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Abstract The purpose of this study was to compare
aboveground carbon storage capacities of different man-
agement strategies of an age series of moso bamboo
(Phyllostachys pubescens) forests. The study site was
located in the lower mountain area of central Taiwan.
Stand structure and aboveground carbon storage were
compared between moso bamboo stands that were sub-
jected to two management strategies, intensive manage-
ment (IM) and extensive management (EM). The Chi
squared () test was utilized to examine the frequency
distribution of culms among the age classes in each stand.
All the IM stands passed the y” test, while only 41.7 % of
the EM stands passed the test. This result suggests that the
IM stands contain culms that are homogeneously distrib-
uted within an age series, while more than one-half of the
EM stands did not follow this distribution. In addition, the
relative root mean square errors (RRMSEs) of carbon
storage in the age classes were calculated as an indicator of
the variations of carbon storage in the age classes of each
stand. A non-parametric test (Wilcoxon Scores) was uti-
lized to compare the RRMSEs of the IM and EM stands;
the results indicated that the RRMSEs were significantly
different between these two management strategies. The IE
stands displayed a smaller RRMSE than the EM stands,
suggesting that the IE stands had stable carbon storage in
the age series.
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Introduction

The bamboo plant has multiple uses, and it is widely dis-
tributed around the world, especially in Asia (Scurlock
et al. 2000; Shanmughavel et al. 2001; Yang et al. 2004;
Yen et al. 2010; Yen and Lee 2011; Inoue et al. 2013).
Most bamboo species are woody, tree-like grasses that
possess a woody vascular bundle and a hollow culm (Lu
2001; Yen et al. 2010; Yen and Lee 2011). Bamboo is a
resource that is widely utilized by humans, and is used as a
food and material source by Asian people (Lu 2001; Yen
et al. 2003a, b; Yang et al. 2004; Chen et al. 2009; Lin
2011; Yen and Lee 2011; Inoue et al. 2013). Interestingly,
the growth patterns of bamboo plants differed from those
of timber trees (Yen and Lee 2011). In general, the
developments of new culms were continuously supple-
mented using horizontal rhizome systems (Lu 2001).
Therefore, the bamboo forests contained a series of culms
of different ages; this property caused the forests to dem-
onstrate unevenly aged stand structures (Yen and Lee
2011). Based on this growth phenomenon, two growth
periods were identified for bamboo plants; the first period
determined the culm height and diameter at breast height
(DBH) within 2-3 months, while the second period
occurred after the first period until the time of harvesting
(4-5 years) (Lu 2001; Yen 2003; Yen et al. 2010; Yen and
Lee 2011).

Since the new culms sprout each year in bamboo groves,
the older culms (over 4-5 years old) should be harvested
via selective cutting (thinning) (Yen and Lee 2011).
Improving the productivity of bamboo stands usually relies
on the management strategies, such as thinning and fertil-
izing (Lu 2001; Yen et al. 2003a, b, 2010; Wang et al.
2009; Yen and Lee 2011; Zhou et al. 2011). Thinning is a
necessary and essential method to maintain the vigor and
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productivity of bamboo forests (Yen and Lee 2011). If
bamboo stands are not thinned, their asexual reproduction
capacity will decline with heavy stand density (Lu 2001;
Yen et al. 2010; Yen and Lee 2011). In addition, a negative
correlation was found between the mean DBH of culms
and stand density for bamboo forests regardless of eleva-
tion (Yen and Lee 2011). This suggests that stand density is
a primary factor that affects the mean DBH of bamboo
stands, and that DBH is restrained in dense stands.

Due to the effects of global warming in relation to
elevating atmospheric CO,, understanding the carbon
storage of forest ecosystems helps in assessing the pro-
cesses of global carbon cycles (Yen and Wang 2013).
Large-bodied woody plants in forest ecosystems are known
to make dominant contributions to carbon storage of global
carbon cycles (e.g., Gifford 2000; Lamolom and Savidge
2003; Smith et al. 2006; Kindermann et al. 2008; Yen et al.
2009, 2010; Lin et al. 2011; Yen and Lee 2011). In recent
years, following the adoption of the Kyoto Protocol, the
capacity of CO, fixation is widely accessed at woody
plants, and bamboo forests were found to possess a high
potential for carbon sequestration due to the high produc-
tivity of bamboo over a short period (Chen et al. 2009;
Nath et al. 2009; Wang et al. 2010; Yen et al. 2010; Yen
and Lee 2011; Zhou et al. 2011; Yen and Wang 2013).

