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Abstract
Litter decomposition is a fundamental ecosystem process, and climate and litter chemistry strongly control rates of litter decay. In this work, three forests along an elevation gradient on the eastern slope of
Sergyemla Mountain were selected to compare litter decomposition and chemical fraction loss rates, and further to evaluate the effects of environmental factors and litter chemistry on the litter decomposition process.
The leaf litter decomposition coefficient of the mixed conifer and broadleaf forest (MCBF, 3,169 m a.s.l.),
sclerophyllous evergreen broadleaf forest (SEBF, 3,453 m a.s.l.), and subalpine dark coniferous forest (SDCF,
3,957 m a.s.l.) sites were 0.04, 0.03, and 0.02 month-1, respectively. The litter mass loss at the MCBF site significantly correlated with litter quality, but that of the SEBF and the SDCF sites did not. In addition, there was
a significant positive relationship between the litter mass loss and temperature along the elevation gradients.
This study demonstrates that the litter decomposition rate decreases with increasing altitude along the elevation gradient. Climate is the key factor influencing litter decay across environmental gradients, but litter quality also affects decomposition rates in low-elevation forests.
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Introduction
Litter decomposition is a fundamental global biogeochemical process. On the one hand, it is an important component of the global carbon (C) cycle by which carbon
fixed during photosynthesis is returned to the atmosphere.
On the other hand, perhaps more importantly, it plays a vital
role in the recycling of nutrients to soil and plant communities. During the process of litter decomposition, dead
plant materials are broken down into plant and microbe
available nutrients, inorganic forms of C, and stable organic matter [1]. Hence, changes in the rates of decomposition
can have profound effects on ecosystem attributes, such as
*e-mail: wxd@imde.ac.cn

productivity, plant species composition, and food-chain
dynamics [2, 3]. Climate and litter chemistry are thought to
be the primary drivers of litter decomposition and nutrient
release [4]. Across multiple types of ecosystems, temperature, indices of water availability, and measures of litter
quality such as nitrogen (N) availability, lignin content, or
the lignin:N ratio, have important implications for the rates
of mass and nutrient loss [5-7].
Climate has a direct effect on litter decomposition due
to the effects of temperature and moisture. Generally, the
litter decomposition rate increases with increasing temperature [8]. Temperature is generally considered the primary
limiting factor, especially in high latitude and altitude
ecosystems, and there is evidence that even a small increase
in temperature could enhance decomposition activity and
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the release of CO2 from dead organic matter in these soils
[9, 10]. Water availability affects the rates of mass loss and
nutrient release primarily by affecting the activity of the
decomposer community [11]. In addition, precipitation can
control the physical process of leaching, with greater rainfall accelerating the breakdown of surface litter and mass
loss in the initial stage of the decay process [12]. In warm,
moist conditions soluble litter substrates may be decomposed more rapidly than in cool, drought conditions, resulting in the higher accumulation of recalcitrant substances in
warm rather than cool climates [13]. Therefore, climate factors such as mean temperature and precipitation or combined indices that incorporate both temperature and precipitation, such as actual evapotranspiration (AET), potential
evapotranspiration (PET), and the climate decomposition
index (CDI), are generally the best predictors of decomposition on regional and global scales [14, 15].
Although climate conditions usually have a direct influence on plant litter decomposition, they also have an indirect effect through the climatic impact on litter chemistry
[10]. Recently, it has been shown that the magnitude of
species-driven variation in litter decomposition rates is
much larger than previously thought and even greater than
the climate-driven variation [2]. Litter quality, especially
the chemical characteristics of the organic constituents, is
the prevailing endogenous control of the litter decomposition rate at the ecosystem level [16]. In general, decomposition rates increase with a decrease in the ratio of C to N
(C:N ratio), which is therefore an important indicator of litter quality [17]. Other typical constituents limiting the rate
of litter degradation are the initial tissue N, and P or lignin
concentrations (including the lignin:N or N:P ratios) [18,
19]. For instance, litter with a high N concentration decays
faster than litter with a low N concentration under equal
lignin content [20]. Lignin is a complex aromatic heteropolymer in cell walls, and is one of the litter components
that are most recalcitrant to decomposition [21, 22].
However, specific chemical characteristics are only proxies
for the overall species-driven controls on litter decomposition rates. Therefore, recent studies have shown that species
identity has a higher explanatory power for litter decomposition rates than litter chemistry parameters [1, 23]. Conifer
species generally have slower decomposition rates due to
lower quality litter (e.g., higher C:N ratios, higher tannins),
while deciduous species have faster decomposition due to
higher quality litter (e.g., lower C:N ratios, lower tannins)
[24, 25].
Environmental gradient studies have been recognized
as powerful tools for exploring and quantifying the influence of environmental conditions on ecosystem processes
[3, 26]. In particular, elevation studies have the potential to
provide information on the sensitivity of ecosystem
processes to temperature, although the covariance of temperature with other elevation-dependent variables necessitates caution in interpretation [3]. Furthermore, ecological
field experiments along environmental gradients can enable
discrimination between direct environmental factors and
other site-dependent factors, such as species’ traits and
composition [27, 28]. Sergyemla Mountain is located in the
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southeast margin of the Tibetan Plateau, with strong climatic variation along elevation gradients, and clear vertical
zonation of vegetation types. In the present study, three sites
representing three vegetation types along the altitudinal
gradient: mixed conifer and broadleaf forest (MCBF, 3,169
m a.s.l.), sclerophyllous evergreen broadleaf forest (SEBF,
3,453 m a.s.l.), and subalpine dark coniferous forest (SDCF,
3,957 m a.s.l.) were selected to compare the leaf litter
decomposition rates and chemical fractions loss. Because
soil temperature generally decreases with elevation,
decomposition is expected to occur much slower and over
a shorter season at higher altitudes than lower altitudes.
Thus, we hypothesize that the rates of decomposition in the
dark coniferous forest are the lowest, those in the sclerophyllous evergreen broadleaf forest are intermediate, and
those in mixed conifer and broadleaf forests are the highest.

