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Abstract

The objective of this study was to compare litterfall production and the leaf litter
nutrient dynamics in two Taiwan yellow false cypress (Chamaecyparis obtusa var.
formosana) stands. Litterfalls were collected monthly in two stands (second-growth
stand and old-growth stand) in Chilanshan area in Taiwan during 2005-2007. Total
annual litterfalls in the second-growth stand were higher than that those in the
old-growth stand. In both stands, Taiwan yellow false cypress leaf litter comprised
about 79~88% of the total annual production:

The effects of monthly precipitati'on, mean temperature, stand status, and temporal
trends on the litterfall production and nu'tr'i'érrét-_cbncentration dynamics were analyzed by
using generalized additive models (GAMS).- R/Ionthly Iitt.erfall in both types of stands
showed a similar seasonal trend with .peaks in the winters, the springs, and the summer.
The most important factor influencing the litterfall productions was typhoons. Both
stands showed a peak amount in October 2007, due to a typhoon. The smaller peaks in
springs in both stands were due to leaf replacements.

Leaf-litter nitrogen concentration in both stands showed a decreasing trend from late
winter to early spring, and then peaked in the summer. Leaf-litter carbon concentration

in the old-growth stand showed a downward trend from winter to summer, whereas in

the second-growth stand no significant trend was detected. Potassium concentration in



the two stands showed different patterns. The concentration peaked in July in the
old-growth stand, whereas in the second-growth stand the peak occurred in October. In
both stands, magnesium concentrations were lower during the growing seasons and
returned to a higher level in the winter.

Nutrient resorption efficiency (NRE) showed different patterns between the stands
as well as among the nutrients. The nitrogen NRE of old-growth stand was higher than
that of the second-growth stand, which was likely due to the total available nitrogen in
the soil. The NRE of potassium was strongly aﬁ_‘ected by the amount of precipitation.
The higher the precipitation, the:lower thexNR_E,_ ftkely-due to leaching. The NRE of

\

magnesium was higher during the growing"‘g_éé'sons.

Keywords: litterfall; nutrient; nutrient resorption efficiency; old-growth; second-growth;

Taiwan yellow false cypress
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X BFER LR RN K E BRI b B A
> AR 4o
(1) %% ntp E3(CL)
(2) B EAE(BL)
(3) = iEF%(B)
(4) BAEMRP) =~ %F & ﬁ‘i % \
(5) #4 (BK) Ul 2|l
w)gv@ﬂﬂ:aﬁﬁ@\ﬁ\ﬁ@»ﬁﬁﬁmi

[k\Fl ]é j&_)l Iﬁﬁ:— ~ ga&‘{—,— o

2. RANHERZEFIR2F P EEAF A

AR RER Y LA ESRR S 2F kR B
ehEpatBFapEEFER £ FRT

AN ER AT R 2 g A B R AT EER o 2
BLif 1o £ P50 059 B2 0k i d 4R 25000 10 F N o 4o~ 2 B A R (B R
Fife ~BA P M AL L2 Mg R E)5ml B E L RS > EE
k1248 %) 80°C # 30 4480 F 12 150°C B 8 F 90 4 44 frilip s = £ 1 50 mb

£ AR IR F RR > RS Tk GE & (Atomic Absorption spectrometry) i 7 49
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4T 4 E A EER P E e IOVAEE § B E3RICER NP6 1 8mg his Ak

~ > % <% & 47 %k (Elemental analyzer):& {7 jp] 2_o

3. EAFAEE L
(1) REFERFFE S

S e BPERY A 2005 & 110 3 2007 & 10 ¢ 0 X e 24 B0 s iE
Poo bEHARE 2 HhE B 0F 30 Bl R ROREE R T4 LR F TS
PR P AR R > RE T RBE TP R AL R - Ko FP AT R FA
THABASE P B AR T L A AR o P E S ST

LARA R e b ) RS )R =W(g)

B S AR e B PE R A S o =D

AR T B el D 30 B s ﬂlﬂ”mﬁ lm :

P RE s E (kghat): -W/(30>e:)fD 0(HE - B B)x10(E &

kg ha™) ° i 2005 & 11“mF'*rrx~,Jé$tpavlzﬁci}% KA F pAY o

B. #4254 € (kgha') & 3KAm 2006 107 1 2006# 10 ¢ % % - & (1%
year) » 2006 # 11 * % 2007 & 10 * % % - & (2™ year) » #-% & 12 B 7 th? 55%

PRGBS L -EZ G- EEREFE o

(2 ~HEARRFE S
PP ARKARSY Y EHA LRI AR ERTEF A ARRL TS5
ETAZER=LER LI AZER T1D.

@) ~%+#
TR RE=L A ERESF THARERAR X P REFE -

Ak EAE=I2B AR AR o
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(4) =% kA @ (Ratio)

1\J_ 55 LY _\ v .
B AT R

Ratio = (%J =x100
ConIive

Conive 2 T ATt 2 atpE2 R A ER(FHE R BRI A% £) 1 ConNjger % 77
TR T EARR XU IR A E~CFERE, ) PV REREEF K
BRERFEAF2 0 A 0 H % 20062007 £z A @t A(1~3-5~7~92%2 11 7)-

5) # % F#

A 7 RfERR X ARFE AL S N s LMD AR EDE O
S LR R I Py 2B s R AR o
2005 & 11 * eh R ff & & A4 1;:;&;@;&_ 2% mgﬂé\g .

