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Abstract Dry evergreen forest (DEF) and dry deciduous
dipterocarp forest (DDF) are major forest types extensively
distributed in northeastern Thailand, exhibiting different
nutrient cycling properties. This study aims to improve our
understanding on the pattern of mass loss and nitrogen
release from two categories of roots (fine, <2 mm and
small, 2-5 mm) of Hopea ferrea at DEF and fine roots of
mixed trees and dwarf bamboo (Arundinaria pusilla) at
DDF sites. Decomposition experiment was performed for
more than 12 months using buried litter bag technique.
Initial chemistry was significantly different among the four
root litters; fine root of H. ferrea exhibited a low ratios of
C:N and acid-insoluble:N. The fine root of dwarf bamboo
was characterized by high contents of total carbohydrate
and ash. Decomposition rate constants (year ') of ash-free
weight remaining were 1.27 and 0.55 for fine and small
roots of H. ferrea, and 0.73 and 0.66 for fine root of mixed
trees and dwarf bamboo, respectively. At the end of the
experiment, the N concentration in fine and small roots of
H. ferrea increased to 1.5 times the initial concentration.
Whereas, N mass of dwarf bamboo decreased during the
experiment. This suggests a different pattern of root
decomposition and N release in two forest ecosystems.
Generally, the fine root decomposition was faster in the
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DEF than in the DDF. The role of initial litter chemistry
was more pronounced than the climatic seasonality on the
belowground decomposition pattern in our study.
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Introduction

Dry evergreen forest (DEF) and deciduous dry dipterocarp
forest (DDF) are major types of dry tropical forests in
northeastern Thailand (Kanzaki et al. 1995; Sahunalu and
Dhanmaonda 1995). DEF is dominated by evergreen trees
(mainly Hopea species), regarded as the climatic climax in
dry tropical forests. The overstory of DDF is dominated by
deciduous broad-leaved trees of Dipterocarpaceae, and the
understory is dominated by dwarf bamboo (Arundinaria
pusilla). Fire is common and occurs almost annually
without active fire prevention efforts because of seasonally
dry conditions and human activities (Sakurai et al. 1998).
Besides tree species composition, these forests differ in
terms of their nutrient cycling properties; e.g., their nutrient
accumulations in soils, N dynamics, and leaf litter
decompositions (Sakurai et al. 1998; Hirobe et al. 2003;
Takeda and Tian 2003; Toda et al. 2007).

In forest ecosystems, litter decomposition is an inevi-
table process that regulates nutrient availability in forest
soils through organic matter decomposition and nutrient
release (Staaf and Berg 1982; Aber and Mellilo 2001). The
rate of decomposition and nutrient release are regulated by
several factors, including the soil environment, decom-
posers activity, and resource quality of detrital matter
(Swift et al. 1979; Berg and McClaugherty 2003). Climate
is known to be the dominant factor influencing litter
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decomposition on a large geographical scale, and litter
decomposition in a tropical region is considered to be more
rapid than in other regions (Tripathi and Singh 1992a;
Aerts 1997; Takeda 1998). Study of aboveground litter has
revealed that the rate of decomposition is closely related to
initial litter chemistry; e.g., nutrient concentrations or
carbon-to-nutrient ratios (Berg and Staaf 1980) and lignin
content or lignin-to-nutrient ratio (Melillo et al. 1982; Aber
et al. 1990). However, regulation by the seasonal pattern of
rainfall at a local site has sometimes been observed in a
temperate forest (Tripathi et al. 2006) and subtropical
humid forest (Arunachalam et al. 1996). Thus, the impor-
tance of litter quality and local climate conditions is site-
specific.