Moso bamboo (Phyllostachys pubescens) is one of the
most valuable giant bamboo species which is widely dis-
tributed in China, Japan and Taiwan, and covers over 3
million ha around Asia (Watanabe 1985; Fu 2000; Lu
2001; Chen et al. 2009; Yen and Lee 2011). Because moso
bamboo forests are highly productive, it has been targeted
for research on a variety of aspects such as physiology,
ecology, and economics (Watanabe 1985; Fu 2000; Lu
2001; Chen et al. 2009; Yen and Lee 2011). Most previous
studies have demonstrated that the productivity of moso
bamboo stands is strongly correlated with management
strategies (Watanabe 1985; Lu 2001; Yen 2003; Yen and
Lee 2011; Zhou et al. 2011). Watanabe (1985) surveyed 9
sites of long-term unmanaged moso stands in Japan and
found a positive correlation between the new culms (new
culms/total live culms) and the dead culms (dead culms/
toal culms). A same trend was also found in the basal area
per ha of the new culms (new culms basal area/total live
culms basal area) and the dead culms (dead culms basal
area/total live culms basal area). Based on these findings,
Watanabe (1985) further suggested biomass—density regu-
lation for unmanaged moso stands.

Li et al. (1998a) observed the dynamics of moso bamboo
groves during a period of 20 years and found that produc-
tion appeared to alternate yearly. Many shoots emerged
during the rich years while only a few shoots emerged
during the poor years, showing a clear biennial cycle (Li
et al. 1998a). Koike et al. (2001) evaluated CO, fixation
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capacity for three bamboo plants and found that the lon-
gevity of culms and their net photosynthetic rate are nega-
tively correlated. The study also investigated
photosynthetic rate, respiration rate and net primary pro-
duction (NPP) in order to evaluate the carbon sequestration
capacity of the bamboo stands. They found that the NPP
was 11-18 Mg ha™" year™' for bamboo stands (Koike et al.
2001). Li et al. (1998b) analyzed carbon and nutrient
dynamics for moso bamboo groves and found that nutrient
concentrations (N, P, and K) were higher in the leaves and
lower in the roots. In addition, the new leaves were found to
have higher nutrient concentration than the older leaves.
Chen et al. (2009) reported that moso bamboo stands pro-
cessed high biomass stocks (159.86 £ 137.50 Mg ha™ ")
that are higher than those of other bamboo species
(95.36 & 82.21 Mg ha™ ') in China, suggesting that moso
bamboo had a high potential for carbon storage. Compare to
man-made forests, moso bamboo displayed a high carbon
sequestration capacity, which even exceeds that of timber
tree forests. For example, Yen and Lee (2011) demonstrated
that moso bamboo forests had a higher mean aboveground
carbon sequestration value (8.13 & 2.15 Mg ha~' year ")
than China fir plantations (3.35 & 2.02 Mg ha™' year ') in
Taiwan.

More than 150,000 ha of bamboo forests are distributed
around Taiwan (Yen et al. 2010; Yen and Lee 2011).
Bamboo resources have been important income sources in
Taiwan’s rural and mountain villages for a long time (Yen
et al. 2010; Lin 2011). Moso bamboo, which is widely
distributed at elevations of 700-1,600 m, is an important
bamboo species that has multiple commercial uses in
Taiwan (Lu 2001; Yen 2003; Yen and Lee 2011). The
culms possess an excellent woody property, and moso
bamboo forests are very productive (Yen 2003; Yen et al.
2003a; Yen and Lee 2011). Most moso bamboo forests are
man-made plantations managed by farmers, and financial
income is their main interest in bamboo forest management
(Lu 2001; Yen and Lee 2011). Since 1990, the benefits
from moso bamboo forest management have declined due
to rising labor costs and replacements of raw materials
(such as plastics) (Lin 2011). On the other hand, farmers
still benefit from bamboo shoot production. As a result, the
purpose of current bamboo forest management mainly
focuses on bamboo shoot production for vegetable foods in
Taiwan. The managed moso bamboo forests can be clas-
sified into two main categories in Taiwan, that is, intensive
management (IM) stands and extensive management (EM)
stands. The former are bamboo stands that were normally
thinned and fertilized, and the latter are thinned but not
fertilized (Lu 2001; Hu 2002; Yen and Lee 2011). In
general, the same pattern of thinning was performed in
both stands, including thinning method, thinning intensity
and thinning period. Because fertilization can significantly
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improve the productivity for moso bamboo forests, the IM
stands usually have higher productivity than the EM stands
(Hu 2002; Yen 2003).