B. 15 7 SALLER F%J‘\Pﬁ”ﬁ!ﬁ%ﬂ PP IR o 15 T OR T

FopEp IR B

6) 2HEAALT VR
Rt BARE X R LATR AN A AT (FHR KR B R 2008)ie (7 t &

T RARSIEAAETLE -

(7) 3t a 47

B PR B R EREFE R A RR TS Excel
e o £ 1 R 5304 (R Development Core Team, 2008):& {7 4 47 &2 ' ] ©

PR &4z #5558 (Generalized Additive Models, GAMs) ~ 47 % A f& & & ~ 1 35

o ARA EAZ D R RS Gl o GAMS B LB S St i 4 4
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oo H g Bty 2 2t (non-parametric) e BB 1 R Rt fF S AR50 P ehddic
SN @ F RYEREEE S ok i d s (response curve)sAi st o = > d B
RIFOR A E o st 2 v GAMS B AL Sq 4R TAL R PO B4 F vk ehE i
& & % (Wood, 2006) -

BEACEHESNA Y A F v AUR(F 3) 0 & E T AR E R AT
depdeit TR e BB B 2 R0 R R S R MM o T B A

PR PR H L > AT - B FFT KRR FRREFE A ERSE

bensg g o
© — ©
< s

e
[ ()"
4 ™
0 -
S O _—
X X\
% Rad |
[%2] = |
11
- 1
I
| ]

© -

<r -
N N
0 -
© [
Y X O —========= =TT ———
X 73 ===
@

(\II —

<

0.0 0.2 0.4 0.6 0.8 1.0
X2 x3

B3 — BAF fud S|+ o
GRETA N T 5 EoRg O B RN & TS R A R W
M RREHEE TS DT F o R AT 9% R .

(FH %R @ 53 $r48 R(2008)#25% £ # mgev )
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T !

=)

- i
1L REFER BSRR

AR e B4 BPE 2005 # 11 % % 2007 & 10 o R Rbk¥ - E N -
2 EfEp R AN G 2440 4225kghat(£ 2) - 2L S - ElT3 R oA
EREpesudRahEL AR (A n k2 EREEZ 79.379%); &
S REATE R E B U gt 2 (5.3~7.4%) ; BHA 2 T AR AT 1E L B ] (0.6~2.0%) -
MR ERTS L E A ERT RN BN B Ad e ERIrEC
oS- EF T - 1402kghal(i H- 2172 ) HovsE s biE 2 BERE

FrEfRgyr %o & L3 0% #1405120,; 43kg ha Yorw s 8- &2:208 -

1.82\1.241;;);ﬁfﬁta%;ﬂ%:ﬁm%-ﬁag 50 2 31kaha'(i % - & 3.52
2307 §) e« ekt pla g ) g;sgs Jfﬂgﬂrg# o &L N - & LT3
B fe ARV BlAR 0 A 0E - Ak | ﬂmh* FATIE I Bl AR D 0 B S E R
- & A4 0.3-1.1% ; B ERES A5 - v.%._\,wawwé 2.1% -

AR FTRA R - - E2 E4RE4 R A w5 3087 ~ 4877kg hal(% 2)

CELH-ELBB R o HEFES I G UL L E S KL R 22 (82.8-87.8%) ;
iEE BE T RS2 (85~7%) ; S840 ~ #HA 2 H v ATk B d] (0.1~1.6%)
%éaﬁﬁﬁgﬁéﬁﬁ’iﬁ%ﬁ CBEZREREES - EHF N - E
AulhH- & 167102146 % FaM HAEHUHFERLEFE S - £330

¥ =

-h_‘\
IR

BoE3 11402236 bt bla T kR Rt E TR

f;’di‘g"t K ﬂfk“ig‘\li_& —‘:':,7)3‘& &E i\a(ﬁk ) |E |é:,%§:§§’l_&1h:"’fﬂ% Ll ’Vljl‘gb"rllg o
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22 XRHZEIAAR{II AL ERERESHE (kghah)ra & w4 - 1% year :

2005 & 11 * % 2006 # 10 * ; 2" year : 2006 & 11 * *

2007 #+ 10 * -

Old-growth stand

Second-growth stand

Components 1% year 2" year 1% year 2" year
Taiwan yellow 1934 3336 2556 4281
false cypress leaf (79.3%)* (79.0%) (82.8%) (87.8%)

181 224 215 219
Broad-leaf (7.4%) (5.3%) (7.0%) (4.5%)
Branch 146 266 217 316
(6.0%) (6.3%) (7.0%) (6.5%)
Reproductive 15 46 9 3
part (0.6%) (1.1%) (0.3%) (0.1%)
33 83 41 36
Bark (1.4%) (2.0%) (1.3%) (0.7%)
Other 130 270 49 22
(5.3%) (6.4%) (1.6%) (0.5%)
. 2440 4225 3087 4877
Total litterfall (100%) (100%)

(100%) (100%)"

T’w 12 '[} *r'/é;tl'f'ﬂ7 .:E?’ft'
PR EREESFE LD

= AV

2 REFEEHRL

£ B - (2005 £ 1178 572006 = W0)fe @t WA RSB 4 A

XL NI(BA4L) 11~ - X FE(REERESE 2163~ 13.46 ~

12.03%)(% 3) > 4~5 " L % - = & % (16.57 ~ 11.74%) ;

%A, -4

9.96%) > ¥ B 4131

- E2ZEE Mg ,4};

Bl (BERES R 10.82%) 0 - 4t (bEfREFE

#9~10 7 &1k 20.20~21.75% ZZEREEFRAERBE o

AT RS R ST IRE Y ¥ FRE ST S AP R EIE Ry S eV ]

