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Abstract In many Japanese forests, the forest understory
is largely dominated by dwarf bamboo (Sasa) species,
which compete with overstory vegetation for soil nutrients.
We studied the rate of leaf litterfall, and decomposition and
mineralization of carbon (C) and nitrogen (N) from various
components (leaf, root, wood, and rhizome) of overstory
and understory vegetation in a young Betula ermanii forest
from 2002 to 2004. Total litterfall was 377 g m * year ', of
which the overstory vegetation contributed about two
thirds. A litter decomposition experiment conducted for
770 days indicated that mass loss of different litter
components varied significantly, except for Sasa kurilensis
wood and rhizome. Relative decomposition rates were
significantly greater in the first growth period (June to
October) than the dormant period (November to May) in
most cases. Rainfall was the most important abiotic
variable, explaining 75-80% of the variability in mass
loss rates. Concentrations of ethanol soluble substances
and N were significantly positively correlated (+=0.77 to
0.97, P<0.05) with mass loss at an early stage (41 days).
The ratios of lignin/N and C/N were found to be negatively
correlated with mass loss rates at all stages of litter
decomposition. C stock loss was similar to that of mass
loss, whereas N stock loss was slower, except for S.
kurilensis fine root litter. The evergreen understory species
S. kurilensis exhibited greater N use efficiency than B.

S. K. Tripathi
Department of Botany, Banaras Hindu University,
Varanasi 221005, India

S. K. Tripathi (X)) - A. Sumida - K. Ono - Y. Kodama - T. Hara
The Institute of Low Temperature Science,

Hokkaido University,

Sapporo 060-0819, Japan

e-mail: sk_tripathi@rediffmail.com

Tel.: +91-9450-707698

Fax: +91-542-2368285

H. Shibata - S. Uemura

Field Science Center for Northern Biosphere,
Hokkaido University,

Nayoro 096-0071, Japan

ermanii, suggesting better competitive ability that might
favor the production of a high biomass and invasion under
tree species like B. ermanii.
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bamboo - Litter decomposition - Litterfall

Introduction

Japanese mountain birch (Betula ermanii Cham.), a light-
demanding species (Koike 1987), occupies open spaces in
forests or steep mountain slopes where few conifers are
able to grow (Ohsawa et al. 1973). This species is also
found growing with coniferous species and has a long life
span of about 250 years (Watanabe 1979). In northern
Japan, mountain birch is widely distributed in montane and
subalpine belts up to 1,600 m (Ishizuka and Sugahara
1986). In Japanese forests, the understory is often densely
covered with species of dwarf bamboo (mainly Sasa),
which compete with overstory vegetation for resources
such as sunlight, soil water, and nutrients (Takahashi et al.
2003; Tripathi et al. 2005).

The amount and seasonal patterns of litterfall and decom-
position are important determinants of overall recycling of
nutrients and maintenance of soil fertility in terrestrial
ecosystems (Upadhyay and Singh 1989; Tripathi and Singh
1992a,b, 1995; Singh et al. 1999; Fioretto et al. 2003).
Moreover, the impact of tree species on soil fertility depends
on their litter chemical quality and decomposition rate. The
decomposition of litter is primarily influenced by the
physical environment in which decay takes place, the nature
and abundance of decomposing organisms and the chemical
quality of litter (Facelli and Pickett 1991; Heal et al. 1997;
Sariyildiz et al. 2005).

Plant litter of varying substrate quality has been found to
exhibit different mineralization potential and decomposi-
tion behavior (Mtambanengwe and Kirchman 1995). Litter
decomposition is mainly governed by two factors, i.e., the
climate and the initial substrate quality of the litter (Swift et
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al. 1979). Among the climatic variables, actual evapotran-
spiration (AET) is reportedly the major determinant of
decomposition in a range of climatic conditions (Berg et al.
1993). However, in Indian dry tropical regions, precipita-
tion and associated variables such as soil and litter moisture
have also been found to be major factors influencing the
rate of litter decomposition (Tripathi and Singh 1992a).
Among the initial litter substrate quality variables, water or
ethanol soluble substances, cellulose, lignin and nitrogen
(N) content, and ratios of C/N and lignin/N have been
shown to play a crucial role at different stages of litter
decomposition (Taylor et al. 1989; Tripathi and Singh
1992a). Generally, the labile fraction of litter, which
includes water soluble substances and free unshielded
cellulose, decomposes rapidly within a few months (Berg
et al. 1997), and as a result, the concentrations of lignin and
nutrients like N increase in later stages (Berg and Staaf
1980; Berg 2000).

