢
Bl ER P2z ErP R AR e B A AP REFTIHERZ P T

(S EEE LU Y FEY NS Y SRS N

iz 2 i‘ﬁ’l\;‘i‘ﬁ/k}imw"
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d. ¥ 2#H M@ A (exchange bases) (Kalra and Maynard, 1991)

THEEBAL R -SRI I 2RSS R a4 B
BSOS SEEFERBRRL ARSI PG4 g hitmBEDL 0 AR
fv o IN fiy fede(pH=7) 1 ¥ # 3 & 3 5 P~ ik (mechanical vacuum extractor)i& {7 %
Boo JUH pEELAERE P23 0% 0 SR BBER ’]\ Fa 3 it sk 3 4 47 ik (inductively
coupled plasma Spectrophotometer, I[CP-AES)# iB| {¥ 4 3 #7e 5 2. Ca®'¥r Mg* > »

s K22 Na"f] & * L %5k B 2+ (flame photometer, Shrewood Scientific, Ltd.):p] Z_
e. B33 2% £ (cation exchange capacity, CEC) (Kalra and Maynard, 1991)

A A ST FBRAR 0 M ARARE B S 2 2 1 OS% P F B Rk

< 2 o g + 50 - . z N o Jo . 2 a2 o e
T 2 R T A~ 4 \ %5 : Bl SRR TE RS
AL 2R NHy' 4t PN NaCl‘{s;,’%-ﬁéF’H TR SR TREES S

Wi 2. NHy g+ & &4k NalB A% 5l o feie {1k 4 32 (indophenol method)i#] %
NH," N2 § £ %+ & & CEC- l‘ '—.r_’f.’-*,i
m |

f. A& {cr (base saturation;Bs)i { 1

(Na" +K* +Ca* +Mg2+‘)x100%

B500) = CEC

3.3 FALAILZ 3t ik

331 FEFH

AT LF RFAEIE 2 100 RHREFHPARETERESLF %
hod P A F R hEY FRESF T BPLY #2 % 3+ % (Yuan Yang Lake Long
Term Ecological Research, YYL-LTER) & 1638 B @ = o & % FdB~p X JEF V48—

Pp RSP & TEFT § 3 4 b http://ecogrid.nche.org.tw:8088/lake0/index.jsp °
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3.3.2 % §ehd| 2

1 1% & (phenology) 2 ## 7 A @& = »v4F ¥ 42 ¢ & 38 2] i '+ £ (phenophases)
SRR FRIFT TR EFPRE BT FhRd 2 Y AR PR
X Z (7% 0 2000) > FHiBTE VRS T UHENPHES L S T2 &
Bo b2 LETAVEECERRAING A LERRER L BT HT
e if JF R 2 PP R & (threshold temperature) @ 7 i3 Jig * *t 3 iz & 257 7 (Hsu et

al., 2002) -

ROl SN PR R VAR I S LR g 4 by

TR A
554 2 4 Bc(mitotic index, MD)SE £ & 2 5 @ & (Tien e al., 2003) § #>+i8 & EF

mh}i

# ¥ 2% (budburst) i E & F]F a8 R B T ff“r@% ZERRCV AR
7 ¥ % 27 enif 42 (Fuchigami and W1snlcwsk1 1997 Larcher 2003) - F#t 3% (2000) %
EEEE R kI S (Tama lcz:.'cmpfomerzozdes)m % 7 (vegetative bud)
B L AT T ﬁ”ﬂT, ﬁ:fmwgf% gz PHERR S 10T -

A kRt F R B b 10CS lﬂl\ *“ﬂm«;&:“? Lipr—- B FHFRvE T
B k& xmmmmm&mhww)a%ﬂwémr& 2 P iEAR AT g

%’é‘{tjk/{g'fm sy L(_,F’E*iu’—& Jﬁ-o j\ﬁﬂ"“‘g‘:ﬁ ;F ‘l’»lf;éﬂ"il},@a\‘ l;%\

333 2 HFHLAH

RETE G - 2 REETR 0 Z BE&S MY CMI30 2 YI4K ¥ &1 6%
2R EAFEc 8 % B Bics $7(Analysis of Variance, ANOVA) > £ 12 Fisher -] 8 %
% B (Fisher’s least significant difference, LSD)# i@ & S #c(4p £ FZ% b )® » & 1 3

FENTR S21 S FEEE I
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334 FELEASFTHLAN

(1) 2P A2 EFREXELERLR

AT Y OMEF LT AL B TR Z BiE®E MY -MI30 2 YI4K £ 6+
6% 12 kAT 478 @ * B #ics 17 (Analysis of Variance, ANOVA) > £ 12 Fisher
B | &g ¥ X B (Fisher’s least significant difference, LSD){& R % & % #c(F F * 4 )2

=

() Mg A LBARRELENELRRALE

PUIRA % F Li2tEc k8 R (version 2.7.0)2. B & 4vi# $25% (generalized additive
models, GAMs) (Wood, 2006):& {7 ~ 7 - GAMs &_i# 2 st v fFadrae oozt
% #c3* (non-parametric) 1. B K0 3w s RS P St Sl @ F R By

L R Bk i @mid i M Lr,LL(a“ + 5 2007) 0 BB Ao 5V

|

(1) N :;; |
A A
WEQ)} = By + B + o, + fiyiyt ﬁJ R Y AR

I

PRGN F BREGER L AR A RAR  APM RS FEL (X)) BhRE

(x2)~ T & =8 FF ¢ B Ap(xa) KT (x) B EE kT 2R (x50 0

2R B0 2 Tk S0diedn f(xs) (splinex) o 12 2 (1) F Avd BRSNS
R FFHEIE S RARD L EAEDIE G ek T

(3) &3 GAMs 33 T2 f#f (Wood, 2006)
TR A AL AR R AR R A RENE AR S0 FAR

b4
»

S GAMs feif 2 TR R A ERE L FF Bl 5o M2 3R HRBIZ 2 i2 o
. 3% L GAMs 2 ;% I N ~ as.factor (year) + site + ver * hor + s(month, k=6, bs= “ts” )

ON—FAER > ZHN2ZF B%#c Al ~F 506

@ as.factor (year)— & 4 F]+ » % TS ML T
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@ site— @k FlF > Ab|¢ angBki F]+ ¢ 7 MY ~M130 2 Y14K = @3
Py JEP o

@ ver * hor— % & = ¥ F]+ over (vertical) 2 -2 7 i 4 & ~hor (horizontal)
SRTEEAK  FREETFIP U LS FLF R LTS
BAFFrnfy > B LR BT B R e

® s(month)— 7 & F]+ o d — B2 fdiest Sl A ok B A BT B ens
& f& & (basis dimension) > if & 73 X T M 4r 058 BRI T G vken
p d & (degrees of freedom, df) -

® bs = “ts” — A 438 0 JEHF i jF 4 M (thin plate regression splines, TPRS)z

T % AR > i %8 Jeat(shrinkage) T 0 °

b. i % ¥ 2N E2 A&

O rzadj —adjusted R-squared - * | £ ﬁ{r? ﬁ{(coefﬁcwnt of determination) »

R B ﬁz\&pﬂl 1%‘ . ?L% o ST R
@ Deviance explained — i e B A,\ Lo ’ﬁi_ e\ T ﬁ"’ BRERESBL2 L Fo
® GCV score— A & 2 2 % E‘if%} xg(generahzed cross validation score) « 4+ %t
SENOLEERIAFY S £ SH S St FACHRER S =
REE T R R T L kAT R4
ficA 4 B e GCVscorer #-F B LR HN S R B TR R
(smoothness) ¥ 75 ' o

@ Scale est.— & & %#c i pl(scale parameter estimation) - i * Pearson-like

scale estimator % 3+ o
c. GAMs plot 2 *|3§

** R (version 2.7.0) #2;' % i* mgev P o # ¥ AT OF T}J_@’?J NPT g 4
BRI E D a5 R R § PnA F s 4L (partial response curve)( ] 4)° B ®
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X Phdom &0 AR AN § BN R 2R (tck)F R & R BRI T R &
A oy fhdom 0 A G R R T S0 d A0 T S0l s(month) ¥ < R %
BNOLF RER S B)E G 42 tgu;& ) ;.rc;gd BT SELE ) AR TR

REESEE 7 A 2B 1) o

FI7 y=0 2 BT HE 0 T F SR AR LT EHFLE R
RNgHF 2 y=0 F 3 > A3 EFNFERF BRE)E A EFH A 2 AR
FooF2 o FREFA y=0 T2 EFIRAMNLEFRF AT o0 £
R b A B2 AN E RN P T 20 95% 15 18 ® ¥ (confidence intervals) > £ i d 4
2 5% GIERFFEFE 7 y=0 PIGLP 2 F BT 2 B ¥ -

[R command]

> N.gam=gam(N~as.factor(year)+site+ver*h(')f+é(morll-th,k_:é,bs="ts"),na.action=na.omit,data=gam)

> plot(N.gam)

s(month,4.84)
-0.01 000 0.01 0.2 003 004
| | | |

-0.02

-0.03
|

month

Bl 4. GAMs Bl i-11 & 0 & LR R8N0 F od RBl e WAL LF AR LB
d. GAMs check z_ 3§

51600 GAMs B iBA7 > § I SR A B3 &7 B YR - L HAREE

% p 3 E_ 2 R (version 2.7.0) #2:% & ¢ mgev ® dhgam.check 354 » %% ¢ 37w
g g 2 %
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BI%o (B 5) - B S5-a. 5 % #7(Gaussian) B3R T (¥ & 1% & Bl(quantile-quantile plot,
Q-Qplot) ¥ ¥kt A # £ F R ERGYEALT O AR AR KAFTEFEA, T
HBLp B¢ AT & 4575 o ] 5-b. 5 A £ Rl(residual plot) » 2% £ T 5 7 % ELR|
BEABG e EL B AN EAAY ALV R F3F Ao L FREGY

DFE MR I F R LEH AT 0 3 BT (pattern) o F A X A F 41Kk B
(histogram of residuals)(f] 5-c.)¥ #.P P fs e T L A4 F EF L5 ¥ A
ERAOEALSF EFARTEGT A AT o B S5-d.RIEP fieif @ (fitted value)®? &

Tz M - a3 iﬁ T APRE > ¥ ARARIT T 45T N AN 2 fe p a4 AR

3

—)\-

FEoprEs? VEFNRAFZE SSRGS MG o

[R command]

>N. gam:gam(N~as.factor(year)+site+ver*hor+s(mo'ﬁth,k:6,bs:"ts"),na.action:na.omit,data:gam)

> gam.check(N.gam)
Normal Q-Q Plot z ; Resids vs. linear pred.
= ||
"-li.’.;‘" |
< | T
S m P
8 31 q
= P
®©
T
S g 3 48
Q@ )
S o
€ « ~
& S S
< <
S ] S
3 2 1 0 1 2 3 0.90 095 1.00 1.05 1.10
Theoretical Quantiles linear predictor
Histogram of residuals Response vs. Fitted Values
o
7 <
S
o
S
o ~
> =]
g i
g 9 s <
T &7 & -
Q Q
[ | T
@
o
8 -
c S

[ T T T 1
-04  -0.2 0.0 0.2 0.4 090 095 100 105 1.10

Residuals Fitted Values

B15.GAMs Bl b- B s it % o AT T 2§ A% 4 0l o



4. %% Results

4.1 PR
411 F B EWARE 2 wh FHFFEA

195 2006-2007 & 2 F % F AL B £ 2 BRI D IDE R Ak - % 5 2007

(3

EF2006 EH NS FRFFLR(RI)LAEL LT FFREDE A fEA
E(B6)>2006 =& ¢ 353 9%8% 2007 F#R[EY &273210% > H¥ 2007 & 10

P2 R RRE Y M NEREET O A BB AR 3 £

k°72

4§ 6)-

% 3. P F(2006-2007 #) 5 "'31. % R j;“\j Fe P Lz  max.¥? min. A W A& & 8 T e
BZ2 A& B2 5425 E;avgsy accumulated'—éu\ "'4J EBRRE ERAFAL o F RFOR
H iR ypis ) BT A o F **’ B *”IP g T ade N 2 2 AT TR
220 0B { ! 5
Temperature ("C) N Pre;.:'ipitation (mm)
max. min. avg. max. min. accumulated
2006yr 1929 (Jul)  6.09 (Jan) 12.97 7355 (Jun)  85.5(0ct)  3564.0
2007yr  19.02 (Aug) 6.46 (Feb) 12.86 1291.0 (Oct)  50.0 (Mar)  4495.5

24, R F(2006-2007 E)F B AT EHRE b TR o (TR KR L F % hR)
£ ML Y v L E L BRHPF %R Bowkb RS
2007 15 %7  KROSA 10/04-10/07 % oA A= EHE
2007 12 F A WIPHA 09/17-09/19 ¢ Sl A a0 T AFRE
2007 08 Fio SEPAT 08/16-08/19 % -4 4EFiLe &
2007 07 & WUTIP 08/08-08/09  #= {-iE: £ A AHITERE
2006 04 #FI#r  BILIS 07/12-07/15 & FWESFRE
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r 24

1400 7
1200 r 20
1000 o ' T
d \ 16
E ’ . g
£ 800 ; 0
S — . . — 2
3 _ . / . 128
= / 2
£ 600 bt . . E
e * (3 * [ 1r 8
400 4 7 R
*
|W )
N (w (}|T H
wﬂ ﬂﬂ [ ] ﬂ HDHH UL,
U T T T T T T T L 1
Jan Mar May Jul Sep Nov Jan Mar May Jul Sep Nov
i* o ." §
2006 : 2007
; e Month
B 6. 3% 2 ¥ (2006-2007 &) yoipfz s rﬁ",gﬁ F— Bk iR HoR s ABR 6 4 K iE
.-—
]

=+
=~
' '|
ggg}ué—'ﬁj;)\o -r- | .
l

Jmb

%5,wﬁ@£oy@ i 358 ﬁ %$ﬁkﬁﬁ LEESE 38 S A g S
l

412 2 £ 552 FIERR A R 52 K 2

R 10CTE:R S B Rt d AT KRB AL FL PR R - JUKRY T
2P hts- KM 10T R 2 EERA 0 %2 EF A2 PR F K K
I0CHER T &2 EFS4 D kR « 2 & P EH2 L F R 22 5%
d 2006 &2 2007 £ 2 p HHEE P P BB SR (B TV o S8R 1> 2006
End EEKE 107 453 %306 2% (40 17 p 3 11 7 2); %2007 & h2 £

PP %109 2 4=% 5293 x4 @ 19p 3 107 20) -
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a. 2006

(D0 aimeladwa |

ST

f T
0T S

(D0 ainyeladwa |

300

200

100

Days

122006 & (a.)2 2007 E(b.)>F P B R E P P IR I o

B 7.

