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Abstract Decomposition dynamics were compared
among green tree leaves, partially decomposed tree leaf
litter (i.e., decayed tree leaf litter on forest floor) and a
mixture of the two in a warm temperate forest ecosystem
in central China to test the influence of litter chemical
quality on the degree of decomposition. The study was
conducted in situ at two contrasting forest sites, an oak
forest dominated by Quercus aliena var. acuteserrata
Maxim., and a mixed pine and oak forest dominated by
Pinus armandii Franch. and Q. aliena var. acuteserrata.
We found marked differences in the rate of decomposition
among litter types at both forest sites; the litter decom-
position constant, k, was about 39 % greater at the oak
forest site and more than 70 % greater at the pine-oak
forest site, for green leaves than for partially decomposed
leaf litter. The decomposition dynamics and temporal
changes in litter chemistry of the three litter types also
greatly differed between the two forest sites. At both
forest sites, the higher rate of decomposition for the green
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leaves was associated with a higher nitrogen (N) content
and lower carbon to N ratio (C/N) and acid-unhydrolyz-
able residue to N ratio (AUR/N). We did not find any non-
additive effects when mixing green leaves and partially
decomposed leaf litter. Our findings support the con-
tention that litter chemical quality is one of the most
important determinants of litter decomposition in forest
ecosystems at the local or regional scale, but the effect of
litter chemical quality on decomposition differs between
the contrasting forest types and may vary with the stage of
decomposition.
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Introduction

Litter decomposition is a critical link in nutrient and carbon
cycling in terrestrial ecosystems (Swift et al. 1979; Sun
et al. 2004) and plays a key role in maintaining soil fertility
and ecosystem functioning (Moore et al. 2004). Quantifi-
cation of the dynamics of forest-floor litter decomposition
is of great importance for assessing the carbon balance and
understanding the patterns of nutrient cycling in forest
ecosystems (Prescott 2010). It is generally recognized that
at a global scale, variations in litter decomposition is
strongly shaped by changes in climate, whereas regionally
litter decomposition is primarily a function of both litter
chemical quality and site microenvironments (Hoorens
et al. 2003; Parton et al. 2007; Polyakova and Billor 2007).
Under certain conditions, litter chemical quality alone can
be the best predictor of the rate of decomposition, with soil
properties being of secondary importance (Meentemeyer
1978; Aerts 1997).
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Litter chemical quality may be defined in different ways,
e.g., as a measure of chemical recalcitrance (i.e., litter lignin
content) or as a measure of nutritional value for decomposers
(i.e., litter N content or C/N ratio) (Melillo et al. 1982). It
specifically refers to the degradability of plant litter under
natural conditions. The chemical factor in the litter that best
predicts the rate of decomposition may also vary with
habitats or ecosystem types (Smith and Bradford 2003);
findings on the chemical aspect of the litter that is the best
predictor of decomposition rate have been variable among
different studies (Loranger et al. 2002). The initial N content
and C/N ratio of litter are often considered as the primary
chemical parameters for predicting the rate of decomposition
(Hector et al. 2000). Based on a comprehensive global
database of litter decomposition compiled from 110 research
sites, Zhang et al. (2008) found that a combination of total
nutrient elements and C/N ratio accounted for as much as
70.2 % of the variation in the rate of litter decomposition. In
contrast, other studies have demonstrated a strong negative
linear relationship between the rate of litter decomposition
and the lignin content (Meentemeyer 1978) or the lignin/N
ratio of the decomposing litter (Aerts 1997; Chapman and
Koch 2007).

The dynamics of carbon turnover of the forest-floor litter
in most ecosystem carbon balance models is typically
represented by estimates of the litter decomposition con-
stant, k, derived from the litterbag method starting with
either green or newly senescent leaves. However, in the
real world, the forest-floor litter layer is often made up of
plant-derived organic materials of mixed decomposition
stages and forms. Potential bias in adopting the estimates
of k value based on decomposition of green leaves to
represent the decomposition dynamics of forest-floor litter
layer has rarely been tested. The decomposition of green
leaves could be more rapid than that of the older or partly
decomposed litter due to chemical changes in the substrate
because green leaves contain more labile organic com-
pounds that are lost quickly in the early phase of decom-
position while the more recalcitrant organic compounds
such as lignin would remain stable for much longer and
thus be present in greater fraction in the later phase of
decomposition (Herbert et al. 1999; Berg 2000; Fonte and
Schowalter 2004).