Materials and Methods
Study Site
Sergyemla Mountain (29º10′-30º15′N and 93º12′95º35′E), which belongs to the joint zone between
Nyainqentanglha Mountain and the Himalayas, is located in
the Gongbu Nature Reserve of Nyingchi County, southeast
Tibet. The mountain stretches from the northwest to the
southeast, forming a large east-west profile, with the southwest-facing western section winding its way to the
Nyingchi river valley approximately 2,900-3,000 m a.s.l.
and the northeast-facing eastern section cutting along
Lulang River drainage downward to a valley zone as low as
2,100 m a.s.l. Situated in the transition zone between humid
and semi-humid climate regions of southeast Tibet,
Sergyemla Mountain has warmer winters and cooler summers as a result of the India Ocean monsoon. The mean
annual air temperature which obtained from 30-year records
at a meteorological weather station located at 2,900 m is
8.5ºC, with mean minimal temperature in January of -0.2ºC
and mean maximal temperature in July of 15.5ºC. The average annual precipitation is approximately 654.1 mm, with
75% of the annual average precipitation occurring from
June to September [29]. Annual sunshine duration lasts
1,150 hours and the highest monthly duration is 152 hours
in December. The annual relative humidity is 79% [30].
As a vital part of the Nyingchi Forest area, Sergyemla
Mountain is a region with high biodiversity. In this study,
three typical forests were selected at altitudes of 3,169,
3,453, and 3,957 m along the east slope of Sergyemla
Mountain to determine the leaf litter decomposition rates
and chemical fraction losses. At the 3,169 m site, the forest
is mixed conifer and broadleaf (MCBF), which is dominated by Pinus armandi Franch., Quercus aquifolioides Rehd.
et Wils. and Populus szechuanica Schneid. var. tibetica
Schneid. At the 3,453 m site, the forest is sclerophyllous
evergreen broadleaf forest (SEBF), which is dominated by
Quercus aquifolioides Rehd. et Wils. And at the 3,957 m
site the forest is subalpine dark coniferous forest (SDCF),
which is dominated by Abies georgei var. smithii (Table 1).
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Table 1. Summary of site characteristics, with soil property data for the organic layer.
Vegetation type

Lat (N)

Long (E)

Elevation
(m a.s.l.)

Soil organic C
(g·kg-1)

Soil total N
(g·kg-1)

Soil C:N

MCBF

29º48′55′′

94º44′20′′

3,169

74.38

1.38

53.90

SEBF

29º43′12′′

94º43′51′′

3,453

53.61

0.97

55.27

SDCF

29º38′57′′

94º42′52′′

3,957

54.16

1.34

40.42

MCBF – mixed conifer and broadleaf forest, SEBF – sclerophyllous evergreen broadleaf forest, SDCF – subalpine dark coniferous forest

Experimental Design
To analyze leaf litter decomposition rates and nutrient
loss, three experimental sites were established at three elevation zones. The leaf litter material used in the decomposition experiment was collected from the same site where it
had been formed. Fresh leaves were collected from each
study site in September 2008, and were oven-dried at 40ºC
to a constant weight in the laboratory. A sample of 10 g dried
litter were placed in nylon mesh bags (20×20 cm) of 1 mm
mesh with the edges sealed. After the removal of newly fallen litter on the forest floor, 200 replicate litterbags were
equitably placed in five plots at each altitudinal gradient site
in October 2008. In total, 600 sample bags (40 replicates ×
5 plots × 3sites) were placed for this study. The plots (10 ×10
m) were fenced to exclude wild animals and all plots were
located within a radius of approximately 2 km. In addition,
the initial carbon and nutrients in litter samples of each study
site were determined in September 2008. At each site, air
and soil temperatures at 0 cm, 5 cm, and 10 cm depths were
automatically monitored by a soil thermometer (DS1921GF5#, Maxim Integrated Products, Dallas Semiconductor
Inc., Sunnyvale, California) every 2 hrs.
Litter bags were collected every three months from
December 2008 to December 2010. At each collection
time, 10 litter bags were harvested at five selected plots.
Bags were brushed to remove plants, arthropods, and sand.
Collected litter bags were oven-dried at 65ºC to a constant
weight in the laboratory and the remaining weight of leaflitter was determined for mass loss. The remaining leaf litter from five plots of each site was then mixed and ground
to pass through a 0.5-mm screen, and used for the analyses
of total carbon, total nitrogen, total phosphorus, carbohydrate, lignin, and cellulose contents.