BE kP iEE R R

2%

g 2
=7

rb
3]

i 10C PR R 5 (a)2 (b))

=)

BSR4 p

Y

CERNR i
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42 2 RS r WIEAT2L AR
421 23 pH &
AT 2R L AR IR o = By 2B Z%pH, &
PHeyer, #74 YIAK 5% MY B> = 4B gl F L B (% 5) -
422 222 25 £

CHEFZIEIRESAHFLL 2 F BRI MI30 5 P EERY

MY % Y14K (% 5) ¢

423 2T LI b9 4TE 4

i,?'j ¢¢y}7;r,§gg+ﬂ.,? +ﬂ;$§‘" g_’_ﬂ— ég&,%ﬁ%ﬁ :g 2o
Z SR VUM T E Y14K§&g MYﬁxlv&’ P MI30 B4 a K2
9 YI4K &2 MY 2 F L uﬁﬂ%ﬂ* EOYIAK B3~ MI30 fuis o

MY & ¢ » H¢ YI4K & M13O B &«P g_.& R M4 2 F B2 MI30 2 Y14K

25 ALY Z Bk LA NER -

Total Total |
pH pH C N Exchangeable cations (cmoly kg™)  CEC BS

Site

[H,0] [CaCl,] (%) (%) Na K Ca Mg emol kg (%)
MY 354 265 37.78"  1.62°  0.18" 091° 6.02* 182" 80.72° 11.34°
0.04)"  (0.04)  (3.57) (0.09) (0.02) (0.07) (1.68) (0.21) (8.85)  (1.71)
MI130 3.57*  261* 4320 227° 020 1.01° 569" 3.8 112.70° 9.35°
(0.09)  (0.14)  (2.02) (0.05) (0.01) (0.04) (220) (0.29) (9.15)  (2.33)
Y14K 374 2.77° 4748 1.89° 020 126" 13.32° 279" 11829*  14.87°
(0.06)  (0.05)  (2.22) (0.10) (0.01) (0.09) (2.09) (0.20) (9.34)  (1.54)

pvalue 0.1056  0.4515 0.0668  0.0002  0.5010 0.0072 0.0270 0.0029 0.0224 0.1467

T (The value is standard error)
Values with the same letter(s) in each column are not significantly different at the 0.05 significance level
(Fisher’s least significant difference test).
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424 3BT AEBBRIFEE I HBALTR

1T LM HEAT 2% B(CEC) YI4K ¥ 3% MY » @ MI30 & ¢ -

AR (BS)> = Bk 2 PRl EalgF LB -
43 EFRZ L AL ERZE0

FALHZ Rk 2RI L AA T F LT fI7 GAMs B 1
A2 TR HES ERE 2SR ZE R P feii (L B R D A
-5 d 3oL 2 335y 24 B3t i A E#F S D MY 2 MI30 sk A3 5 500
E b2 e A o @ YI4K B] 5 40-50 & 4 2 =4 ko BN R F R A

55ﬁw*‘£W§E$9%&ﬁ§4ﬁ¥iﬂ’E*Zk%%ﬁi@iﬁ%
FRERARTA 7 £ B (e LR 1= 5) 2 ’_1& ix € R ARMY, M130)% =< 2
H(Y14K) A 87 Fe ks RE :t«%—gé%% A "?p 51,; YT E LR (LM %

PR AT k(X #H’“*ﬂv Fvir?mﬁm% S0 F Rk A A Bl fe il Bl
P 5 & r#%‘%? S8 T R ik YR 6-20 o

FeZ % o 11 GAMs ]ﬁt»lﬁ {2 i’?v EE

N
431 F#F2 4L 3 '
1) 2% %%

A 2 8 &R PE 2006-2007 £ = 2ﬁ’ﬁr3$%%i$%’%m%ﬁﬂi
o Bk ogE At 2007 £ 2B RIER 2006 £ 0 H Y ~mBEER LG A

FAR (e 0 R 15)

(2 A% 5%

ERARZ EINR 492 4EE R 2007 E BT 2006 £ 0 HP g Z 4wz LB
BFERMZENFERYS 2@ LB > @ EINEER 2 2006 £ B F B
2007 4 (4 6.8.10. 12, 14.) o = A 4304 1% 5 F R A 11 2006 & B F § *
2007 # 2. ¢k > FINF ~ 49~ 4T 2 4L R F902 2007 £ B 32006 £ 0 B PO s 4T
SEREELB(£7.9.11.13.15) -
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F06. XA LTS HENEER 2 GAMs fieif % o (B B5%%% 7 23 e Bl 1)
Formula: C ~ as.factor(year) + site + ver * hor + s(month, k = 6, bs = "ts")
Carbon Estimate Std. Error p value
(Intercept) T 50.73 0.10 <0.001
Year
2006 — — —
2007 0.35 0.07 <0.001
Site (old-growth stand)
MY -0.34 0.07 <0.001
M130 — — —
Canopy position
Top 0.16 0.12 0.159
Vertical Middle 0.20 0.12 0.105
Bottom — — —
. Outer 0.15 0.12 0.218
Horizontal
Inner — — —
: Top x Outer 0.32 0.18 0.072
Interaction .
Middle x Outer 0.18 0.18 0.298
Edf Est.ranke F p value
s(month) 4.731 50000 58.12 <0.001
7 (adj) Deviance explained GCV scoré Scale est. n
0.299 30.9% . 11y 1.098 854
T& F)5 i5 GAMs fieif T 2 (Intercept) - -4 Fx'}:,t ,ﬂ;’—lﬂ“ PR - TR E 0 B AT eIE PO
s B gE

}

1|

& F)T R A GAMS o &

R SEAREE R-RCE WK‘»‘W’ ‘xﬁh‘ ;! »'iJ'l“ MR T e

% 7. K2 ¥ (P sk 2% 7 24 %4 B 16)
Formula: C ~ as.factor(year) + ver * hor + s(month; k= 6,bs = "ts")
Carbon Estimate Std. Error p value
(Intercept) 50.46 0.13 <0.001
Year
2006 - — -
2007 -0.24 0.10 <0.050
Canopy position
Top 0.20 0.17 0.245
Vertical Middle 0.40 0.17 <0.050
Bottom - — -
Horizontal Outer -0.05 0.17 0.775
Inner — — —
. Top x Outer 0.31 0.24 0.212
Interaction .
Middle x Outer -0.01 0.24 0.956
Edf Est.rank F p value
s(month) 0.811 1.000 5.289 0.022
7 (adj) Deviance explained GCV score Scale est. n
0.022 2.94% 2.160 2.140 861
T2 %1+ %5 GAMs fie i ™ 2 (Intercept) » #-§ ©fc & 2 F] 5 ¢ 5 — 50 F R i AR T nrE PRl B
B FAR L M RE o gt R P ARG S TR =TT .
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08 XH4kY L FFHENFERZ GAMs ieif %% c (WA BB LS T %3 e E 12)

Formula: N ~ as.factor(year) + site + ver * hor + s(month, k = 6, bs = "ts")

Nitrogen Estimate Std. Error p value
(Intercept) T 1.10 0.01 <0.001
Year
2006 — — —
2007 -0.00 0.01 0.515
Site (old-growth stand)
MY -0.06 0.01 <0.001
M130 - - -
Canopy position
Top -0.04 0.01 <0.001
Vertical Middle -0.01 0.01 0.400
Bottom — — —
. Outer -0.02 0.01 <0.050
Horizontal
Inner — — —
. Top x Outer 0.02 0.01 0.163
Interaction .
Middle X Outer -0.00 0.01 0.932
Edf Est.ranks F p value
s(month) 4918 5000, . 7.51 <0.001
7 (adj) Deviance explaingd 'GCV score v Scale est. n
0.183 19.5% . 0 0067 e 0.006 853
T2 73 & GAMs ﬁim 2_(Intercept),’ & ¢ = ]( = -g,‘?,]—r 195 - 2 2Rl > inut Ak Joeag PR s B i
TR T R - 2 A AR fen 5 R #Tf H 1l
} 1

! .
200, 4 Hhv A F|S HENG AL GAMs fepi ko (A %R T £ ek HE 17)

Formula: N ~ as.factor(year) + ver * hor + s(month; k= 6, bs = "ts")

Nitrogen Estimate Std. Error p value
(Intercept) 0.92 0.01 <0.001
Year
2006 - - -
2007 0.02 0.01 <0.010
Canopy position
Top -0.06 0.01 <0.001
Vertical Middle -0.02 0.01 0.066
Bottom - - -
. Outer 0.05 0.01 <0.001
Horizontal
Inner — — —
. Top x Outer 0.06 0.02 <0.001
Interaction .
Middle x Outer 0.02 0.02 0.176
Edf Est.rank F p value
s(month) 4.02 5.000 7.59 <0.001
7 (adj) Deviance explained GCV score Scale est. n
0.164 17.4% 0.012 0.012 861
T4 %3 55 GAMs fieif T 2 (Intercept) » #-§ ©fc & 2 F 5 ¢ 5 - 5 FRE 0 S AR fTIE PRl B e
AR TALZ RE o B A Y AR N T A=
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Formula: K ~ as.factor(year) + site + ver * hor + s(month, k = 6, bs = "ts")

Potassium Estimate Std. Error p value
(Intercept) T 4.93 0.09 <0.001
Year
2006 — — —
2007 0.28 0.06 <0.001
Site (old-growth stand)
MY -0.42 0.06 <0.001
M130 - - -
Canopy position
Top -0.59 0.11 <0.001
Vertical Middle -0.05 0.11 0.672
Bottom — — —
. Outer -0.09 0.11 0.438
Horizontal
Inner — — —
: Top x Outer 0.22 0.16 0.167
Interaction .
Middle x Outer -0.18 0.16 0.262
Edf Est.ranke F p value
s(month) 3.596 5000, . 9.051 <0.001
7 (adj) Deviance explaingd 'GCV score v Scale est. n
0.145 15.5% . 0 886/ e 0.874 853
T2 73 & GAMs ﬁim 2_(Intercept),’ & ¢ = ]( = -g,‘?,]—r 195 - 2 2Rl > inut Ak Joeag PR s B i
TR T R - 2 A AR fen 5 R #Tf H 1l
} 1

i
L SR 2 W e R AN T (R % T R e W 18)

Formula: K ~ as.factor(year) + ver * hor + s(month; k= 6, bs = "ts")

Potassium Estimate Std. Error p value
(Intercept) T 4.89 0.08 <0.001
Year
2006 - — -
2007 0.02 0.06 0.752
Canopy position
Top -0.76 0.10 <0.001
Vertical Middle -0.39 0.10 <0.001
Bottom - — -
. Outer -0.05 0.10 0.620
Horizontal
Inner — — —
. Top x Outer 0.65 0.14 <0.001
Interaction .
Middle x Outer 0.31 0.14 <0.050
Edf Est.rank F p value
s(month) 4.226 5.000 14.84 <0.001
7 (adj) Deviance explained GCV score Scale est. n
0.141 15.2% 0.749 0.739 861
T2 %+ 15 GAMs ﬁ‘oi T 2 (Intercept) * #- Ffc & B FF ¢ K- IF G| B AR JTHIE P MR H A
E CEE SRR SN [ S N
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Formula: Ca ~ as.factor(year) + site + ver * hor + s(month, k = 6, bs = "ts")

Calcium Estimate Std. Error p value
(Intercept) T 10.19 0.22 <0.001
Year
2006 — — —
2007 -0.40 0.16 <0.050
Site (old-growth stand)
MY 1.62 0.16 <0.001
M130 — — —
Canopy position
Top 0.06 0.27 0.824
Vertical Middle -0.05 0.27 0.863
Bottom — — —

. Outer -0.70 0.27 <0.050
Horizontal Inner B B B
Interaction Top x Outer -0.49 0.39 0.206

Middle x Outer -0.02 0.39 0.948
Edf Est.ranks F p value
s(month) 0.741 000 : 3.721 0.054
7 (adj) Deviance explaingd 'GCV score v Scale est. n
0.143 15% . 5364 e 5.309 853
T4 %3 5 GAMs fieif ™ 2 (Intercept) -, #-§ = ; gﬁ;a| o AR B AR IR PR H B
LS i

3
_iLLﬁ:LfE{_o LLL {:’ ;f»}tc;\t1{7 i‘?“" P—}Jiq/ .“‘{;7} g1
1Rl
|
|

%13, S 4 4k¢ £ S &fﬁ*%waaf AN ﬁmi SR A R R T 2L e R 19)

Formula: Ca ~ as.factor(year) + ver * hor + s(month; k=6, bs = "ts")

Calcium Estimate Std. Error p value
(Intercept) 12.55 0.22 <0.001
Year
2006 - — -
2007 0.38 0.17 <0.050
Canopy position
Top 0.45 0.29 0.121
Vertical Middle -0.09 0.29 0.760
Bottom - — -
. Outer -0.85 0.29 <0.010
Horizontal
Inner — — —
. Top x Outer -1.55 0.41 <0.010
Interaction .
Middle x Outer -0.50 0.41 0.226
Edf Est.rank F p value
s(month) 2351e” 1.000e™ 0.744 0.389
7 (adj) Deviance explained GCV score Scale est. n
0.106 11.2% 6.056 6.007 860
T2 %1+ %5 GAMs fie i ™ 2 (Intercept) » #-§ ©fc & 2 F] 5 ¢ 5 — 50 F R i AR T nrE PRl B
B FAR L M RE o gt R P ARG S TR =TT .
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Formula: Mg ~ as.factor(year) + site + ver * hor + s(month, k = 6, bs = "ts")