Plant litter quality is one of the most important factors
controlling litter decomposition in a variety of litter from
different forest ecocystems (Swift et al. 1979; Taylor et al.
1989; Tripathi and Singh 1992a; Couteaux et al. 1995;
Hirobe et al. 2004). Most studies on decomposition have
focused on aboveground litter (e.g., Berg and Ekbohm
1991), although some authors have examined the decom-
position of roots in soil (e.g., Berg 1984; Fahey et al. 1988;
Bloomfield et al. 1993; Ostertag and Hobbie 1999). These
studies reported different patterns of decomposition, for
example, roots decompose faster (Hobbie 1996; Ostertag
and Hobbie 1999) or slower (Aber et al. 1990; Bloomfield
et al. 1993) than foliage depending on their initial tissue
chemistry, especially concentrations of lignin and N
(Bloomfield et al. 1993; Hobbie 1996; Berg and McC-
laugherty 2003). The root chemistry has been also reported
to differ for various tree species on increasing soil N
availability gradients (Hendricks et al. 2000; Tripathi et al.
2005). The importance of fine roots in the biogeochemistry
of forests has been recognized recently (Vogt et al. 1995;
Jackson et al. 1997), but the studies on different aspects of
fine roots including their decomposition and nutrient
release patterns are still scanty.

The forest canopy in DEF closes over the entire year,
whereas in DDF the canopy is open in the dry season
because the vegetation consists of mainly deciduous trees
(Sahunalu and Dhanmaonda 1995). Due to variations in
litter quality and local climate conditions in two forests in
northeastern Thailand, it is expected that the root decom-
position may differ between DEF and DDF. Litter
decomposition regulation by rainfall is expected under
such a condition in DDF. In addition, different patterns of
the decomposition of root litter for DEF and DDF may
result in different contributions to nutrient cycling in the
forest ecosystems. Here, we examined the root decompo-
sition and associated nitrogen dynamics in two forest
stands, a DEF and DDF, in northeastern Thailand. The
objective of this study was to clarify the importance of root

chemistry and local climate on the belowground decom-
position pattern in two major types.

Materials and methods
Study site

The study was conducted in a DEF and DDF at the
Sakaerat Environmental Research Station [14°30'N,
101°55'E, 200-800 m in elevation], in the southeast fringe
of the Korat Plateau in northern Thailand. The mean annual
temperature and precipitation in this area are 26.2°C and
1,240 mm, respectively (Sakurai et al. 1998). However,
precipitation during the present study (from January 2004
to February 2005) was 580 mm, a much drier condition
than is usual (Fig. 1). The extremely dry season was
between October and February with monthly precipitation
of less than 30 mm, and this was a longer period than
usually occurring. There was no rainfall from December
2004 to February 2005. General characteristics of the study
sites are summarized in Table 1. The acidic forest soils are
Ultisols derived from Mesozoic sandstone (Sahunalu and
Dhanmanonda 1995; Sakurai et al. 1998; Soil Survey Staff
1992). The dominant tree in the DEF was Hopea ferrea,
whereas the DDF site was dominated by mixed deciduous
trees including Shorea obtusa (Dipterocarpaceae), Xylia
xylocarpa, (Leguminosae—Mimosoideae), and Pterocarpus
macrocarpus (Leguminosae—Papilionoideae) (Toda et al.
2007). No individuals of H. ferrea were observed at the
DDF site. Dwarf bamboo (A. pusilla) dominated in
understory vegetation in the DDF. Because of the seasonal
dry conditions and human activities, the DDF area expe-
riences frequent burning.
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Fig. 1 Mean temperature and monthly precipitation during the
decomposition study at the Sakaerat Environmental Research Station,
Thailand
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Table 1 General characteristics of the dry evergreen forest (DEF) and dry dipterocarp forest (DDF) at the Sakaerat Environmental Research

Station, Thailand

Site Basal area Stand density Soil pH (H,0) Soil C (mg gfl) Soil N (mg gf') Base saturation
(m” ha™") (individuals ha™") in soil (%)

DEF 33.6 1,309 52 236 18.6 11.9

DDF 15.4 875 5.0 530 34.1 26.2

Soil characteristics were representative values at 0—10 cm depth. Data from Sakurai et al. (1998)