Litter Chemical Analysis
Carbon and nutrients in litter samples were determined
as described by Lu [31] and Zhang [32]. Total organic carbon was determined by using the dichromate oxidation-sulphateferrous titration method. Total N was determined by
the micro-Kjeldahl method after digesting the subsamples
in K2Cr2O7-H2SO4. Samples of P were acid digested with an
H2SO4 and H2O2 solution. The digested solution was then
transferred to a 100-ml volumetric flask, rationed, and
stored for measurement of the P content. Total P was determined by the phosphomolybdenum-yellow colorimetry
method. Carbohydrate was determined by the anthrone col-

orimetric method [33]. The lignin and cellulose concentrations were determined using acid-detergent fibre methods
[34].

Calculations and Statistical Analysis
The constant potential mass loss over time for each site
was calculated by the following exponential equation (Eq.
1) [35]:

ݔ௧ ൌ ݔ ݁ ି௧

(1)

...where x0 is the original mass of a litter sample, xt is the
amount of litter remaining after time t, and k is the litter
decomposition coefficient (month-1). One-way ANOVA
was used to test the differences in the percentage of litter
mass and chemical fraction loss among three different vegetation types along the altitudinal gradient, and a least significant difference (LSD) test was used to distinguish significant differences at p = 0.05. Relationships between the
litter mass loss and chemical fraction contents, air, and soil
temperatures were tested using Pearson correlation analysis. All analyses were performed using the SPSS 11.5 statistical software package (SPSS Inc., USA).

Results
Litter Decomposition Rates
In general, the leaf litter mass loss followed the same
pattern for the three different vegetation types along the elevation gradient (Fig. 1). The mass losses were rapid for the
first six months of decomposition in the field, and then the
mass were lost gradually from June 2009 to the end of the
decomposition period. When the three different vegetation
types were compared, the litter decomposition rate of the
MCBF was the fastest, the litter decomposition rate of the
SEBF was intermediate, and that of the SDCF was the
slowest. The leaf litter decomposition coefficient (k values,
month-1) during the 24-month decomposition period of the
MCBF site was 1.7 and 2.2 times greater than that of the
SEBF and SDCF sites, respectively (Table 2).

Chemical Fraction Contents
During the 24-month decomposition experiment, the
contents of C and other chemical fractions varied among

1140

Fan J., et al.

Table 2. Decomposition coefficients (k values, month-1) of the three litters during the 24-month litter decomposition.
Vegetation type

Site

k

r2

P

MCBF

3,169 m

0.0422

0.9453

< 0.0001

SEBF

3,453 m

0.0253

0.9260

< 0.0001

SDCF

3,957 m

0.0195

0.8596

0.0002

MCBF – mixed conifer and broadleaf forest, SEBF – sclerophyllous evergreen broadleaf forest, SDCF – subalpine dark coniferous forest

the different vegetation types, and the magnitude of variation was different among the chemical fractions (Fig. 2).
The dynamics of C content during the experiment were different between the MCBF, SEBF, and SDCF. In the initial
stages of the experiment, the litter C content of all three
vegetation types slightly increased, but then the C content
of the MCBF and SEBF continued to increase, while that of
the SDCF decreased. The P and cellulose content generally
showed an increasing trend during the 24-month decomposition period, but the carbohydrate content generally
showed a decreasing trend. N, lignin content, and the
lignin:N ratio increased during the initial stages and then
decreased. In contrast, the C:N, C:P, and N:P ratios
decreased during the initial stages and then slightly
increased.

Litter Mass and Chemical Fraction Loss
Over the 24-month decomposition period, 62.3% of the
litter mass at the MCBF site, 48.2% of the litter mass at the
SEBF site, and 35.6% of the litter mass at the SDCF site
were lost, respectively (Fig. 3). Statistical analyses revealed
that the litter loss was significantly different among the
three different vegetation types. The lost chemical fraction
accounted for 60.4% of the C, 49.7% of the N, 32.2% of the
P, 74.9% of the lignin, 63.6% of the cellulose, and 89.4% of
the carbohydrate of the MCBF in 24-month net loss rates.
Comparatively, the lost chemical fraction accounted for
48.0% of the C, 39.0% of the N, 37.9% of the P, 41.6% of
the lignin, 49.8% of the cellulose, and 95.1% of the carbo-

Remain litter mass (g)

SEBF
MCBF
DSCF

Sampling time (month/yr)

Fig. 1. The remaining leaf litter mass during the decomposition
process of three subalpine forests on Sergyemla Mountain.

hydrate of the SEBF, and the lost chemical fraction accounted for 29.9% of the C, 21.2% of the N, 3.7% of the P, 52.4%
of the lignin, 2.4% of the cellulose, and 96.8% of the carbohydrate of the SDCF. The results from one-way ANOVA
demonstrated that the chemical fraction loss was also significantly different among the three different vegetation
types along the elevation gradient.