Magnesium Estimate Std. Error p value
(Intercept) T 1.66 0.03 <0.001
Year
2006 — — —
2007 0.01 0.02 0.728
Site
MY -0.43 0.02 <0.001
M130 — — —
Canopy position
Top -0.03 0.03 0.345
Vertical Middle -0.02 0.03 0.519
Bottom —

. Outer -0.02 0.03 0.616
Horizontal Inner B B B
Interaction Top % Outer -0.06 0.05 0.245

Middle x Outer -0.03 0.05 0.583
Edf Est.ranks F p value
s(month) 3.810 50000 : 4917 <0.001
7 (adj) Deviance explaingd 'GCV score v Scale est. n
0.371 37.9% . 0.084 e 0.083 853
T4 %3 5 GAMs fieif ™ 2 (Intercept) -, #-§ = ; gﬁ;a| o AR B AR IR PR H B
LS i

3
_iLLﬁ:LfE{_o LLL {:’ ;f»}tc;\t1{7 i‘?“" P—}Jiq/ .“‘{;7} g1
1Rl
|
|

F 15, 24k L FF HERERER L GAMs ﬁmi SRS kT 2 e : vt B 20)
Formula: Mg ~ as.factor(year) + site + ver * hor +:s(month, k = 6, bs = "ts")

Magnesium Estimate Std. Error p value
(Intercept) T 1.62 0.03 <0.001
Year
2006 - — -
2007 0.08 0.02 <0.001
Canopy position
Top -0.12 0.04 <0.010
Vertical Middle -0.10 0.04 <0.050
Bottom - — -
Horizontal Outer -0.06 0.04 0.110
Inner — — —
. Top x Outer 0.01 0.05 0.873
Interaction .
Middle x Outer 0.04 0.05 0.462
Edf Est.rank F p value
s(month) 3.137 5.000 2.427 0.034
7 (adj) Deviance explained GCV score Scale est. n
0.043 5.35% 0.105 0.104 860
T ﬂ:* % GAMs fieif & 2 (Intercept) » #-§ Sfc & B F] 3 ¢ £ - B R E > oL RS fodsf p i 2 e
BE TR RE o AP AR BE R TR T o
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432 &% &2 RiAEE

(1) 2% 5%

SR Z WEkF 27 BIE EAALFERETRL

I

RN

BREASITELE Y S22

Bhrd 16> fe st GAMs $# 2 % Fllfie i end % > DT E£EI0 ~ § 2 0BRGP

FRICEPEDEF (B8 -d BSL 2~ vFar> 28¢ UERW3 '

ﬁéﬂ$i6'7g@’7girﬁl\/k}i /ﬁTTK i9”£l$,k}§_ﬁ,kigr§’llg'iiﬁ
FRER BB - EFMFER 3 7 257 MIFRE RS >0 4 1 ¢ § ERB LT
A5 37V EENRFEROFE > RFUEFTLER T - EWER &

BB 15 B TS0 ArEL Y FIMERIDEIFA FRICY R
T2 A8% o E%4E kA & GAMs ,zg-aeﬂ CEG R RARRE 1 2R
AR g o e F1E 0 R 2 95% S Wﬁm:; s y—o FERY @ VARH T A AT

» &% 9 GAMs #-

¥orvd SR EAIT2 B HEH ]?l ﬁ *“%%@;ﬁa}i% B

l
S AFD AT R(p o fiﬁ\ﬂ% 0}1 ilgt #‘ri SR THERE LD

Fz £ 8 o
216, FE=RBR¥H VLIV AT L EL A F 2 HFRiA 4T o
Foliar components
C (%) N (%) K (mg/g) Ca (mg/g) Mg (mg/g)
Month Jan 50.72+0.08 ® 0.99+0.01° 513+0.06% 1123+0.17% 1.50+0.02°
Mar 50.30+0.08 ¢ 0.99+0.01° 4.63+0.05° 1129+0.15% 1.51+0.02°
May 50.67+0.06 ° 098+0.01° 452+0.05° 11.36+0.16% 1.49+0.02°
Jul 50.87+0.06° 1.03+0.01% 450+0.07° 11.11+0.15% 1.47+0.02°
Sep 50.61£0.10 *° 099+0.01° 457+0.06° 11.28+0.162% 1.50+0.02 2
Nov 51.59+£0.09 * 0.98+0.01 ° 449+0.05° 11.13+0.16% 1.46+0.02°

These values are means + SE; values with the same letter(s) in each column are not significantly
different at the 0.05 significance level (Fisher’s least significant difference test).
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s(month,3.53)

s(month,0)
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§(month,0.5_8)
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F (b))~ 49(c) ~ 45(d) % 45(e) ik A& 3R
AE TR R RPN A LT A
2 LRI A F 5 SR RIS L i F
S GAMsfeip T2 pd B FMAL L
AHER R REOTF Sdk B R
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(2) # FHE-ERH

KN

FES LRI ZFRIE  NBRELSITE P A2 s g kAR LI RA
A 4o 17> fe & GAMs $4 % - BT F e i % > 3287 2 Rk FI08
FOMZAEREET R HOEPREOET(R 9 EIAERK3 Y Baep L

I TOPEEFET O BREREZAF L 11 E2ERERESR - EI%F
ERT 13N BR3P B P RER 2S5 FRARLY S 2T 4
BRBOENGER BRIFQEFFLATEIONRA M EEIEEMSOF ER o
E4 kRl P BB 150 Pl T%.50 B4z 95%RHERE 5 y=0-

AERZARARFLL 8P > HEEE R o EIEER 13 7 g il > 3

=

g R R S I D B }_ﬁﬁxl“ﬁ EIGERRSTE D B2 95% G %

Fise 7 y=0 B4m 2 4 :L’%‘w%&p—g L d BB s 72 B R FE(E
17) » WA
| \ ;";w "l ’f
217 3 XRHRP L0 AL A ?g'%zl%ﬂ%;@wﬁ v
., Foliar.components
C (%) N (%) K'(mg/g) Ca (mg/g) Mg (mg/g)

Month Jan 50.97+0.11 ° 1.04+0.01° 508+0.10% 1029+022% 136+0.03°
Mar 50.36+0.09 ¢ 1.07+0.01 ® 458+0.08° 10810212 1.49+0.032
May 50.66+0.07 ®* 1.03+£0.01° 446+0.07° 1055+023% 1.44+0.03%
Jul 5093+0.07° 1.08+0.01% 4.67+0.10° 1023+021% 1.40+0.03%
Sep 50.92+0.10° 1.03+0.01° 4.58+0.08° 10.13+£0.19% 1.39+0.03 ®
Nov 5229+0.10 @ 1.04+0.01 ° 438+0.07° 10.19+0.19% 1.35+0.03°

These values are means + SE; values with the same letter(s) in each column are not significantly
different at the 0.05 significance level (Fisher’s least significant difference test).
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s(month,4.73)

s(month,3.6)

s(month,0.73)
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21 E
ni
AN
. 9. ™ GAMSs feif 2. ¥ B R E IR
AN e. Calcium L et AL SRS
i} (@)~ § (b))~ 49(c.) ~ 45(d) 2 4T (e )ik B
i LN R WY ELE
o2 BLRIE A T SRR RIS D
S B3 5 GAMs feif =2 f o A% ik
220 B BREEDT S
Cy o BMRAT OS%NE I RE -
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(3) A FBE-% 34

MR RANRY P s P A g kR FP R AR L 18 g

AR EIR  F 2R T R P AR o 2B GAMs B % PIF

RETRZRER 95%GH T ¢ 2 y=0 B2 2" FLRET 72 F(R

10) e d * R4S 75 GAMs %2 > 21 2 28 35 5 A4 % A% 3

"f("

d BB HRAITEEFIR EMAER L P2 AR o -3 Rz %4

(3 172 18)c EMF LAY 137 Prfpma il 37 %2370 ¢ dh

BAOENFERE CHUCYEFFL R T o EMMERE]L Y B F 0317 BN

PR T 7 R R ACIETR s AR 0T £ AL O R
b5 oy=0 st £ 2 i;sn alt; w%ﬂg@ﬁ B (% 18)c @ B

EILER > 6 0 £i2d GAMS H3Y H..#-J rézwﬂfiwrs@ o Hpd RABIT 0o

==
[ '1 |
| : ‘:!
218 A4k £V AT LA 2tz %‘ésﬁlﬁcﬁf L
" Foliar components
C (%) N (%) K (mg/g) Ca (mg/g) Mg (mg/g)
Month Jan 5047 +£0.12 ® 0.95+0.01 2 517+0.082 12.13+£022% 1.63+£0.032
Mar 5025+0.14° 092+0.01° 4.69+0.07° 11.76 0212 1.53+0.032
May 50.68+0.09 ®® 0.93+0.01 * 4.57+0.06" 12.16£021% 1.54+0.03 °
Jul 5080+£0.09% 0.98+0.01% 434+0.08° 12.00£0202 1.53+0.032
Sep 50.29+0.16 ° 096+0.01 % 4.56+0.08" 1243+0232 1.61+0.03 2
Nov 52.89+0.11 @ 0.92+0.01 ° 4.59+0.07 % 12.06+0222% 1.57+0.03 2

These values are means + SE; values with the same letter(s) in each column are not significantly
different at the 0.05 significance level (Fisher’s least significant difference test).
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s(month,4.02)

§(month,3.l_4)
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433 P R REHKFRFELESLERZ VR

B LRSS ERNZRRE BIDEEFLE(X 19 8¢ EWRZ §ER

" MI30>MY>Y14K 5 £ 3849 2 42k & 1 MI30>Y14K>MY 5 ¥ 3047k & 12

Y14K>MY >M130 -

19 FHESE LA FREPLERLY

Site Carbon Nitrogen Potassil%m Calciurln Magnesilum
(%) (%) (mgg) (mgg) (mgg)

MY  50.85+0.06° 1.02+£0.00°  441+004° 11.18£0.10° 1.19+0.01°
MI130 51.19+£0.062 1.08 +0.04 2 4.83+0.052 956+0.12°¢ 1.62+0.02 2

Y14K 50.56+0.05° 0.94+0.00° 465+0.03°  12.09+0.092 1.57+0.01°

These values are means + SE; values with the differentiletter(s):in each column are significantly different
at the 0.05 significance level (Fisher’s least signifieant dlfference test).
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FAARYIK)P L PR KRR R TR AN L RE
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18

\

A H(YI4K) W R L o R R 8 F RARE 0 HENF ERE
o2 TR B E MOT AR (p<0.001) 5 kTS e b cHIGETE R TN R o XA 4R 7
BAH AdE gk Tt L FOIR T > UFR-H IR ENF ERMF
BOTH W (R 9) e d WE G HEFNILR N T A0k A (-

)% T -

B E KTk

(3) &

£ HARMY, MI30)2 5 B0k R A F > 303 2 KT 5 ) o ks -
BB RARS CARBHAGFL FIERIOER 0 £ UEREBEEF R AR o 3

BRI G 53 LEF R (E (£ 10) -

=t 4 H(Y14K)*r 28 % }»l‘5 ek "ﬁi»g ¥ B RAXE ~ AXRH A iR 2
FIR4mE B VR > 1 ;1@ 2,7 %i’:&?’&“ﬁ%’\}%% SN TS Bl -

2 2B AT askd kL q HJF *ﬂwv e T -k R -0t i

ZEIERIDHFFOE P"E(;z 11 >3 ﬁ T“F'”‘éﬁfg"m* L/ =S A EE

S\l}
V(T 2 kT )2 TR o

(4) 45

X # (MY, M130)2 5 & £ ER LB 3o b UE A BF ¢ & i
PP ABEEFALR RT3 p b o g2 EIATE R F MR R o LB BT
Wi A EEEPLR (£ 12) 0

ZARYHK)» 2 25 b2 UTERAEF ~ 7 BB RT3 b dhigz
FIGTERBEMNNPN Qe A2 2RAF L8 B kT2 L4 BFaR
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313 Discussion

51 kA FAMKEZLRZ H BT
511 1 A FTIA

1) 228 F (R2EFBY)
a. k2 EH 2 B

EHE S S Rl ’—ﬂk::,;%ﬂm Hobt s 5 op LA 5

R T L /«%ﬁi“f‘ SOR B OMY) B 02 5 4 5 2
1 |

B2 4t (M130) > FxiE ‘?l T MY B RS BTk

SR EEERE TR m&wﬁ%ﬂ@wafﬁw@4mmmmmdﬂ

2o EMEITT Fla ERMTEG 1‘3“3?!?% ';,.x% o

FIFT SRR A E e 2 R ER O BEEHIEF BT DT FT
71 2_ #° %X (Hajabbasi et al., 1997; Tockner et al., 1999; Abbasi et al., 2007) - Chen and
Chiu (2000) % #-5 B @ 'iT2 Rbas gtk R 2 B A% A 5 L8~ L LgrE
R S L W AHE S P SR 0 O8N S LN st U O S T
Fo 4 32 -RA 15 88 (water soluble organic carbon; WSOC)in 4 R &8 o 28 7 2
MY #£ Chen and Chiu(2000)2_ 3¢5 = ¥ 4piT &R b EIT HF B P 82 2 ER L
Fagis > fF Az s 2200 k2 Ed o FlaERAFTY MY 2385 BT H

E 3 M130 o
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EEER S e A 182 Hr 17 ¥ (deforestation) #-18_2 4 T ¢ 1 HEE L

EFRB S EE o &P BT R A v KR % Jp(percolation) 2. ik E & 5
54 B4 1B R k3 B (Hajabbasieral, 1997) c 3 555 B 5 %P » B &

T % ik 2_ 4k (cultivate forest):? AT 5 kb 2. £ 2 (0-30 cm)#7 2 2§ £ W B ¥

S

*t R 4k # (Hajabbasi et al., 1997; Parker et al., 2001; Abbasi et al., 2007) -

BAF T S% o d AR 2 A A (YI4K) & 40-50 # % % £ 4 5 4 &
hTE ST 3 A R AR R R A B R Eg A w
Fob T R bR R R ERIEE 2 FRRAR [T A it

(nitrification)i& {7 - ¥ & 4 % 2

\F‘\ﬂ

mNOg ) 4\1 it NoO £2 N, e1$# 3z (Likens et al.,
o

1970; Bremner, 1997; Mering ez, al I93) - i é‘-— itood A R EE AR RS

—\.

cSh Eﬁﬁiﬁ%ﬁﬁ’ﬁéipiﬂgﬁbiﬁi
1=

*‘s'v

E-)
3
ﬁn
1 4

\E a1 7|
f |

[ | H : |
i )!