T-Xo>%- £ FHH

& 11~17% % 4~5 1 ;

foEFE MM AL 42 910

o WSl 52 5 XRWEXARLAMAANRBEREF L LS T EEE o KIEREY

BH-E9¢ U6 bt $o i

51 %3 ¥ & 0-10 0 A dF o HEA A ¥ -

Pl 9~10 7 5 B %

B AT R F -

ALY S hF G RS E

MO0 A BB HUvREFPESF - EM 1LY S BB % E 0100 K3
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S

TRy

12417 5% - % »4~5 7 5% - % $- EFHPPLP > - a11~17 > - A4

TERAHRT R 0 B ERERALIZ SR G A X5 (R 41

P TR AB-10 T R ES FESFERL G R ERRE SR
NI RA R - R(R42)$- #NRA12~17 2 457 +4 A = B4 4

FoENRFEE o - 1110 > - A4 > FRASIY ckiER TS

B eIt s (B 5-2) %—- #0114 7 B b > %= E1209~10 % 5§ - FARINL
- &5 &3 Z #9100 B AR ESERINLS > K- &Y
ZE*rzéaﬁx Z&F129-10" L& % o HUu %%h#ﬂ’fé_" E: DR N B

24

BooRZERNEASY A

23 ERIRE A RLATRAAREFER L R F BT 5)(%) o 17 year © 2005
# 11 3 2006 & 10 * ‘2”dyear‘200641 11 » % 2007 # 10 * -

Old-growth stanq Second-growth stand
Month 1* year? ndyear | | 1% year 2" year
11 21630 | 748 | . 6.87 13.31
12 13.46 ! 3.98 & | 20.78 8.26
1 12.03 10.05 10.82 18.77
2 1.95 4.15 4.78 4.78
3 241 7.20 7.03 4.23
4 16.57 9.96 15.57 9.07
5 11.74 3.40 12.62 4.63
6 3.03 3.62 243 2.42
7 4.21 4.66 3.30 2.56
8 4.24% 3.83% 8.73% 8.55%
9 4.81 20.20% 4.16 13.65%
10 3.91 21.75% 2.93 9.77%

a)s%)i _g_r; LN
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SRR ERES
A RS R SRR RS X R E R

Pabited RESRERFLpERTHIEESHT

1.

AEZAR T AP AL A EREFELIER AT LEIRY

PR

4 ZEBWE ARLATNANRE THOEFapEREFE AL EREN

LPARYHFE -

; Hap

04 XRHRZ AL T4 Bt F i F £ (kgha?) -

1% year 2" year
' £ Bk X ARLATK A R ' 3R X RLATR A AR
Nov ~ 3831+29.1" ° ¥/0+27 BN ° 1 2732420 623.6+52.1 *
Dec 318.8+40.6 ° 624315&6'E§£§ 156.4+11.1 ° 388.2¢35.6 °
Jan 261.5+20.3 ° 30634292 Pl || 4091+343 ° 899.8+66.7 *
Feb 38.2+43.2 ¢ 15289 °© || /17064109 ° 212.9+122 *°
Mar 36.7£22 °© 186.3#11.7. ° . 2934+182 ° 191.9+146 °
Apr 345.9+182 ° 302.7430.9 2 380.1+#233 ° 397.1#322 °
May 23574141 ° 312.64247 ° 1154482 °© 164.2+411.9 °
Jun 32.1+28 ° 315427 ° 775473 ° 61.9+4.7 @
Jul 58.1+4.1 °© 61.6453 ™ 114.8+¢8.1 ° 81.2+#42 °
Aug 73.4+6.3F °© 232.3+185° ° 126.7+9.9F °© 361.1+30.9° *°
Sep 80.0+59 ° 90.9+6.0 ° 594.8+58.5F @ 537.7+44 8" *°
Oct 70.6+7.8 °© 56.6+6.4 ° 625.5£52.0° *° 361.1+32.8° °

Lt atei 2R 1
2. X R L
3.x7w(a b cd)#Ee T+ 7 b 475 LSDtest ~ ¥ > gLyt B A F £ B (p<0.05) -
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1 ~kkA
AFTHF Y- E ERHBE B ERFI IR ERF I RLATX
AH(ED) F CEEEERRNMN I RIATI AR ETHFS &> 2R
A2t o EREFEAFERAY BT ER R
ERHE B ERETPRA G I EERF NS - BN E
A ARE O RR S - &S S E B F TR S - &

X Ry
ERRE o

25 ERHE A R{AT AL R EREH IO FRA(MY Q) - 1M year :

2005 & 11 # % 2006 # 10 * ; 2%year : 2006°#& 11 * 3 2007 & 10 * -
Year Site CH N K Ca Mg
Old-growth A A~ 857 1110 12.69 1.08
18t stand 3 .
year Second-growth —
g 515:89 | | = 8:75 1.08 14.67 1.09
stand B
Old-growth 5135 || <77 1.07 12.49 1.00
ond stand 24 ] -
year Second-growth G
g 514,64 8.34 1.11 14.19 1.03
stand .
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2. AA LR S HRH

(1)a ik B
ERRE PR ERERTAS > - 2R A 1110 > AT FRAE RN
SEBHENRAELY R BRSBTS EREMIILAL ! A(R6) -

AALATH A G 0 H - EFABBE - A11Y > FRIAT HC

el IR BE s ERBMIIAES T FF(R 6) -

Q% kR
ERH G B - EFENRA6-82 s FEMFIERRM Fo#Ep 110
Q%Tﬂign,gnﬁwm%¥ﬂ46 &é%%’ 10 7 A MY - B ([

F I
| I

!
)