Litter bag preparation

In January 2004, roots were dug up from two forest sites
using several soil monoliths approximately 15 cm in depth,
washed with tap water and dried at room temperature for
2 days. Since the DEF site was a pure stand of H. ferrea,
the roots recovered from this site were considered as H.
ferrea roots. For this site, H. ferrea roots were categorized
into fine root (<2 mm) and small root (2-5 mm) size
classes. However, for the DDF site, the roots were sepa-
rated into mixed tree fine roots and dwarf bamboo fine
roots of less than 2 mm diameter. The mixed tree and
dwarf bamboo roots were distinguished by texture and
color. These roots were cut into small pieces (ca. 2 cm),
mixed thoroughly and enclosed in 10 cm x 10 cm nylon
net (mesh size 1 mm) bags. The litter bags contained 3 g of
air-dried root material or 1 g in the case of bamboo roots.
A total of 260 litter bags were prepared (65 for each root

type).
Decomposition experiment

Sixty points for root bags in a 50 m x 50 m quadrat
were established for each of the DEF and DDF sites.
Adjacent points were at least 2 m apart. The decompo-
sition experiments began on 24 and 25 January 2004. A
fine root bag and small root bag of H. ferrea were buried
in each point at the DEF site, and a mixed tree root bag
and bamboo root bag in each point at the DDF site. The
two root bags in each point were placed approximately
10 cm apart.

Split holes were carefully dug in the surface soil to a 5-
cm depth at a 30—45° angle using a single-blade plow, with
care being taken to avoid soil disturbance, and the litter
bags were inserted. Five bags of each type were brought
back to the laboratory for the analysis of initial litter
chemistry. Ten litter bags of each root type were collected
on each of six occasions at intervals of 2 or 3 months; litter
bags were collected on 30 April, 29 June, 19 August, 21
October, 4 December 2004, and 19 February 2005. After
recovery, litter bags were opened and roots were collected
carefully avoiding adhering soil particles. The root mate-
rials were oven-dried at 70°C for 2 days and weighed.
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Chemical analysis

The different root samples were ground with a vibrating
sample mill (TT-100, CMT Co. Ltd) and chemically ana-
lyzed. The total C, N and ash contents were determined for
all root litter samples, and the total carbohydrate (TCH)
and acid-insoluble fraction (AIS) contents were determined
for initial root litter samples. The AIS contents of the initial
roots were determined by gravimetry according to a stan-
dardized method using hot sulfuric acid digestion (King
and Heath 1967). The ethanol-benzene extractive-free
residue was digested with 72% H,SO, for 2 h, and sec-
ondary hydrolysis was performed in an autoclave at 120°C
for 1 h after dilution of H,SO, to a concentration of 2.5%.
The autoclaved solution was filtered through a porous
crucible (G4), and residue was dried at 105 °C and weighed
as the AIS. The glucose equivalent TCH content of the
filtrate was determined using the phenol-sulfuric acid
method (Dubois et al. 1956).

Total C and N concentrations were determined by
combustion (SUMIGRAPH NC-900, Sumika Chemical
Analysis Service, Osaka, Japan). The residue after C and N
combustion was weighed as an ash content measurement.
As the litter bags settled in surface soils during the
experiment, soil particles were likely to enter the bags, and
this would lead to erroneous estimation of weight loss and
chemical analysis. To avoid such an effect, the litter weight
and AIS, TCH, C and N contents were expressed as ash-
free weights, while ash concentrations in initial root litters
were expressed as dry weights.

Statistical analysis

The decomposition rate of each type of root litter was
calculated using an exponential decay model (Olson 1963):

M, = My exp(—kt)

where k is the decay rate per year, M, is the mean dry
weight of the initial litter bag, and M, is the litter weight
after ¢ years. Linear regression was applied for the N
concentration and accumulated mass loss of ash-free
weight to explain the N dynamics of organic matter
decomposition. The N concentration was treated as a
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dependent variable, and accumulated mass loss was treated
as an independent variable.

