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Research paper

Estimates of Biomass and Carbon Storage in Two Taiwania

Plantations of the Liukuei Experimental Forest

Kuo-Chuan Lin,1,5)     Chiao-Ping Wang,2)     Chu-Mei Huang,1)

Fu-Wen Horng,3)     Chih-Ming Chiu4)

【Summary】

In Taiwania plantat ions  of the Liukuei Experimental Forest managed by the Taiwan Forest ry
Research Institute, 2 stands aged 20 and 27 yr were s elected to estimate the biomass and carbon
storage in  the ecosys tem. Accord ing to the allometric equat ion established by data of 38 har-
vested  t rees , the b iomass  of each component  and  the to tal biomass  o f the trees  were high ly
significantly  related to dbh . In addit ion, the b iomass of thes e 2 s tands  can be es timated with a set
of common equations. The es timated  Taiwania b iomass was  155 and 169 ton ha-1 for the 20- and
27-yr-o ld stands , res pectively , and  the major b iomas s was in  the boles. Biomass of the under-
story  vegetat ion  was only  3.2-4.8 ton ha-1, and p rimarily  accumulated in the g round  coverage.
Biomass in the litter layer was  6.1-10.2 ton ha-1. In the whole stand, 55-62% of carbon sto rage was
in  the so il and 36-41% in  trees. In so ils, 44-50% of the carbon was s tored  at 0-15-cm depth  and  in
the trees 80% was  in the boles. Compared with  tropical plan tations , the carbon s torage of Taiwania
trees  is  sligh tly  lower, but the storage in soils is similar.
Key words : Taiwania, carbon  sto rage, biomas s, regression method, understo ry vegetation, litter
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研究報告

六龜試驗林兩台灣杉人工林生物量和碳儲存量之估算
林國銓 1,5)　　王巧萍 2)　　黃菊美 1)　　洪富文 3)　　邱志明 4)

摘　要

以林試所六龜試驗林的台灣杉人工林為對象，選取20和27年生兩林分，估算其生態系之生物量、

碳儲存量。由38株樣木之胸徑所建立之異率迴歸式得知樹體各部位及總生物量皆呈顯著相關，且兩林分

可用同一組迴歸式估算。結果顯示，20年生台灣杉林木生物量為155 ton ha-1，27年生則為169 ton ha-1，

生物量集中在樹幹。林下植物生物量為 3.2-4.8 ton ha-1，大部分集中在地被植物。枝葉層生物量為6.1-

10.2 ton ha-1。全林分碳儲存量，土壤佔最大量為 55-62%，喬木次之佔 36-41%；土壤中約 44-50%集

中在 0-15 cm處，喬木則約 80%位於樹幹。與熱帶人工林比較，台灣杉全林分碳儲存量，林木部分略

為偏低，土壤的量則相近。

關鍵詞：台灣杉、碳儲存量、生物量、迴歸式法、林下植物、枝葉層。

林國銓、王巧萍、黃菊美、洪富文、邱志明。2003。六龜試驗林兩台灣杉人工林生物量和碳儲存量之

估算。台灣林業科學 18(2):85-94。

INTRODUCTION
In recent years, the sus tainable manage-

ment of forest  ecosystems is as suming greater
and  g reater importance. Es timat ion of b io -
mas s in  s tands prov ides the basic data for
forest ecos ys tem management . Research on
biomass not  on ly focuses on t rees, but  also
extends to  o ther st rata s uch as unders to ry
vegetat ion , the litter layer, and so ils , which
can affect nu trient cycling  (Long and Turner
1975). Meanwhile, the carbon  sequestration
function of forests  is of g reat  concern  due to
the g lobal warming phenomenon , where
fores t  plan tations will, particu larly, p lay a
leading role in the future. Taiwania (Taiwania
cryptomerioides Hayata) is one o f the impor-
tant  economic s pecies  in  Taiwan . In  the
Liukuei Experimental Forest  o f the Taiwan
Fores try  Res earch  Ins t itute, Taiwania has
been  intens ively p lanted s ince 1972. The total
area of pure Taiwania p lantations over 20-yr-
o ld  in  the experimental fo res t is cu rren tly
around 435 ha (Chen et al. 1997). Bas ic data