Because the bamboo forests contain culms of different
ages, the carbon storage of the entire stand includes the
storage capacity of each age series. Interestingly, the
carbon storage value may vary with age class and
management strategy. These factors influenced the sus-
tained management of the bamboo forests. This study
analyzed the stand structure and aboveground carbon
storage values of culms of different ages in moso bam-
boo forests, and these values were compared between
different management strategies. Our objectives were as
follows: (1) to examine the homogeneity of the culm
distribution among the age series in different manage-
ment strategies, (2) to predict the aboveground carbon
storage of each age class in the bamboo stands, (3) to
compare the carbon storage of different management
strategies at the stand level, and (4) to compare the
carbon storage of the age classes of different manage-
ment strategies in moso bamboo stands.

Materials and methods
Study areas

The study site was located in the lower mountain area (at
an elevation of 600-1,500 m) of central Taiwan (between
120°15’ and 120°48’E and 23°29" and 24°29’N). This area
contains abundant bamboo resources, and the moso bam-
boo forest is a key bamboo forest that is widely distributed
around this region. In addition, most of the moso bamboo
forests are private forests that are managed by farmers; this
study area has a long history of bamboo management (over
60 years) (Yen and Lee 2011). The experimental site had a
temperature range of 12-22 °C and a rainfall range of
1,800-2,400 mm yeaf1 (Yen and Lee 2011). Soil was
yellow of depth over 60 cm, and soil nutrient contents were
0.40-0.45 % for N, 14.35-22.32 mgkg~' for P and
95.62-102.05 mg kg~' for K (Hu 2002).

Because bamboo shoot production had higher benefits,
the current management of bamboo forests focused on
bamboo shoot production for vegetable foods and this is a
common phenomenon in Taiwan. The IM stands were
normally thinned and fertilized while the EM stands were
only thinned but not fertilized as mentioned above.
Although different management strategies were shown
between IM and EM stands, a same pattern of thinning was
performed in both types of stands. The thinning intensity
was approximately one-fifth of the entire stands based on
thinning older culms and the thinning period was from
October to December, one time per year.

All the bamboo stands were surveyed in late autumn and
early winter (October and November) because the bamboo
shoots were harvested in this period. On the other hand, the
new culms (below 1 year old) have grown and the older
culms were still not harvested in the stands. Moreover, all
the IM and EM were pure stands. Each management level
forest surveyed contained 12 stands, and 24 bamboo stands
were included in this study. The survey was conducted
from 2004 to 2008. The stands range in area from 0.78 to
2.46 ha, an average slope was 10°-25° and all belong to
private owners.

Methods

As described previously, the bamboo forests contained a
series of culms of different ages; this property caused the
forests to demonstrate unevenly aged stand structures. The
different culm ages are distributed randomly and older
culms (over 4-5 years old) should be harvested to maintain
the productivity of the stands (Lu 2001; Yen and Lee
2011). New culms sprout via horizontal rhizome systems,
and some of these new culms were harvested as bamboo
shoots. The other new culms in the stands gradually
matured over time. Failing to harvest older culms will
prevent new culms from sprouting. Harvesting older culms
from stands is called ‘thinning’ or ‘selective cutting’ and is
necessary to improve the vigor of bamboo stands (Yen
et al. 2010). Selective cutting was also performed annually;
therefore, a similar stand structure appeared in the stands
each year in the well-managed stands.