Discussion
Litter Decomposition
along the Altitudinal Gradient
The results of the present study supported our hypothesis that the rates of decomposition are highest in the MCBF
(3,169 m a.s.l.), intermediate in the SEBF (3,453 m a.s.l.),
and lowest in the SDCF (3,957 m a.s.l.). The average leaf
litter decomposition coefficient during the 24-month
decomposition period in the MCBF, SEBF, and SDCF sites
were 0.04, 0.03, and 0.02 month-1, respectively. After the
24-month decomposition period, the lost litter mass
accounted for 62.3% of the MCBF, 48.2% of the SEBF, and
35.6% of the SDCF, respectively. This result is in agreement with previous reports that found that litter decomposition decreases as the elevation increases [36, 37]. For
instance, the leaf litter decomposition rates were subtropical evergreen broadleaf forest (500 m a.s.l.) > temperate
coniferous forest (1,150 m a.s.l.) > cold temperate dwarf
forest (1,750 m a.s.l.) > and frigid zone alpine meadow
(2,150 m a.s.l.) in the Wuyi Mountains in southeastern
China [38]. Similarly, the litter decomposition rates of the
wet forest (350 to 400 m a.s.l.) and the cloud forest (1,051
m a.s.l.) of the Luquillo Mountains in northeastern Puerto
Rico were 1.12 and 0.70 year-1, respectively [37]. These
data are also similar to the latitudinal decomposition rule of
tropics > subtropics > temperate zone > cold temperate
zone > frigid zone [39].
Climate exerts an important influence on decomposition
in hierarchical models of decomposition and climatic effects
on decomposition at large scales are apparent from the relationship between actual evaportranspiration and decomposition rates [10, 38]. In alpine and subalpine areas, as altitude
increases the climate shifts toward more stressful conditions
for plant growth and organic matter decomposition: lower
mean temperatures, higher precipitation, longer snow cover
and, thus, a shorter growing season, lower atmospheric pressure, and higher solar radiation [27]. On the whole, the air
temperature declines with increasing elevation on
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Sampling time (month/yr)

Sampling time (month/yr)

Fig. 2. Variations in the C, N, P, lignin, cellulose, and carbohydrate contents and the C:N, C:P, lignin:N, and N:P ratios during the
decomposition process of three subalpine forests on Sergyemla Mountain.
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ganisms. Hence, the increase in soil temperature is likely to
stimulate litter decomposition by creating conditions favorable for decomposer populations and activity [5, 40]. Soil
moisture was not measured in the present study; however,
decomposition in the lower elevation was limited by moisture and soil moisture, rather than temperature, which
appears to be the primary factor that controls decomposition rates reported in previous studies [41, 42]. Hence, it
would be necessary to determine soil moisture for future
research because some alpine regions are currently showing
a spatially consistent warming, but spatial variability in
changing precipitation [43].

Litter Decomposition and Chemical Fraction
Climate is the most important regulator of litter decomposition, but when climate conditions are similar or maximize potential decomposition, litter quality controls are
enhanced [4]. Litter quality, especially the chemical characteristics of the organic constituents, is of particular importance for the mass loss and dynamics of limiting nutrients
during decomposition [16]. In general, in the initial stages
of decomposition, soluble components disappear quickly,
and non-lignified carbohydrates are also degraded [44, 45].
Nevertheless, almost no decomposition of lignified carbohydrates and lignin occurs, and results in the increase of
concentrations of recalcitrant materials and some nutrients
[16, 46]. In the later stages of decomposition, the contents
of lignin, N, and P increase linearly with accumulated mass
loss, but the absolute amounts of N and P start to decrease
at some point after the onset of lignin disappearance [7, 40].
This study demonstrated that the concentrations of the
chemical fractions of the litter varied among different vegetation types and among different stages of decomposition
during the course of leaf litter decomposition in subalpine

Percentage of loss (%)

Sergyemla Mountain. The average air temperature during
the 24-month decomposition period was 5.98ºC at the
MCBF site, which was 20.3% and 65.4% higher than that of
the SDBF site (4.97ºC) and the SDEF site (3.62ºC), respectively. The soil temperatures at these three sites showed a
similar pattern. The average soil temperature of the MCBF
site, which were 6.99, 6.87, and 6.77ºC at 0, 5, and 10 cm,
respectively, were the highest, those of the SEBF site, which
were 5.30, 5.59, and 5.63ºC at 0, 5, and 10 cm, were intermediate, and those of the SDEF site which were 3.01, 3.63,
and 3.82ºC at 0, 5, and 10 cm, were the lowest among the
three different altitudinal gradients.
The positive relationships between the litter mass loss
and temperature along the elevation gradient were found in
the present study. The percentages of litter mass loss
increased significantly with increasing air temperature (r =
0.39, p = 0.04), 0 cm soil temperature (r = 0.44, p = 0.02),
5 cm soil temperature (r = 0.43, p = 0.03), and 10 cm soil
temperature (r = 0.43, p = 0.03) in the subalpine forest
ecosystem on Sergyemla Mountain (Fig. 4). Hence, the
hypothesis was that decomposition occurred much slower
and over a shorter season at higher altitudes than lower altitudes due to the generally decreasing soil temperature with
elevation. This hypothesis turned out to be right because litter decomposition rates were significantly correlated with
soil temperature. These correlations are consistent with
studies that also found that litter decomposition decreases
as air temperature falls along elevation gradients [3].
The data that litter mass loss increased with increasing
temperature indicate that climatic constraints are the
strongest regulators of decomposition. For instance, soil
temperature can explain 95% of the variation in the decomposition rate along an elevation gradient in Peruvian forests
[3]. Litter decomposition is an ecological process governed
by decomposer organisms, such as soil fauna and microor-