In this study, we tested the effects of litter chemical
quality as influenced by the degree of decay on decom-
position dynamics and temporal changes in litter chemistry.
Litter chemical quality refers to both chemical recalci-
trance represented by lignin content and nutritional value to
decomposers represented by the absolute and relative
contents of litter N. We used the litterbag method with
treatments involving green tree leaves, partially decom-
posed tree leaf litter, and an even mixture between green
leaves and partially decomposed leaf litter at two forest
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sites in central China: a pure oak forest dominated by
Quercus aliena var. acuteserrata Maxim., and a mixed
pine-oak forest dominated by Pinus armandii Franch. and
Q. aliena var. acuteserrata. We hypothesized that (1) dif-
ferences in the chemical quality of contrasting litter sam-
ples would result in differential decomposition dynamics,
with green leaves decomposing much faster than the par-
tially decomposed litter as a result of lower chemical
recalcitrance of the green leaves compared with the par-
tially decomposed leaf litter on the forest floor, and (2)
mixing green leaves and partially decomposed leaf litter
would lead to non-additive effects of mixed-litter decom-
position similar to that found in litter decomposition of
mixed plant species.

Materials and methods
Study area

The study was located in the Baotianman Long-Term
Forest Ecosystem Research Station in the Baotianman
Nature Reserve (latitude 33°20'-33°36'N, longitude
111°46-112°04'E, elevation 600-1860 m a.s.l.), in the
eastern Qinling Mountains in central China. It is in a
transitional zone from warm temperate to northern sub-
tropical climatic region. The climate is of a continental
eastern monsoon type, with annual mean air temperature of
15.1 °C and mean annual precipitation of 900 mm. Rain-
fall occurs mainly in June through August (55-62 % of
annual precipitation). The soils are of dystric cambisols
(IUSS Working Group 2014) developed on weathered
arenites. The zonal vegetation and environmental condi-
tions at the study sites have been described in detail by You
et al. (2014) and Wang et al. (2015).

Experimental setup and procedures

The litter decomposition experiment was conducted in situ
ona20 m x 20 m plot in a pure oak forest stand dominated
by Q. aliena var. acuteserrata and in a mixed pine-oak forest
stand dominated by P. armandii and Q. aliena var. acute-
serrata. Both stand types are mature in tree age and situated
on gentle slopes with closed canopy (Wang et al. 2015).
The treatments included green tree leaves (Lgrggn),
partially decomposed tree leaf litter (L ;rrer), and an even
mixture of green leaves and partially decomposed leaf litter
(Lymix) of the dominant tree species at each site. Green leaf
samples were collected from the mid-canopy of at least three
individual Q. aliena var. acuteserrata trees in the pure oak
stand and three individual trees for each of the P. armandii
and Q. aliena var. acuteserrata species in the mixed pine-oak
stand in August 2011. Partially decomposed tree leaf litter
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samples were collected from the surface of the litter layer on
the forest floor within the experimental plots representing the
two forest types; they were predominantly leaf-fall of the
previous season from trees on each plot, i.e., oak leaves at the
oak forest site and a mixture of oak leaves and pine needles at
the mixed pine-oak forest site.

Collected samples of green leaves and leaf litter were
quickly dried in a ventilation oven at a low temperature
(<65 °C) before being placed in litterbags for deployment
at the field study sites. Each 15 cm x 20 cm litterbag was
made of 1.0 mm mesh nylon and contained 6 g dry mass
(DW) of desiccated green leaves or partially decomposed
leaf litter, or evenly mixed samples of green leaves and
partially decomposed leaf litter, either as single tree species
of Q. aliena var. acuteserrata for testing decomposition in
the pure oak forest stand, or an even mixture between P.
armandii and Q. aliena var. acuteserrata for testing
decomposition in the mixed pine-oak forest stand. There
were five replicate litterbags for each of five separate
retrieval samplings during the litter decomposition study.

All litterbags were deployed at the field sites in August
2011, with the existing forest-floor litter removed and the
lower side of the litterbags in direct contact with the soil
surface. Litterbags were retrieved on 27 October 2011, 18
April, 9 August and 26 October 2012, and 28 March 2013.
The litter samples at each retrieval time were weighed after
oven-drying at 65 °C to constant mass, then analyzed for C
(%C), N (%N) and acid-unhydrolyzable residue (% AUR).