Although leaf and wood litter decomposition studies
have been conducted in Japanese forests with respect to
different forest tree species (Hardiwinoto 1991a,b; Kaneko
and Salamanaca 1999; Osono and Takeda 2001, 2004;
Salamanaca et al. 1998; Xu and Hirata 2005), the rate of
decomposition and release of carbon (C) and nitrogen (N)
from different above- and belowground components of
overstory and understory vegetation have yet to be
quantified. Therefore, the objectives of the present research
are (1) to assess the seasonal variations in litter fall and C
and N return to soil, (2) to evaluate the changes in litter
decomposition rates and mineralization of C and N, and (3)
to assess the role of abiotic and initial litter quality on the
rates of decomposition and mineralization of C and N from
various plant parts (above- and belowground) of overstory
birch trees (B. ermanii) and understory dwarf bamboo
shrubs (S. kurilensis Makino et Shibata). Furthermore, the
N use efficiencies of the two species are compared.

Materials and methods
Site description

This study was carried out at the Uryu Experimental Forest
of Hokkaido University in northern Japan (44° 23’ N, 142°
19" E). The total annual rainfall ranged from 962 to
1,128 mm over 2 years (2002-2004) and most rainfall
occurred in the second half of both years (Fig. 1). The mean
annual temperature from 2002-2004 was 4.1°C and ranged
from —10°C in January to 18°C in August. The mean
relative humidity ranged from 63 to 82% during the course
of the study. The soil is deep with a flat topography plus
occasional rock outcrops. The site is characterized by a
deep snowpack (about 2 m) and a long snow cover period
(November to May). The active growth phase is restricted
to about 5 months (June to October) and the remaining
period is dormant due to snow cover. The total amount of
snow equivalent to precipitation was about 800 mm in the
years 1993—-1994, accounting for about 53% of the total
annual precipitation (Ishikawa et al. 1998).

Uryu Experimental forest is composed of coniferous
(i.e., Abies sachalinensis Mast. and Picea glehnii Mast.)
and deciduous broad-leaved species (e.g., Quercus crispula
Blume, Acer mono Maxim., B. ermanii, Magnolia obovata
Thunberg) (Takahashi et al. 2003). The leaf longevity of
these deciduous broad leaf trees is short (ca. 4—5 months).
Leaf emergence starts in late May to early June and
complete leaf fall occurs by mid- or late October. The
understory is dominated by evergreen dwarf bamboo (S.
kurilensis).

In 1998, we selected an experimental plot (225 m?)
within a large tract of dense secondary forest of B. ermanii.
The forest floor was densely covered with dwarf bamboo.
The forest was formed by scarification, in which existing
vegetation and the O layer of soil including S. kurilensis
rhizomes were completely removed using a bulldozer and
mineral soil was exposed on the soil surface. After
scarification, a pure stand of B. ermanii was established
naturally. This is a common practice used in the artificial
regeneration of forests in northern Hokkaido and has been
conducted on a large scale since the 1970s (Umeki 2003).
S. kurilensis invaded the scarified stand through vegetative
growth from outside the area. The scarification procedure
was carried out in 1984, and the age of the birch forest was
17 years in 2002.

When the experimental plot was established in 1998, the
mean trunk height of B. ermanii was about 5 m. Total
density and total basal cover varied from 14,090-
17,420 tree ha ' and 15.4-15.7 m* ha ', respectively. B.
ermanii shared about 96% of the total tree density. The leaf
area index of the dwarf bamboo was about 0.9 (Takahashi
et al. 2003). The culm height and culm diameter of the
dwarf bamboo ranged from 1.5-2.5 m and 0.5-1.5 cm,
respectively. Culm density and biomass ranged from 19—
31 m 2 and 2,200-7,700 g m 2, respectively (our unpub-
lished data).