A total of 12 IM and 12 EM bamboo stands was exam-
ined, and six 0.01-ha (10 x 10 m) sub-plots were installed
on each stand. In order to obtain relatively homogeneous
samples, the six subareas were equally divided for each
stand, and a sub-plot was randomly sampled from each
subarea. The age of culms was defined as followings. The
culms of ‘current year old’ indicated that the new culms
were sprouted and grown in the current year of data mea-
sures (<1 year old). The culms of ‘1 year old’ indicated that
the culms were sprouted in the last year (the culms of more
than 1 year old but <2 year old). Likewise, the culms of 3
and 4 year olds were based on this rule. The 4-year-old age
class included culms that were more than 4 years old.

The culm age and diameter at breast height (DBH) were
measured within the sub-plots, and these six sub-plots were
then pooled as a sample for analysis; i.e., one stand com-
prised 0.06 ha that contained six sub-plots as a sample unit.

Bamboo age is determined based on features of the
culms, such as external color, branch and leaf development,
and the status of the culm sheaths (Lin 1961; Fu 2000; Yen
et al. 2010; Yen and Lee 2011). For instance, the culm is
light green with a white powder and has sheaths in the
younger bamboo (current-2 years old), while the culm
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turns dark green to brownish green, the sheath has dropped,
and culm surface is covered with moss and mold in the
older bamboo (3-5 years old) (for details, see Lin 1961; Fu
2000; Yen et al. 2010; Yen and Lee 2011).

Using this method, five age classes of current to 4 years
old were utilized in this study. Using stands as a unit, the
culm number was calculated and compared among differ-
ent age classes in each stand. The Chi squared (1) test was
used to examine the frequency distribution of culms among
age classes. The hypothesis (Hp) is that the culm number is
equally distributed in each age class; in other words, the
culm number in current-year bamboos is equal to those of
age classes 1, 2, 3, and 4 if the Xz test is not significant at
P = 0.05. After all the stands were examined using the y>
test, the pass ratios were measured, and the IM and EM
stands were compared.

At a genet (individual plant) level, DBH was correlated
with the biomass of the leaves, branches, culms and
underground tissues, and many studies that predict biomass
via the allometric function (Y = a x DBHb) were based
on the DBH in bamboo forests (e.g., Nath et al. 2009; Yen
et al. 2010; Yen and Lee 2011). Therefore, this study also
followed this method and the allometric function has been
calculated for the study area by Yen and Lee (2011). After
aboveground biomass was obtained, the prediction of car-
bon storage in bamboo forests was based on biomass and

percent carbon content (PCC); that is, carbon stor-
age = biomass x PCC. The processes of predicting car-
bon storage are illustrated in Table 1. In the previous
studies concerning moso bamboo forests, the PCCs of
different sections (leaves, branches and culms) was deter-
mined by Wang et al. (2009), and the relationships between
DBH and aboveground biomass were calculated by Yen
and Lee (2011). These PCCs and allometric functions were
cited to predict aboveground carbon storage for moso
bamboo forests in this study.

The carbon storage for each age class was predicted for
each stand, and the root mean square error (RMSE) for the
carbon storage of the different aged classes was calculated
for each stand. The formula for RMSE is as follows:

" (CS; — CSuverage)”
RMSE: \/le( ave ge) (1)

n

where CS; is the carbon storage of the 7 age, CS,yerage 15 the
average carbon storage of n ages, and n is the number of
ages.

The RMSE was standardized as relative RMSE
(RRMSE), and the RRMSE was defined as RMSE/CS,erqge-
This indicator was used to measure the relative differences
of the carbon storage among aged classes for each moso
bamboo forest. In order to understand the RRMSE of carbon

Table 1 The processes of

o Step and item
predicting carbon storage for

Description

moso bamboo forests in this
study

1. Field survey

2. Predicting biomass

3. The percent carbon content (PCC)

4. The proportion of each section’s
biomass to the aboveground biomass

5. The average PCC of aboveground

biomass (PCCjyerage)

6. Aboveground carbon storage

The culm age and diameter at breast height (DBH) were
determined and measured for each culm of all sample plots
of moso bamboo stands

The allometric functions that based on DBH to predict
aboveground biomass have been calculated for different age
bamboo plants in this study site by Yen and Lee (2011).
According to these models, aboveground biomass of each
bamboo plant was obtained in this study

The PCCs of each section of moso bamboo have been
determined to be 45.44, 48.15 and 46.28 % for the leaves,
branches and culms, respectively, by Wang et al. (2009).
These PCCs were directly cited in this study