FRAB(E 52T R

(2) 7 LB
a BRFER P

Hthd 3 CEC § Bk~ RHac 8 & LR UHkE 2 PE LB FA K
(Hajabbasi et al., 1997; Parker et al., 2001; Ma et al., 2007) > & 23 3 ¢ » 8 X < 6 #
Fois 2o YI4K tha > B § sclhdm ~ 4T ~ 2 42385 22 1 3 CEC ¥ B ¥ 3 Y R4n &tk
MY) > P EGAB St P PREH > BRIFEEREFH Hid 3 #5412

ik & o
b. k4 £ #2 BT

IR RS WA g%‘,fgzj BV RAEBBRIZERE F I BRI T

REHRA EdLAR A T LM K Na'~Ca™' 2 Mg® 2 kB $ ' 4 B4 (Ranger et al.,
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2002; Ma et al., 2007) » 2+ 3 & & /i & T & (current budget) % 7 F & #42_ ko 258

T AL LS IR m%é\%]%ﬂir“$%] L ( 1nput-0utput)§§is?]%€_7ié R A
R RARury SRR EL TIFERS ¥ XL RU-EE T B
# o d Ranger ef al. (2002)c1/¢ % 7 4> s A 2. 3 T 2 #H K Na' ~ Ca®’

2 MG B et 0L f R A EARE S g A ART T AT & o

EE: Sl -3 WLES 5 4

iﬁﬂg%gﬁ”’ﬁm‘ﬁﬁiii'@%ég”’&ﬁ°:}}°§#T4#E"m'ﬁg otk F
3£ 5% 3 (Hubbard Brook Experimental Forest in New Hampshire)sig 2+ » 3% 4 7 &
R STY A FROTIRY fe AT 452 BB & BAET 0 T B T 85-100%2 # By

)N

I

o

=

Lok s AR A 2 é&ty;;,(ﬁa ; +-£f;.‘ ﬂ.ﬁvﬁéiﬁ“ﬁfﬁ B4 ATE4E N & KRG

- &ﬁ%%ﬁm%«“ﬁya 7@@5w%m@@myw%)

B @g&ﬁﬁ'%&ib?i#ﬁrlﬂl $%aﬁf SRR (YT RS RCE e
ﬂi, ‘, :
F'& ) j\p"{ - l[&pé‘:%?f‘ ijl"'%/\‘}_j,w J_y &: =y }i’:’l‘%" - f\z r}#'farﬂ ) 1:" -lv tg—g-
B2 LB RAED  E T A RL '
d *F'lp’fﬂ} ‘3”%
R akihE S X E B IR0 X $ (aboveground litterfall) 1 2 3 T 3845 %
# (belowground litter) » H ¢ > ,é'*ﬁ s FAEREY D FRE AR AR AN

¥000 A SRRl AR A A s B (Perry, 1994) o d 4 AR & A
BkhE R kg o kAP (intrasystem) & A TR 3F 5 & A 2 F LG b AR
B 2R EiEHAZIEELGTRIFE 0 P A ENBEESFE SR
7 F A fErx s B (Klopatek, 2002) % ¥ iy % 2T 7 ¢ 0=t 2 HhA 2 HET L

B+ ER B ERIF S 2L B A BRER KR AESE -
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ZRBE 2 Y T LA AT 2 R RIS A (YUK F
B RASERARMY) (R 5 H AR T R R RIS ERIAE SRR SR
B e AFEY P i 2 AR(Y14K) 2 frdo ¥ B (MY)2 ¥ 32 = % 4pEEA iE 0 F
GIEE R LRNBE S A LR BRA REKRE 2 b (LT 2P T IS S H
IEARLERAFRE L NLE RS BEHRFPTIEZLZEALABT TN kP

BoREE S o PRI GRQ008) R L R S R e L R

BAFETAN A & Y SRR ETRE L2 A mREDER
L A HR(Y 4K ¥ B 5 4o BHROMY) » %73 355 25k B eha f#red 2 4

BodaRloBapENREFEEIEAA kR EREAFTT Y YI4K 2 135
POILAT A G R E BT MY hd Bl sppt 2 th o R Pk 8 YI4K 2 g

P friE FRE 2 R ol

512 7k A

|’
ZRERE T Rk ERE R MIB!Q%FT%‘*ﬁw’E%? MY (% 19) > MY + 3

=L

B YI4K 2 8% o - a3 ',' ER S N P 2 484 (Wang and
Klinka, 1997) > AF7 3 ® &M = Fs% FENFEROTH R NI EE L2 L
B(E5)cdthkrigitent B2 > EFEREHA BT T 240 - 8 377
A2 0-110 # 2 g A2 FINE ERDPPI I XA EHA § LB 2w

3 HEHAHRAERHENELS L PIES > R mE S G hd it

\F‘
e»x-

-\-x\y

#F(Tumeretal, 1977) e n <~ ¥ 44k s a0 E 0§ ER M BT 2 § 35 o

POk E kRS MI30 % YI4K £ *F MY (% 16) ¢ 1%

KUER t2 3850 hL B> 32532 24 (% 5) - {4 2 %
BAfESHP 2R SRR TR TS AR g0 2 RAE
PR 0L SN IR BB TS BET R F AR pNES B R B R BB
Mo AREOYH B WA o S 4E 0 R G TS AR b S kR L
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2V e s 4R S F) 2 %A ik d(Aerts and Chapin, 2000) » % % F]3 eniF

ERHETH A e R ENEERZ B TR RS LR R o

ZRRE R Lk EIUTER S YIAK>MY>MI30 * 28 ¥ £ B (4
6) Aty WK ER2ZABFEIFAFT2Z AL - RO TEFTESMP 247
Kp 2T g ohmgps 7§ ?‘)‘Lfﬁ«(Potocw et al.,2005) o o 4T B
B es? 2 L BhnEl s RESAEY Y EORRL R B FA
’ﬁﬁﬂi;}p Mg F R A B 4 & (height growth)d%F > IR ER % > = ﬁ FEBR

it 48 B (+’=0.857) (Hoyle and Mader, 1964) - Wang and Klinka (1997) { dpdio e g
British Columbia =78 2 4 (Picea glauca)"g ¥ 1k~ # # (P~ ¥ % ¢ 7 32-120 & 4 2.
HA)AEF AR 2 R BEF RS 'iiﬁi*;ﬁ’ C MR AR S PR 4 &

AR o xpwa:~wﬂYmmﬁ»¢“¢uﬂMwmﬁmﬁ ' Y14K 2. % 4 £

BEF %> M130 > r:cr“}—%zr"“l} Y 14K V I%'Fr?/\ﬂ/kfi%ﬁ—gﬁ& MI30 & o g ¢ >
M,

sk rﬁ@*m@karﬁ f%>y4K>MY»v EELR(E 1)

IR & 3 ey fz'r:‘i;@g-*t/k)ii&%‘b—- 3R

513 /] &

ZWREEE ¢ ZEIN - § - 2400 ST X R HRMI30)EE F B R
3o ¥ BAHRMY)Z =0 24 H(Y14K) » #B4F 0 M130 B F B (% 17) o = 385k h
Frie(EF pIER) > MI130 2 +hA % B P B # Y14K 0] > ok B8R 4456 R andk
LA MY 20 RP% 8P aOHRAP ZFHEE D RF 2 5402 o dgt
ke MY 2 28 7 40 MI130 24 o ok & o) B F @ a5 ik & 1)
* >z % (nutrient-use efficiency) » # 2 F]F @ 42 ;A p A BRFEL LS KR 0 E
Frds A e 17k & ITH chkiy o R B R Ap ) D AeE JIF o RAEF B Y kg

s A 4o Fl @ L3 (Hirose and Bazzaz, 1998) > d st 32 > M130 4p st MY %
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YI4K » feded v Eeng »ak kBT > B2 FR R L ~F " RE > v 45 5 5

o R AP ool R R PR £ Ap R 2 AR -

52 FHERUHEIE 2L
521 NFRINIZLEEFR

AT PSR R 10T 2 2.2, 2 £ Fqe s (40 ¢ )0 2 i~ (kR o1
FEA(10-11 7)) (B 7) > #- 2| %% % p £ FF Miyoshi # Hayashida ¥ 9 * % 4
(Chamaecyparis obtusa)2- 5= 3 & % 4p 1+ (Koike, 1982) « ¥ $ #7334 P * afp E ¥
#r % 2 454 4 £ 2 (auxins) IAA (indole-3-acetic acid)e% & s iv » 73 I & 3

4-10 " 7 3 I H# B S IAA (Hayashida, 1978)p &2 272 3 2 5| T o

B g R % mic’r,ﬁ*}é‘ ¢k T]ﬁrﬂf‘g/\’kkluf—%'i'*& 340 2L EBATT 35

—D

DO ik B i RTE kﬁﬁ1%§ Wﬂ”ﬁﬁmﬁﬂiﬁ?%ﬁ$i%
[

AR X o EEY AN !fl'$‘]‘r1 )'nﬁpﬁl "‘-'», 2 TH(EEHZ k)

) l

| d
I &
Aa\ ?‘:(,‘_‘z &i*’,‘b%”a 4*1’;7 ‘gFA\)—T 7$qqﬁvizj;lfﬂ ;41\7 o

«—L— .

522 EWpER B S &R 4

(1) EF2F5FamEIH
dAFT2Z2FEALFREET I - E2 P EEPFRE > EINAER L
FEMGE e ARKg L GAMs fRif TR FH A FHPL R FITI - R d WAL
%4 e ¥ (shoot)shie & 3 & & p 308 1 %(Chabot and Hicks, 1982) » %
R AP AEYFT AN ERDFLLDET C EAFTREETLLE
A EROERSERE R A R 2 o 1 MCRIUBHOESF R RS EAE

WAFAIRT R FEY LR FOROKT AP T UBE S RS A G E

pj
‘-\w
\4—
‘I

f %@ (Dickson, 1989)
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(2 2EFABRAPH 2 FIRSER G
AR Y EIRRUE R T U ET A E AL AR Ak p RS
BT R B OBERG o g B et L ERE S FIRNAROES A g E
TR AF 2%

BE 3T 5% 5 a2 2 78 9P (reproductive cycle)st 3 f A RT3 ferk2 oo L i i
EOHEARE ) PR AL R RAHRRT e 2 R T R o T
E B TEHRE R, T RERREYTFE > m R LI ) st A 3
2AANT (FRE T DEFRAE P T SRR T RS ETE T
B R & A H T AT F e R R(McDowell et al., 2000)

*ﬁ%ﬂﬁu&&4Eﬁ’?&ﬁﬁ%ﬂiﬁﬂ\iﬁﬁgiﬁ%%mm

T

\-

cones) > M % &4 2_z22f 7o(pollen cones) v10-11 LIRS

1%1

ﬁ1ﬁ%*%ﬁ’r%%%mkmﬁﬁ%mpm*gﬁgwmm@ e
PF R RS T 0 % B(scales) s :T ﬁr.ﬁdﬁqﬁﬁ GRS T e AT AR KRR
CE R ERT SN m§%PA§ ST L L
% 78 %8 (reproductive organs)# = t‘%ﬁﬁfﬁﬁ ’ 'E% McDowell et al. (2000)2. % 2k %%
TR B AP RV HBEB 2R L E AL AT G > MW BT

ERR AR E AT EARTL EE ANLS PRI TH

() kR FwE R A
RFEE 10 0 AT BT E IR A R BN 2 AR - F SR

ﬁ?
4:

& (life span)f £ » VEFFEFROF THFEF L > TR E > KR HERK S
E* e lefd mANT R, VG R EHERE £ 22 R R
BREFLSGOMAZE R CBRATHIE SRR EFRF RSB ALY
A kA2 ok o(cryoprotective)bE A 0 1A T E R 5 TR REREP F]RE e (B AR
A FRTFEHALAENERTESFRFET 2 T # £ 5F K(Schaberg et

al., 2000) °
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523 EMXLAERBF &N %

FTHERCHEHFRENZ A OPFFIL L OFRIET R Er 2 LB EIT
* e B (Moorhead and McArthur, 1996) o #4873 ¢ » £ H W E 302 § 2249k R 2

B FEF R P R S E ) o

(1) E:F ERDFFLR
a i GPF AR RRER  HAREF LD

FEXH2LEE O ENMFFEANALEZAMAS V)PFEMgEN o B F SR
)EL ¥ 325 10 e % % (White, 1954; Miller, 1966; MacLean and Robertson, 1981; Chapin
and Kedrowski, 1983; Hatcher, 1990; Moorhead and McArthur, 1996; Myre and Camiré,
1996; Zhang and Allen, 1996; W_inborne 2001; Xue and Luo, 2002) o ptPFEEINE ER
A FTEMZ R BREAF AT H ;ﬁ%lﬂ* F P FR AT BRI S
JPRRO B A
B 4c (B 8-a) > E émﬁ’*w &Wﬁ»ﬁﬁmT“@wb)