General information on soil chemistry in this site has
been reported by Tripathi et al. (2005). The soil bulk density
and gravimetric soil water content were 0.49+0.03 g cm >
and 61 g 100 g ', respectively. The soil pH (1:5, soil to
water ratio) was 4.4+0.1. The total C and N contents and C/
N ratio of the soil were 9.2+0.2%, 0.9+0.03%, and 10,
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Fig. 1 Changes in monthly precipitation (mm), relative humidity
(%) and temperature (°C) during the course of the study



respectively. Microbial biomass C, N, and inorganic N in
the soil were 2,602+263, 570+62, and 15+1.7 mg kg ',
respectively. Microbial biomass C and N were estimated by
chloroform fumigation-extraction (Inubushi et al. 1984,
1991). Inorganic N (NO5 determined using the cadmium
reduction method and NH" using the indophenol blue color
method) was analyzed with a flow injection auto analyzer
(FI-5000V, Aqua-Lab, Tachikawa, Japan). The net N-
mineralization rate of the soil was 17 mg kg ' month ",
calculated based on the increase in the sum of ammonium-N
and nitrate-N during field incubation in buried bags.

Measurement of litterfall and litter decomposition

Litterfall was collected using 10 randomly placed circular
litter traps (each 0.5 m? area) with a perforated nylon net
bottom in the growth periods of 2002 and 2003. The height
of the litter traps was about 1 m. Litterfall was collected in
October 2002 and at monthly intervals from June to
October in 2003. The litter material was transported to the
laboratory and separated into leaf and nonleaf categories of
B. ermanii and S. kurilensis. S. kurilensis litterfall was also
measured by establishing five permanent plots, each
measuring 1x1 m, on the ground in June 2003. S. kurilensis
litterfall was also estimated by litter collection from these
permanent plots at monthly intervals because S. kurilensis
leaf litterfall was underestimated in the above litter traps
because of the trap height of 1 m. All litter material was
oven dried at 80°C for 24 h then weighed. In 2003, green
and mature leaves were also collected from the branches of
about 10-15 individuals of B. ermanii and S. kurilensis
scattered throughout the plot to determine the C and N
concentration.

Freshly fallen leaf litter samples of B. ermanii and S.
kurilensis were collected from the ground in May 2002
within the experimental plot (about 15x15 m) from 60 to
80 individual trees/culms. Recently dead wood branches
still attached to the culm were also collected in May 2002
from 30 to 40 S. kurilensis individuals within the stand. In
addition, in May 2002, S. kurilensis fine roots (<2 mm in
diameter), rhizomes and B. ermanii fine roots (<2 mm), and
coarse roots (<5—10 mm) were collected by digging out soil
monoliths. These belowground roots/rhizomes were
washed using a sieve system then dried in an oven at
35°C for 3 days to a constant weight. Samples of each
category were mixed thoroughly and stored in separate
polythene bags. After adjusting for the initial moisture
content, all litter samples (equivalent to 3 g d.w.) were
enclosed in nylon net (mesh size: 1 mm ?) bags
(10x10 cm).

A total of about 115 bags were prepared for different
litter categories, about 20 bags each for leaves of B.
ermanii and S. kurilensis and about 15 each for the
remaining litter categories. Litter bags containing leaf and
wood litter were placed on the forest floor just above the
soil surface at different places in the first week of June
2002. Bags containing roots and rhizomes were buried in
the soil to a depth of 10 cm on the same date at different
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places. Generally, 3—4 bags from each category were
collected at each time point from each location. For
statistical comparison, three replications of each litter type
were used. Within the 2-year experimental period, a total of
five samplings (two each in 2002 and 2003 and one in
2004) were made for each litter type. Litter bags collected
on each sampling date were kept in individual polythene
bags and transported to the laboratory where adhering soil
particles were removed. All litter samples were weighed
fresh then oven dried at 80 °C for 24 h to a constant weight.
Litter moisture was calculated as the difference between the
fresh and dry weights.

Chemical analysis

Initial samples of the different litter categories were
powdered then analyzed in triplicate for litter quality. The
ash content of a portion of the litter samples was
determined as the ignition loss at 500°C (in a Muffle
furnace) for 5 h. The concentration of ethanol soluble
substances and lignin in different litter material was
analyzed according to the procedure outlined by van
Vuuren and van der Eerden (1992). First, the ethanol
soluble fraction was extracted from 500 mg of powdered
sample with 50 ml ethanol (3%x30 min). Acid-soluble
components were then removed from the residual sample
using two consecutive digestions with 72 and 2.5% H,SOy,,
respectively. The lignin content was calculated by
subtracting the ash content (estimated from the residual
of acid digestion) from the mass of the residual of the two
digestions. The percent cellulose content was then
estimated as follows (Taylor et al. 1989): 100-(% ash+%
ethanol soluble+% lignin). Using the powdered samples, C
and N concentrations were determined initially and at each
retrieval date using an automatic analyzer (CN-Corder,
Yanaco, Japan).