litter mass

C

N

P

lignin

cellulose

carbohydrate

Litter mass chemical fractions

Fig. 3. Percentages of litter mass, C, N, P, lignin, cellulose and carbohydrate net loss after the 24-month litter decomposition process
of three subalpine forests on Sergyemla Mountain. Different letters denote significant differences among different forest vegetation
types, P < 0.05.
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forests in Sergyemla Mountain (Fig. 2). The C content of
the litter slightly increased at the initial stage and then fluctuated at the later stage. Because C is the element that predominantly contributes to the weight loss of the leaf litter
[16], the loss of C over the course of the experiment was
similar to the loss of litter mass (Fig. 3). N and P have long
been recognized as the most limiting nutrients that regulate
plant growth and net primary productivity in terrestrial
ecosystems, especially in alpine and arctic ecosystems,
where the mineralization is slow due to low temperatures
[47, 48]. The immobilization of N and P often occurs during litter decomposition, and the amount of these nutrients
in fresh litters is frequently insufficient for decomposer
organisms in temperate and tropical regions [21, 49]. The
patterns of the changes of the N and P content found here
were generally consistent with previous works [50-52], as
the N and P contents in the later stages of decomposition
were higher than the initial content values. Lignin has traditionally been combined with N to predict long-term
decomposition patterns across biomes, because N concentrations have been found to be more important during early
decomposition, while lignin is more important during later
stages [5]. Lignin can also be associated with other polymers such as cellulose and hemicellulose, which constitute
the complex cell wall that decomposes slowly [53]. In the

a)

present study, the lignin content increased during the initial
decomposition stage and then decreased, whereas the cellulose content generally exhibited a slightly increasing trend
in the three subalpine forests. Carbohydrate is a relatively
labile decomposition component of litter [8, 46], thus the
carbohydrate content declined rapidly in the early stage of
litter decomposition.
The concentrations of N, P, lignin, and cellulose, as well
as the ratios of C to N, C to P, N to P, and lignin to N, are
common indicators of litter quality. Of the above indicators,
the ratio of C:N and lignin:N can well reflect the decomposition rate in various ecosystems [54, 55]. N is well known
to affect the decomposition rate of individual litter types [7,
13], and P may be also important factor, especially in P limiting ecosystems [46, 56], in early phase of decomposition,
the decomposition rate largely depends on initial litter N
concentrations, and in later stages the concentration of
lignin or the ratio of lignin to N becomes the determining
factor [57, 58]. The litter mass loss were significant positive
correlation with N and P contents during a 24-month
decomposition period at the MCBF site, but significantly
negatively correlated with C:P, N:P and lignin:N (Table 3).
This finding is grossly consistent with other studies of litter
decomposition [17, 59, 60]. Meanwhile, the litter mass loss
at the SEBF site was not significantly correlative with

Percentage of litter loss (%)

Percentage of litter loss (%)

b)

Air temperature (ºC)

Soil temperature (0 cm, ºC)

d)

Percentage of litter loss (%)

Percentage of litter loss (%)

c)

Soil temperature (5 cm, ºC)

Soil temperature (10 cm, ºC)

Fig. 4. Relationships between the percentages of litter mass loss and air (a), soil 0 cm (b), soil 5 cm (c), and soil 10 cm (d) temperatures of subalpine forests on the east slope of Sergyemla Mountain.
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Table 3. The relationship coefficient (r values) between litter
mass loss and chemical fraction content during the 24-month
litter decomposition.
Vegetation type
Index

MCBF
(3,169 m)

SEBF
(3,453 m)

SDCF
(3,957 m)

C

0.520

-0.256

0.605

N

0.754**

0.348

0.512

P

0.955**

0.235

0.767*

Lignin

-0.436

0.073

-0.295

Cellulose

0.075

-0.012

0.857**

C:N

-0.572

-0.520

-0.105

C:P

-0.878**

-0.464

-0.633

N:P

-0.754*

-0.090

-0.485

Lignin:N

-0.814**

-0.089

-0.610

Acknowledgements
This study is funded by the National Natural Science
Foundation of China (41001018) and the action-plan of the
Chinese Academy of Sciences (CAS) for West
Development (KZCX2-XB3-08). The authors are grateful
to Professor Jie Lu (University of Tibet) for assistance in
the field.

References
1.

2.

*Correlation is significant at the 0.05 level.
**Correlation is significant at the 0.01 level.
MCBF – mixed conifer and broadleaf forest,
SEBF – sclerophyllous evergreen broadleaf forest,
SDCF – subalpine dark coniferous forest

chemical fraction contents of the litter, while the litter mass
loss at the SDCF site only significantly positively correlated with the cellulose and P content (Table 3). The absence
of a statistically significant relationship between litter mass
loss and litter quality at high altitudes on Sergyemla
Mountain mays be because that it is climate, not litter quality, that control the litter decomposition process because of
the low temperatures limiting in high elevations.