An analysis of variance (ANOVA) test was used for
comparison of initial chemistry of four root types. Con-
centrations of N, TCH and ash and ratios of C:N and AIS:N
were log-transformed before the ANOVA test to improve
the equalities of variance. Scheffe’s test was performed for
a probability of 5% when significant difference was
detected by the ANOVA test. The relationship between the
mass loss of each root type and climate conditions com-
prising the mean temperature and sum of precipitation
during each period of litter bag collection was tested by
Pearson’s correlation analysis.

Results
Initial root chemistry

Significant differences in chemical characteristics were
observed among root types (Table 2). The small root of H.
ferrea had less N, AIS, ash and more TCH than the other
roots. The fine root of dwarf bamboo in DDF was char-
acterized by the high concentrations of TCH and ash. The
initial chemistry of the mixed tree roots in DDF was similar
to that of the fine root of H. ferrea, although it had higher
C:N and AIS:N ratios. The order of C:N and AIS:N ratios
was the fine root of H. ferrea < the fine root of dwarf

Table 2 Mean initial chemistry of the roots used within litter bags in the decomposition experiment in the dry evergreen forest (DEF) and the

dry dipterocarp forest (DDF)

N AIS TCH Ash CN AIS:N
Hopea ferrea, <2 mm, DEF 11.0 (0.04)* 300.6 (11.6)*  470.6 (16.3)" 55.9 (3.5)° 455 (2.3) 273 (0.8)°
Hopea ferrea, 2-5 mm, DEF 6.7 (0.05)°  288.1 (21.8)*  588.8 (54.4) 28.2 (0.8)* 73.3 (6.0)° 43.0 (6.5)*
Mixed trees, <2 mm, DDF 10.1 (0.24)® 374.6 (28.8)° 528.6 (79.1)® 472 (5.4)° 50.2 (11.5) 37.1 (9.5)®
Arundinaria pusilla, <2 mm, DDF 113 (035  379.1 (15.8)°  646.4 (70.9)° 200.0 (20.8)°  45.0 (12.9*  33.5 (8.9)™
F 5.5% 20,8 7.3 86. 1%k 6.1% 5.0%

Numbers of samples are five for <2 mm roots of H. ferrea and three for the other roots. Values in parentheses indicate standard deviations. Units
are mg g~ ash-free-weight for N, acid insoluble fraction (AIS), and total carbohydrate (TCH) and mg g~' dry-weight for ash content,
respectively. Different letters indicate a significant difference (P < 0.05) among root types by Scheffe’s test. Results of ANOVA are expressed as

F-values

Significance levels are *P < 0.05, **P < 0.01, ***P < 0.001. Data sets except for AIS were log-transformed for the ANOVA test

Fig. 2 Mean weight remaining 1.2

for litters of Hopea fine roots (a)
and Hopea small roots (b) in the
dry evergreen forest and mixed
tree fine roots (¢) and dwarf
bamboo fine roots (d) in the dry
dipterocarp forest. The weights
remaining were calculated
based on the ash-free weights of
litters. Bars indicate standard
deviations. Calculated

(a) fine root, H. ferrea, DEF

(b) small root, H. ferrea, DEF

decomposition rate constants

(k, year_l) and their 1.2

determinant coefficient (R?) are
also shown in the figure

Remaining weight (relative value)

0.2 4k=0.73

(¢) fine root, mixed tree, DDF

(d) fine root, bamboo, DDF
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bamboo in DDF < the fine roots of mixed trees in
DDF < the small root of H. ferrea.