Litter chemical analysis

Litter %C was measured using the K,Cr,0;-H,SO, cale-
faction method (Nelson and Sommers 1982). Litter %N
was analyzed following the Kjeldahl digestion procedure
(Gallaher et al. 1976). Litter %AUR was determined as
Klason lignin by the method of Parton et al. (2007). Ash
content (%Ash) was determined following the procedure
described in Giese et al. (2009).

Data computation

The litter mass remaining (RM) at each retrieval time was
determined and compared with the initial mass values
using the equation:

where X; is the litter mass at retrieval time ¢;, and X, is the
initial litter mass. The litter decomposition constant, k, was

computed with a single exponential decomposition model
as (Olson 1963):

X,/Xg=e (2)

where X, is the remaining litter mass after a given time
period .

The relative N and AUR retentions at each retrieval time
as compared with the initial values were also calculated
using Eq. 1.

To determine the effect of litter mixture of different
initial states on decomposition, we computed the differ-
ences between the observed percentage of mass remaining
of Lyx and the expected percentage of mass remaining of
Lyix. The expected mass remaining of Lyyx was calcu-
lated using the formula of Hoorens et al. (2003):

Expected mass remaining (%)
= [Mi/(My +Ma)] X Ry + [M2/ (M) + Mp)] x Ry (3)

where R; and R, are the remaining mass (%) of Lgrgen
and Ly R, respectively, and M; and M, are the initial dry
mass of these litter types in Lyyx. In this study, M| = M5,
so the expected mass remaining was calculated as:

Expected mass remaining (%) = (R, + R2)/2 4)

The expected k for Lyyx was calculated based on the
expected mass remaining and exponential decomposition
model.

Statistical analysis

Six litter quality indicators were used in the analysis of the
litter quality factors affecting decomposition, including %C,
%N, C/N, %AUR, AUR/N, and %Ash. Differences in
decomposition rate and initial litter chemistry among treat-
ments were examined with a one-way ANOVA. Differences
between observed and expected mass remaining of Lyx
were also tested with a one-way ANOVA. Pearson’s corre-
lation analysis was used to examine the relationships of
decomposition rate, as expressed by the value of k, with the
six litter quality indicators. Only two variables were signif-
icantly (p < 0.05) related to litter decomposition (i.e., %N
and C/N). Before the analysis, data were tested for normality
using the Shapiro—Wilk’s test. Variables that did not meet
normal distribution were log-transformed before the analy-
sis. All analyses were performed using the SPSS 18.0 soft-
ware package (SPSS Inc., Chicago, USA) for Windows.
Means of the main effects were compared by Duncan’s
multi-range test at p < 0.05.

Results

Differences in the initial chemistry among litter
types

At the oak forest site, there were significant (p < 0.05)
differences in the initial litter %N, C/N and %Ash among
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the three litter types (Table 1). While Lgreen and Lygx
had similar %N and C/N, both litter types were signifi-
cantly (p < 0.05) more than 26 % higher in %N, and 17 %
lower in C/N, than L rgr (Table 1). The %Ash markedly
contrasted among the three litter types; Lgrgen and
Lirrer differed more than 3-fold in %Ash, whereas, Lyix
had twice the %Ash of Lgrepn and two-thirds of the % Ash
of Lirrer (Table 1).

At the pine-oak forest site, the three litter types also
differed significantly (p < 0.05) in the initial litter %N,
C/N, and %Ash, but the patterns differed from those at the
oak forest site (Table 1). The three litter types markedly
contrasted in %N and C/N, with Lgrggn having nearly
twice the %N and half the C/N of Ljrregr (Table 1). The
9% Ash differed much less among the three litter types at the
pine—oak site compared with the oak forest site, albeit there
was a significant (p < 0.05) effect of litter type (Table 1).
AUR/N was significantly (p < 0.05) more than 36 %
greater in Ly ;rrer than in the other two litter types but was
similar between Lgreen and Lygx (Table 1).