on  th is species need to be estab lished for the
sustainable management of this ecosys tem.
However, mos t research in the past  focus ed
only  on  the analys es  and est imation of tim-
ber volume (Hung 1974, Liu et  al. 1984, Chen
et  al. 1997). There are few publicat ions  about
the b iomass and  carbon s torage in Taiwania
stands unt il now. Thus, 2 stands over 20 yr
o ld  in the Taiwania p lantations o f Liukuei
Experimental Fores t were selected to estimate
the biomass  and  carbon s torage o f the whole
stands  (trees, understory vegetation , litter
layer, and so il). Thes e data may prov ide a
good reference for understanding the nutri-
en t cycles as well as for ecosys tem manage-
ment practices in the fu ture.

MATERIALS AND METHODS

Site
Th e Ta iwan ia  p la n t at io ns  a re  in

Fengkangshan  Dis t rict, managed  by the
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Liukuei Research  Center of the Taiwan  For-
es try Res earch  Ins titute, located  in Liukuei
Towns h ip , Kaohs iung  County , sou thern
Taiwan. The experimental forests lie in a warm
temperate climate zone with  an  annual pre-
cip itation  of up  to  2,280 mm and  at eleva-
t ions  o f from 1,500 to 2,000 m. The rainy
season is from May to September, and the dry
season is  from October to  April (TFRI 1998).
Affected by the elevat ion, the highest tem-
perature on  average is less than  25°C (in July),
and  the lowest  temperature on average is less
than 10°C (in  January). Elevat ions  o f the
study  areas are between 1,550 and 1,695 m.

Methods

1.Taiwania plots and sampling
Two stands 20- and 27-yr-o ld were s e-

lected from among  the Taiwania plantations
ment ioned  above, where th inning  occurred
in  1993, and  around  1,000 trees ha-1 were left.
Three 0.09-ha (30 × 30 m) plots were es tab-
lished for each  stand . The characteristics of
the studied Taiwania plots are given in Table 1.

By  a class ificat ion o f dbh (d iameter at
breast height) at an interval of 5 cm, 7 clas ses
were set for dbh from 10 to 40 cm and upward.
In  each dbh class , 4 to 7 sample trees were
selected  fo r b iomass  es timation. There were
38 sample trees harvested at  the end of 1999,
10 trees at  20-yr-old and 28 trees at  27-yr-o ld.

(1 )Sample tree biomass

After cu t t ing  down the t rees , t ree
heights, crown lengths , and crown diameters
were measured (Tab le 2). The sample t rees
were then  cut into differen t sect ions. The first
s ect ion  was  from the g round  to 1.3 m in
height , and  then  each  2 m from the 1.3-m
height  was a sect ion. Each section was further
separated in to  the following  componen ts :
bo les , dead  branches , leaves and  twigs , and
branches (b ranches withou t  leaves ). The
fres h weigh t of each component was recorded
in the field . For meas uring  the biomass  o f
bo les, 3 discs were taken from the bo le at 1.3
m height , at the heigh t o f the lowes t b ranch
growth, and halfway between these 2 heights,
respectively. Fresh weights  of the d iscs and
the sub-samples of dead branches, leaves  and
twigs , and branches were all recorded in the
field , then  the samples were taken back to
the laborato ry to  meas ure the oven  d ry
weight (65°C). The b iomas s was  estimated  on

Table 1. Characteristics  of 6 plots  in 2
Taiwania plantations

Age (y r) DBH (cm) Ht  (m)
No. of trees
(t rees ha-1)

20 27.3± 6.31) 15.3± 1.7 800
24.6± 5.5 14.8± 1.8 1140
24.5± 4.5 14.9± 1.2 950

Mean 25.5 15.0 960± 170
27 26.2± 7.0 17.6± 2.9 760

25.4± 7.0 17.7± 2.3 1040
26.0± 6.0 16.7± 4.1 1140

Mean 25.9 17.3 980± 197
1) mean± st andard deviation.