The proportion of each section’s biomass to the aboveground
biomass was measured by Yen and Lee (2011), and was cited
in this study. For example, for the current-year bamboo, the
proportion of foliage, branches and culms to the aboveground
biomass were 0.04, 0.12 and 0.84, respectively

According to steps 3 and 4, the average PCC of aboveground
biomass was calculated for different age bamboo plants. For
example, for the current-year bamboo, the aboveground PCC
was calculated as follows: (0.04 x 45.44 %) + (0.12 x
48.15 %) + (0.84 x 46.28 %) = 46.48 %. Likewise, the
aboveground PCCs of the current- to 4-year-old bamboo
plants were determined to be 46.48, 46.47, 46.48, 46.48 and
46.49 %, respectively

Aboveground carbon storage was equal to aboveground
biomass x PCCyyerage
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storage between the IM and EM stands, a non-parametric
test of analysis of variance (Wilcoxon Scores) was used.

Results
Stand characteristics

The mean DBH and culms per ha were similar between the
IM and EM stands (Table 2), and these two terms were not
significantly different (at the P = 0.05 level) using a ¢ test.
Moreover, the relationships between the mean DBH and
culms per ha were negatively correlated for the IM (R =
—0.600, P =0.039) and EM stands (R = —0.906,
P = 0.000) (Fig. 1), where the IM stands were reported in a
previous study (Yen and Lee 2011). This negative correlation

Table 2 The stand characteristics of moso bamboo stands in differ-
ent management levels

Item Management level
Intensive Extensive
management management
Mean DBH (cm) 8.75 + 0.86 8.49 4+ 0.42

Culms per ha (culms ha™!) 7,077.8 £ 417.9 7,045.8 £ 407.9

Mean = standard deviation

8,000

% O IM stands
®EM stands
7,500 - (@]
§ o® o ° o
=
=
® O o)
@ n [ J
=
O
o 9
6,500 o
[ ]
6,000 1 | 1 1 J
6 7 8 9 10 11
Mean DBH (cm)

Fig. 1 Relationships between the mean DBH and culms per ha in the
intensive management (/M) and extensive management (EM) moso
bamboo stands

between the mean DBH and culms per ha was also found in
the combined data that was pooled from the IM and EM
stands (R = —0.607, P = 0.002). It implicated that a nega-
tive correlation commonly existed in the moso bamboo
stands.

Comparing culm distributions among age classes
between the IM and EM stands

An obvious difference was identified between the IM and
EM stands using the 12 test (Table 3). All the IM stands
passed the y” test, suggesting that the IM stands accepted
Hy (that the culms were equally distributed among the age
classes). These results also suggested that the IM stands
follow the sustained model of bamboo forests. Only 41.7 %
of the EM stands passed the y* test, indicating that more
than half of the EM stands do not follow the sustained
model of bamboo forests; their culm distributions were
unequal among the age classes. To promote the sustained
management of bamboo forests, it is essential to maintain
equal culms within the stands. In this study, all the IM
stands followed this concept; their culm numbers were
equally distributed in each age class, which was confirmed
via the ;(2 test. However, over half of the EM stands
(58.3 %) did not follow the sustained model of bamboo
forests. From the above comparison, the IM stands were
confirmed to follow the sustained growth and yield model
of bamboo forests, while the stand structure of most of the
EM stands should be improved to follow the sustained
model.

Comparing carbon storage for the IM and EM stands
at the stand level

The IM stands had higher average aboveground biomass
values than the EM stands (Table 4). However, the
aboveground biomass values were not significantly differ-
ent between the management levels according to the Wil-
coxon Scores test (P = 0.102), suggesting that these two
stands had no significant difference in aboveground bio-
mass. A similar pattern was observed for aboveground
carbon storage because aboveground carbon storage was
conducted from the aboveground biomass. Consequently,
these two stands were also not significantly different in
aboveground carbon storage (P = (0.126).