AR AT A RIS 0 B ﬁﬁ@fﬁﬁS“’Fm*ﬂg’*§ﬁ§%§
R i ﬁZEéak&&ﬁ%$L£%%$w EBrE R 6 D gE o N

10 % A4 — =] g i (B 6) e

(3)47 ik
ARG T F - EF SRR - BUMAEE ¥ - BRI

ANLERM, B FA1l~4 BFERKN A6

’
-
o

=

Raty
e

B = % % (] 6) -
AR ALY - EMEREERM IS BEE AR - 2107 > -
BB 0 TR AR 11 5 B ENA 0 & ~EEEERBN > B r L E1S A6

PR B o 100 MY - B R % (B 6) -

23



Sep Nov
Sep Nov

Jul
Second-growth stand

May

Second-growth stand
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[e]
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Month
T
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Calcium
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Jan  Mar May

2006
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Nitrogen

Nov
2005
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.ffﬁr\

10 1

Jul  Sep Nov
-growth stand
Young stand
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Second-growth stand
May

A 0Old-growth stand
A ol
o

o
2007
Jan  Mar
2007

A Old-growth stand
O Second-growth stand

Sep Nov Jan Mar
Month
Month

Sep Nov

May  Jul

Mar

2006

Jan
2006

Potassium

Nov
2005

2005

540 |
530
510
500 |
2.0 1
0.5
14

(._ 6 6w ) uonenusduod (._ 66w ) uonenusouod

12
1.0
0.8 7

AT 6 6w ) uopenuaouod

S

S %

modp EAR
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(4)4F ik B

R R R R AT A HRATR B ERE B T HR(W 6)

P EERHARPAPELER PR E NN ALY > X FHEALLE I
FTRHERBM 52 & 112 247 ERBS > 6 7 Eh M EEx &gt B 3
10 * (®1 6) -

IR AN - EPBEPRA12-12 37 > 4L AT ELERR

Pl - EBMPAI12~12 2 47 67" kB & (B 6)-

(54 ik B
EHRE E - ERBE NI A L0 11127 22 VAR R B ; ¥ - EhR 8
1011 %+ 11 4~6 7 i A SRR 6)e

2 AT S RS - & mﬁgo&n’%ﬁkaﬁﬁ’kaﬁam

H00 ; § - EFE N A 1112 kri%ﬁNW§,,9H;kﬁﬁwﬂﬁ6)
{1'!

\l.

‘1
|
|
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RO AR LR A EREF O RRAE RS LKA
FF oo ko EF A FERERNAMRE P T ESE U R RE(X6) - &7
iR A kA BB ALY A 1023~2230 kg haty ! /¥ ; H = F 47 26.32~63.69 kg
ha'y™s § 15.24~32.71kgha'y™'; 42 2.11~4.68 kgha' y"; 42 1.79~4.31 kg ha' y* -

VLS AR SR LS S I SRR R R e

206 ERHRE A ALATE AR R R R ERE R AR £ B (kghaty?) ¢

Year Site c = N _ LK Ca Mg
Old-growth 1028 [ E_-;_S-.ZA; 1.79 26.32 211
1% year = ==
Second-growth 1342 || 20.77} | -2.25 40.67 2.94
Old-growth 1800: . | | 27.15| 7 4,05 44.65 3.57
2" year —
Second-growth 2230. - 32.7% 431 63.69 4.68
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= ~ % & v ®(Ratio)
AAVEMRST AR AT AL RRRN FM AT R AL F )P R o
1. &
ERARE IR AAREIRE 2 oonF g W57 2 110 5 &

MIMAL P LA BRI IS L EHFT - R(BT) -

2. ¥
B AR TRHEFG LT PR N A R4k AFEEF L A

A F A RAPR > AT P EFEEDEM L A3 EFEEFEZ(RT) -

3. 47
E%Kﬁwﬁ p}\p]’(;‘"{j? Bk *!L—H;; %.JJ‘,;\ ity ﬂiﬁ’iﬁ]'{it’}i 28 %F'(V\ 7 2006 & 7
PRERREEE) bFERE L iwﬂrﬁﬁu Mana » e 1-3E I EE Y

4790 g mﬁxm\;(@n | 1
ll"-:.

4 &
TR SR AR F S NERIA T A A4k A AR

Tored b MEENIRPE R 7 - X5 R FBENRPFRR < R4pk > 970 2 90

5. %
B R R AR IR ookt B0 R o B A F E R chig
BP9 e - xR i "‘,%"»%%Hi‘éc.ZO%ﬁ 3T ENE- X B &

MELNIPERF A RAPR > 90 2 11 P PR B R s o
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0.4

0.3

Ratio

Carbon

A Old-growth stand
Z\A O Second-growth stand

il A
A
T L e B e e B LN A s
Jan  Mar May Jul Sep  Nov Jan Mar  May Jul Sep  Nov
2005 2006 2007
Month
I g Old-growth stand
\ H Second-growth stand
Potassium 3

0.1 7

2005

2006

1.0

Ratio

8

A 0Old-growth stand

O second-growth stand;
!

