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ABSTRACT  Zelkova serrata (Thunb.) is one of the most important commercial
broadleaf species for tree plantation in Taiwan. Two stands of Zelkova serrata
plantations were selected to study carbon storage and sequestration; one was
approximately 46 years old located in Miaoli Hsian and the other 25 years old in
Taidung Hsien. Estimations were based on regressions among biomass, volume growth,
and parameters such as root/shoot ratios and expansion coefficients. The root/shoot
ratios were 0.240 and 0.250 for trees at Miaoli and Taidung sites, respectively, and
similar to that of tropical broadleaf forests. The expansion coefficient of aboveground
biomass of trees at the Taidung site was 1.528 Mg m?, just slightly higher than the
Miaoli site’s 1.328 Mg m™. The current and mean annual increments of trees increased
with age at both sites, although the rates leveled off at age 24. Comparing to the average
aboveground biomass of broadleaf forests in tropical regions in Asia, the Miaoli site’s
252.3 Mg ha™ was higher while the Taidung site’s 108.4 Mg ha™ was lower. The average
aboveground carbon concentration was 49.0% at the Maoli site and 49.6% at the
Taidung site. Based on these figures, the carbon storage and biomass of the entire tree
would be 1.95 Mg ha™ yr*and 2.40 Mg ha™ yr for the Maoli site, respectively; and
1.81 Mg ha* yr* and 2.25 Mg ha™* yr* for the Taidung site, respectively.

Keywords: plantation, carbon storage, root/shoot ratio, expansion coefficient.
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Rt o RGkIfG 45.2 % ~ ¥k 36.7 % ~ Wbk
18.1% > pH f#i 5.4 -

—
1 BEEA

A AR SRR R B LR
Wi > &L 3 (HEEISE R - SHEEREE
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SRSy HoAth B AR LLH AtefE  (Machilus
japonica Sieb. et Zucc.) ~ JT.F: (Schefflera
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2. EMOREEEBAYIE ZHIE
PUSMAR & E R ATl 2 74T » i
&4 5 em 73 Fo—4f - EFEMIT R 10 em e
50 cm PA_ B35y 8 4 - S AT AIIH 10 em L
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PEERL 1~11 PREER (SfHARA Y SRR
iz 4 BEER)  HIEHAEYE - EMoER
RHUEEAR Z BRI E R 2 -

[~y A Fia % (cm) féfE(m) PRE(FF/ha)
i =Y % VN 24.8+1.21  20.2+0.51 440+10?
HAthEwA 19.241.7 290470
JEAR 3.240.5 3140+710
= AR 17.5+0.4 13.2+0.2 580+80
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Rl 4 BREIARBRAEMREYIES 1Y
Bl 03m-~13mE > U 13mPMUEE2m
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4. hrAYIE 2 HE

W 18 7 5 R BB R 73 Al DA R AR A 3,
EEEEM AR SRR A Y BB ECE
AT TR BE R AV E A # U InY = a
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15« 8 Pl R RS TR0 9 AF AR AP Ak
ATPHHEEy 8.1 cm - K5k 6.5 m > HRELE
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BN G o N TR - fRY
Ko BIEEBH > BREERRALSEERE
HEEBWIE DB CEYERE A ER
EEREA - WD HEE ARSI
B4 39.7% » JEEIN A MY 28.4% > HE
ARBONEBEA TS - ERETEAS T
BIESENERCREAR s EhEALE
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RS

=L

By (cm)

= (m)

f B AR (Kg tree™)
HARAEYE (kg tree™)

& (m3tree?)

R

i AT RIER A (Mg m®)
SRV RIEEGE (Mg m®)

25.2+1.8" (22.5~26.6)°

22.5+1.6 (21.6~24.9)
409.3+54.6 (333.4~449.4)
99.1+32.9 (73.3~144.1)
0.315+0.073 (0.259~0.414)
0.240+0.059 (0.181~0.321)
1.328+0.201 (1.083~1.565)
1.638+0.178 (1.431~1.848)

17.7+0.6 (17.2~18.5)

14.3+0.5 (13.8~15.0)
166.4+22.7 (141.6~195.3)