-
i

#&Lwﬁﬁm*%’égﬁ@%mﬁkﬁ

- HBEAFEF O FRERHE TART GG LB ERHEF L E 2R

2 AR bGP LA R ORFIENFRALG I EM AR
ﬁ“i‘g(@9b),)’?§b 4‘H§ ﬁ_u‘ﬂmgg %“;f(viefﬁlgifg—p_}i _“g}"g 3&%&., S El
47428 3 7 FHER(B 10b)e MR XA AT Rk ER Y s £

FAFIFREY DPFE BXRAPRDET AR A RS T R 4R

ﬁﬁiiﬂ°%¥?%*E$ﬁﬁ$»%%ﬁﬂﬁ%ﬁ%%%iiﬁ»%&&k

N

bl

VP RN L E 2 GEAE o FIN R SR R A SRR TR
o AR R 5 0 F R A AR RIFIE R TR R e PR
g -
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b. 52 F¥§ kRHX3

AR 2ECPES AT O EHE ABT R T AR AT
2 TR AT - R(BI8b.~ B 9b.~ B 10b.) > ¥ MPRFERISEFENE F %
ZRFoFEERYF FOM LAV RET F @ g Rd KT hd BE M (Turner et
al, 1977)» - 8@ 3+ EAEE Pt BB A A HE M ATE R R AP
AL g 0 HER A L3 (Zhang and Allen, 1996) » F]pt ¥ 42 B & 8 a2 2
ENTEBRGPE - BRESFEN I FSFATEF LB 5 £ 7 L A4 (Pinaceae)
2 Ay ¢ FmHE EINE kAR £ iE & F (White, 1954; Nippert and Marshall,

2003; Finzi et al., 2004) » &2 A F7 3 5 4B 002 B % o
R IMEENG R LR

ol AR R R S a1 “911 ”.;,ﬁ;ﬁ}iﬂgﬁpw&*‘ﬁ BA o e

I”
¥

%?
o

44
ok
a4
Ie2
pt
e

LB 2B T ’T{'Wﬁcﬁvgiﬂpﬁ“ BE TR A2
m ||

m%’fﬁéﬁﬁ@ﬁﬁi?5°MDN@HMHNWWﬁ»? ERT d ARITE

f

‘r‘v‘&»%g’;difiéf?ﬁ%%f\;‘?%'?fivf“"*#:F’“m%’ﬁv]“*ié’mrﬁ\u% g
LK TAECF R o RELENGEAD TRED 110 B2 LR RE o f2i

#
s VR A ESY BEF EVERSAMMOT TR o M FEITAZER AR
P Hp < iéié:f?r;\il]}’”“ﬁ‘;j}‘\,g}}‘;#\ BB R T R AR T F
B R RFEOCRRE 0 R EE R EHER B4 7 B Sk
Pfhe R E T34 B EINE kR 2§ (midsummer)PF § A F i< ehk TR
(Lavender and Carmichael, 1966; Moorhead and McArthur, 1996) » &2 A% 7 3 7 ¢

2
d. REAEFHHERF ?‘%Ei"?lv\?vﬁ?”ﬁ i3

EPEMEAHEE A R G PEF AL B E AT
R A TR LSS LR R & 2Ot L ok (Mae, 2004) ¢

57



A2 SB Rt RRE NI 237 0 P EE RS R ENE kR
B3 R E 5 B ER ~ B R o d B £ 5(2008) 81T MY 2 Y14K 2 5% 4
FrEEHET  AHAERHFST AR 102 P FHL 5 R 2 EIVEES
WP EED T ETEF B RRE od M EIRA R AY  EREZES S

P EFE R AT R T o d TEPERZ R St BT JE0R
FAEZBEERES RS E BET? (Ares and Gleason, 2007) > B # # p
s F g 207 e T E I 906, 5 (Dickson, 1989) S (L F R E £ 1E
B A THEEIIZ AR E VLR T2 0 TR DT E G40 i

AP w BN ERE B R o

REEP R > St A k2 EINE k&%ﬁmﬁﬁﬁﬁ%ﬁ B}HF (B 9b. > B 10
AR E L R it %ﬁ»' Wﬁmiﬂ°%*&#ﬁﬁ%i’ﬁ?ﬂ
ﬁiiﬂiﬁ*é%%ﬁﬁiﬁﬁﬁ’éﬁﬁﬂ¢*”7$%ﬁ§aF’4@4
AN S AU S A T (A}re;;g;d (Gleason, 2007) o F LA HE M TS
phE ~F g B R gt % EE#FH; 3«;7“ (Whlte 1954; Lavender and Carmichael,
1966; Chapin and Kedrowski, 1983; Hockman et al., 1989; Moorhead and McArthur,
1996; Winborne, 2001; Finzi et al., 2004) ; ¢ 4] £ & AHE > 4% F g £-
#](Chapin and Kedrowski, 1983) - "f P2tk s Pl A - E 2 S TS T
7 2 v R RTy «Giﬁﬁfjﬁﬁ'}#ﬁﬁ’*?«ﬂ%&\ Nl
0§ Btk & 4w AE R 41 % (Xue and Luo, 2002) © ¢ 4F
BAMEARRGE A SEIBBIATL BRI G FRT LN
A S EREY LA R LRI 2 R F R L G @ ¥R (episodic

flushing) 4 & # 22 #Hfa £ # £ & (Dickson, 1989) -

AEE P ERAR 112 7 B EIRE EARER 02 7 2 TR L A kR
A3 3 12 7 @ {8+ tgylit - Nambiar and Fife (1987)% # JLig &> add 7 2
o B iE 4% pAREBEIINET S o A AR KRERD H L D
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ERAERT R R pRAL TR VAL AL BEOT R S EE L DBEH R
KT X TE A RA B2 AR 2 RRFEROT LB E T F A2 4o

(2) EMPERNEE LR
EH2FALFLEEOEARREII AL ST hENS L P ER2 A%
R ERF L EEBLE FANLYTRAEALHBEIANT AL B u
AEFR AL A BT R od AET Y N TR LR A2 kR4
F04sr D HBIEET 0 B BRBERIDE A kR T O A E 2T
FAERRFOFREI T R 2 -RoAHDFEAL ®H IR 2006 #2 2007 & 2
%

MEPERE L]V F3 T FREFTE (1604 172 18) PIRARL 4 E

-

ok 2 AR B F S P AR 15 2 R L
%3 3 ’9'«4%ﬁnﬁﬁ$wﬁ*§ﬁi«ﬁ‘t§“(§l8) ERARL AR (W 9) -

ﬁéﬁiiﬂ%w&v%ﬂma i %W@i@ WA E T LR HE e
|
vr"" || |
46| e wr e aon B
|
s | 1
Ao fEH N AT 2 A Bl s et R A BT R B S kR R A chk

R

BEL RS A& F AT ‘f

Ak o ERFBAFREEY C BIMERES P 2 11 "B A FALR > LEE
~RARTGELF ETR DT ERA EHS11 Y EEER Y ERFER2

AOIABE Pt s &R 511 0 BARRHER R 4 PEA R B (e W 3) o

a4

2006 # rgm kB % Z PR EGRFARSF L 50 297 5@ 2007 #3703 1]

P2 BedtRE D R A BSHFI2006F 5P E 90 F R A €A 2007

ERIS TR 120 5002007 £ 10 0 2 R ER (R ) F A BRI

}\_

EAFIAE R 2007 £ T 0L 11 P AT RT] o F ST S B AT

<

K¢ oengm b X7 % o (throughfall)sigpkiem 4 > H 3 4ME& 480 7 5 ke 2 58

(Turner and Singer, 1976; Zobel and Liu, 1979; Mclaughlin and Wimmer, 1999; Ma et

al., 2007) » Ecfiip] 4 4E " & {5 chiph sk okl Lk A 8 PR DR R B ehd 7] (o
it 3) °
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(B) EEERNESLR

FRES? DELIBEL AR LI RIRTRESE ST FRN > PR
T gl B E R ¢ R 3R A e0IR % (Zhang and Allen, 1996) - e AT F P 5 2 R
ERRT2ZXAFEIFSEEAT AR FZ & PAEST(R8d ~ B 10d.) > rEE R4k
3P E2EEBOENERR > A S ERFREBTE(R 9 d) o B E R AR Y
@u&mhﬁe1%%’g:ﬁiiﬁﬁ%ééégﬁﬁﬁﬁ@aﬁﬁvf@%
£ R AHMY) G EIZE R AR MI30)2 R e R < (e D Bl 21) o d A E Rk
FHEPFTAOMY 2§ s R R R F T MI300 2 3ETRE L R ot S 4L G o4p
Pz Zadfs v A2EAFT2ZPELL LG - #E“f%‘é\ S o Pt 2 R

SR VA L e R <A e E R B 2

A0 Flm E oot B 5 o

x> . s 2% |- ) |".c, ]
(4) #‘\:Kﬁ/%)imﬁ &4 IR L ‘rs*- |‘

ﬂ%c~ww9e~@10e) WA

ﬁ?{iﬂ%&?&?%ﬁ%#
|
1%%,%ﬁéﬁﬁ+¢%ﬁﬁ%£k&%ﬁ@%#sﬁﬁ&@’w%;ﬂbt

e

Fi - 28 &34 3 (MacLean and Robertson, 1981; Hockman et al., 1989) - }*

£

7

M~ FE R L E P2 E IV R R PF 48 ®3% 4 (Lavender and
Carmichael, 1966; Moorhead and McArthur, 1996) » — 4335 > IR % 8 & 7 47 e &
23RBS 0 E P 2 FHUR(transpiration) £ i (7 0 MR I8 e SRR R 7 47 ]
#% 4% ~ % 114 I.(Zhang and Allen, 1996) -
53 &k EIenF R A o
531 ez B A%
AT ERRTEARL, T RS REFFE L 2 0B RAR

B AXFAET bR 0 Bk R 39T U B (& 6) 5 A A kY > L£E 2 % b R
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PR EMBERBRMEE AL LA TR ENRE(R T BT RibE

BS54 HRA ek ¢ E LR R ) hdE B ABR > T

|
-
St
1<
E-)
=

BEpt A Fefi st o AR A 3R B F Bd 2 A 11T 5 BT R B A ALICAE
L B 2 A fie s Field (1983)%748 912 Buif § A fed®a 7 2n 3 b i enph A e -

YRR FEeERE - FF2FTRE -
532 ENRLEL 2 TRAF

dREFNZTERALAAFDH AT FA LG 7 A F Y (pattern) (van

den Driessche, 1974; Perry, 1994) » ¢z T #-4 44 E ML £ 2 kB 5k A F 2 2 B

ﬁi?ﬁ%ii@fﬁ#“%kﬁ %H&%ﬂ’ RS T RS
S AR S A Kﬁﬁg 5%%%4,\ + e 7 % #¢ (high contrast)eh
A ATHRA 511 GAMSs fiz g f2 55 ﬁ*é‘%/ﬂ\" VARG AR AMT TR 2 g B §
RRAPETHC (R 8) o AFFY Y —%é’nﬂfﬁm;‘;}mig B R R A A fie i
RSN o iAo F SR AY A A B EER EE e
EZPE S EMBIATRES P EARKRZ X R T - Rl

(Madgwick, 1963; Myre and Camiré, 1996; Finzi et al., 2004; Will et al., 2004) -

%R 0tk KA 2 BB SR T L 2 B 1R ke

=

#1175 (photoinhibition) ¥ - #8F dv F2 3§ e fie o 4HF ¢ 1Ll A Ma b ks 0
ﬁia?J P AFEBRAABLEY SEL ﬂ’ﬁév\ﬁ?]iif‘?iﬁ‘lﬂ Fam [Ef g & chg a4 if 3
(cavitation) » 14 2 Z MiFGRATIL Y 2 s B A 0 Fl@ B F § 34 & (stomatal
conductance) > S ¥ Tk B EAXF > £ & iv* 77 *f (Leal and Thomas, 2003; Koch
etal ,2004) = B R 2 E Fd B RE B RE T &R PRI R B )
LEAEG 0 T A E SR A E B 2 % £ 0k% 2 e it (e 7 (Hollinger, 1996) ¢
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WERP AN EPRAEFLE > S HORER A F Y ik kA o &

ERARTRR LR A 2R R 0T T B 2

742020060 s LR AT ZHEE R L EP A Ko A MY =5 4p

Wik

G2 B TR Al AR k£ ok R FIZ FRPL R F Y

70.1%  FARI AT 2 S R TR T B AR Y o K L (R % fost X

a_.
g
a1
4

LB PR o g d A2 FI R HRP) TR 0 T L kPR B
s LA REHAPNF R RENERN ot 2 B0z M BB
ZEBAPTEFE OSSR BT TSRl B dp R o ki eh % @
HoA et B R S T M2 R A > Atk Rl L & B RIR
Y B S aﬁﬁﬁ@@ﬂpﬁaﬁww%*%www Pt
kLT > U EE NS EP R }F-l IF?' (Van denDrlessche 1974; Brooks et al.,
1994; Brooks et al., 1996) - y LR

F L=t 4 24 ot B 3R %.J f @r‘; @J#ﬁ; R B ) B RRT
&ig@wﬂ%@ﬂ¢@%ﬁ%&Ufa$%iiﬁiﬁ’€@@ﬂ@1ﬁ%§
%&@%%%ﬂw%%&ﬁouﬁﬁégﬁﬁ’ipfiiiﬁ¢%&$§1&0
trees / per ha (M4 » 2003) 5 d JRFB RS % TH IR - 1 F B R OHks SRk
&3 4R Bf;iﬂ AT REEIREFEA Y  RAMFRBEARRES 0 IPRA
BARES BT T APRFET HR L B A 2B R Y E

AR M A RS A - g2 1 F)