Decomposition pattern of roots

The decomposition rate of root litters varied among root
types (Fig. 2), and the order was the fine root of H. ferrea
(k=1.27) > the fine roots of mixed trees in DDF
(k = 0.73) > the fine root of dwarf bamboo (k = 0.66) > the

small root of H. ferrea (k = 0.55). At the end of the experi-
ment, the ash-free mass remainings of root litters were 36,
63, 54 and 53% of the fine root of H. ferrea, the small root of
H. ferrea, the fine root of mixed trees in DDF and the fine root
of dwarf bamboo, respectively. The exponential model fitted
well for the fine roots of H. ferrea, mixed trees and dwarf
bamboo in 1-year decomposition (R*> = 0.53-0.61). The
weight of root litter regularly decreased during the first
5 months for each root type of root (Fig. 2). After 5 months

Fig. 3 Nitrogen concentration 20
in the ash-free fraction in root (a) fine root, H. ferrea, DEF (b) small root, H. ferrea, DEF
litters of Hopea fine roots (a)
and Hopea small roots (b) in the 15 7]
dry evergreen forest and mixed =
tree fine roots (¢) and dwarf ‘En 10 .
bamboo fine roots (d) in the dry g ./;__-I—i/._H
dipterocarp forest. Bars indicate ®
standard deviations f:’ 57 N
<
@
- 0 T T T T T T T T T T T T
o
2 20
‘C’ (c¢) fine root, mixed tree, DDF (d) fine root, bamboo, DDF
o
® 15 -
£ i 1
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0 2 4 6 8 10 12 14 O 2 4 6 8 10 12 14
Months Months
Fig. 4 Nitrogen remaining in
root litter bags of Hopea fine 100
roots (a) and Hopea small roots
(b) in the dry evergreen forest o 80 - -
and mixed tree fine roots (¢) and g
dwarf bamboo fine roots (d) in g 60+ N
the dry dipterocarp forest. The g 40 - B
initial nitrogen content is E
expressed as 100%. Bars 2 20— ]
indicate standard deviations (a) fine root, H. ferrea, DEF (b) small root, H. ferrea, DEF
0 T T T T T T T T T T T T
100
o
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£
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o
Zz 40 -
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(c¢) fine root, mixed tree, DDF (d) fine root, bamboo, DDF
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of the experiment, there was greater variation in the change
in weight remaining. Mass loss during each period of litter
bag collection did not significantly correlate to the mean
temperature for each root type (r < 0.49, P > 0.3 for all four
roots). The mass loss of the dwarf bamboo root was relatively
highly correlated to the precipitation during each period of
litter bag collection (r = 0.65), although statistically insig-
nificant (P = 0.18). For the other roots, mass loss during
each period of litter bag collection did not significantly
correlate to the precipitation (r < 0. 51, P > 0.3).

N dynamics in root decomposition

During the experiment, the N concentration in the ash-free
faction of root litters increased in the fine and small roots of
H. ferrea at the DEF site (Fig. 3). The C:N ratio decreased
65% by the end of the experiment owing to decomposition.
In contrast, the N concentration and C:N ratio were con-
stant in the root litters of mixed trees and dwarf bamboo at
the DEF site (Fig. 3). Except for the small root of H. fer-
rea, the N content in the litter bags decreased with time
(Fig. 4). Final N contents in the litter bags were 54, 91, 61
and 49% of initial N contents for the fine root of H. ferrea,
the small root of H. ferrea in the DEF, and the fine roots of
mixed trees and bamboo in the DDF, respectively.

The relationship between ash-free mass loss and N
concentration differed for the two forests (Fig. 5). Fine and
small roots of H. ferrea in the DEF site exhibited a sig-
nificant increase in the N concentration with accumulated
mass loss (P < 0.001), whereas linear regression of mass
loss to N concentration was not significant for the fine roots
of mixed trees and dwarf bamboo at the DDF site.

Discussion

The rates of root decomposition in DEF and DDF were
comparable to those previously reported in tropical or
subtropical regions (Table 3). The ratios of C:N and AIS:N
in the fine roots of H. ferrea, mixed trees and dwarf bamboo
were also in the range reported by other studies. Generally,
the initial litter chemistry affects the decomposition rates and
nutrient dynamics. The litter decomposition rate inversely
correlated to C:N and AIS:N (or lignin:N) ratios (Aber et al.
1990; Takeda and Abe 2001). In our study, the small root of
H. ferrea had higher C:N and AIS:N ratios than the other
studies, except that of Ostertag and Hobbie (1999). Such
chemistry was likely to retard decomposition of the small
root litters, resulting in a slower decomposition rate com-
pared to the other studies.