Table 2. Characteristics  of 38 sampled trees  in Taiwania plantations (mean± s tandard
deviation)
It em 20 yr old 27 yr old

DBH (cm) 24.7± 7.9 (12.7-39.6)1) 26.3± 9.1 (12.6-42.5)
Tree height (m) 16.1± 2.0 (11.9-18.5) 17.5± 3.5 (9.7-21.9)
Crown diameter (m) 3.6± 1.1 (2.3-5.2) 3.9± 1.3 (2.0-6.9)
Crown lengt h (m) 10.1± 2.8 (5.7-14.1) 9.3± 3.4 (3.9-13.8)
1) Numbers in parent heses are the range.



88 Lin KC et al.–Biomass and carbon storage in Taiwania plantations

the bas is o f oven d ry and fresh  weight ratios
of s ub-s amples and fresh  weight  o f sample
trees.

(2 )Stand biomass
The mos t commonly used natural loga-

rithmic equat ion, ln (Y) = a + b  ln(dbh), was
selected as the regression model (Dudley and
Fownes 1992). In  the equation, the dependent
variable Y stands  for b iomass  (kg) of each
componen t, total biomas s, and tree heigh t,
while dbh (cm) s tands  for the independent
variable, and  a and b  are constants. Also, a
correct ion  factor needs  to  be applied  to the
constant  a (cf = Sy ‧ x

2/2, where Sy ‧x stands
for standard error o f the est imate), and a is
equal to c + cf, where c s tands for the con-
stant in the equation Y = c(dbh)b. The sample
tree biomass  at the ages of 20- and 27-yr were
respectively estimated by different regres sion
equat ions. Then, the slope (b) and intercept
(a) from thes e 2 sets  of regress ion  equations
were tested by the general linear model (GLM)
to see if they were iden tical, and this decides
whether the same set  of equat ions is s uitable
fo r use with s ample trees from both  stands.

The b iomas s  o f the d ifferen t  compo-
nents of each  tree in the study p lot was  est i-
mated  us ing the regres s ion equat ions ob-
tained  from the sample t rees. And then  the
mean b iomass o f the replicate plots was con-
verted into  biomass per un it area.

2.Bushes and ground vegetation
In the Taiwania plantations, three 5 × 5-m

s ubplo ts  were randomly  es tab lished  fo r
each  s tand . The compos it ion o f bus hes
(unders to ry  p lan ts taller than 1.3 m) and
ground  vegetat ion (p lants shorter than  1.3
m) in  the s ubplo ts  were invest igated , and
then all of the bus hes  and  g round vegeta-
t ion  were harves ted . The main s pecies  o f
bushes or small trees were Ficus formosana

Maxim, Ardisia  sieboldi i Miq ., Eurya spp.,
and  Machi lus japonica Sieb . & Zucc. in the
20-yr-o ld  s tand  and  Ard i sia  siebo ld i i ,
Lasianthus s pp ., and  Machilus thunbergi i
Sie b . &  Zuc c. in  th e 27-yr- o ld  s tan d .
Elatostema herbacei fo lium Hayata was  the
main  s pecies  o f ground vegetation  in bo th
s tands, and it s coverage exceeded 80% in
most p lots.

The bush  biomas s was measured in the
same way as  the biomass  o f Taiwania. Har-
vested bushes were mixed  together ins tead
of analyzing  single bushes and then catego-
rized into  3 components  (boles, branches, and
leaves ). But the ground  vegetation  was con-
sidered 1 component. After the fresh  weights
of the components of bushes and the ground
vegetation  were recorded in  the field , sub-
samples  were weighed  and brought back to
laborato ry  to meas ure the oven dry weight
and carbon contents.

3.Litter layer and forest soi ls
In  the Taiwania p lan tat ions , 5 lit ter

samples  (0.5 × 0.5 m) and soils  for each stand
were co llected and  b rought  back to  the
laboratory. Lit ter samples were dried at 65℃
and weighed to determine oven  d ry weigh t,
then finely ground. Soils were divided into  3
compartments: 0-15, 15-30, and 30-45 cm. So il
bulk dens ity was meas ured  by the excava-
tion method  (Lal and  Kimble 2001).