Bp XA EFRT o £ E 2 Y B % (apical dominance)'E F kA E #m R

50 Hg A w2 XEHRATE B L R R d F)(Aarssen, 1995) o ik R IF ¢h R

N ):}

R % o VO At B O RS R P A T R fgﬁm% fr o Ishii and McDowell
(2002) %+t f g E 7 e AL 2 T R ,fé‘—;—f# P T B I20-30 F 4 2 B E A B S T

Bz Pl RRREE o AT AR AT E 2 RS s 0 2 R G R
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AEA BT RBE BT 450 F 2 ERARAZ A S SRR E Y A
Ko ARATER Z R 2 RIS smbr] o F Rl A RN S AR B2 H- R
< #%(original branch) » 4r } T 2% & 3 & (average canopy height)fix % & A < > K%

FRSHERSEAEAD 2 RR] 277 ¢ > A HRENHTEE-IFREF LR

%m@{."'ﬁ;,&}i(%\ 9)’.3%’— %’f‘fiév\m?&\A}'ﬁﬁ;A;}g =g iF oo %’/‘Q;'I;_p ‘i’“‘/]?«ﬁl‘_
Rld 2T HARMI30, MY)E & 2 H(Y4K)Z thAa £ L B4R~ > L H 5K B
g REY O A BEFEF F AR B BHlA T 0 MI30 2 MY B

500 # 4 12 bk 3k o YI4K RIB 40-50 & 4 2 = 4 wdedh > hiF Frp et S
ERRALE @ bhAd HHERRL > RRTE IR L EIA > XA
PR RERE ER KRB ER ] SR TR e s G g 0 B S
A A R K A pEE é'm%f-#ﬁ N2 LIS SR

(Leal and Thomas, 2003) ° ] —~

N Q|
" —

A%P#iﬂﬁﬁéwﬁmiﬁ"i%ﬁﬂ kG A L AR FE
mﬁ’@%oﬁﬁmﬂ“*iﬁﬁﬂ’;ﬂw LIGR B 3R holg BT X
HARMI30)P & (Fitd - ﬁ@@9éwmmﬂ’ﬁMBO\ﬁﬁ MY B+t % A4 %
2 AR A A A RO I ] A A R T2 MI30 # 5 3% "]}“*p?ﬂ 3 2%
RFEFEP OSBRI ESAERBARS T 0 MY Bvs F 2 MI130 (& F Rlikdy) -
oMY AT H BB R T e RS ARG A H P RRS RG22 E0
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% 20.
(old growth stand)£? =t 4 {k(regenerated stand)4~ %

WRAFFERAFL Y ZRELALAT 2G5 TR IEFLAT AR I HE R
‘E\‘f'? F#FW ° ﬂ\%\_ﬁ'@ AEH';Z Qlfkli‘%u(NO.)gﬂ

$b & T AT e

Nutrient Results reported in other studies’

Results of current study Similar

Different

Trend of canopy positions (in old-growth stands)

Nitrogen Bot > Top & In > Out 3,10,16,17,18 ®.,4,,6,7,8,®,11,12,13,
14,15

Potassium Bot > Top & In > Out 1,2,3,7,8,17 4,5,6,9,10,11,13

Calcium In> Out none 2,4,5,6,11,13 (Bot > Top)
9,10,17 (Top > Bot)

Magnesium  Bot > Top & In > Out 3,11 @,4,,6,9,10,03,17

Trends of canopy positions (in regenerated stand)

Nitrogen Maximum in Top-Out 4,6,7,8,11,12,13,14,15 ®.,3,,©,10,16,17,18

Potassium Maximum in Top-Out and Mid-Out  4,5,6,8,9,10,11,13 1,2,3,7,17

Calcium In > Out & Minimum in Top-Out none 2,4,5,6,11,13 (Bot > Top)
9,10,17 (Top > Bot)

Magnesium ,4,,6,9,10,3,17

Bot > Top & In > Out P3N

" Numbers refer to species and 1nvest1gators hsted in the second part of this table.
» Definition of abbreviations: \ £

Mid: foliage of middle layer of a canopy;

ot‘@hag¢ 01 bottom 1ayer of a canopy;

Out: foliage of outer layer of a canopy; nr L h!f%' €01 l11}nel layer of a canopy
N

* The number inside the circle “C)>refers tr)
i

on+ iomﬁcant trend reported in the study.

T8

—le-

No. Species ; L Investigators
1. Pinus resinosa & Pinus strobus. White (1954)
2. Pinus radiata Will (1957)
3. Pinus resinosa Madgwick (1963)
4.  Pseudotsuga menziesii Lavender and Carmichael (1966)
5. Pinus banksiana Morrison (1972)
6.  Abies balsamea Morrison (1974)
7. Pinus resinosa Comerford (1981)
8. Pinus rubens MacLean and Robertson (1981)
9.  Abies fraseri Hockman et al. (1989)
10.  Larix decidua Myre and Camiré (1996)
11.  Pinus taeda Zhang and Allen (1996)
12.  Pinus contorta ssp. latifolia Schoettle and Smith (1998)
13.  Pinus taeda Winborne (2001)
14.  Pinus densiflora Han et al. (2003)
15.  Abies grandis & Pseudotsuga menziesii var. glauca Nippert and Marshall (2003)
16.  Pinus taeda Finzi et al. (2004)
17.  Picea rubens & Abies balsamea Richardson (2004)
18.  Pinus taeda & Pinus Elliottii Will et al. (2004)
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23#% Conclusions

6.1 IEATH KA NHARLLE
2L D E R R FAOB LA RS R TP R A e A e Pk
éﬁﬁﬁﬂi&%%%ﬁ’&5%Li£$%?ﬁ¥ﬁ%’ﬂﬁm&ﬁﬁ@é@
AEEID 2 R ARA o gt b A R d 3 oA 4R ATHR S R R R R
HE o BAEREFERE A R RARS TR
B

FRA L 2Rk 2 ENG CHMEEERINFAR DR IEAMNE

ﬁ%hmﬁs34ﬂiii4aﬁﬁﬁm:;ﬁﬁff £ Xl 3 R
Flm kR ﬁé,79ﬂﬁﬂv@ﬁnﬁ*{§+ IR LS T 8 RYGEE T $50 )
EN IR | Hﬁ%&ﬁ%i%@:i%f%lHl”Wﬂkégﬁﬁﬁﬁﬁﬁﬁﬂ
B3 B R RS L ”’##A@k&ﬁﬁﬁﬁﬁ°

ﬁ%%§*i£$ﬁ£iéékéfwﬁﬁﬁﬁﬁﬁw%@ma%§@%o7
PAENGERZBE > P EEL TR G S EARE A P BE T RGE
BRAREP AT R o RARE RY X RIS S A RS RABR - R v BURE
FERBIER 2 AR Pk Bk a2 EE D AALBES T 4 304
£$1ﬁ$@ﬁiﬁ$o

it EERFIE AL B 3 P REER AR AR5 47 70
P ELSFREY 2 PFE R R ARTFT > A AR L RRARS > RS
2R R Z] 0 R ATE 2 K SRR

<l
e
,\m
<
[
[—
m
—_t
Al
=
=
3\1

gk F & o d 2006 2 2007 £ FlReh BREFREOFE LR EINER 2

Fdp EERhpE A T F A B T L iR S A k2 BB

69



A

EINedg A R PR ESERT s R L L FREFR
Wi F - BTN L ARR S R R R L AT LA R
thA - 50 { R R LR L e R L 0 L X Rk
EAFRTAIRT E2Z G o povb > EIuUr L Hha P BEEEP2L AR o
6.3 TR EMAEHHE

ERPE AN FER DA f T EPREORS S AP RFLRZ SR
ERHE T AL TR RG> LR e R AT o

ERPE T AHZFEF AT HRSF PREORL o RFRT DX R B
Fedied 2 F X BEREARRE T AL B R A RN B0 F 2 x4 4k
FlfRA R RAPHIE 0 BAE L 4 e o m Y R EINF RAREF K
A R LE TR T S X @Wmﬁiﬁ@,;ﬁ%a%ﬁia,
B e b ing v ok B BE 2 ;}L]Lﬂsng /gl‘ Mg )

o g X Bk R 2 b

\\\Xr

ﬁ&ﬁf“‘ SR TR KL

\r[i |

)
T hE B £ A% > WwhF 32 %l Ey f*é, m%é\/»\ﬁo P23 - Tip i

:]‘io

AP ERIRAZ XA HRFEFAC AR REEY AT L H L B F
BT AR 2 kR IR N BB 2 A A B f AR A F R o dE
ARF T A AR F o R T B > TR LAMEE A F S R ERH A
B R A E IR R R R WA R Ao E Y
LR g EFREBETY S WP T BEELEEY DL BEITY > B RS
PO RSERRZARARCL o ERPE T IR ENEAFT IR EEE Y
bR B B E R R E G e R 2SR R TE

% °

70



7. 3% ézfﬁe Literatures Cited

2 &P (2000) *%Wd%ﬁ*\ﬁ&%@# FTRALGFT B o545 k.
FHE (1995) € R AM S F T o ? EHELS 0568 S FELET 4 -

PEREE o o o % 3-13F ¢

TRigd (2007) @ L A RS E TR AP ET L AR AR R T FAF A AT
BB AL T9F o

#§ (2002) fi4r 232G o FPFRIE DAL oA P o

frig (1975) c &g Atk 2 & o B HRE 1(13) - 24-27 -

R VARG SRR R Sl (2000) L ES ESISE L
HEET g ko ai-ﬂHi?é«‘” 33 14‘3 153

2 ;fé r; %fﬂ;ﬁﬂwﬁa\#% g

;-l

§ 2 (2007) & R & e %h\a B
2T R oS ?w‘ﬂ%f“*%p )ﬁtﬁ,,/aw 52 70 F o

R (1995) 4 A dpa 4 T ogi#g%od gﬁ;g&c;ﬁt 056 5 - st £ AT
Tk d ERE G S0 51418 7o

MEIE (2000) SHVEFRTALZPGE R S FEREFLTRLGBR
92 F o

FARAE (2003) HH P HHAIB IS FAABr LHFH Rz AEAFfRT R
WF T ALY 114 F o

F 4 E (1988) fE LA % AT AL ATE R F S X BT o AT 4312023 ¢

A (1999) i b HAtAEffof GM G277 R AEXF i AT RE -
TETR L 76 F o

¥ &fe (1995) FHikE z@»%ﬁ AR BN IR o ¥ EHREE T 956 8 -

CEAFESET Ao P BHREFE o St o % 181-198 | -

71



B (2008) WL HE AR ERIE T AN GEREF R FL R ST

HHEFFL TR 68 F -

[ 4

if B4 (2006) R S HEFLFLERF I GHIRN A A TR B2

ZHE R L EREFLE L% I28F -

Aarssen, L. W. 1995. Hypotheses for the evolution of apical dominance in plants:
implications for the interpretation of overcompensation. Oikos 74: 149-156.

Abbasi, M. K., M. Zafar, and S. R. Khan. 2007. Influence of different land-cover types
on the changes of selected soil properties in the mountain region of Rawalakot
Azad Jammu and Kashmir. Nutrient Cycling in Agroecosystems 78: 97-110.

Aerts, R. and F. S. Chapin III. 2000. Fhe mineral nutrition of wild plants revisited: a
re-evaluation of processes and patterns! Ad.vances in Ecological Research 30:

1-67. , “*:,;f |

Ares, A. and S. M. Gleason. 2007. Fo} Lr m].\{rlent r@sorption in tree species. Pages 1-32
in New Research on Forest Eccilsgy Nova Science Plublishers, Inc., New York.

Bremner, J. M. 1997. Sources of mnitrous” oxide in soils. Nutrient Cycling in
Agroecosystems 49: 7-16.

Brooks, J. R., T. M. Hinckley, and D. G. Sprugel. 1994. Acclimation responses of
mature Abies amabilis sun foliage to shading. Oecologia 100: 316-324.

Brooks, J. R., D. G. Sprugel, and T. M. Hinckley. 1996. The effects of light acclimation
during and after foliage expansion on photosynthesis of Abies amabilis within
the canopy. Oecologia 107: 21-32.

Cannell, M. G. R. and R. I. Smith. 1983. Thermal time, chill days and prediction of
budburst in Picea sitchensis. Journal of Applied Ecology 20: 951-963.

Chabot, B. F. and D. J. Hicks. 1982. The ecology of leaf life spans. Annals Reviews of

Ecology and Systematics 13: 229-259.

72



Chang, N.-H., Y.-R. Hsui, F.-W. Horng, H.-M. Yu, and F.-C. Ma. 2001. Natural seeding
and seedling occurrence in the Chamaecyparis forest at Chilan Mt. area. Taiwan
Journal of Forest Science 16: 321-326.

Chang, S.-C., C.-P. Wang, C.-M. Feng, R. Rees, U. Hell, and E. Matzner. 2007. Soil
fluxes of mineral elements and dissolved organic matter following manipulation
of leaf litter input in a Taiwan Chamaecyparis forest. Forest Ecology and
Management 242: 133-141.

Chapin III, F. S. 1980. The mineral nutrition of wild plants. Annual Review of Ecology
and Systematics 11: 233-260.

Chapin I, F. S. and R. A. Kedrowski. 1983. Seasonal changes in nitrogen and
phosphorus fractions and autumn retfénslocation in evergreen and deciduous
taiga trees. Ecology 64: 376-39 }-

Chen, J.-S. and C.-Y. Chiu. 2000. Eiffcc‘tif)f t‘vo“pography on the composition of soil
organic substance in a perhu‘imid'?s-hb-;trjopical. montane forest ecosystem in
Taiwan. Geoderma 96: 19-30.

Chiu, C.-Y,, S. Y. Lai, Y. M. Lin, and H. C. Chiang. 1999. Distribution of the
radionuclide '*’Cs in the soils of a wet mountainous forest in Taiwan. Applied
Radiation and Isotopes 50: 1097-1103.

Comerford, N. B. 1981. Distributional gradients and variability of macroelement
concentrations in the crown of plantation-grown Pinus resinosa (Ait.). Plant and
Soil 63: 345-353.