The difference in decomposition rates among the woody
root litters seems to be explained by the variation of C:N
and AIS:N; the decomposition rates of the fine and small

5 -
() fine root, y = 0.048x + 12.688
0 H. ferrea, DEF ~ R“= 0.357 ***
— T T—T— T
20
15 1

(b) small root, y=0.041x + 7.685
H. ferrea, DEF  R?= 0.457 *¥%

N concentration (mg g-1 ash-free weight)

0 e
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Fig. 5 Relationship between accumulated mass loss of the ash-free
fraction and nitrogen concentration during decomposition of Hopea
fine roots (a), Hopea small roots (b), mixed tree fine roots (c¢) and
bamboo fine roots (d). Results of linear regression are indicated in
each graph. ***P < 0.001, ns not significant

roots of H. ferrea and the fine roots of mixed trees were
negatively related to C:N and AIS:N in our results (Fig. 2;
Table 2) and in comparison to the other studies (Table 3).
The only exception was the decomposition of bamboo
roots. In spite of similar C:N and AIS:N ratios to those for
the fine root of H. ferrea, the decomposition of the bamboo
roots was slower than that for the fine roots of mixed trees
at the DDF site. In addition, the decomposition of the
bamboo root in our study was much slower than in a study
in India (Tripathi and Singh 1992b). The reason for the
slow decomposition of bamboo roots at our study site may

@ Springer
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Table 3 Decomposition rate constant (k) and initial ratios of carbon to nitrogen (C:N) and acid insoluble fraction to nitrogen (AIS:N) in fine

roots (<2 mm) reported in tropical regions

Location Vegetation Species k (year™') CN AIS:N References
India 25°34'N, 91°56'E Quercus forest Mixed tree 1.62-1.74  39.9-60.3 22.0-30.2 Arunachalam et al.
(1996)

India 24°55'-25°10'N, Bamboo plantation  Dendrocalamus 1.71 52 Not available  Tripathi and Singh
82°30'-82°45'E strictus (Bamboo) (1992b)

Hawaii 19°-22°N, Metrosideros forest ~ Metrosideros 0.26-0.48  Not available  48-107 Ostertag and Hobbie
155°-159°W* polymorpha (1999)

Puerto Rico 18°17'N, Tabonuco forest Prestoea montana 0.6 52.3 29.8 Bloomfield et al.
65°45'W (Sierra Palm) (1993)

Puerto Rico 18°17'N, Tabonuco forest Dacryodes excelsa 0.83 31.9 17.9 Bloomfield et al.
65°45'W (Tabonuco) (1993)

 Precise longitude and latitude were not provided in the reference

be related to abiotic conditions prevailing at these sites and
the intrinsic litter properties other than the litter quality
determined by us and thus still remains to be clarified.

For our study sites, a leaf decomposition rate of 1.0-
1.4 year™' in H. ferrea at the DEF site and of 1.3—
2.5 year ' in trees at the DDF site have been reported
(Takeda and Tian 2003). Except for the fine root of H.
ferrea, the decompositions of the roots were slow com-
pared to the leaf decomposition. The slow decomposition
in roots could be related to the higher AIS concentrations
or AIS:N of the four root litters than that of the lignin
concentrations or lignin:N of leaves reported at the study
site; lignin:N ratios in fresh leaf-litters ranged approxi-
mately from 15 to 30 (recalculated from Takeda and Tian
2003). Except for the fine root of H. ferrea, AIS:N in the
root litters were higher than lignin:N of the leaves at
the corresponding sites. Such differences could result in
the slower decomposition of root litters, because a higher
AIS:N ratio decreases the decomposition rate of fine litters
(Aber et al. 1990).