W7 & E:~FY

2005

2006

2007

Month

Ratio
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Nitrogen

A Old-growth stand

o

Second-growth stand

Jan Mar  May Jul Sep Nov Jan May Jul Sep Nov
2005 2006 2007
Month
A Old-growth stand
O Second-growth stand
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SN EARRY
23 pH E
F7T ZERBHEAARLATTARIEAIM > FRARIFHRREE - 3 4

A @ PHH0 2 pHeac, & 4 & BAAR M3 X AR RT=0 2 4K > @5 414 pHeac & 8 F

IS LTRSS
ARA BT RREEFLE > R AUHKAAHEFA N ERIE 2§ £0)

AEFLR(RT)-

iﬁ?iﬁ%$4ﬂ’?%ﬁﬁ@

\F‘\ﬂ

PR BREAE T e 4T g3

LR S ﬁ@%%”i%ﬁ@7)

%7%%ﬁwﬂ%%i%iiﬁWHﬁﬂiﬁﬁﬁfﬁkﬁﬁ%j?%%%%

Exchangeable cations [cmol., kg™ BS
Sitt pH[H,O] pH[CaCl;] C(%) N (%) CIN %)
Na K Ca Mg CEC

3.53 2.65°% 37.78°  162° 23.10° 0.8 091° 6.02° 1.82® 80.72° 11.34%

M
(0.04)* (0.04) (357) (0.09) (1.63) (0.02) (0.07) (1.68) (0.21) (8.85)  (L.71)
3.74° 2.77° 47.48° 1.89% 2555° 0.20° 1.26° 13.32* 2.79° 118.29° 14.87°

Y
(0.06) (0.05) (2.22) (0.10) (2.02) (0.01) (0.09) (2.09) (0.20) (9.34)  (1.54)

RN N ST SIS &

-rﬁa“i?-?"q‘lﬂ':"ﬁg‘ﬁ q—t’fﬁiﬂbﬁ&ﬁ{ “’El'(p<0-05)°
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z ~ GAMs #:5%

LegRrhERFrL2 22 RARYE
PR RAREL A ah ERE S R RLR L AT(R 8) > A

FEARM A o E R A BARR LR A LA A RS S MY 28 (RP>095) ) &

e F R GAMs st feif B > PR FFRAZ N T E RIS e ERFSFE

7 Jﬁ'olﬁ °
A 1 L GAMS B i 2 = AR5 » UES(F- £ N FoE) A R
B(ERIRE R R{FITHAH) - AR R V0RE 5 BPRASE R

BAE LB hEREFEZ L AZER o GAMS B e i B % i AR R

PREFRALZ LR A ER T 0 Ry (R S ) e

B 1~7 o
B(y #h) ¢ 507 ¢ fgi(x ﬁa‘)ifgﬁn @ 4 (R 1-1-2-10 % )

]"T J‘ﬁblﬁﬁﬂf ’J'}IE_‘}&
2T RE A IO o AR 47'..3@5_5!3;* :?._5% I R R A

£ B R BAR S BT (R 1-2> 2

céim@%’#ﬁ%wﬁ&ﬁﬁg

!
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<%'ﬁ) ALET AT 5B e
m :
B,
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Wik 12 REGE 5454 A &

B e 0T T F
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LA &2 L

SRR AR RRFRG 2 T

AL 2 T § 2 LA kR AoR

NEFTEREFTRFESITCER 8~ 9) ) BB EE 3Bz Bt % (R i 0.8
M BT R A T TOTR 2 F B 8 T g R AR
<R b L ~10) o BEor M HESN e kA BB EZE A ER
do B R E P el 4 o R AR BT 2 TREE 2 TGk
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Carbon Nitrogen
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2. wEFRALZ LB hEREFEHS ERALZ VS R T CERTFF
R L

U123 FRiEr Rzt 248 ahElibsf+(0 4 2 VR

R)F e SR

(A) A L8
FEABER S CREFFAARAT FHRARALE  FRE AR
HEFR DL RIR(E 81) = AU HERAHERTFEHEFF 0L R

(% 9-1) -

B #2412 =~
REPAARPERBRLL w"ﬁ(zooe/lo D007/1L) 5 % &+ 5 - &
(2005/10-2006/11)(# 8-1) - & 4. iy %%a” PR R EEES Y- £ (R

9-1) -

(C) * &
D FE R RA R R PR (A 82 0 A FF R HE R A

EZr LB 8¥ (4 92)-

(D) = %R

ﬁ"—g_:!‘i’ ‘%’\ E"lp*ﬂ :ué_—?_i %/? *ﬂ#*r’/p*ﬂﬂﬁj‘g;’%‘ggh %‘1\_%(% 8'2 N 9'2) °

(E) BAR» R

BT f”‘l\%?/ rRAEZ %_/? ’fﬂﬁ-’]‘r/p’f”’m‘g —égz %E%(%\ 8-2+9-2) -
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%81 fpE %A E 1 GAMS BN feig T oo & 4
+ GAMs #58feig ™ o € 14 & 58 ]+ (Factor)® &3 # R % - e

SICRES

LR 2
e

2 2R 7

Intercept)2r # v g wiart i » £ ¢ 11 T — | £ 55 o
Estimate p-value
Factor (Intercept) 4.730+0.040 <0.001
st _f
Year 1ndyear
year 0.964+0.066 <0.001
Site M . B
Y 0.250+0.032 <0.001

% 8-2 %r’:# LA
2B

B GAMS 3 e T 0 T Sl SRl A B
FHA LA A -

] A;\ r_]_+ E
Factor edf p-value
Precipitation 9.000 <0.001
Temperature 3.795 <0.001
Month 9.000 <0.001
© (a) r’.ﬁ
g < | &
2 - == AN | I
2 oqy NS
<Ir -/ \ <Ir -
6 8 10 12 14 16 18 200 600 1000 1400

Temperature (°C)

s(month,9)
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291 2B apERHREFELGCAMS BN feg T 0 A S RS TS RF 2L LR o
Estimate p-value
Factor (Intercept) 4.422+0.041 <0.001
st —
Year 1ndyear
year 1.056+0.069 <0.001
Site M - B
Y 0.254+0.033 <0.001
%92 & pEREFE L GAMS B R T 0 T Sl SRR
FORZE D AFF L EFEE LTS AR o
Factor edf p-value
Precipitation 9.000 <0.001
Temperature 3.815 <0.001
Month 9.000 <0.001
I I : | h 3l
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3. AREANA ERLEZI L - RECEATITRRBRT