41.4+8.3 (29.9~49.7)
0.110+0.018 (0.086~0.124)
0.250+0.051 (0.190~0.294)
1.528+0.232 (1.316~1.837)
1.901+0.210 (1.703~2.185)

B
? filE

FHAT © EVHT I AR AP _E SRR (4
49 1.5-2.0 Mg m™ (Brown et al. 1989) » {#
RETHE RS L EN T 4% - — M FaSER fi
HHEARY T8 SR GRS - AR - B
v SR FEE AR (A B (Ot B0+ 1.240 Mg
m®; %ik : 1533 Mg m®) #1301 - [ BB E
R I B SO 2 e (B (Mth BT - 0.524
Mg m*; 4k : 0.652 Mg m”) HIl{R(K (FhEIS:
% 2007) -

FH RS AT I} T R i AR R At = i B A
Eere T B - B A RAE b FAERT 7418
(0.27-039 cm yr') » 5 fEA4 TR E B
(0.69-0.78 cm yr) - F % 30 fE/E (54 B A4S
(0.10 cm yr™) ([ 2) - WAk I fEAE S A0S B
JRBHAAZE 52(p>0.05) il = 48 & HITE 10 4R R
DU SRR A R - 5 AR AR i SR 2 4.2
m - B S 5 B (3.0 m) (p<0.05) 10 £F
ARG TR 52 8.5 m > AN A G
(9 6.1 m (p<0.05) - 12 A= 1% Fi MBS = 4
Rt - £ 15 FAHGREFIER - [HRE
RS AERINESE - 15 24 FIFEFEAD
2 17.0 m > BHEEI S A G B 13.9 m (& 3) -
FH L T RIBE AFEe RS 0 - 1ot 2R R R R4 - 24
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AR HEEAREIREAE RS 069 cm
yrt > R 0.65 cm yrt > P L R
B 0.69myrt > G058 myrt o & 44 fF 4
R i R A P g 1A Ry 0.50 em yr > SPE
foiiE By 0.50 m yr™ o BRI B v F EEES A
TR HEAS (R 2 RO 3) -

E L EEAEY R EF A RS E R
1F 24 F4ER > FiERARE 2 FFA#ES > H
A AR AAEAS © 25 2 30 A HARH e SRR
BN R T - 1% EHEAR
PRIFAE 7.0-10.5 kg tree™ yr [ » SEE52E BT
£ 30 FEA 1R IRFEFIEE (8] 4 71 5) - Fisth & A
ERATE R 20 471 - giat ERER
725 (p>0.05) © 24 NG E B ERE AR
(p<0.05) - HHEEFEASEIS4E £y 8.54 kg tree™
yri &85 6.30 kg tree yrts 1F 44 GEAE G EE
PEASEI 4 B By 9.22 kg treetyrte DL —Eh =
2R A i =TT P A 4 A S AR AR R BT AR
B BB AR 0.8([8] 4 F15) - i EEMEA
B39 4 RARIA A i FH AT v S AR FEASHY 13.1
kg tree™tyr* - {E R AAN B i P EEES AR AT Y
EEACHER 4.5 kg treet yrt (FRE 2%
2007) -
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20 | y=-3.082+1.082x -0.012x?
R2 =0.99
€ 15 |
o
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g 10 ATaltung
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> R? =0.99
0
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AMiaoIi
o0  y=0.010+0.864x -0.008x°
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* 10 | /\Taitung
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& o Mt 4 TEFEHS 55 DUBR AR I (E 3 DR S
HefEMR T YR - N Y EIN DEAKHRR
LV EFRUREIER - MR EMAREYE
HEEENGEEER 5 ey EHEE
MAREERN 2.30 % BUREAM 20 F4
% » B RIR = TR ESN » 2 EE R
1y BTt - RREREERCD - ARy W) E AT A EE Y
A0 e WK AEVIEA i AR EHEEL - ffErfb
H b EAE PR 52.6-56.5% » B AR 0 HXK
FyRfk > 115 40.8-42.9% © W& Gratdisth HEAE
Yy 95%LL I o B R AR IR (ORI EL i
AR BARCABERS  (HEMARLEAEY)
BEREAK
EERBAGAEM LG EH AR R
192.2 Mg ha' > BE M H#EIE B 214.7 Mg ha
(Brown et al. 1989) - B SEMAI FE A& S
RS - SR R R ZE A | SR PR BEMO |
0Lk 8y 256 Mg ha™(Top et al. 2004) » f#EE
PRAREE > AR - 1E R oo S R w3