Table 3 The y* test examining
the frequency distribution of
culms among the different age
classes for moso bamboo stands

with different management
levels

Management level No. 12 value Accept at  Reject at
- . P=005 P=0.05
Average Standard Maximum Minimum
derivation
Intensive management 12 1.024 0.360 1.718 0.614 12
Extensive management 12 18.742 17.694 53.878 2.005 5 7
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Table 4 The aboveground

A Item Management No. Average Standard Maximum Minimum Z value
S;?Lrlr;isi:oilirnt?l;?;tt):r?sis\tzrage level Mg ha™ ) deviation] Mg ha ! Mg ha™!) (P value)
) Mg ha™")

management (/M) and extensive &

management (EM) stagds and Biomass IM 12 86.49 21.99 131.19 54.33 1.703

test by' a non-parametrlg test of EM 12 73.68 5.45 79.20 62.89 (0.102)

analysis of variance (Wilcoxon

Scores) Carbon IM 12 40.64 10.73 60.69 25.13 1.587

storage  gM 12 3425 2.53 36.81 29.23 (0.126)
(a) The IM stands o Sample0l Table 5 The summary of the relative root mean square error
16

—a—Sample02
—a—Sample03
——Sample04
—#—Sample05
—e—Sample06

——Sample07

——Sample08
——Sample09

Carbon storage (Mg ha'!)
()

——Samplel0

Current- 1-year- 2-year- 3-year- 4-year-
year-old  old old old old

Culm age

—0—Samplell

——Samplel2

(b) The EM stands
16+ ——Sample01

—=— Sample02
—— Sample03
—<—Sample04
—#— Sample05
—e— Sample06
—— Sample07
—— Sample08

—— Sample09

Carbon storage (Mg ha'!)
[ee]

| | —o—Samplel0

0 1 1 Il L
Current- 1-year- 2-year- 3-year- 4-year-
year-old  old old old old

Culm age

—0—Samplell

—— Samplel2

Fig. 2 The carbon storage values of the different age classes of each
stand for intensive management (/M) and extensive management

(EM)

On the other hand, the IM stands had larger standard
deviations than the EM stands both for aboveground bio-
mass and carbon storage, indicating that the IM stands had
large variations in aboveground biomass and carbon stor-
age for moso bamboo forests.

Comparing carbon storage for the IM and EM stands
in each age series

The distributions of the carbon storage values among the
age classes revealed obvious differences between the
management levels (Fig. 2). In general, the carbon storage
values were homogeneously distributed in the IM stands,
while the carbon storage values exhibited wide variations
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(RRMSE) carbon storage values of the different age groups in the IM
and EM stands

Management  No. Average Standard Maximum Minimum

level deviation

Intensive 12 0.1089  0.0285 0.1479 0.0617
management

Extensive 12 0.2642  0.1315 0.5676 0.0577
management

among the ages in some of the EM stands. To make
comparisons of carbon storage among the ages, the
RRMSE was used as an indicator to compare the different
management levels (Table 5). The IM stands displayed a
smaller average RRMSE than the EM stands, and the
values of these two management levels were significantly
different according to the Wilcoxon Scores two-sample test
(Z value = —3.204, P = 0.004). The RRMSE of the IM
stands was only 10.89 %, indicating ~ 11 % of the varia-
tion in carbon storage among the age classes. Conversely, a
larger RRMSE (26.42 %) was found in the EM stands. In
addition, the ratio of the RRMSE values for the IM stands
to the EM stands was ~ 2.4, indicating that the variation in
the carbon storage of the EM stands was 2.4 times higher
than that of the IM stands among the different ages. These
results further explain the differences in carbon storage
among the age series of the different management levels of
moso bamboo forests.

Discussion

Bamboo forest ecosystems can usually be classified into
two main categories, that is, natural bamboo forests and
man-made bamboo plantations (Lu 2001). Natural bamboo
forests play an important role in forest succession; for
instance, bamboo invasion was found in forest gaps
(Griscom and Ashton 2003) and after forest fires (Lu
2001). Lu (2001) pointed out that secondary bamboo for-
ests were usually developed from the destroyed forests and
bamboo plants play a pioneer species role after forest fires.
The target of man-made bamboo plantations has focused
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on their productivity, and most bamboo plantations display
pure stands in Taiwan because these are easy to manage by
farmers (Yen et al. 2010; Yen and Lee 2011). Various
management styles have been found in man-made bamboo
forests including unmanaged plantations. Although the
capacity of carbon storage can also be predicated for the
unmanaged bamboo stands, they were not included in this
research due to their declining productivity over time and
irregular distribution of culms of different ages.