Temporal dynamics of litter decomposition and changes
in litter chemistry

The rate of decomposition was greatest for Lgrggns,
smallest for Lpgcom, and intermediate for Lygx at both
forest sites, and was consistently greater at the oak forest
site than at the pine-oak forest site for both Ly rrgr and
Lmix but not Lgregn (Fig. 1; Table 2). The differences in
litter decomposition among the three litter types were
greater at the pine-oak forest site than at the oak forest site
(Table 2). On average, some 50 % of the mass for Lgrggn
and less for Lyx and about 30 %of the mass for L; irrer,
were turned over in the first year of litterbag deployment at
the oak forest site (Fig. 1a), where the value of k was about
39 % greater for Lgrggn than for Ly irrer (Table 2). At the
pine-oak forest site, mass turnover in the first year was

about 60 % for Lgreen, 30 % for Liirter, and 40 % for
Lwmix (Fig. 1b); the value of k was more than 70 % greater
for LGREEN than for LLITTER (Table 2)

At both forest sites, no significant differences were
found between the observed and expected values of k for
LMIX (Table 2)

The temporal changes in litter chemistry mostly differed
between the two forest sites and among the three litter
types within sites (Figs. 1, 2). At the oak forest site, N
retention followed patterns similar to the temporal changes
in mass remaining for both L;;rrgr and Lyyx, whereas
Lgreen had the highest N retention among the three litter
types 2 months after the initial litterbag deployment, and
was lowest in N retention by 8 months continuing to the
end of the study (Fig. 1a). At the pine-oak forest site, N
retention for Lpgcowm did not change much during the study
period, but it varied with sampling times with a general
downward trend for both Lgrgen and Lyix, With Lgreen
having lowest N retention throughout the experiment
(Fig. 1b). The patterns of temporal changes in AUR
retention were similar between the two forest sites for the
three litter types, with fastest decline in Lgrggn and
slowest decline in Ly ;rrgr (Fig. 1). The rate of decline in
AUR retention was clearly differentiated among the three
litter types at the oak forest site (Fig. 1a), but did not differ
between Liirrgr and Lygx at the pine-oak forest site
(Fig. 1b).

Patterns of change in C/N and AUR/N during decom-
position distinctly differed between the two forest sites and
among the three litter types within sites (Fig. 2). At the oak
forest site, the C/Nin Lgrggny remained mostly steady
throughout the experiment, whereas it significantly
(p < 0.05) increased in both Liprgr and Lygx 2 months
after the initial deployment of litterbags followed by a
trend to decline until approaching steady values compara-
ble to the initial stages at end of the experiment (Fig. 2a;
Table 1); the AUR/N significantly (p < 0.05) and

Table 1 Initial litter chemistry for green leaves (Lgrggn), partially decomposed leaf litter (Ly ;rrer) and their mixture (Lyrx) at two forest sites

(mean = standard error; n = 5)

Site Litter type %C %N %AUR C/N AUR/N % Ash

Oak forest LGREEN 524 £+ 1.7a 2.6 £0.2a 272 + 1.2a 20.3 £ 0.7b 10.6 + 1.2a 55+ 03c
LirTTER 48.6 + 1.9a 1.9 +£ 0.2b 21.8 + 0.8a 258 £ 1.2a 11.7 £+ 1.4a 153 £ 0.9a
Lwirx 51.1 £ 0.6a 24 £ 0.1a 24.6 + 2.3a 214 £ 1.2b 104 + 1.5a 9.3 + 0.6b

Pine-oak forest LGrEEN 52.1 £ 2.1a 2.0+ 0.1a 29.1 £ 2.3a 25.7 £ 0.7¢ 145 £ 1.6b 52 £ 0.3b
LirrTER 505+ 1.7a 1.1 £0.1c 247 + 1.2a 46.1 + 2.0a 225 £ 0.1a 8.1 £ 0.9a
Lwvix 489 +2.3a 1.6 £ 0.1b 262 + 1.2a 30.7 £ 0.8b 16.5 + 1.0b 6.7 £+ 0.6ab

%C litter C content; %N litter N content; %AUR content of litter acid-unhydrolyzable residue; C/N litter C to N ratio; AUR/N litter AUR to N

ratio; %Ash litter ash content

Values for a variable followed by the same letters within a forest site did not differ significantly at p < 0.05
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Fig. 1 Temporal changes in a Oak forest site b Pine-oak forest site
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Table 2 Values for the decomposition constant, k, for green leaves
(Lgregn), partially decomposed leaf litter (Ly jrrer) and their mixture
(Lyrx) at two forest sites (mean + standard error; n = 5)

Site Litter type k R?