4.Carbon storage
For es timating  the carbon storage of the

Taiwania stands , carbon concent rations of
d ifferen t componen ts  were analyzed . For
Taiwania, 9 trees (4 aged  20 and 5 for aged  27
yr old ) from the sample t rees  of different dbh
classes were s elected. Samples from differen t
componen ts  o f the selected  t rees , bushes ,
g round  vegetat ion , and lit ter layers  were
finely ground (< 0.5 mm). Fo llowing the d ry



 89Taiwan J  For Sci 18(2): 85-94, 2003

combust ion  method (So llins  et  al. 1999), 2-4
mg of g round sample was us ed  for carbon
concentration analys is in  a CN elemental ana-
lyzer (EA, Thermo Finnigan NA1500). For s oil
organic carbon determinations, so ils at  the
same depths from each  p lot  were mixed  and
milled to  < 0.5 mm, then  analyzed  by  the
Walkley-Black method (Nels on and Sommers
1996).

The Taiwania biomass  o f each compo-
nent obtained by the regress ion method was
multiplied by  its  own average carbon  con-
centrat ion  to  es timate the to tal carbon sto r-
age o f t rees per unit area. And the to tal car-
bon storage o f the Taiwania plantations was
es timated by adding the to tal carbon s torage
of trees , bushes, g round  vegetation , lit ter
layer, and soils together.

RESULTS

1.Regression equation
Two groups  o f natu ral logarithmic re-

gression  equations were establis hed with the
s a mple t rees  ag ed  20-  an d  27-yr -o ld ,
res pect ively . Leaves  and twigs, branches ,
dead branches, boles , total b iomas s, and t ree
heigh t  were all h igh ly  related to  dbh  ( p <
0.01). By comparing the regress ion equations
of bo th stands  with the GLM, all slopes and
intercep ts  o f the 2 sets  of equations  were
determined to be statis tically non-sign ificant
(p > 0.05). Th is  means that the slopes and

in tercep ts o f the 2 s ets  of equations  derived
from the stands aged  20- and 27-yr-old  were
the s ame. Thus, a set  of common regression
equations was suitable for both stands (Table 3).

2.Stand biomass
The stand  biomas s was 154.9 ton ha-1 in

the 20-yr-old Taiwania stand and increas ed
to 169.1 ton ha-1 in the 27-yr-old one (Table 4).
The major biomass was  in  bo les , comprising
78-79% of the total biomas s. The total biomass
of understory  vegetation  was much lower
than that  o f trees. It was on ly  2-3% of the
Taiwania t ree b iomas s, and was primarily in
the g round  vegetation . The b iomas s  o f
bushes and  ground vegetation in the 27-yr-
old s tand was  h igher than that of the 20-yr-
old stand, however, the d ifference was  not
statistically s ign ificant . The standard devia-
t ion was  extremely  large among  the p lo ts ,
es pecially for bushes.

3. Carbon storage
The highes t concen t rat ion  of carbon

was in  the bo les and the lowest in the leaves
and twigs in both stands (Tab le 5). Differences
in  carbon concent rations  o f Taiwania com-
ponen ts  at  different ages did  not reach  sta-
t is tical s ign ificance (p > 0.05), and  differ-
ences  for the components of bushes  were
sligh t (0.05 > p > 0.01).