E A E B 225 Mg ha' (Brown et al.
1991) - {HEHIMY EEpAEY) R HEETE 160 F|
538 Mg ha' A 7% % (Brown and Lugo
1982) » HIEMER S A I FEME - HEREAR
Rz H G EN TR - BUR SR T8 K
Ao FAERINVENTRE(E 4) - Mo EYED
FIE T Re M BN RE T - L BRI A
2 RENE  FERIELTH(E 5) > #irde
YRR ARG T - Z A N ERAE
V& - eEREGE ESRFAEMEISE S 49 Mg
ha™ (Jackson et al. 1996) » i EEAR4T = A LSS
B > BFMSTRMHEER 5) - (HEAFEE S
HIEMAREYIRE > RN EEEAR  ERE
TREREYE W L EAEEMEESE R
FUERGEHE M EEAEY) 2T 15.3%
AR Sz 33.1%(PREE:SE 2007) » Hre
DUEEAM Oy 2 EE G S HE R Mo e R
EHEYIE -

20
y = -6.524 + 2.349x - 0.0855x* + 0.001x°
R?=0.82 e
15 [ ... "
- H CAIAB
5
g 10 -
g
g g5 | y = -2.413 + 0.626X - 0.008x’
& R?=0.97 [] MAIAB
0 ‘mm
0 10 20 30 40 50
Age (years)

[El4. FEEAM LA A YRR R (CAIAB) NI 4 f(MAIAB)
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RN TS MABRATF 2R TR 2R

20 -
B cAlAB
y = -1.740 + 0.822x - 0.023x*+ 0.001x° "
15 | Rr?=o96
>
& [] MAIAB
I 10 | y=.0.506 +0.150x + 0.006x?
@ R?=0.99
£
s
o
0
0 5 10 15 20 25

Age (years)
[E5 & ERMEAM A A& T4 £ (CAIAB) IS5 4 £ (MAIAB)

4. EMITIEMARZ B AR (InY=a+b In(dbh))AAERIGEE T BRI (GUT Y - BE RS EEE
A& (kg) » BAfE(m) > dbh ¢ Higg(cm))

[ va) Y a b BIERERSE  SEE?
EES = -4.4595 1.7684 0.30" 1.128
/INVEL -5.9993 2.0202 0.65™ 0.640
KEL -7.0203 3.6404 0.87" 0.640
FEIERL -7.8695 3.1530 0.38™ 1.702
W AEAEY) -4.7432 1.7532 0.16 1.595
fifEe -1.3606 2.1574 0.95™ 0.221
HEYE -2.3002 25721 0.99” 0.131
s 1.4196 0.5008 0.77" 1.119
=) h -6.4733 2.5796 0.64™ 0.552
/INVEZ -4.9999 2.0936 0.70™ 0.393
KEL -5.5284 3.3506 0.83" 0.443
SRR -8.6481 3.3206 0.39™ 1.164
M AEAE -2.5628 1.2232 -0.01"™ 2.075
fifEe -1.6928 2.1566 0.917 0.195
HEYE -2.3234 25715 0.95" 0.171
ot 1.2517 0.4675 0.64™ 0.100

UGB e
2%0.01<p<0.05,**p<0.01,ns: p>0.05
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My~ MRS E

PRAHE RSB I E RS &85 » 3t b B SR
RAIE ESH ?‘*E%%ﬁ: (p<0.01)- %%%E*L‘ME
RRTRRE A i Hﬁ%ﬁttﬁﬁﬁﬁ‘*jﬁﬂaa
%EUU\M%%H#@B‘Z B P A Bﬁ@fﬁ%m
K- %f#mﬂ%wgyméma% = o 1t
ﬁ?%ﬂﬂj‘zwﬁ (5% 6) - POy TEIR AT E RIS Y 22
SRS EHE R [E] > ARSI S Ak oy [l fi e 22
(p>0.05) » FURSEAIA B3 72 £ (p<0.05) - DUE
BE S YIRS E 4L (3% 5) ) IfErR A
BRI RIBRE - BEEMASH LI
49.0% > S HE 49.6% o DIEIE T A(HEIEM
ARt FERSS R o B R 0.26% 0 &
BBy 0.29% o —FAE BSHREFE DL 50% Fy e
AEFEEE TR R AT - VR R 15 FHfE
TE M IR FE AT 46-48% R (MR (- %
2002) - ASRFFZT AR L P B b o [ 7 PR AN B
i (5&6)-