3.

4.

5.

Conclusions
These observations of leaf litter decomposition in three
subalpine forests along an elevation gradient on the east
slope of Sergyemla Mountain demonstrated that the decomposition rate decreased as elevation increased. The concentrations of the chemical fractions of the litter varied among
different vegetation types and among different stages of
decomposition during the course of leaf-litter decomposition. The correlation analysis determined that there was a
significant positive relationship between the litter mass loss
and the average air and soil temperature along the elevation
gradient. To a certain extent, the litter mass loss at the
MCBF site (3,169 m a.s.l.) significantly correlated with litter quality, including the N and P contents and the C:P ratio,
and so on. However, the litter mass losses at the SEBF
(3,453 m a.s.l.) and the SDCF (3,957 m a.s.l.) sites were
mainly not significantly correlative with litter quality.
These results indicate that climate plays a critical role in
leaf litter decomposition across environmental gradients,
but litter quality also can partly explain the higher leaf litter
decomposition in low elevation forests on the east slope of
Sergyemla Mountain.

6.

7.

8.

9.

HOORENS B., COOME D., AERTS R. Neighbour identity
hardly affects litter-mixture effects on decomposition rates
of New Zealand forest species. Oecologia 162, 479, 2010.
CORNWELL W.K., CORNELISSEN J.H.C., AMATANGELO K., DORREPAAL E., EVINER V.T., GODOY O.,
HOBBIE S.E., HOORENS B., KUROKAW H., PÉREZHARGUINDEGUY H., QUESTED H.M., SANTIAGO
L.S., WARDLE, D.A., WRIGHT I.J., AERTS R., ALLISON
S., VAN BODEGOM P.M., BROVKIN V., CHATAIN A.,
CALLAGHAN T.V., DIAZ S., GARNIER E., GURVICH
D.E., KAZAKOU E., KLEIN J., READ J., REICH P.B.,
SOUDZILOVSKAIA N.A., VAIERETTI M.V., WESTOBY M. Plant species traits are the predominant control on litter decomposition rates within biomes worldwide. Ecol.
Lett. 11, 1065, 2008.
SALINAS N., MALHI Y., MEIR P., SILMAN M., CUESTA R.R., HUAMAN J., SALINAS D., HUAMAN V.,
GIBAJA A., MAMANI M., FARFAN F. The sensitivity of
tropical leaf litter decomposition to temperature: results
from a large-scale leaf translocation experiment along an
elevation gradient in Peruvian forests. New Phytol. 189,
967, 2011.
WIEDER W.R., CLEVELAND C.C., TOWNSEND A.R.
Controls over leaf litter decomposition in wet tropical forest.
Ecology 90, 3333, 2009.
CUSACK D.F., CHOU W.W., YANG W.H., HARMON
M.E., SILVER W.L., THE LIDET TEAM. Controls on
long-term root and leaf litter decomposition in neotropical
forests. Global Change Biol. 15, 1339, 2009.
POWERS J.S., MONTGOMERY R.A., ADAIR E.C.,
BREARLEY F.Q., DEWALT S.J., CASTANHO C.T.,
CHAVE J., DEINERT E., GANZGORN J.U., GILBERT
M.E., GONZÁLEZ-ITURBE J.A., BUNYAVEJCHEWIN
S., GRAU H.R., HARMS K.E., HIREMATH A., IRIARTEVIVAR S., MANZANE E., DE OLIVEIRA A.A.,
POORTER L., RAMANAMANJATO J.B., SALK C.,
VARELA A., WEIBLEN G.D., LERDAU M.T.
Decomposition in tropical forests: a pan-tropical study of the
effects of litter type, litter placement and mesofaunal exclusion across a precipitation gradient. J. Ecol. 97, 801, 2009.
MOORE T.R., TROFYMOW J.A., PRESCOTT C.E.,
TITUS B.D., CIDET WORKING GROUP. Nature and nurture in the dynamics of C, N and P during litter decomposition in Canadian forests. Plant Soil 339, 163, 2011.
HE X., LIN Y., HAN G., GUO P., TIAN X. The effect of
temperature on decomposition of leaf litter from two tropical forests by a microcosm experiment. Eur. J. Soil Biol. 46,
200, 2010.
SJÖGERSTEN S., WOOKEY P.A. Decomposition of
mountain birch leaf litter at the forest-tundra ecotone in the
Fennoscandian mountains in relation to climate and soil
conditions. Plant Soil 262, 215, 2004.