The s o il bu lk dens ity and  the so il or-
ganic carbon  concen trat ions  at  d ifferen t

Table 3. Regression coefficients  and s tatistics of allometric equations  (ln(Y) ＝ a + b ln(dbh))
estimating aboveground biomass  and height of trees

Y a b Adjus ted  R2 SEE1)

Leaves and twigs -5.5522 2.4901 0.896 0.292
Branches -5.9272 2.6988 0.861 0.375
Dead branches -7.2400 2.5671 0.624 0.684
Boles -2.3294 2.1992 0.967 0.141
Total biomass -2.3707 2.2847 0.968 0.144
Tree height 1.2633 0.4889 0.727 0.103
1) Standard  error of es timates.
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Table 6. Bulk density (g cm-3) and organic carbon (%) among depths of soil (mean±standard
deviation)

Depth
20 yr o ld 27 yr o ld

Bulk density C Bulk density C
0-15 cm 0.37 11.33± 6.27 0.31 10.04± 6.49

15-30 cm 0.33  7.19± 0.48 0.42  6.27± 3.38
30-45 cm 0.37  4.77± 1.47 0.44  3.16± 1.86

Table 4. Estimate of aboveground biomass (ton ha-1) among strata and litter layer for 2 Taiwania
plantations

Stratum 20 yr o ld 27 yr o ld
Taiwania

Regression method
Leaves and twigs 12.70± 1.351) (8.2)2) 14.01± 2.49 (8.3)
Branches 17.46± 1.91 (11.3) 19.47± 3.36 (11.5)
Dead branches 3.03± 0.33 (2.0) 3.36± 0.59 (2.0)
Boles 121.70± 12.81 (78.5) 132.26± 24.24 (78.2)
Total 154.89± 16.30 (100) 169.10± 30.72 (100)

Understo ry vegetation
Bushes 0.30± 0.16 (9.2) 1.00± 1.50 (20.9)
Ground vegetation 2.94± 0.77 (90.8) 3.79± 1.27 (79.1)
Total 3.24± 0.77 (100) 4.79± 1.50 (100)

Litter layer 6.10± 1.63 10.24± 2.38
1) mean± standard  deviation.
2) Numbers in parenthes es are the percentage of the total.

dep ths  are listed in  Table 6. The s oil bulk
dens ity d id  not change much with  depth in

the 20-yr-old s tand , while in  the 27-yr-old
stand  it  increased with  depth . A lthough the

Table 5. Carbon concentration (% ) among components of the sample trees, understory
vegetation, and litter layer (mean± standard deviation)
Component 20 yr o ld 27 yr o ld

Taiwania
Leaves and twigs 41.92± 0.87 43.52± 0.92
Branches 44.31± 4.34 46.56± 4.12
Dead branches 46.38± 0.51 46.66± 0.74
Boles 47.51± 0.44 47.25± 0.62

Understo ry vegetation
Bushes

Leaves 50.02± 1.48 49.14± 1.75
Branches 47.78± 1.27 47.14± 0.88
Boles 47.57± 0.88 46.85± 0.59

Ground vegetation 47.22± 1.40 47.77± 2.01
Litter layer 43.54± 6.23 46.38± 1.55
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concen tration  of o rganic carbon decreas ed
with  dep th , the d ifference was  not  s tatist i-
cally s ign ificant (p > 0.05). A lso, the carbon
concen trat ions d id  not  sign ifican tly d iffer
(p  > 0.05) between the 2 ages  of stands.

As  shown in Table 7, the major b iomass
of Taiwania accumulates  in the boles, as does
the carbon sto rage. In  soils, 44-50% of carbon
was  sto red in the first  0-15-cm dep th, and the
carbon storage decreases  with s oil dep th. The
carbon  s to rage o f Taiwania, understo ry
vegetation, and the lit ter layer in  s tands  all
increas ed  with stand age. But carbon  con-
cen t rations  and  its  con tents  in  s o ils both
decreased  with s tand  age (Tables  6, 7). The
carbon  storage in understory vegetation and
the litter layer was  extremely low, with each

portion  being less than  3%. And s oil was the
main  p lace where carbon  was  s to red  in
Taiwania plantations.