Oak forest LGrREEN 0.61 £ 0.02a 0.91
Lirrrer 0.44 + 0.04b 0.89
Lvrx 0.52 + 0.02ab 0.95
Lmix expected 0.51 £ 0.03 0.94

Pine-oak forest LGrREEN 0.61 £+ 0.02a 0.95
LirrtER 0.35 + 0.04b 0.93
Lyix 0.49 + 0.04a 0.95
Lmix expected 0.46 + 0.02 0.94

Values designated by the same lowercase letters are not significantly
different within a forest site at p < 0.05. R* is the coefficient of
determination for fitting the single exponential decomposition model
of Olson (1963)

Time since initial deployment (year)

markedly increased compared with the initial values in all
three litter types 2 months after the initial deployment of
litterbags followed by a trend in linear decline, with values
remaining at or above the initial stages (Fig. 2a; Table 1).
At the pine-oak forest site, changes in C/N and AUR/N
during decomposition were inconsistent among litter types,
but with a general trend to decline and converge at levels
lower than the initial stages (Fig. 2b; Table 1).

Correlations of decomposition rate with litter
chemistry

Pearson correlation analyses identified %N and C/N as the
two most prominent factors linked to the rate of litter
decomposition among the litter chemical variables exam-
ined (Table 3). The %N had the greatest positive effect on
the k value, followed by a weaker negative effect of C/N;
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Fig. 2 Temporal changes in
C/N and AUR/N for green

a Oak forest site

b Pine-oak forest site

leaves (Lgregn), partially 50 50
decomposed leaf litter (Ly rrrgr) © I‘GREEN
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the other four explanatory variables (%C, %AUR, AUR/N
and %Ash) were not significantly correlated with the rate
of litter decomposition (Table 3).

Discussion

In forest ecosystems, litter decomposition is largely
mediated by biological processes, specifically through the
action of microbial communities (Freschet et al. 2012), and
leaf litter of different forest tree species decomposes at
different rates because of chemical differences. Therefore,
the recalcitrance of decomposing materials and factors

Table 3 Pearson correlation analyses between litter decomposition
constant, k, and various litter quality variables

Variable k

Correlation coefficient p value (2-tailed)

%C 0.596 0.212
%N 0.872 0.023
%AUR —0.650 0.162
C/N —0.839 0.037
AUR/N —0.667 0.148
%Ash —0.567 0.241

%C litter C content; %N litter N content; %AUR content of litter acid-
unhydrolyzable residue; C/N litter C to N ratio; AUR/N litter AUR to
N ratio; %Ash litter ash content

@ Springer
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affecting microbial activities all potentially impose sig-
nificant influences on the rate of litter decomposition. In
this study, the initial litter chemistry markedly differed
among green tree leaves, partially decomposed tree leaf
litter and their mixture within and between two forest sites.
In agreement with our first hypothesis, the chemical quality
and recalcitrance strongly constrained the decomposition
dynamics such that the rate of decomposition was highest
for green leaves and lowest for partially decomposed leaf
litter at both forest sites, reflecting the effects of litter
chemical quality (Wang et al. 2009; Talbot et al. 2012). At
both forest sites, the higher rate of decomposition for the
green leaves was associated with a higher value of N
content and lower values of C/N and AUR/N. In contrast,
the lower rate of decomposition for the partially decom-
posed leaf litter corresponded to lower chemical quality
(Wang et al. 2015). However, contrary to our second
hypothesis, here we did not find any non-additive effects of
litter mixture of different decays.

Previous studies have shown that green leaves decom-
pose at a higher rate than senescent litter (Berg 2000; Fonte
and Schowalter 2004), which is consistent with findings in
this study at the two contrasting forest sites. The higher N
content and lower lignin/N are attributed to a faster rate of
decomposition in green leaves as compared with senescent
litter (Herbert et al. 1999; Wang et al. 2015). The faster rate
of decomposition at the oak forest site than at the pine-oak
forest site for partially decomposed leaf litter and mixed
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green leaves and partially decomposed leaf litter could well
be explained by differences in litter chemical quality
(Prescott et al. 2000; Wang et al. 2015). The greater dif-
ferences in initial chemistry and rate of decomposition
among the three litter types at the pine-oak forest site than
at the oak forest site might reflect differential nutrient
resorption and recycling owing to contrasting traits
between pine needles and oak leaves (Prescott et al. 2000;
Fonte and Schowalter 2004). In a decomposition study
involving needle-leaf litter, broadleaf litter and different
combinations of the two litter types, Chapman and Koch
(2007) found that differences in mass loss among different
decay stages were also greater at a pine site than at an
aspen site. The presence of more chemically recalcitrant
compounds such as lignin and phenolics in pine needles
than in broadleaf litter might explain the much slower rate
of decomposition at the pine-oak forest site (Parton et al.
2007; Pérez-Suarez et al. 2012). Moreover, partially
decomposed needle-leaf litter might protect some soluble
substances from the effects of abrasion and leaching
through a stability mechanism by interaction between
recalcitrant compounds and soluble compounds, thereby
providing a more persistent habitat for decomposers than
broadleaf litter (Ostrofsky 2007). The temporal patterns in
N, AUR, C/N and AUR/N all greatly differed between the
two forest sites in our study, suggesting differential con-
trols of litter quality (especially the nitrogen content) and
decay stage on decomposition dynamics between con-
trasting forest types (Vivanco and Austin 2011; Wang et al.
2015).