Calculations and statistics

The N retranslocation efficiency (NRE) was calculated
according to Finzi et al. (2001):

NRE(%)

~ (N in green leaves) — (N in leaf litter) 100
N (N in green leaves)

)

The N use efficiency (NUE) was calculated according to
Vitousek (1984):

NUE — Litterfall mass(gm ?year~!)

@

N content in litterfall(gm—2year—")
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The mean relative decomposition rate (RDR) in

decomposing litter material was calculated using the
formula:
RDR (%day ') = —In(W1/Wy)/(ti —to) x 100 (3)
where W, is the mass of litter present at the beginning of
each growth period (i.e., at time #), W is the mass of litter
present at the end of each growth period (i.e., at time #),
and #,—t is the sampling interval (days) during each growth
period.

The mass loss over time was fitted to a simple negative
exponential model (Olson 1963):
In(x;/x¢) = —kt “4)
where x, is the original mass of litter, x, is the amount of
litter remaining after time ¢, ¢ is the time (year) and £ is the
decomposition rate (year '). The time required for 50% and
95% mass loss was calculated as #50=0.693/k and t95=3/k,
respectively. The significance of differences among the
various litter categories was tested by analysis of variance
(ANOVA) followed by the Tukey test when the differences
were significant.

Results and discussion
Litterfall and N use efficiency

Total litterfall in the study site was 377 g m > year '
(Table 1), of which B. ermanii contributed about two thirds
and S. kurilensis one third. The contribution of nonleaf
portions in the total litterfall was only about 6%. Leaf
litterfall showed seasonal variations (Fig. 2). Litterfall in
different forests around the world has been reported as
being strongly seasonal and driven by air temperature and
precipitation patterns (Bray and Gorham 1964; Hiraizumi
et al. 1996; Xu et al. 2004b). In this study, litterfall of both
species occurred from June to October; however, most of
the leaf litterfall (about 66% of the total) of B. ermanii was
recorded in October while the same proportion of S.
kurilensis was noted in September and October. The leaf
litterfall of S. kurilensis, an evergreen species, is likely to
have been underestimated, as this species is covered with
snow for a large part of the year. Although this study
focused on litterfall during the growing season, litterfall
might also occur in the dormant season even in the
snowpack period (Hardiwinoto 1991a). Further study,

M Betula ermanii leaf B Sasa kurilensis leaf O Non leaf
200 +

«— 160 ~
120 4

80 -

Litterfall (g m™

40 4

Oct

Sep

June July Aug

Fig. 2 Monthly changes in litterfall of birch (Betula ermanii) trees
and dwarf bamboo (Sasa kurilensis) shrubs in a young secondary
forest in northern Japan. Bars with different superscript letters
denote a significant difference (P<0.05; Tukey’s HSD)

including investigation during the dormant season, is
therefore necessary to accurately quantify the annual
litterfall in this region.

In the present study, litterfall was relatively smaller than
reported values (390490 gm >y ') in subalpine and cool-
temperate forests (Iwatsubo and Nishimura 1977) and was
about half than that of the values reported in other forests of
Japan and China (Tsutsumi 1987; Liu et al. 2002; Xu et al.
2004b). Using C and N concentrations (Table 2) and
litterfall data, C and N return in this forest were quantified
as 168 gCm *year 'and4.7 g Nm ?year ', respectively.
The amount of N return to the soil in the present study was
about 1.5 times greater than in the report of Hardiwinoto
(1991a) in four forest types in Uryu Experimental forest
dominated by Quercus, Betula, Abies, and Picea, respec-
tively. N return in litterfall was within the range of
previously reported values in Japan (Iwatsubo and
Nishimura 1977), but about half of that reported in forests
in the Okinawa Islands, south Japan, and moist evergreen
broad-leaved forest in southwest China (Liu et al. 2002; Xu
et al. 2004b).