DISCUSSION

Generally, the total b iomass  o f t rees
increases with  age (Turner and Long  1975,
Ponette et  al. 2001). In th is study, b iomass
increased with the age due to the increase in
bole size, s ince boles compris e the major part
of a tree’s  biomas s (Table 4). However, not
only  the to tal biomass but also  all o f the t ree’s
components increase with stand age. This
res u lt  is  similar to that for a lob lolly p ine
(Pinus taeda L.) stand before 20-yr-old (Switzer
and  Nels on  1972) and  s ome Douglas -fir

Table 7. Estimates  of carbon storage (ton ha-1) among components with respect to strata in 2
Taiwania plantations

Component 20 yr o ld 27 yr o ld
Taiwania

Leaves and twigs 5.32± 0.571 ) (7.4)2) 6.10± 1.08 (7.7)
Branches 7.74± 0.85 (10.7) 9.07± 1.56 (11.4)
Dead branches 1.41± 0.15 (1.9) 1.57± 0.28 (2.0)
Boles 57.82± 6.09 (80.0) 62.49± 11.46 (78.9)
Subtotal 72.29± 7.60 (100) 79.23± 14.38 (100)

(36.0)3) (40.9)
Understo ry vegetation

Bushes 0.14± 0.08 0.48± 0.71
Ground vegetation 1.40± 0.37 1.80± 0.61
Subtotal 1.54± 0.37 2.28± 0.71

(0.8) (1.2)
Litter layer 2.64± 0.78 4.77± 1.28

(1.3) (2.5)
So il

0-15 cm 62.90 (50.3) 46.72 (43.6)
15-30 cm 35.58 (28.5) 39.50 (36.9)
30-45 cm 26.47 (21.2) 20.89 (19.5)
Subtotal 124.95 (100) 107.11 (100)

(61.9) (55.4)
Total 201.42 (100) 193.39 (100)
1) mean± standard  deviation.
2) Numbers in parenthes es are the percentage of the s ubtotal.
3) Underlined numbers  in  paren theses  are the percen tage of the total.
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(Pseudotsuga  menziei i  (Mirb .) Franco .)
s tands  before 73-yr-old  (Long and Turner
1975).

In  o rder to avoid harvest ing too many
sample t rees, the regression method  is  most
commonly us ed  to es t imate biomas s thes e
days . In  this  res earch , t ree b iomas s  was
significant ly  correlated with the dbh param-
eter (Table 3). As to  these 2 Taiwania stands,
the age and  site characteris tics  did  not  affect
the s lope o r in tercep t  o f the regress ion
model; however, in  France, Douglas-fir of 5
d ifferent  ages  needed 5 sets  of regress ion
equat ions  (Ponet te et  al. 2001). On  the
con trary , Rayachhetry et al. (2001) found that
there was no  effect o f habitat  on the regres-
sion  model, and Bartelink (1996) found that
the relations hip  between  dbh and  stem bio-
mas s in  a Douglas-fir stand was independent
of stand characteristics. The resu lt in th is re-
search seems to  show that a s et  of common
equat ions  may be su itable for es timating the
biomass of thes e 2 stands.

Since most  publications abou t Taiwania
have es t imated timber vo lume on ly (Hung
1974, Liu et al. 1984, Chen et  al. 1997), we can
on ly  compare our b iomass  data with  those
of some other con ifers, such as Cryptomeria
(Cryptomeria  japonica  (L.F.) D. Don) and
China fir (Cunninghamia lanceolate (Lamb)
Hook). Cryptomeria biomass  varied  st rong ly
among sites, ranging from 125 to 268 ton ha-1

at  ages 18 o r 21 y r old (W ang 1978, Chang
1986) and ranged from 151 to 255 ton ha-1 a t
ages 30 to 32 yr old  (Hs u 1981, Chang 1986).
Thes e g reat  d ifferences  among  sites  may
have mainly  been due to site characteristics
and  t ree dens ity. The b iomass  o f China fir
approached its  approximate maximum, 161
ton ha-1, at 20 yr o ld (Horng  et  al. 1985). The
biomas s of Taiwania at age 20 y r in  our re-
search (Table 4) was similar to that of China
fir (Horng  et al. 1985), but s ligh tly lower than

that  of Cryptomeria (Wang 1978, Chang 1986).
However, the biomass  of the Cryptomeria
stand  (151 ton ha-1) in the Chitou area with  a
similar density  (980 trees ha-1, Yu 1981) to that
o f  o ur s t udy  s ite  was  s imilar  to  o ur
es timations. The Taiwania b iomass at age 27
yr (Tab le 4) was  higher than that of Cryptom-
eria in  Chitou, and  even  much higher than
that of China fir at  30 y r old (140 ton ha -1)
(Horng et al. 1985).