12 GAMS H258 fie if % 7| & 1298 % B BUR o b2 B % 4o 4 10~15; ] 13~17
ARBLR A PEREFEAFZRANATI(C A CFE CER)F Y AR -
(A) thA £ 2

FEAmBER S FMFERBLEPIPEERERAPES X R{ATTAH
(210); §F ~ 4T “AERPEMS X RLHIZ 4+ (211 13 14): 4L s
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210 i afp Bt p LB ) GAMS HER8 fif T 0 & A~ HRA F T B2 4

2o

Estimate p-value
Factor (Intercept) 517.691+0.552 <0.001
1% year - —
Year ndy
2" year 8.361+0.849 <0.001
. M — —
Site
Y -2.334+0.498 <0.001
& 81 P .
I III --/=I 1 IIIII 1 III" 1 III 1 I: -I:L _;klll :IJ:_-\. 1 _|||lll=lll IIIII II III T |I
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MEFAEE P RARREL S PTFF Y S A R A R 95%:NT 8 R T o
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UL SRR ERESFORR L GAMS AR T 0 & A A TS PP L

2o

Estimate p-value
Factor (Intercept) 8.815+0.117 <0.001
1% year — —
Year ndy
2" year -1.236%0.213 <0.001
. M — -
Site
Y 0.383+0.067 <0.001
o = o
— = —
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212 AW EREFPER Y GAMS BN A T 0 £ 4 S KA Z A R TSP
LR I

Estimate p-value
Factor (Intercept) 1.655+0.064 <0.001
st _ —
Year 1nd year
2" year -0.033+0.033 0.326
Site M - N
Y 0.014+0.019 0.433
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213 LA B AT R ) GAMS HE fif T 0 & A~ HRA F T B2 4
_,ﬁ_l‘ o

Estimate p-value
Factor (Intercept) 12.520+0.146 <0.001
1% year - —
Year ndy
2" year 0.136+0.236 0.564
Site M - B
Y 1.834+0.118 <0.001
=7 (b)
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214 2 A ERE SRR GAMS BN T 0 £ A~ A TG B2

2o

Estimate p-value
Factor (Intercept) 1.113+0.016 <0.001
st _ —
Year 1nd year
2" year -0.147+0.027 <0.001
Site M - N
Y 0.025+0.013 0.048
G @ 3 (b)
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(C) * Aok

VA FG R § A9 ATE SRR R B B E(F 15) -

(D) & £ %M
AR F 49~ AT SRR hE BB E (& 15) 0 @ 49k B 5 GAMSs FE3
Feif > e a B %5 A (edf =1.0 & 15) > “E& & e @ & > (B 15b) »

(E) B Bl
BRI A A ER PR E (L 15)

215 2 A E R s 50 s VAT 24 B GAMS B e T 0 A £
;f;;g_z; LAV N3 JJ_-]_*?F@,Q'{"% ;ufg;g.]i?gﬁf%ﬂ}ia

Element Facior (N | /) edf = p-value
Precipitation’ == | | 7.3 <0.001

Carbon Temperature 4, 5.6 <0.001
Mong || == |jsiW ™ <0.001

Precipitation 1190 <0.001

Nitrogen Temperature - 80 <0.001
Month : 4.6 <0.001

Precipitation 1.0 <0.001

Potassium Temperature 9.0 <0.001
Month 9.0 <0.001

Precipitation 2.2 <0.001

Calcium Temperature 9.0 <0.001
Month 9.0 <0.001

Precipitation 9.0 <0.001

Magnesium  Temperature 4.1 <0.001
Month 8.8 <0.001
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1L #RiEFE

AL R R RS R L E RS X R UAT A R ERRE -
S EERE R AU S 2440~ 4225kghal s X AL AT A bR - - EAERE
¥ 4w % 3087 - 4887 kgha' » 7 % & B k& X A
FHER S - E (481
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o aﬁ?%&%@a.“ip ﬁ{i@ﬁﬂﬁﬁiﬂvﬂ

EREINN N Y = m‘”&*ﬁ#ﬂ]éﬁuz *%' Llnetal (2003) tAfi b &7 £ F BB E
HEFEEL ETFYE  FRAT 5&]1%& R%mﬁfi’ﬂ%mé#ﬂfé_%ﬁ%f‘i‘%ﬁ ’
BB 321962 - Xuetal (2004a) e p A LRF F S B EHEFEES £ T

HRRS R PP Ea R TP ERFITEASRL B EER DL R o
AT EREFEER LR ERRL L7380 X R AT 245 158 & -
TR - Ea ki & X 1 BRA (PP ER)PH(FD 528107 F
£ 4ABRLEFER B3R CERIRA) REPEIERZ BA
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2. ®EP 2

AT AR R BR{IT AR SR eSS > N E L E LSRR
A2 BFimptp FEFTHRRF G HAUFNXE TR e bhidklE
P AR AR AR BRI o 2 XA P B E TR BB F o

% ¥ Bray and Gorham (1964) & & & = F FApM A L N E ERFF REE
9 5 60~76%; =i ik 12~15%; #+A & 1~14%; H v it 1~16%- i7#F Sundarapandian
and Swamy (1999) %7 4 di e g # ¢ M L FE R 5] T3-81% 5 B % A F
7% 4 (woody litter) i& 12~20% ; 7= ~ % F 2 &+ - 3~9% ; H v 5 k 0.4~2% - %