Leaf Litter Decomposition in Three...
10. AERTS R. Climate, leaf litter chemistry and leaf litter
decomposition in terrestrial ecosystems: a triangular relationship. Oikos 79, 439, 1997.
11. BERG B. Nutrient release from litter and humus in coniferous forest soils -a mini review. Scand. J. Forest Res. 1, 359,
1986.
12. AUSTIN A.T., VITOUSEK P.M. Precipitation, decomposition and litter decomposability of Metrosideros polymorpha
in native forests on Hawaii. J. Ecol. 88, 129, 2000.
13. HILLI S., STARK S., DEROME J. Litter decomposition
rates in relation to litter stocks in boreal coniferous forests
along climatic and soil fertility gradients. Appl. Soil Ecol.
46, 200, 2010.
14. PARTON W., SILVER W.L., BURKE I.C., GRASSENS L.,
HARMON M.E., CURRIE W.S., KING J.Y., ADAIR E.C.,
BRANDT L.A., HART S.C., FASTH B. Global-scale similarities in nitrogen release patterns during long-term decomposition. Science 315, 361, 2007.
15. PRESCOTT C.E. Litter decomposition: what controls it and
how can we alter it to sequester more carbon in forest soils.
Biogeochemistry 101, 133, 2010.
16. HIROBE M., SABANG J., BHATTA B.K., TAKEDA H.
Leaf-litter decomposition of 15 tree species in a lowland
tropical rain forest in Sarawak: dynamics of carbon, nutrients, and organic constituents. J. Forest Res. 9, 347, 2004.
17. JACOB M., VIEDENZ K., POLLE A., THOMAS F.M.
Leaf litter decomposition in temperate deciduous forest
stands with a decreasing fraction of beech (Fagus sylvatica).
Oecologia 164, 1083, 2010.
18. GÜSEWELL S., GESSNER M.O. N:P ratios influence litter
decomposition and colonization by fungi and bacteria in
microcosms. Funct. Ecol. 23, 211, 2009.
19. VIVANCO L., AUSTIN A.T. Nitrogen addition stimulates
forest litter decomposition and disrupts species interactions
in Patagonia, Argentina. Global Change Biol. 17, 1963,
2011.
20. KÖCHY M., WILSON S.D. Litter decomposition and nitrogen dynamics in aspen forest and mixed-grass prairie.
Ecology 78, 732, 1997.
21. OSONO T., TAKEDA H. Organic chemical and nutrient
dynamics in decomposing beech leaf litter in relation to
fugal growth and succession during 3-year decomposition
processed in a cool temperate deciduous forest in Japan.
Ecol. Res. 16, 649, 2001.
22. HÄTTENSCHWILER S., JØRGENSEN H.B. Carbon quality rather than stoichiometry controls litter decomposition in
a tropical rain forest. J. Ecol. 98, 754, 2010.
23. DORREPAAL E., CORNELISSEN J.H.C., AERTS R.,
WALLÉN B., VAN LOGTESTIJN R.S.P. Are growth forms
consistent predictors of leaf litter quality and decomposability across peatlands along a latitudinal gradient? J. Ecol. 93,
817, 2005.
24. CHRISTENSON L.M., MITCHELL M.J., GROFFMAN
P.M., LOVETT G.M. Winter climate change implications
for decomposition in northeastern forests: comparisons of
sugar maple litter with herbivore fecal inputs. Global
Change Biol. 16, 2589, 2010.
25. WANG C., HAN G., JIA Y., FENG X., GUO P., TIAN X.
Response of litter decomposition and related soil enzyme
activities to different forms of nitrogen fertilization in a subtropical forest. Ecol. Res. 26, 505, 2011.
26. MALHI Y., SILMAN M., SALINAS N., BUSH M., MEIR
P., SAATCHI S. Elevation gradients in the tropics: laboratories for ecosystems ecology and global change research.
Global Change Biol. 16, 3171, 2010.