Efficient use of N is generally characterized by litterfall with
a high C/N ratio (or low N concentration) (Vitousek 1984;
Grubb 1989). In the present study, as a result of the lower
N concentration of S. kurilensis leaf litter (10.06 mg g )
compared to that of B. ermanii (14.5 mg g '), the N use
efficiency of S. kurilensis leaf litter (96 g g ') was also
higher than that of B. ermanii (69 g g ', Table 1). This
higher N use efficiency indicates greater N withdrawal
(retranslocation) from senescing leaves to permanent
storage organs (i.e., rhizomes), which means that the
contribution of S. kurilensis litterfall to N return to the soil
is relatively small. This withdrawal mechanism makes the
plant partly independent of N from the soil because N is

Table 1 Litterfall mass, C and N return through litterfall, and leaf N use efficiency (NUE) in a Betula ermanii forest in northern Japan

Betula ermanii leaf litter Sasa kurilensis leaf litter Nonleaf litter Total
Litterfall mass (g m 2 year ') 229+5 125+12 2345 377
C return (g m 2 year ') 108+2 49+4.7 113 168
N return (g m 2 year ') 3.340.1 1.3£0.1 0.14+0.04 4.7
NUE? 69 96 80

ANUE nitrogen use efficiency (g d.w. g ' N), calculated using Eq. 2 in the main text (Vitousek 1984)



Table 2 Carbon and N concentrations (mg g ' d.w.) and the N
retranslocation efficiency (NRE; ratio in green and abscised leaves)
of Betula ermanii and Sasa kurilensis samples collected in different
months (n=9)
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Table 3 Mass of remaining litterfall (percent of the initial mass),
the instantaneous decay constant (k; Eq. 4 in the main text) for mass
and N (ky) and the time required for 50% mass loss and N release
(t50) at the end of the study (770 days)

Betula ermanii Sasa kurilensis

Green leaves Abscised leaves Green leaves Abscised leaves

C 478+5.4 467+6.2 409+5.6 3974+4.5
N 21.9+1.1 14.5+0.4 21.4+0.4 10.6+0.4
C/N 22 32 19 38
NRE* 34 51

The N concentration of green and abscised leaves of B. ermanii and
S. kurilensis were significantly different according to a ¢ test
(P<0.05)

“NRE nitrogen retranslocation efficiency (%), calculated using Eq. 1
in the main text (Finzi et al. 2001)

available by remobilization when absorption from the soil
is impossible under stressful conditions. In this study, the
concentration of N in S. kurilensis litter was lower than the
reported concentration in litter (2.3%) of the bamboo
species S. senanesis growing in this region (Hardiwinoto
1991b).

The significantly lower N content in abscised leaves
relative to green leaves in both species (Table 2) suggests
retranslocation of N from senescent leaves to the plant
body before abscission. The NRE of B. ermanii and S.
kurilensis were 34 and 51%, respectively. The NRE
calculated from Hardiwinoto (1991a) for B. platiphylla
(37%) was comparable to that for B. ermanii in the present
study. Though the N content of green leaves of both species
studied was nearly comparable (Table 2), the NRE of S.
kurilensis was higher because of the considerable decrease
in N content in the respective litter. This probably occurred
because S. kurilensis is an invader understory species and
has evolved an N conservation mechanism to compete with
overstory species for limiting nutrients such as N.
Permanent storage organs like the rhizome of S. kurilensis
might help to conserve N retranslocated from the leaves
and remobilize it when required. The C content of green
and abscised leaves of both species was not significantly
different.

Mass loss during decomposition

Litterfall mass remaining after the 2-year study period
varied considerably among different categories and
between species (Table 3). The maximum weight loss
was recorded in B. ermanii leaf and S. kurilensis fine root
litter and the minimum in S. kurilensis wood litter. The
RDR of different litter categories ranged from 0.2 to 1.8%
day' (Fig. 3). The RDR in the first year of decomposition
differed significantly between the growth (June to October)
and dormant period (November to May). In the first growth
period, the RDR was significantly (P<0.05) higher than in
the second growth period for all components except S.
kurilensis fine root and B. ermanii leaf litter. Xu and Hirata
(2005) reported a rapid initial mass loss in litter of different