FEAFLATEV LA - R AT LR AP ERE A RAE 79-88%5 &

B ooRIEHE6.3~7T%; T 01~1.1%; H v ik 0.5~6.4%

ek

(¢ z5ad

BBk s BEHE)R A %i%xiﬁ°w{ﬁ*i%ﬁﬁ*%@#§% ¥
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L ] 2 J g Q

FRE R E ﬁm*”*%ﬁ%ﬁTiﬁﬁﬁ‘ﬁﬁ
283

S REVEESE R

BEFRAETFSRPAAR LR PEREF 2B L HRRRR
B HEEI RS AR e ol E A A RAPM L 245 (B 8) > ¥
Bl | B i 79~88%(% 2) HR AR EFT R A LR o

B ARA AT HPRF(2005 & 11 7 3 2007 £ 10 7 ) 0 & S B e 4 AR
AR A RAPR L ERPFER AP £F 23 BRE(R4-2) - - BB
HEMA 1) - A EFMKRFEE(L~1 7)) ¥R AT & P4 % (2006 £ 8 1 ~ 2007
#8101 ) - EPpEEFEFTERFCANG X5 5 H F 4 (Enright, 1999) -
B % % (Wang et al., 2008) - A PR E & 1 (Veneklaas, 1991) o £ %] 47 =

REEF AR
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B llakgs » 3298 9% 9~15°C 2 * % ff = £ & 100~200 mm ¥ 44 % 4 4p
ERErEAdta s Res 2T PR )EHE? » 555357 > &4

BANEREF R4 ZE(BADE - FPEAFEIAERL Y A28 E

BPEARKREEZELTAIBY AREE(Z A FrEvaEd N At m
FlF g feEr £ e a b NIRAT 2 R HE it fd oo FE L

)\_

AEFEOFTEMERA T S E S EHFERFE LA (Y 70 1998) -
Flepr (1985) & X FHANEF ¥R 1 therim "y N FWr R ER
=

DI R IR G o SARRT 350 A % R E R LG F RS RATE

b

AriE A o
AENE S HAFL Lk BE FRIBREZ R A T AT R RN

e

4

CRBRRFR AR LS B %ﬂﬁé%? pERTS R R
—-_2%6&8”(@42’1Qmﬁ.”%E%&%ﬁﬁT*% 4 2007 & 8~10 >
IERFELASDEE G RER rl*rvu?’rﬁm}i FEBIT(HER ]~ A~ ¢ R)
e h B2 58 - 2007 # 10 * ijﬁé“,\;l 1%}1 dma Y RER RS

\“‘b

Bl 12b 257 * %4 & £ & 800~1400 mm > 7 WRLR B HPE I 4 Aok
HER P FTER T BB I Ak 3 2RO Afa E4piTr & 700mm 2+ >
e r§ 2007 &9 £gch 2% 2007 90 A4EEEABEE A 2006 90 o
Linetal. (2003) iAg &4 #Eepm g dgd > @ R 2 R ORD B EHEA £ oD

Fo oo BPEOREES EH A TORE T o TR o FARPIEEh FF Rk 5 A
B® L~ AR R4 ha T o

NAPTHR T RERENRAL P TR ELY c AR EATERLE

A FESE TR 2R EE RO L R Y F GRS E S IR A

%3 B (Xu and Hirata, 2002b; Wang et al., 2008) -
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WA Y H (2005 £ 11 * 3] 2007 & 10 * )& & £ €F > ¥ 3800~4200 mm ;

F_k

AE R 11~1 0 20 B g # 4 #3170 mm~350 mm; Bl 12b A P R A A R
170~350mm B HF B v e @ A P &2 P atpERe T EL 2 HAR Y

-0 LA ,T% AR w0 Saito(1980) & p & 444 p A& & 1p (Chamaecyparis obtusa

H

Sieb. et Zucc)s#7 £ 4p 11 2 10 T fpfE R A A EXE - @S foH P A&
MEMRTTCH M PREDRRESFFINEF - AL ER T HOERMRIIR
n 127 2 556~7.9°C2 F(F2) &4ap| 2007 £ 17 45554 £ < Hehi 7o
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CEBREREF A RRR
1. kA B4R

W ES - RAEED O B R A G - 04 €387 £ s Jz(resorption) (£ *
ERELRES A EF TR H I IE S L ik if (Aerts and Chapin, 2000) - # 3
s g intRA > B R A dreF € e mF ks o HE R B E
F e fzengk &« fi % (Prescottetal., 1989) » Ap¥HiX £ ¥ #r3 H A ~ 2 ER [ i< -
AEG RIS E R EREF A RRRF T AR AR R
X BERE(E10~14) AP 2 A2 LB ahEREFF 2 4EER

BEF O ERHR BT ERHRRZ LA LTz R B34 4k 2 3EY 7 34T

FEZEAUARLATTIANREFR N LRM(ET) BFIRAE S G 0 A A 2
PRFRLBETHF ol s ATEAD R LR 280 T R

§§@@$°@%&d%ﬁﬁﬁ*v%ﬁ€&%ﬁ% % %18 7 i -k (throughfall)
# (Vitousek, 1982) » % = & J\,ﬁ,m 13 wm L EA R EE 0 £a € A 3800

mm o e B «’rﬂ’ﬁﬂ"w?lﬁﬁv ’ 124“”‘”? NS S N R

2. AR ERFE R

EE T A REROESRM TRk BMLIE CEREELANE) ~F

AER)EEEHEITT T EFEY RAADR SRR § BRATEE P KT i<(Perry,
1994) o @ e h 3 FATHE TR ILT > A A HBHETY 2 22 RiaFF 24k
A& # 4c(Linetal., 2003) -

fjﬁg kR ZoAHAFERLAREF(A 1) e 6485 < RpF (F
5) o Bl13c 27 5 bR e 1~4 » Priil s 67 P P B g A EE N+ TS B
BT AL R EREFEF SR R(R42) 0 FRAETSERER
(11~12 49 )5 AR BM BEFEHEFO- 7T )ERBZ - H7p t 31554
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FEE L RETEF AR FHERE 6T AR LiEr g FrEAEL
X AEE? FERARE oRUbETAEFTOOMMPEF ER F KT