DI BE& S MOR 2 S A Y R A
IR AR T e EMORERF AT
B o HIOEMOEARLRITFEE S RE 153 Mg

al BEHEY 2.3 % (3 7) - #K 80.0-80.7%
HIBREE R B3 - ENEHTFER - WIS
R 786 kg hat o BAHEEY 2.0 f% o HEAR
79.6-82. 2% E S T D -

G RN E Gy MR eSSV
132-174 Mg ha™* (Dixon et al. 1994) » &%
HUT BRI > B SRR AR R E R R Ry o 2

GRS E L AT HE_E S {E R A
217 Mg ha™ (Malhi et al. 1999) » JE Nl ZizsFg BE
AIME’J%@%W&&?@%&L%@% 200 Mg

at s R 51 Mg ha™ (Glenday 2006) - i=
ﬁb%ﬁzé}%iﬁﬁ“*ﬁ%ﬁ% HHE R T &

BN RFAEE N TR 7 & £y 2.7-161.5 Mg
ha‘l  SHERAAYEIE (Zhang et al. 2007) >
ML E %% EERMTRIALRF ~ TED
fir o b3t N THRBRAT(F R Y7 SR B e
FEVIHIRA R o ARUTFEEY & AR H R iR
& > BURIA %W& FRPRIR AT 2 588 R
Ko BREIE -« e - EEHERZEIN (HFET
TERARE m%w@ﬁa’ﬂ%’iﬁ\ o —REDAREY
BAREREGE - WFTEEEAR - R

5. MR AR S AE RS £ B (Mg hat) > fif B (Mg At 2 %)
EE [EES =1
EE I 1.53+0.08 (0.6)* 1.71+0.55 (1.6)
1N 0.85+0.14 (0.3) 1.73+0.53 (1.6)
iz 102.86242.45 (40.8) 46.57+15.92 (42.9)
JERE 4.09+0.22 (1.6) 1.37+0.33 (1.3)
M AR B 0.41+0.02 (0.2) 0.00+0 (0.0)
foreEe 142.56+26.17 (56.5) 57.04+17.71 (52.6)
&t 252.30+67.03 108.42+35.04
N ER 60.47+16.07 27.12+8.77
L 312.77+83.10 135.54+43.80

b INMESRN I TS N B

54

B A BT/ EH

pt



EHEA > FIRPTEERRIE K oM AHE 23 » 55
S o WA AREHERS - (i VEERE R
FEERBEAEAYE(Cumming et al. 2002) 75
&AL - AR EEE AR - FritBAVEE
JEE JB PR AR T AU FRFA. -

DIMAR Y &34 R E T LI ARM F
BB T HEME AR BT S hRAT
& - —fHREREE BN EERRES
AR (Helmisaari et al. 2002) » i [ #04= £2#
HAG R A R HRAEEE E SRR AT 2 49%
(Vogt et al. 1996) - & A] x5t I BHYAE Rl
Biih, EEAEE > AT R LR A Y294 &
= A HEfGIH A R R B SRR
R A I 20 N= A= 7 S 8 o A w1772

RN TS MABRATF 2R TR 2R

178k 45 kg tree™ yrt > £/ 5.5 kg tree™”
yrts GERSTHE B 3.1 kg tree™ yrt > axk
B53.9kg tree yrt o DIHEEFRI S HEE
fir R IR B - PTHEE Ak ik o HR AR Y SRR £
B HEEMS B By 1.940.1 Mg hat yrt (33
BfEERR 2, DT E]) » Rk B 2.440.1 Mg ha
yrt s SERRSHE -3 R 1.840.4 Mg hatyr?
4By 2.240.5 Mg ha™t yrt -