In previous studies, many trails concerning the pro-
ductivity with treatments (e.g., thinning and fertilization)
were examined for moso bamboo plantations (e.g., Li
et al. 2000; Hu 2002; Yen 2003). In those trails, all
processes of the treatments are usually designed and
controlled by the researchers. To some extent, the study
findings represented the optimized thinning intensity and
fertilization or combinations of thinning intensity and
fertilization. Different from those previous studies, the
management strategy of moso bamboo forests was
determined by farmers in this study. Therefore, this study
intended to represent the current status of moso bamboo
plantation management. From the field surveys of differ-
ent management levels, the aboveground carbon storage
in the aged series was compared between IM and EM
moso bamboo plantations.

Farmers used to follow the conception of benefit—cost ratio
in determining their management strategies for moso bamboo
stands in Taiwan. Although higher productivity has been
confirmed for IM stands in previous studies, more bamboo
shoots were also harvested in the IM stands (Lu 2001; Zhou
etal. 2011). The current aboveground carbon storage of moso
bamboo forests was collectively influenced by productivity
and bamboo shoot harvest. Consequently, the aboveground
carbon storage was not significantly different at statistical
level between the IM and EM stands in this study area.

Bamboo forests that were previously researched and
which contained various bamboo species and occupied
various sites around the world were found to have superior
capacities for productivity (e.g., Veblen et al. 1980; Shan-
mughavel and Francis 1996; Isagi et al. 1997; Lin et al. 1998;
Chen et al. 2009; Wang et al. 2009; 2010; Yen et al. 2010;
Lin 2011; Lin et al. 2011; Yen and Lee 2011, Zhou et al.
2011). Among these bamboo species, moso bamboo forests
possessed a high capacity of carbon storage that has been
reported worldwide, but little work has been done on this
capacity in relation to age (e.g., Chen et al. 2009; Zhou et al.
2011; Yenand Lee 2011; Yen and Wang 2013). Yen and Lee
(2011) predicted the aboveground carbon storage for moso
bamboo plantations based on the allometric model, and they
assumed that the carbon storage in each age class was equal.
However, those studies did not further examine this
assumption whereas it is important to the measure stability
of carbon storage in different age classes.

In order to control the factor of selective cutting, this
study selected the stands in which selective cutting was
consistently performed each year in both IE and ME stands.
However, the amount of selective cutting was decided by
farmers and their decisions were mainly based on their
personal experience. Since the decisions of the farmers
were complex and hard to understand, this raised the
concerns of objectiveness and randomization in the
experimental design. This study examined the homogeneity
of culm distribution among the age series to explain the
current status of different management levels, and further
examined aboveground carbon storage in age classes for
moso bamboo plantations. The results revealed that the EM
stands displayed large variations of carbon storage among
the age series, while only slight variations of carbon stor-
age were observed in the IM stands. Interestingly, this
result suggested that the assumption that carbon storage is
equally distributed among the age series cannot be applied
to all bamboo stands. I found that this assumption may only
be applicable to bamboo forests with intensive manage-
ment, because the EM stands displayed large variations in
carbon storage among the age series, and their culm dis-
tributions exhibited differences between the age classes.
This suggests that the structures of EM stands should be
improved to attain a sustained model of bamboo forest
management. This study provided concrete information
regarding the carbon storage of age series of moso bamboo
forests.

Since moso bamboo is one of important bamboos
worldwide, many characteristics have been revealed in this
species including the biennial variations in shoot produc-
tion, nutrient dynamics of individual culms and stands, and
the management strategies for productivity (Watanabe
1985; Li et al. 1998a, b; Koike et al. 2001; Chen et al.
2009; Yen and Lee 2011; Zhou et al. 2011). Those results
indicated that the productivity of moso bamboo stands was
mainly affected by environmental factors and management
strategies, such as thinning and fertilization. In addition,
carbon storage had a correlation with productivity, espe-
cially in current stocks of culms. This study focused on
aboveground carbon storage of moso bamboo forests sub-
jected to different management strategies. However, vari-
ations of environmental factors and mechanisms of nutrient
dynamics for individual bamboo plants were not addressed,
and thus might be a limitation for this study.
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