AR R R RTAAHATES > T d R R € N S BATHEN TR
BiEd? 2R ERY R R AL BREFFFIETREF R IR KGR N
PR LR ¥ Rk v il N chte T A R X B - ks H (Xuetal,
2004a) > FF ar FIRA FEE S B A A fE o
PPER BTS2 ERTOLIBARY LEERM I HEFLXERER 15
FEMPAPM(BIOh) >  EAXBER G THEARS > P AR e ERARR A
BRPERER T RNTPER - BAVEAZLEMREEV (AL BET
Foofe AL E SR IR T 0 0 WA T B AR ROT T A ET [t

v

U2

el
=

Fa gl ﬂoReesetaI (2006) é’iﬁi&* I E A fFIET ] IR
g~ F MR TR B E A B P\ *r:é#?"’”?#«a % 34 80%:r4gm o

TERLERRT LR 2 HES ua%y# AR E B E HAR(F 13)0 e
B RA chs i ABH < RAp b @1®%Tu $oif & 6-9°C B HITER T 1 &
Sl o B 16C BT 4 B 4wau12n$ﬁk& HAverdg > S5 & AT
TERFE NI AL~LZ 34 F > A RIEEEFEFE DIREFT (R
4-2) o 4t d £ FF LR M Aof i 234K - EAE
o et p af b4 7 & (McLaughlin and Wimmer, 1999) > = 4F & #3802 ik
FREFEMEL A a B 4 a8 (Liuetal, 2004) 0 & AT § E Bk R 2R { AT
AMRTBHAZEIFAFT T LA AR ESERRE T Ad NERPFET S
PEE O HEHNATE R LAERRE o B 160 Aor * R A £ .9 1000 mm 2t
kR TrEAEE > Voacd SR BERATHE2Z LB g EATE AT B
dooo 4Tk R F] R
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FeskR AR DT 0 Bl 17Ta M7 4R kR B0 SO 8°C LT pRE & 8°C 1l
BERFFEFERA en S BITCHT 9410 7 PREER #4485
BRI AR SEARR ot F R % IR R - X(F 4-2) 0 B 17C K7 A
BERE-OVHERRHNA t- R BEILFANENEEFR S5 E
hE S PRE T N R A A7 B F kS (T E s eh7 e (Larcher, 1995) - ¥ 4% A &
fs B AL 4 AT R 2 49~ F % Ak B (Vitousek, 1982) » etk T FR e 4 A B4 5

2 BRRFFHE TG 0L g4k (Liuetal, 2004) -
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= ~ £ e (nutrient resorption efficiency, NRE)

fjf‘ua? e B ERARENG L0 F Y 3R A B T) - HHES ko
£ 4 ffsE e 0 X fc(resorption) e g F et IR i o A L &
f* ipd woen® & > ¥ ¥ B/ F & 4 F 3 £ (retention)(Aerts and Chapin, 2000) - 7]
PUF R U E S 43S 3 3 A A ehik dF (Aerts, 1996) o B HrA 23R 2§ BEEE P KA
B AR R &V FRE LR OTFRFPORT] - AT &
REL > A RS EIG LSO PR E IR ANAFFERAINE - 5 5
g d T i A T ERLLE AR BEFMETER AMKI 2 S
Peng i o PIT g Efrt EHF R EFHE ST g om 70 LS U R

MARAPT ALl T 2 4y fp;@ P ERSHE RS ERRE(B6) §

=i |
AR A E R L o m?m]“*é?]%:ﬁv = R g
| .’!;_ ||
A DdE|
WEF VT RS L A vy L PR PR RSN R

L EME G ORF LB A o BB E B LA kA T BB R
BT R N MEF QAL 3 B AETHE AfA BARERS S0 A
Booaa BRI A d N EFEE RS LIRS BT R

BT AP RE o e ok F TR o

AT L AR Y §OMEE AR 4@ B e endB i (Livetal, 2004) te et 4 ¢ 4R R
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Observed

GAMs model’s formula R
Value
Total log(total production)~as.factor(year)+site+ 0.563
production s(temp,bs="ts")+s(prec,bs="ts") +s(month,bs="ts")
Taiwan log(cypressleaf)~as.factor(year)+site+ 0.627
cypress-leaf s(temp,bs="ts")+s(prec,bs="ts") +s(month,bs="ts") '
Carbon tc~as.factor(year)+ site + 0.691
concentration s(temp,bs="ts")+s(prec,bs="ts")+s(month,bs="ts") '
Nitrogen tn~as.factor(year)+ site+ 0.565
concentration s(temp,bs="ts")+s(prec,bs="ts")+ +s(month,bs="ts") '
Potassium  k~as.factor(year)+ site+ 0.577
concentration s(prec,bs="ts")+s(temp,bs="ts")+ s(month,bs="ts") '
Calcium ca~as.factor(year)+ site+ 0.346
concentration s(prec,bs="ts")+s(temp,bs="ts")+age+s(month,bs="ts") '
Magnesium  mg~as.factor(year)+ site+ 0.286

concentration

s(prec,bs="ts")+s(temp,bs="ts")+age+s(month,bs="ts")
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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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