We initially hypothesized that rainfall regulation of
root decomposition would be observed in the DDF.
However, the relationship between the decomposition
rates of the roots and climatic conditions was weak in
both the DEF and DDF, although the decomposition rate
of the dwarf bamboo correlated with the seasonal change
in precipitation. These results are in contrast to previous
studies in India (Tripathi and Singh 1992b) and northern
Japan (Tripathi et al. 2000). Ishikawa et al. (2007)
reported that the moisture condition could not explain
faster litter decomposition in a clear-cutting site in a
temperate forest. They speculated the effect of clear-
cutting on the mass loss of leaf litter varied among litter
species in a temperate forest. Furthermore, the root
decomposition in our study seems to be species specific
and associated to the initial root chemistry rather than
the local climate.

@ Springer

During the experiment, the N concentration increased in
the fine and small roots of H. ferrea (Fig. 3). The increase
in N concentration was explained by the accumulated mass
loss at the DEF site (Fig. 5). Because of the rapid mass loss
rate, N release was observed in the fine root of H. ferrea
after 7 months decomposition, whereas N release was
insignificant in the small root of H. ferrea during the 12-
month decomposition (Fig. 4). The absence of N release in
the small root of H. ferrea was partly due to the initial
chemistry. Substrates with higher C:N and/or AIS:N ratios
have low N availability for decomposers. In general,
therefore, litters with high C:N and/or AIS:N ratios exhibit
N immobilization associated with slow decomposition
(Melillo et al. 1982; McClaugherty et al. 1984; Staaf and
Berg 1982). In our study, the initial C:N and AIS:N ratios
in the small root of H. ferrea were relatively high and thus
N availability was likely to be low for decomposers. These
chemical characteristics might prevent N release during the
12-month decomposition.

The N contents in the small root of H. ferrea and
bamboo root increased over 11 months (until December),
although differences between 9 and 11 months were not
significant. At our study site, the dry season starts in
December and soil moisture decreases. Although the xeric
condition could retard the litter decay and N release, the
absence of a significant seasonal pattern indicates that the
effects of the xeric condition on root decomposition were
weak in DEFs and DFFs in Thailand.

In spite of the similar C:N and AIS:N ratios to those of
the fine root of H. ferrea, N release from the bamboo roots
had a different pattern. The N concentration of the bamboo
root litter did not correspond to the accumulated mass loss
(Fig. 5), indicating the absence of N immobilization during
decomposition. The highest N release was observed in the
bamboo root decomposition among the roots we examined.
By the end of the experiment, the N remaining in the
bamboo roots had decreased to 42% of the initial N
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content, whereas the N remaining in woody roots was over
55% of the original content. In addition, a substantial
decrease in N content in the bamboo roots was observed in
the first 3 months, whereas the woody fine roots retained N
over the first 5 months. This difference in N release indi-
cates that decomposition and N dynamics in bamboo roots
proceed under a mechanism different to that for woody
species.

The rapid N release from bamboo roots suggests impli-
cations in N cycling in the DDF. Whereas N immobilization
in root and leaf litters of woody plants (this study; Takeda
and Tian 2003) acts as a N reservoir, bamboo root litter can
be a N source in soil systems. The N release from root
decomposition in bamboo may have a significant effect on N
cycling at the DDF site, because a relatively large amount of
N is accumulated in bamboo at this site (Toda et al. 2007).
Our results suggest the litter production of dwarf bamboo
would accelerate rapid N turnover in DDF.

In conclusion, the present study showed that the
decomposition of H. ferrea fine roots at DEF sites
decomposes faster than the roots at DDF sites. The dif-
ference in the decomposition rates of the roots was related
to initial chemistry of the roots rather than the climate
condition. The N concentration in the root litters increased
with decomposition in the roots of H. ferrea at the DEF
site. On the other hand, rapid N release was observed in the
dwarf bamboo roots at the DDF site, suggesting a contri-
bution to soil N availability.
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