Dickson, R. E. 1989. Carbon and nitrogen allocation in trees. Pages 631-647 in Annales
des Sciences Forestieres (France), Forest Tree Physiology. Elsevier, Nancy
(France).

Eaton, J. S., G E. Likens, and F. H. Bormann. 1973. Throughfall and atemflow

chemistry in a northern hardwood forest. The Journal of Ecology 61: 495-508.
73



Field, C. 1983. Allocating leaf nitrogen for the maximization of carbon gain: leaf age as
a control on the allocation program. Oecologia 56: 341-347.

Field, C. and H. A. Mooney. 1986. The Photosynthesis-Nitrogen Relationship in Wild
Plants. Cambridge University Press.

Finzi, A. C., E. H. Delucia, and W. H. Schlesinger. 2004. Canopy N and P dynamics of a
southeastern US pine forest under elevated CO,. Biogeochemistry 69: 363-378.

Fjeld, T. 1992. Effects of temperature and irradiance level on carbohydrate content and
keeping quality of Christmas begonia (Begonia x cheimantha Everett). Scientia
Horticulturae 50: 219-228.

Franklin, O. and G. I. Agren. 2002. Leaf senescence and resorption as mechanisms of
maximizing photosynthetic producti‘(‘ﬁi'n during canopy development at N
limitation. Functional Ecology 16: 727,733, '

Fuchigami, L. H. and M. Wisniewski. ]éé??’.‘-i'éu%mtifying bud dormancy: physiological

1A | .
approaches. HortScience 32: 61 ‘—623-.' 1

|

Hajabbasi, M. A., A. Jalalian, and H R Karimzadéh. 1997. Deforestation effects on soil
physical and chemical properties, Lordegan, Iran. Plant and Soil 190: 301-308.

Han, Q., T. Kawasaki, S. Katahata, Y. Mukai, and Y. Chiba. 2003. Horizontal and
vertical variations in photosynthetic capacity in a Pinus densiflora crown in
relation to leaf nitrogen allocation and acclimation to irradiance. Tree
Physiology 23: 851-857.

Hatcher, P. E. 1990. Seasonal and age-related variation in the needle quality of five
conifer species. Oecologia 85: 200-212.

Hayashida, Y. 1978. Seasonal changes in growth substance in the leaves of
Chamaecyparis obtusa ENDL. Journal of Japanese Forestry Society 60: 67-70.

Hikosaka, K. 2005. Leaf canopy as a dynamic system: ecophysiology and optimality in

leaf turnover. Annals of Botany 95: 521-533.
74



Hikosaka, K., I. Terashima, and S. Katoh. 1994. Effects of leaf age, nitrogen nutrition
and photon flux density on the distribution of nitrogen among leaves of a vine
(I[pomoea tricolor Cav.) grown horizontally to avoid mutual shading of leaves.
Oecologia 97: 451-457.

Hirose, T. and F. A. Bazzaz. 1998. Trade-off between light and nitrogen-use efficiency
in canopy photosynthesis. Annals of Botany 82: 195-202.

Hirose, T. and M. J. A. Werger. 1987. Maximizing daily canopy photosynthesis with
respect to the leaf nitrogen allocation pattern in the canopy. Oecologia 72:
520-526.

Hoch, G, A. Richter, and C. Korner, 2003. Non-structural carbon compounds in
temperate forest trees. Plant, Cell and Eﬁvironment 26: 1067-1081.

Hockman, J. N., J. A. Burger, and ). W= S'mith.*-198:9. Spatial and temporal variability of
foliar nutrient levels in fraser ﬁr‘chﬂrﬁfmas tregs. Forest Science 35: 632-639.

m || :
Hollinger, D. Y. 1996. Optimality %trld ﬁftrog‘;qn allocation in a tree canopy. Tree

Physiology 16: 627-634.

Horner, J. D., J. R. Gosz, and R. G. Cates. 1988. The role of carbon-based plant
secondary metabolites in decomposition in terrestrial ecosystems. The American
Naturalist 132: 869-883.

Hoyle, M. C. and D. L. Mader. 1964. Relationships of foliar nutrients to growth of red
pine in western Massachusetts. Forest Science 10: 337-347.

Hsu, H.-W., S.-R. Kuo, N.-J. Chung, and Y.-C. Liang. 2002. Phenology of growth and
development of strobili of Taiwania cryptomerioides Hay. Taiwan Journal of

Forest Science 17: 241-255.

Huang, T.-C. 1994. Flora of Taiwan. 2™ edition.

75



Inagaki, Y., A. Sakai, S. Kuramoto, E. Kodani, T. Yamada, and T. Kawasaki. 2007.
Inter-annual variations of leaf-fall phenology and leaf-litter nitrogen
concentration in a hinoki cypress (Chamaecyparis obtusa Endlicher) stand.
Ecological Research. DOI: 10.1007/s11284-008-0461-9

Ishii, H. and N. McDowell. 2002. Age-related development of crown structure in coastal
Douglas-fir trees. Forest Ecology and Management 169: 257-270.

Jagels, R., M. Jiang, S. Marden, and J. Carlisle. 2002. Red spruce canopy response to
acid fog exposure. Atmospheric Research 64: 169-178.

Kalra, Y. P. and D. G. Maynard. 1991. Methods Manual for Forest Soil and Plant
Analysis. Forestry Canada, Northwest Region, Northern Forestry Centre.

Kao, W.-Y., Y.-S. Chiu, and W. H. Chen. 20003'.Vertica1 profiles of CO; cocentration and

8"3C values in a subalpine’ forest of Fajwan' Botanical Bulletin of Academia

Sinica 41: 213-218. | | === 1]

| ' |

Kao, W.-Y., C.-S. Lu, and T.-C. C_h_ané. ’200&: Fqijar nutfient dynamics of five dominant
plant species in Yuanyang Léke Nature Preéérve, Taiwan. Taiwania 49: 49-56.

Klopatek, J. M. 2002. Belowground carbon pools and processes in different age stands
of Douglas-fir. Tree Physiology 22: 197-204.

Koch, G W., S. C. Sillett, G. M. Jennings, and S. D. Davis. 2004. The limits to tree
height. Nature 428: 851-854.

Koike, T. 1982. The formation of new leaves on seedlings of Chamaecyparis obtusa S.
et Z. treated photoperiodically from summer to winter. Journal of the Japanese
Forestry Society 64: 275-279.

Kull, O. and B. Kruijt. 1999. Acclimation of photosynthesis to light: a mechanistic

approach. Functional Ecology 13: 24-36.

76



Kull, O. and U. Niinemets. 1998. Distribution of leaf photosynthetic properties in tree
canopies: comparison of species with different shade tolerance. Functional
Ecology 12: 472-479.

Larcher, W. 1995. Physiological Plant Ecology. 3" edition.

Larcher, W., editor. 2003. Environmental influences on growth and development. 4™
edition. Springer-Verlag, Berlin.

Lavender, D. P. and R. L. Carmichael. 1966. Effect of three variables on mineral
concentrations in Douglas-fir needles. Forest Science 12: 441-446.

Leal, D. B. and S. C. Thomas. 2003. Vertical gradients and tree-to-tree variation in shoot
morphology and foliar nitrogen in_an old-growth Pinus strobus stand. Canadian
Journal of Forest Research 33: 1304—13'14.

Likens, G. E., F. H. Bormann,:N./M. Jehnson; D.v W.:Fisher, and R. S. Pierce. 1970.
Effects of forest cutting land ihe‘r-%;rael "}treatment on nutrient budgets in the
Hubbard Brook watershed_—gco% ) ste;ﬁ: ch;l(‘?logica.l Monographs 40: 23-47.

Ma, X., K. V. Heal, A. Liu, and P. G Jarvis. 2007:... Nutrient cycling and distribution in
different-aged plantations of Chinese fir in southern China. Forest Ecology and
Management 243: 61-74.

MacLean, K. S. and R. G. Robertson. 1981. Variation in the major element content of
red spruce foliage with season, crown position, tree and tissue age.
Communications in Soil Science and Plant Analysis 12: 39-49.

Madgwick, H. A. 1. 1963. Variations in the chemical composition of red pine (Pinus
resinosa Ait) leaves: a comparison of well-grown and poorly grown trees. Plant
and Soil 21: 70-80.

Mae, T. 2004. Leaf Senescence and nitrogen metabolism.in L. D. Noodén, editor. Plant

Cell Death Processes. Academic Press, London.

77



McDowell, S. C. L., N. G. McDowell, J. D. Marshall, and K. Hultine. 2000. Carbon and
nitrogen allocation to male and female reproduction in Rocky Mountain
Douglas-fir (Pseudotsuga menziesii var. glauca, Pinaceae). American Journal of
Botany 87: 539-546.

Mclaughlin, S. B. and R. Wimmer. 1999. Calcium physiology and terrestrial ecosystem
processes. New Phytologist 142: 373-417.

Merino, A., J. M. Edeso, M.-J. Gonzalez, and P. Marauri. 1998. Soil properties in a hilly
area following different harvesting management practices. Forest Ecology and
Management 103: 235-246.

Miller, W. F. 1966. Annual changes in foliar nitrogen, phosphorus, and potassium levels
of loblolly pine (Pinus Taeda L.) With“'éites, and weather factors. Plant and Soil
24:369-378. '

Mooney, H. A. and S. L. Gulrmon, 1982.15:6'5&sltfaints on leaf structure and function in

m |
relation to herbivory. BioS_c__ien%:l 321 98-206,

Moore, P. D. and S. B. Chapma'tvl'.» 1986, Metﬁods in Plant Ecology. 2™ edition.
Blackwell Scientific, Oxford.

Moorhead, K. K. and J. V. McArthur. 1996. Spatial and temporal patterns of nutrient
concentrations in foliage of riparian species. American Midland Naturalist 136:
29-41.

Morrison, I. K. 1972. Variation with crown position and leaf age in content of seven
elements in leaves of Pinus banksiana Lamb. Canadian Journal of Forest
Research 2: 89-94.

Morrison, I. K. 1974. Within-tree variation in mineral content of leaves of young balsam

fir. Forest Science 20: 276-278.

78



Myre, R. and C. Camiré. 1996. The effect of crown position and date of sampling on
biomass, nutrient concentrations and contents of needles and shoots in European
larch. Trees 10: 339-350.

Nambiar, E. K. S. and D. N. Fife. 1987. Growth and nutrient retranslocation in needles
of radiata pine in relation to nitrogen supply. Annals of Botany 60: 147-156.

Niinemets, U. 1997. Energy requirement for foliage construction depends in tree size in
young Picea abies trees. Trees 11: 420-431.

Niinemets, U. 2007. Photosynthesis and resourse distribution through plant canopies.
Plant, Cell and Environment 30: 1052-1071.

Nippert, J. B. and J. D. Marshall. 2003. Sources of variation in ecophysiological
parameters in Douglas-fir and grand ﬁf'éanopies. Tree Physiology 23: 591-601.

Parker, J. L., I. J. Fernandez, L:E. Rusiadc, and.S. A Norton. 2001. Effects of nitrogen
enrichment, wildfire, ahd har\i/ésf%éjoni forgst-soil carbon and nitrogen. Soil
Science Society of America Jo@hal 65 12.2548—12.55.

Parrish, J. A. D. and F. A. Bazzaz.'vlb982'. Responges of plants from three successional
communities to a nutrient gradient. Journal of Ecology 70: 233-248.

Perry, D. A. 1994. Forest Ecosystems. The Johns Hopkins University Press.

Poto¢ié, N., T. Cosié, and 1. Pilas. 2005. The influence of climate and soil properties on
calcium nutrition and vitality of silver fir (Abies alba Mill.). Environmental
Pollution 137: 596-602.

Prescott, C. E. 2002. The influence of the forest canopy on nutrient cycling. Tree
Physiology 22: 1193-1200.

Prescott, C. E., H. N. Chappell, and L. Vesterdal. 2000. Nitrogen turnover in forest

floors of coastal Douglas-fir at sites differing in soil nitrogen capital. Ecology 81:

1878-1886

79



Ranger, J., S. Allie, D. Gelhaye, B. Pollier, M.-P. Turpault, and A. Granier. 2002.
Nutrient budgets for a rotation of a Douglas-fir plantation in the Beaujolais
(France) based on a chronosequence study. Forest Ecology and Management 171:
3-16.

Richardson, A. D. 2004. Foliar chemistry of balsam fir and red spruce in relation to
elevation and the canopy light gradient in the mountains of the northeastern
United States. Plant and Soil 260: 291-299.

Richardson, A. D., P. M. S. Ashton, G. P. Berlyn, M. E. McGroddy, and I. R. Cameron.
2001. Within-crown foliar plasticity of western hemlock, 7suga heterophylla, in
relation to stand age. Annals of Botany 88: 1007-1015.

Schaberg, P. G, M. C. Snyder, J: B, -Shane, aﬁd J. R. Donnelly. 2000. Seasonal patterns
of carbohydrate reservesiin fed spiuce seedl ivngs.. Tree Physiology 20: 549-555.

Schoettle, A. W. and W. K. Smith. 199i8. iI?‘-I.SII’H':.lTa;“I;'rell'}a‘[ionships among light, photosynthesis
and nitrogen in the” crown iolf nﬁ:z-i‘tur'gci Pinué contorta ssp. latifolia. Tree
Physiology 19: 13-22.

Su, H.-J. 1984. Studies on the climate and vegetation types of the natural forests in
Taiwan (II) Altitudinal vegetation zones in relation to temperature gradient.
Quarterly Journal of Chinese Forestry 17: 57-73.

The R Development Core Team. 2008. R: a language and environment for statistical
computing. R Fundation for Statistical Computaing, Vienna, Austria. Available

from http://www.r-project.org/.

Tien, Y.-C., S.-R. Kuo, and N.-J. Chung. 2003. A phenological model of vegetative bud
development in Taiwania cryptomerioides Hay. - variation among different

clones at 2 sites. Taiwan Journal of Forest Science 18: 191-200.