Species/litter Mass Annual £ 50 for Annual ¢50 for N

component  remaining for mass mass fen (years)
(years)

Betula

ermanii

Leaf 23% 0.37% 1.9 1.02  0.67
Coarse root  37° 0.28° 2.5 0.66 1.11
Fine root 28° 0.35 2.0 0.80 0.85
Sasa

kurilensis

Leaf 34° 0.21° 34 062 1.18
Wood 44°¢ 0.22°¢ 32 0.58 1.22
Rhizome 39°¢ 0.26° 2.7 0.62 1.13
Fine root 25% 0.34% 2.0 1.02  0.67

Mean values within a column followed by different superscript
letters are significantly different at P=0.05

forest species followed by lower rates at later stages, except
in a few cases. Instantaneous annual decay rates (k)
calculated at the end of the study period ranged from 0.21
for S. kurilensis leaf and wood litter to 0.37 for B. ermanii
leaf litter (Table 3). Relative mass loss rate trends observed
among species and litter categories during the first year
continued through the second year (Fig. 4a,b).

The significantly higher litter decomposition rates of
most components (except S. kurilensis fine root and B.
ermanii leaf litter) in the first growth period (i.e., from June
to October) reflect the favorable effects of increased
precipitation and temperature, which help accelerate the
rate of decomposition. However, low temperatures due to
heavy snow in the dormant period (i.e., from November to
May) likely decreased the activity of decomposer organ-
isms causing a consequent decrease in the rate of litter

O Ist Growth period M Ist Dormant period
[2nd Growth period E2nd Dormant period

RDR (% day™)

L CR FR L w Rh FR

Betula ermanii Sasa kurilensis

Fig. 3 Periodical changes in relative decomposition rates (RDR; see
Eq. 3 in the text) of different components of Betula ermanii and
Sasa kurilensis in a young secondary forest in northern Japan. Bars
with different superscript letters denote a significant difference
(P<0.05; Tukey’s HSD). L leaves, CR coarse root, FR fine root, W
wood, and RA rhizome
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Fig. 4 Temporal changes in
remaining ash-free mass and the
amount of carbon and nitrogen
in different litter components of
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decomposition. The annual decay constants of the different
components in the present study were broadly comparable
to the annual & values reported in previous forest leaf litter
decomposition studies in Japan (Salamanaca et al. 1998;
Xu and Hirata 2005).

Initial litter chemical quality

The initial chemical composition of different litter
categories and species varied substantially (Table 4). The
concentration of N in woody components, including B.
ermanii coarse roots and S. kurilensis rhizomes and wood,

Time after bag placement (days)

was low (6.9 to 8.1 mg g "), while the lignin content was
high (417 to 447 mg g ') compared to other litter
categories. On the other hand, the concentration of N in
leaf and fine root litter was high (9.8 to 15.1 mg g ') and
lignin concentration was low (265 to 308 mg g ') in both
species. Concentrations of lignin and N in the present study
were broadly comparable to those of litter of seven other
tree species including Castanopsis sieboldii and Schima
wallichii in a Japanese forest (Xu and Hirata 2005).
Significant correlations were observed among some chem-
ical quality parameters. For example, as shown in Table 4,
ethanol soluble content was negatively correlated with
lignin content (+=0.82, P<0.05) and the C/N and lignin/N
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Table 4 Initial litter chemical quality of different parts of Betula ermanii and Sasa kurilensis growing in northern Japan

Chemical parameter Betula ermanii

Sasa kurilensis

Leaf Coarse root  Fine root Leaf Wood Rhizome Fine root
Ethanol soluble substances ~ 252* (14) 144 (8) 237%(7) 196% (11) 131° (7) 162 (4) 179° (12)
Cellulose 431% (9) 402% (6) 395% (11) 318° (5) 3824 (14)  349% (6) 432% (9)
Lignin 265 (4) 417° (12) 326 (9) 275 (12) 447° (11)  439° (8) 308% (14)
Carbon 451% (4) 453% (5) 442% (7) 383 (5) 449* (2) 439 (2) 423% (3)
Nitrogen 151 (0.6)  6.9° (0.7) 10.5%% (0.5) 9.8 (0.5) 7.1°(0.4)  81*°(0.1) 11.9(0.3)
Ash 53% (2) 37° (1) 43* (2) 210° (4) 40° (4) 51° (4) 81° (9)
C/N 30 66 42 39 63 54 36
Lignin/N 18 60 31 28 63 54 26

All values are in milligram per gram except for ratios of C/N and lignin/N. Values in parentheses are standard errors (n=3). Mean values
within a row followed by different superscript letters are significantly different at P=0.05

(=0.87, P<0.05) ratios and positively with N content
(=0.87, P<0.05). Lignin and ash contents were signifi-
cantly negatively correlated with C and N (=0.85-0.91,
P<0.05) contents, respectively.