I B Bl v SR A R AR (2 ik 2.5
Mg ha™* yr) siASHIAMR (221 2.2 Mg ha yr)
REAEIT(PREI$RE 2007) - {H 20 Tl 5
CEFEEEM A FRE A AR RS > i 72 ]
# 4.8 Mg ha* yr* (Zhang et al. 2007) » &=
AR -

7 6. RIS MR SE IS 2 IR BRI (%) (B )

=

i) tERS % &

EES R 47.440.9 2.16+0.23
/INEZ 47.4+0.7 1.27+0.19
RAL 48.1+0.9 0.3420.16
JERL 48.1%1.2 0.45+0.21
I AAE 47.7+1.9 1.71+0.69
eSS 49.7+0.9 0.1620.11
FHAR 48.9+1.2 0.23+0.16
AR 49.4+0.5 0.5620.35

=V HH 45.9+1.5 1.73+0.16
/INVEZ 47.9+0.7 0.900.12
KL 49.5+0.7 0.280.10
SERL 47.8+1.3 0.42+0.28
WA= FEY) 44.5+0.4 1.77+0.07
EIERS 50.0+0.8 0.23x0.11
FHAR 49.6+1.0 0.29+0.13
H et 47.3+1.1 0.54+0.26
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% 7. WM EEMOR SRS 2 (Mg ha )B4 (kg ha )R e (FoBitess )

) HH C (Mg ha) N (kg ha™)
B EE ER 0.7£0.0 (0.6)* 33.1+1.8 (5.1)
N3 0.4%0.1 (0.3) 10. 9+1.8 (1.7)
KL 49.5+20.4 (40.0) 349.2+144.1 (54.1)
TERG 2.0+0.1 (1.6) 18.4+1.0 (2.8)
WA HEY) 0.2+0.0 (0.2) 6.9+0.4 (1.1)
fafss 70.9+13.0 (57.3) 227.2+41.7 (35.2)
=t 123.7+32.7 645.7+182.3
HNER 29.6+7.9 140.0£37.2
HaET 153.3+40.5 785.7+219.4
BR R R 0.8+0.3 (1.5) 29.6+9.5 (9.5)
/INEZ 0.8+0.3 (1.5) 15.6+4.8 (5.0)
KEL 23.0+7.9(42.8) 131.6+45.0 (42.1)
153 0.7£0.2 (1.2) 5.7+1.4 (1.8)
FT A=A 0.0£0.0 (0.0) 0.1+0.0 (0.0)
fafis 28.5+8.9 (53.0) 129.8+40.3 (41.6)
&t 53.8+17.4 312.4+101.0
HNED 13.4+4.3 80.0+25.8
gt 67.2421.7 392.4+126.9

L NESE NI TR N H

EERANTMAE 45 4 DL BRI R
SOMNEVE R A PRAY BRI F AT - HAERM
REIBEEER - MOTATE RRORERR - R
Mo AnREIE RS REm (] - A BRI & bbREYE]
JE - HEEAMEER - ABEEREAR 7]
BRI ST > AIREINTRECEEE BT
AR S TIF > RV EER - £
RIFEARM - ST RIASAERR - SRS =
SUETEA R E AR -

AR AR R = S B SRR AR >
HAg - AYEREE - i E SR
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T SRR AP L Bg o B (B S M B
R AR IR & - SR AT R A
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IRENETEZEM > VB TJEEREA &

=

DIENEZ=s i AN o S
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FREZEYE ~ BESEA0 ~ BHRCS - 2EIRE - 2002 © 42
ERIEMIEE) — SRR TE ) Z 8
aoafd - BUEMEERE - 17(3): 311-321.

R ~ BIEEFE ~ PRl » 2002 - BT
ZRMLEBRE EHE - GEMER
£ > 17(3): 291-299.

MR » 1982 « GIEMAE R 2 42 & SAESE -

R BE > 58 H -
MH e » 1995 85 = R EERAMENE Ko L3 A
HHERE  BZGMEE > £ 258 H -

FRERSR ~ HOFE ~ 24935 0 2007 - B EEHIE A
R FIACHAR A TARBR AR R 8
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[Etk o Z kiR - ARMEER AL
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