1145
27. PELLISSIER L., FOURNIER B., GUISAN A., VITTOZ P.
Plant traits co-vary with altitude in grasslands and forests in
the European Alps. Plant Ecol. 211, 351, 2010,
28. AVERILL C., FINZI A. Increasing plant use of organic
nitrogen with elevation is reflected in nitrogen uptake rates
and ecosystem δ15N. Ecology 92, 883, 2011.
29. GENET M., LI M., LUO T., FOURCAUD T., CLÉMENTVIDAL A., STOKES A. Linking carbon supply to root cellwall chemistry and mechanics at high altitudes in Abies
georgei. Ann. Bot. 107, 311, 2011.
30. REN Q., YANG X., CUI G., WANG J., HUANG Y., WEI
X., LI Q. Smith fir population structure and dynamics in the
timberline ecotone of the Sejila Mountain, Tibet, China.
Acta Ecol. Sin., 27, 2669, 2007.
31. LU R.K. Soil and Agro-chemical Analytical Methods.
Beijing, China: China Agricultural Science and Technology
Press, 1996 [In Chinese].
32. ZHANG J.E. Ecological Experimental Research Method
and Technique. Beijing, China: Publishing Company of
Chemistry Industry, 2007 [In Chinese].
33. GAO J.F. Experimental technology of plant phyiology.
Xi’an, China: World Map and Book Press, 2000 [In
Chinese].
34. ROWLAND A.P., ROBERTS J.D. Lignin and cellulose
fractionation in decomposition studies using acid-detergent
fibre methods. Commun. Soil Sci. Plant Anal. 25, 269, 1994.
35. OLSON J.S. Energy storage and the balance of producers and
decomposers in ecological systems. Ecology 44, 322, 1963.
36. GARTEN JR C.T. Potential net soil N mineralization and
decomposition of glycine-13C in forest soils along an elevation gradient. Soil Biol. Biochem. 36, 1491, 2004.
37. YANG X., WARREN M., ZOU X. Fertilization responses of
soil litter fauna and litter quantity, quality, and turnover in
low and high elevation forests of Puerto Rico. Appl. Soil
Ecol. 37, 63, 2007.
38. WANG S., RUAN H., WANG B. Effects of soil
microarthropods on plant litter decomposition across an elevation gradient in the Wuyi Mountains. Soil Biol. Biochem.
41, 891, 2009.
39. BERG B., BERG M.P., BOTTNER P. Litter mass-loss rates
in pine forests of Europe and Eastern United States: some
relationships with climate and litter quality.
Biogeochemistry 20, 127, 1993.
40. CHACÓN N., DEZZEO N. Litter decomposition in primary forest and adjacent fire-disturbed forests in the Gran
Sabana, southern Venezuela. Biol. Fert. Soils 43, 815, 2007.
41. WITHINGTON C.L., SANFORD JR R.L. Decomposition
rates of buried substrates increase with altitude in the forestalpine tundra ecotone. Soil Biol. Biochem. 39, 68, 2007.
42. MURPHY K.L., KLOPATEK J.M., KLOPATEK C.C. The
effects of litter quality and climate on decomposition along
an elevational gradient. Ecol. Appl. 8, 1061, 1998.
43. FISK M.C., SCHMIDT S.K., SEASTEDT T. Topographic
patterns of above- and belowground production and nitrogen
cycling in alpine tundra. Ecology 79, 2253, 1998.
44. BERG B. Litter decomposition and organic matter
turnover in northern forest soils. Forest Ecol. Manag. 133,
13, 2000.
45. LI Q., MOORHEAD D.L., DEFOREST J.L., HENDERSON R., CHEN J., JENSEN R. Mixed litter decomposition
in a managed Missouri Ozark forest ecosystem. Forest Ecol.
Manag. 257, 688, 2009.
46. WU F., YANG W., ZHANG J., DENG R. Litter decomposition in two subalpine forests during the freeze-thaw season.
Acta Oecol. 36, 135, 2010.

1146
47. JONES D. L., SHANNON D., MURPHY D. V., FARRAR
J. Role of dissolved organic nitrogen (DON) in soil N
cycling in grassland soils. Soil Biol. Biochem. 36, 749,
2004.
48. BARDGETT R. D., VAN DER WAL R., JÓNSDÓTTIR I.
S., QUIRK H., DUTTON S. Temporal variability in plant
and soil nitrogen pools in a High-Arctic ecosystem. Soil
Biol. Biochem. 39, 2129, 2007.
49. ROGERS H.M. Litterfall, decomposition and nutrient
release in a lowland tropical rain forest, Morobe Province,
Papua New Guinea. J. Trop. Ecol. 18, 449, 2002.
50. SAYER E.J., TANNER E.V.J., LACEV A.L. Effects of litter
manipulation on early-stage decomposition and mesoarthropod abundance in a tropical moist forest. Forest Ecol.
Manag. 229, 285, 2006.
51. KLOPATEK J.M. Litter decomposition contrasts in secondand old-growth Douglas-fir forests of the Pacific Northwest,
USA. Plant Ecol. 196, 123, 2008.
52. WANG C., GUO P., HAN G., FENG X., ZHANG P., TIAN
X. Effect of simulated acid rain on the litter decomposition
of Quercus acutissima and Pinus massoniana in forest soil
microcosms and the relationship with soil enzyme activities.
Sci. Total Environ. 408, 2706, 2010.
53. BARAJAS-GUZMÁN G., ALVAREZ-SÁNCHEZ J. The

Fan J., et al.

54.

55.

56.

57.
58.

59.
60.

relationships between litter fauna and rates of litter decomposition in a tropical rain forest. Appl. Soil Ecol. 24, 91,
2003.
HERMAN J., MOORHEAD D., BERG B. The relationship
between rates of lignin and cellulose decay in aboveground
forest litter. Soil Biol. Biochem. 40, 2620, 2008.
PAPA S., PELLEGRINO A., FIORETTO A. Microbial
activity and quality changes during decomposition of
Quercus ilex leaf litter in three Mediterranean woods. Appl.
Soil Ecol. 40, 401, 2008.
MORETTO A.S., DISTEL R.A., DIDONÉ N.G.
Decomposition and nutrient dynamic of leaf litter and roots
from palatable and unpalatable grasses in a semi-arid grassland, Appl. Soil Ecol. 18, 31, 2001.
SONG F., FAN X., SONG R. Review of mixed forest litter
decomposition researches. Acta Ecol. Sin. 30, 221, 2010.
TAYLOR B.R., PARSONS W.F., PARKINSON D.
Decomposition of Populus tremuloides leaf litter accelerated by addition of Alnus crispa litter. Can. J. Forest Res. 19,
674, 1989.
AERTS R. The freezer defrosting: global warming and litter
decomposition rates in cold biomes. J. Ecol. 94, 713, 2006.
OSONO T. Ecology of ligninolytic fungi associated with
leaf litter decomposition. Ecol. Res. 22, 955, 2007.