Relationship between mass loss and abiotic variables

To evaluate the effect of prevailing environmental factors
on litter mass loss of the different litter categories in this B.
ermanii forest, we selected precipitation, air temperature,
relative humidity (Fig. 1), and litter moisture as abiotic
variables. The rates of litter mass loss of different litter
categories were respectively correlated with mean values
(for corresponding intervals between litterbag collection)
of air temperature, relative humidity, and cumulative
rainfall, and litter moisture at each retrieval date. Rainfall
was significantly and positively correlated (+*=0.75-0.80,
P<0.05) with litter mass loss, except for S. kurilensis fine
root litter (P>0.05) (Fig. 5). However, correlations with the
other abiotic variables were not significant. Forward step-
wise multiple regression analysis was conducted to
evaluate the combined effect of different abiotic variables
on mass loss, but none of the variables entered the equation
other than rainfall, which explained 75-80% of the
variability in mass loss. Similarly, the RDR was also
correlated with the above abiotic variables, but not
significantly.

Tripathi and Singh (1992a) previously found a significant
correlation between mass loss and air temperature, litter
moisture and rainfall in India. They also found an interactive
effect of litter moisture with both air temperature and
rainfall. These two factors combined explained about 56—
59% of the variability in mass loss of bamboo leaf and root,
and grass shoot litter. However, in the present study, we
found no combined effects of abiotic variables, suggesting
the need for more frequent retrieval of litter bags.

Effect of litter quality on mass loss and N release

The effect of initial litter quality on decomposition rates
was evaluated by correlating mass loss of different

components at various sampling dates with their initial
chemical composition (i.e., ethanol soluble substances,
cellulose, lignin, ash, C and N contents, and the ratios of
lignin/N and C/N). The concentrations of ethanol soluble
substances and N were strongly positively correlated
(7=0.77 to 0.86 and 0.87 to 0.97, respectively, P<0.05)
while lignin was negatively correlated (+=0.78-0.88,
P<0.05) with mass loss at early (41 days) and late stages
(520 and 770 days) of decomposition, respectively. How-
ever, ratios of C/N and lignin/N were significantly
negatively correlated (#=0.78-0.96, P<0.05) with mass
loss at all stages of litter decomposition. Cellulose was
weakly correlated with mass loss. The best predictors of
early stage litter mass loss were shown to be the C/N ratio,
N content and lignin/N ratio, which explained about 85, 81,
and 81% of the variability, respectively, followed by lignin
(61%) and ethanol soluble substances (59%). At the end of
the study, these variables respectively accounted for about
67 to 81% of the variability in mass loss.

Lignin, N and the C/N, and lignin/N ratios were the best
predictors of C loss, accounting for about 72 to 81% of the
variability at the end of the study. However, the N loss rate
was not significantly correlated with any variables except
cellulose, which explained about 69% of the variability at
the end of the study.

The significant role of initial substrate quality in mass
loss has been observed in various ecosystems and species in
the field and microcosm studies. For example, Melillo et al.
(1982) showed a strong negative correlation between the
initial lignin to N ratio and mass loss of leaf litter from
northern hardwood areas in the US. Cornelissen (1996) also
reported a negative correlation between mass loss and the
initial lignin content and lignin/N ratio in a variety of
species. Moreover, Taylor et al. (1989) found the C/N ratio
to be a better predictor of mass loss than the lignin/N ratio in
amicrocosm study. In the present study, the C/N ratio seems
to be a better predictor of mass loss than the lignin/N ratio or
N content. Decreasing rates of dry mass loss were reported
to be significantly correlated with the initial C/N ratio
during litter decomposition in a subtropical forest in Japan
(Xu et al. 2004a). Tripathi and Singh (1992b) found a
combined role of lignin and the C/N ratio, which were
shown to explain about 93% of the variability in mass loss.
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Fig. 5 Ash-free mass loss (y) as
a function of total rainfall (x)
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However, the same authors also found a combined effect of
lignin and N, accounting for about 84% of the variability in
annual N mineralization. We attempted forward step-wise
multiple regression to assess the combined effect of
different litter quality parameters but none of the variables
entered the equation.