80


http://www.r-project.org/�

Tockner, K., D. Pennetzdorfer, N. Reiner, F. Schiemer, and J. V. Ward. 1999.
Hydrological connectivity, and the exchange of organic matter and nutrients in a
dynamic river-floodplain system (Danubem, Austria). Freshwater Biology 41:
521-535.

Turner, J., S. F. Dice, D. W. Cole, and S. P. Gessel. 1977. Variation of nutrients in forest
tree foliage: a review. College of Forest Resources University of Washington
Seattle, Washington

Turner, J. and M. J. Singer. 1976. Nutrient distribution and cycling in a sub-alpine
coniferous forest ecosystem. The Journal of Applied Ecology 13: 295-301.

Vance, N. C. and J. B. Zaerr. 1991. Influence of drought stress and low irradiance on
plant water relations and structural cdﬁstitucnts in needles of Pinus ponderosa
seedlings. Tree Physiology 8: | /5184 _~ '

van den Driessche, R. 1974, Predictidni-g{;ﬁiﬂeral nutrient status of trees by foliar
analysis. The Botanical Re_yievs;} | 0: 347—K294

Wang, G. G. and K. Klinka. 1997 White spruce foii.ar nutrient concentrations in relation
to tree growth and soil nutrient amounts. Forest Ecology and Management 98:
89-99.

Waring, R. H., A. J. S. McDonald, S. Larsson, T. Ericsson, A. Wiren, E. Arwidsson, A.
Ericsson, and T. Lohammar. 1985. Differences in chemical composition of
plants grown at constant relative growth rates with stable mineral nutrition.
Oecologia 66: 157-160.

Waring, R. H. and S. W. Running. 2007. Forest Ecosystems: Analysis at Multiple Scales
Academic Press.

White, D. P. 1954. Variation in the nitrogen, phosphorus, and potassium contents of pine

needles with season, crown position, and sample treatment. Soil Science Society

of America Proceedings 18: 326-330.
81



Will, G. M. 1957. Variations in the mineral content of radiata pine needles with age and
position in tree crown. New Zealand Journal of Science and Technology 38:
699-706.

Will, R. E., Barron-Gafford, G. Teskey, R. O., and B. D.Shiver. 2004. Within and
between canopy variabilit of foliar nitrogen concentration for loblolly and slash
pine stands planted at different densities. Pages 407-410 in 12™ Biennial
Southern Silvicultural Research Conference. Department of Agriculture, Forest
Service, Southern Research Station, Asheville, NC: U.S.

Winborne, I. C. 2001. Seasonal nutrient dynamics and vertical nutrient distribution in
Loblolly Pine (Pinus taeda). North Carolina State University.

Wood, S. N. 2006. Generalized Additive Modéls: An Introduction with R. Chapman &
Hall / CRC Taylor & Francis Greup, Beea Raton-.

Waullschleger, S. D., R. J. Notby, anid? D%L k{f@nd1ix. 1992. Carbon exchange rates,
chlorophyll content, and ca_rboih; drg‘fé si,fla‘.itus of. .two forest tree species exposed
to carbon dioxide enrichmen'f.:Tree Physiolsgy 10: 21-31.

Xue, L. and S. Luo. 2002. Seasonal changes in the nutrient concentrations of leaves and
leaf litter in a young Cryptomeria japonica stand. Scandinavian Journal of
Forest Research 17: 495-500.

Zhang, S. and H. L. Allen. 1996. Foliar nutrient dynamics of 11-year-old loblolly pine
(Pinus taeda) following nitrogen fertilization. Canadian Journal of Forest
Research 26: 1426-1439.

Zobel, D. B. 1998. Chamaecyparis forests: a comparative analysis. Pages 39-53 in
Coastally Restricted Forests. Oxford University Press, Oxford.

Zobel, D. B. and V. T. Liu. 1979. Foliar nutrient concentrations of small Chamaecyparis

in Taiwan. Plant and Soil 53: 373-384

82



8. *F4x Appendix

R L R FF HEIRE R 2 GAMSs fieif B % o

Formula: C ~ as.factor(year) + site + ver * hor + s(month, k = 6, bs = "ts")

Carbon Estimate Std. Error p value

(Intercept) ' 50.27 0.09 <0.001
Year

2006 - — -

2007 0.08 0.06 0.202
Site

MY 0.29 0.08 <0.001

M130 0.62* 0.08 <0.001

Y 14K == — —

Capgpy pasition

Top || 515 0.11 0.084
.
Vertical Middle A |f 030 {} 0.11 <0.010
Bottom v — 3 — —
Outer 0.05 0.11 0.635
Horizontal
Inner - - -
Top x Outer 0.31 0.15 <0.050
Interaction
Middle x Outer 0.08 0.15 0.584
Edf Est.rank F p value
s(month) 4.779 5.000 32.1 <0.001
 (adj) Deviance explained GCV score Scale est. n
0.131 13.7% 1.692 1.678 1715

& ¥+ 5 GAMs fieif T 2 (Intercept) * #-¢ BT £ 38 F]+ ¢ R - B R PIE 5 BB RS AIE P R

(g
R H B AT AL R o AP R A T A=A T
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Formula: N ~ as.factor(year) + site + ver * hor + s(month, k = 6, bs = "ts")

Nitrogen Estimate Std. Error p value
(Intercept) " 0.94 0.01 <0.001
Year
2006 - — —
2007 0.01 0.00 <0.050
Site
MY 0.08 0.01 <0.001
M130 0.14 0.01 <0.001
Y 14K — — _
Canopy position
Top 20.05+ 0.01 <0.001
Vertical Middle _ -0.02 0.01 0.055
Bottom s g — —
Outer || o1 “ 0.01 0.119
Horizontal || == |
Inner vt W , = 1 _ _
Top x Outer 0.04 | 0.01 <0.001
Interaction
Middle x Outer 0.01 0.01 0.312
Edf Est.rank F p value
s(month) 4.843 5.000 9.466 <0.001
¥ (adj) Deviance explained GCV score Scale est. n
0.295 30.1% 0.010 0.010 1714

% ¥+ %5 GAMs fieig T 2 (Intercept) » #-€ S £ 38 F]F ¢ - EHRIE 0 AR TAIE P K-
W R AT TR R o A Y R AT TR R
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A 3. AT EIER 2 GAMs fieif B 5% o

Formula: K ~ as.factor(year) + site + ver * hor + s(month, k = 6, bs = "ts")

Potassium Estimate Std. Error p value
(Intercept) " 4.92 0.06 <0.001
Year
2006 - — —
2007 0.15 0.04 <0.001
Site
MY -0.24 0.05 <0.001
M130 0.18 0.05 <0.010
Y 14K — — _
Canopy position
Top 20.68+ 0.08 <0.001
Vertical Middle : -0.22 0.08 <0.010
Bottom (o= g — —
Outer L " | 0.08 0.370
Horizontal || == |
Inner vt W , = 1 _ _
Top x Outer 043 | 0.11 <0.001
Interaction
Middle x Outer 0.07 0.11 0.521
Edf Est.rank F p value
s(month) 3.537 5.000 19.96 <0.001
¥ (adj) Deviance explained GCV score Scale est. n
0.124 13% 0.830 0.824 1714

T2 ¥)3 & GAMs feif T 2 (Intercept) » #-€ Z 2 B F|F ¥ R - ERPIE > HEARSGATTIE P K-

RS B R AN TR RE o 0 A Y R e B FREI R R o
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WA 4 & FTHEIUTER 2 GAMs feif B3 -

Formula: Ca ~ as.factor(year) + site + ver * hor + s(month, k = 6, bs = "ts")

Calcium Estimate Std. Error p value
(Intercept) " 12.64 0.16 <0.001
Year
2006 — — —
2007 -0.02 0.12 0.845
Site
MY -0.91 0.14 <0.001
M130 -2.53 0.14 <0.001
Y 14K — — _
Canopy position
Top 0.26. 0.20 0.198
Vertical Middle -0.07 0.20 0.732
Bottom s — —
Outer || 6]78 0.20 <0.001
Horizontal || ==
Inner i = | — —
Top x Outer =1.02 0.28 <0.001
Interaction
Middle x Outer -0.26 0.28 0.355
Edf Est.rank F p value
s(month) 3.237¢% 1.000e 0.418 0.518
¥ (adj) Deviance explained GCV score Scale est. n
0.204 20.7% 5.758 5.728 1713

T2 ¥)3 & GAMs feif T 2 (Intercept) » #-€ Z 2 B F|F ¥ R - ERPIE > HEARSGATTIE P K-

RS B R AN TR RE o 0 A Y R e B FREI R R o
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A 5. AT EIAEER 2 GAMs fieif B % o

Formula: Mg ~ as.factor(year) + site + ver * hor + s(month, k = 6, bs = "ts")

Magnesium Estimate Std. Error p value
(Intercept) " 1.62 0.02 <0.001
Year
2006 - — —
2007 0.04 0.01 <0.010
Site
MY -0.38 0.02 <0.001
M130 0.05 0.02 <0.010
Y14K — — _
Canopy position
Top 20.08+ 0.03 <0.010
Vertical Middle -0.06 0.03 <0.050
Bottom s — —
Outer || 6}04 0.03 0.131
Horizontal || ==
Inner i S~ — —
Top x Outer =0.02 0.04 0.512
Interaction
Middle x Outer 0.01 0.04 0.857
Edf Est.rank F p value
s(month) 0.593 1.000 2.456 0.117
¥ (adj) Deviance explained GCV score Scale est. n
0.248 25.2% 0.096 0.095 1713

T2 ¥)3 & GAMs feif T 2 (Intercept) » #-€ Z 2 B F|F ¥ R - ERPIE > HEARSGATTIE P K-

RS B R AN TR RE o 0 A Y R e B FREI R R o

87



2007 2007 2007 2007 2007 2007
Bottom-Inner Bottom-Outer Middle-Inner Middle-Outer Top-Inner Top-Outer

51 T

50

49 7

2006 2006 2006 2006 2006 2006
Bottom-Inner Bottom-Outer Middlesnner Middle-Outer Top-Inner Top-Outer

53

C concentration (%)

49

%R 1.2006 £ 22 2007 £+ oA ik T EIMMERZ FEFL o
P RN BT A—SEE 2 X3 HRMIZ0); O— RieERHHEMY) ; A— =X B L ET 2 HR(Y14K) ©

88



2007 2007 2007 2007 2007 2007
Bottom-Inner Bottom-Outer Middle-Inner Middle-Outer Top-Inner Top-Outer
1.1 )
10 _/
&Q/ 0.9
C
ie)
8 2006 2006 2006 2006 2006 2006
S Bottom-Inner Bottom-Outer Middlesnner Middle-Outer Top-Inner Top-Outer
[&]
> 117
1.0
0.9

Jan —
Nov —

R 2. 2006 E £2 2007 £+ oA ik T ENE ERZ FEFL o
F iRk 2 Bl A—SEE2 X HAHRMIZ0); O— R4sERHHEMY) ) A— =% AR A0 2 HR(Y14K) »

89



K concentration (mg/g)

B 3.2006 i 82 2007 &7 A = E T F

2007

2007

2007

2007

2007

2007

Bottom-Inner

Bottom-Outer

Middle-Inner

Middle-Outer

Top-Inner

Top-Outer

2006

2006

2006

2006

2006

2006

Bottom-Inner

Middle-inner

Middle-Outer

Top-Inner

ARk 2 BlA 0 A— SR

* 3

=]

FGER 2 B HRN o
HARMI30) 5 O— A de€ #ARMY)  A— % R L A7=0 2 (Y 14K)

May —
Jul
Sep ]

90

May
Jul —




2007 2007 2007 2007 2007 2007
Bottom-Inner Bottom-Outer Middle-Inner Middle-Outer Top-Inner Top-Outer
147 M
12 4~
% % \é\\i"é
2 10
(@)
E
c 8 7
o
© 2006 2006 2006 2006 2006 2006
‘g Bottom-Inner Bottom-Outer Middlesnner Middle-Outer Top-Inner Top-Outer
g 14
(&)
o
O 12 1 .
10 &
8 -

B 4. 2006 & 22 2007 &+ %

i
Bl

3Rk R 2 BF A S ATE

%

R TENER L FER
HHMI30) 5 O— R4 BARMY) 5 A— = 2B A7 2 (Y 14K) -

91

Nov ]

Jul

I I T T T 1 T T
c = = o c —

T 8 & 32 % 83&8 8 &
I = n Zz2-> = S

Nov —



1.8
1.6
1.4
1.2
1.0

1.8

Mg concentration (mg/g)

1.6
1.4
1.2
1.0

2007 2007 2007 2007 2007 2007
Bottom-Inner Bottom-Outer Middle-Inner Middle-Outer Top-Inner Top-Outer
B ¥
" g3
o 2 %% SSIRNIPE SF e LR g A
§/ i § § §\\§’__§~__§// \{ § \§ §_, i/ \} \§\\§",§ %__§_,_§_\_§/ \\§
2006 2006 2006 2006 2006 2006
Bottom-Inner Bottom-Outer Middle-Innery i; Middle-Outer Top-Inner Top-Outer
&
\\ /i\\ // \\
kS ’ T$- . / F--9-.
i |y tEg ; ¥
[ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [
Month

] 5.2006 & 37 2007 £30 4 ok B T EIUEE R L B E G
*EEEkER BT A—F

W,

SRABLESAE &

92

ERARMIZ0) 5 O— R b2 BARMY) ; A— = 2R L A7 2 4R(Y14K)




Normal Q-Q Plot Resids vs. linear pred.
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Normal Q-Q Plot Resids vs. linear pred.
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Normal Q-Q Plot Resids vs. linear pred.
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Normal Q-Q Plot Resids vs. linear pred.
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Normal Q-Q Plot Resids vs. linear pred.
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Normal Q-Q Plot Resids vs. linear pred.
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