The carbon concent rat ion  in  soil gener-
ally decreases with s oil depth. For example,
the carbon concent rat ion  decreased  from 46
to  17 mg g-1 in  the soil from 0-9 to 38-49 cm in
a red sp ruce (Picea rubens Sarg.) stand in  the
Great Smoky Mountains, USA (Johnson et
al. 1991). Similarly, carbon  concentrations of
soil in a pure Norway spruce stand o f Aust ria
decreased d ramat ically with dep th  as  well
(Berger et  al. 2002). The s oil o rganic carbon
content of the Taiwania stands also decreased
with s oil dep th. However, the d ifference was
no t s tatistically significan t.

Since the biomas s of each componen t
of trees of the 27-yr-old stand was greater
than that o f the 20-yr-o ld s tand  (Table 7), the
total carbon storage in  all components of the
27-yr-old Taiwania stand was higher than that
o f the 20-yr-old  one. It is  well known that
most  of the organic carbon in a fo rest ecosys-
tem usually accumulates in the soil. The so il
organic carbon of Taiwania stands comprises
55-62% o f the total carbon  in  the ecos ystem
(Table 7), which is higher than  the 45% re-
ported for some t rop ical forests  (Malh i et al.
1999).

The average aboveground  b iomass  o f
trees in  trop ical plantations  is 65-224 ton ha-1

at the ages  of 16-20 yr and 108-303 ton ha-1 at
the ages  of 21-30 yr (Brown et  al. 1986). The
biomas s of Taiwania s tands in th is study fell
with in  th is range (Tab le 4). As  to  carbon
storage, the vegetat ion  and soils  contained
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137-200 and 104 ton  ha-1, res pect ively, in a
trop ical rain  fo rest  in  Brazil (Schroeder and
Winjum 1995). Malhi et al. (1999) found  that
the aboveground  carbon s to rage was  180
ton ha-1, and  in the so il was  162 ton ha-1 in  a
highly dense tropical rain forest  in Amazonia,
Brazil. In comparis on to thos e es timations in
t rop ical forests , the aboveground  carbon
storage in  the Taiwania stand of Liukuei was
much s maller, but  the soil carbon storage fell
within  the ranges (Tab le 7).

In  the Taiwania stands, the average
carbon  seques trat ion rate of the trees, which
was 3.6 and 2.9 ton ha-1 y r-1 a t the ages  of 20
and 27 y r, res pect ively, decreas ed  beyond
20 yr of age. Hung (1974) concluded  that the
mean  annual basal area increment o f Taiwania
in  Liukuei also  decreas ed significant ly  from
ages  20 to 28 y r. However, fo r the en tire
ecosystem, the data on carbon seques trat ion
in th is  s tudy  do no t include the amount  in
roots, snags , and fallen trees, which may have
a great or litt le  influence on  the carbon  s e-
questration in a Taiwania ecos ystem.

Lee et  al. (2000) used  t imber vo lume
equations and volume and  carbon  conversion
coefficien ts to  est imate the carbon  s to rage
for Taiwania stands at  Liukuei. The carbon
sto rages of trees in the stands at  ages  19 and
23 yr were 77 and 133 ton ha-1, respect ively,
bo th  h igher than  the resu lt  in our research
(Table 7). After the analys is, the coefficient
o f timber volume convers ion  from bo le to
whole t ree s elected  in  their res earch was
1.65, the mean of all species . The coefficients
of biomas s convers ion from bo le to whole
tree estimated fo r the 2 stands  in th is research
were 1.27 and 1.28, respect ively, much lower
than  that of all species . In addition , all carbon
concentrations  of all Taiwania componen ts
in  our res earch  were lower than  50% as hy-
po thes ized  by that  res earch. This may be the
reason that  data in our research  are lower.
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