Carbon and N dynamics

Concentration of N in residual materials (%) increased
significantly in B. ermanii leaf and fine root and S.
kurilensis leaf and rhizome litter with progressing decom-
position (Table 5). In contrast, the C concentration of leaf
litter of both species decreased while it increased in S.
kurilensis thizome litter during the course of decomposi-



Table 5 Linear regression analysis of litter ash-free mass remaining
(%, y) at various retrieval dates and concentrations of C and N in
residual material (%, x) of different components of Betula ermanii
and Sasa kurilensis in a young secondary forest in northern Japan

Species/component C/N  Regression parameters
r* Intercept  Slope PP

Betula ermanii

Leaf C 0.55 3014 8.03 0.05
N -0.93 189.8 -61.3 0.01

Coarse root C -0.14 194.7 —2.77 Ns
N 0.1 58.2 12.5 Ns

Fine root C 0.1 —22.5 1.8 Ns
N —0.82 162.0 —-78.9 0.01

Sasa kurilensis

Leaf C 0.78 —319.9 10.5 0.01
N -0.92 177.0 —84.9 0.01

Wood C —-0.28 272 —4.44 Ns
N -0.1 82.3 —-14.8 Ns

Rhizome C —-0.54 420 -7.75 0.05
N -0.75 173 -106.5 0.01

Fine root C —0.19 189 —-3.24 Ns
N 0.1 21.1 26.6 Ns

¥The correlation coefficient
"The probabilty

tion; in other components no significant relationships
existed. During the course of litter decomposition,
increased concentrations of N in litter have been reported
due to the rapid loss of labile fractions, i.e., water soluble
substances as well as free unshielded cellulose (Berg et al.
1997; Berg 2000).

Generally, the pattern of C stock loss in the present study
was similar to that of mass loss (Fig. 4c,d). However, the
change in N stock showed an initial increase followed by a
gradual decrease (Fig. 4e,f), differing from both mass loss
and C stock loss, probably as a result of N immobilization
by microorganisms during the initial stage of decomposi-
tion followed by N mineralization. S. kurilensis fine root
litter showed a relatively greater release of N than other
components. Litter components with a high C/N ratio and/
or low initial N content showed slow release or high N
immobilization (Rutigliano et al. 1998). S. kurilensis fine
root litter exhibited an initially high N concentration and
low C/N ratio and greater N release than the other
components. At the end of the experiment, the release of
N was shown to be slower than the mass loss and C loss in
all components, except S. kurilensis fine root litter. Litter
with high ratios of initial C/N and lignin/N showed greater
N immobilization than litter with a low C/N ratio (Tripathi
and Singh 1992b; Osono and Takeda 2004). Nitrogen
immobilization during the course of litter decomposition
has also been reported by Berg and Soderstrom (1979) and
Upadhyay and Singh (1989) with forest tree species such as
Pinus ruxburghii, Rhododendron arboreum, and a number
of species of Quercus, namely, Quercus glauca, Quercus
floribunda, Quercus leucotrichophora, and Quercus lanu-
ginose. Moreover, Tripathi and Singh (1992b) reported
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strong N immobilization during the decomposition of
different parts of bamboo and grasses.

Conclusion

The findings show that litter decomposition in the study
forest is mainly regulated by rainfall, initial concentrations
of lignin and N, and ratios of C/N and lignin/N. N
conservation mechanisms like the greater N use efficiency
of dwarf bamboo (S. kurilensis) (Table 1) likely serve to
strengthen competitive ability, favoring establishment
under the birch canopy and sustaining high productivity
even in N-limited conditions. Furthermore, the pattern of N
release regulated by microbial processes such as immobi-
lization and mineralization of N (Fig. 4e,f) varied between
different litter components of the two species during
decomposition, ensuring N availability for plant growth in
B. ermanii forests of Northern Japan where S. kurilensis
forms dense undergrowth.
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