In this study, we found a significant positive correlation
(p < 0.05) between the k value and initial N content and a
significant negative correlation (p < 0.05) between the
k value and C/N, in line with similar studies (Hoorens et al.
2003; Smith and Bradford 2003; Tripathi et al. 2006;
Pandey et al. 2007; Wang et al. 2009), reinforcing that
initial N content or C/N of plant litter can be a strong
predictor of the rate of decomposition.

Most studies determining the non-additive effects of
litter mixture between contrasting litter species have found
that the occurrence of nutrient-rich litter may speed up the
decomposition of nutrient-poor litter when they co-occur
(Hoorens et al. 2003; Pérez-Suarez et al. 2012; Ostrofsky
2007). In this study, however, non-additive effects were not
apparent when green leaves were mixed with partially
decomposed leaf litter at both forest sites, implicating a
complex interplay between the effects of litter chemical
quality and interactions with decomposers (Pandey et al.
2007; Purahong et al. 2014). Although green leaves are
generally rich in N, they also contain secondary chemical
compounds such as phenols that can inhibit soil microbial
activities. In contrast, partially decomposed leaf litter is
characterized by larger surface area for microbial action

than newly senescent leaves because of the greater frag-
mentation brought about by decomposition. Moreover,
different stages of litter decomposition may involve dif-
ferent types of decomposers. For example, as found in the
study of Pandey et al. (2007), fungi and bacteria are the
active decomposer organisms responsible for the early
phase of litter decay, and the actinomycetes population is
enhanced as compared with bacteria and the fungi as decay
proceeds. The effects of litter chemistry and interactions
with decomposers might operate in different directions
when green leaves and partially decomposed leaf litter are
mixed, hence the absence of non-additive effect over the
duration of experiment (Herbert et al. 1999; Fonte and
Schowalter 2004). Further studies are needed to address the
role of decomposers in regulating the non-additive effects
of mixed litter types.

We emphasize that our results are from two contrasting
forest types under similar habitat conditions. Extrapolation
of the outcome from this study to forest types with different
habitat conditions should be treated with caution.

Conclusion

Marked differences were found in the rate of decomposi-
tion among the green tree leaves, partially decomposed tree
leaf litter and their mixture at an oak forest site and a pine-
oak forest site in this study. For green leaves, the value of
the litter decomposition constant, k, was about 39 %
greater than the k value for partially decomposed leaf litter
at the oak forest site and more than 70 % greater at the
mixed pine-oak forest site. The decomposition dynamics
and temporal changes in litter chemistry of the three litter
types also greatly differed between the two forest sites. At
both forest sites, the higher rate of decomposition for the
green leaves was associated with greater nitrogen (N) con-
tent and a lower ratio of carbon (C) to N (C/N) and acid-
unhydrolyzable residue (AUR) to N (AUR/N). Non-addi-
tive effects were absent when green leaves were mixed
with partially decomposed leaf litter.

Overall, our findings support the contention that litter
chemical quality, in terms of both chemical recalcitrance
and nutritional value to decomposers, is one of the most
important determinants of leaf litter decomposition in
forest ecosystems at the local or regional scale (Loranger
et al. 2002), but the controls of litter chemical quality on
decomposition differ between contrasting forest types and
may vary with decomposition stages. Therefore, evaluating
litter decomposition dynamics based on experiments with
green or newly senescent leaves may potentially bias the
prediction on forest floor litter turnover because of the
unquantifiable effects of mixing litter that has decomposed
to different degrees.
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