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Abstract
Litter decomposition plays important roles in maintaining ecosystem function and controlling carbon (C)
and nutrient cycle in terrestrial ecosystems. Thus, understanding its fundamental controlling factors is of
great value to improve the accuracy of biologically driven global carbon (C) cycle of prediction models. In
this study, we conducted a �eld decomposition experiment with 205 tree species litters and quanti�ed the
relative importance of litter nutrients, C-related and physical traits in controlling litter decomposition in
different plant functional groups. The results showed that across all species, litter nutrients (65.1%)
explained more variation in litter decomposition than physical (17.5%) and C-related traits (17.4%). Litter
nutrients had lower explanation for deciduous species (47.0%) than for evergreen species (77.9%), while
C-related and physical traits had higher explanation for deciduous litters (20.5% and 32.5%) than for
evergreen species (13.5% and 8.6%), suggesting that the importance of these three categorized litter traits
in controlling litter decomposability was plant functional type dependent. Nitrogen, tannins and water
saturation capacity were the best predictors of litter decomposition among nutrients, C-related and
physical traits, respectively, irrespective of plant functional types. In sum, our �ndings highlight the
differences in the roles of initial litter nutrients, C-related and physical traits in regulating litter
decomposition and suggest that litter trait-decomposition relationships vary substantially between
deciduous and evergreen species, necessitating their explicit consideration in Earth’s C cycle models to
improve the accuracy of predicting litter decomposition.

Introduction
Litter decomposition is a fundamental component of terrestrial ecosystem function affecting carbon (C)
and nutrient cycles (Parton et al. 2007; Swift et al. 1979; Wieder et al. 2014). The classic conceptual
model generally holds that climate predominantly control on decomposition at the global scale, and litter
quality at regional scale (Berg et al. 1993; Frainer et al. 2015; Wall et al. 2008). Recent studies suggest
that inter-speci�c variation in litter quality may even play a more important role than climate in
determining decomposition within biomes worldwide (Bradford et al. 2014; Cornwell et al. 2008). Hence,
an advanced mechanistic understanding of the effects of litter quality on decomposition process is
critical to improve our prediction of C and nutrient dynamic in terrestrial ecosystems.

Over the past several decades, hundreds of studies have been conducted to explore how litter quality
affects litter decomposition (Frainer et al. 2015; Pichon et al. 2020; Sun et al. 2018; Swift et al. 1979), with
most of them holding that initial litter nitrogen (N) and lignin concentrations, lignin:N and C:N ratios
control litter decomposition (Enríquez et al. 1993; Taylor et al. 1989; Wieder et al. 2009). These studies
have brought considerable advances in our understanding of litter decomposition and its underlying
mechanisms. However, biogeochemical models that widely used these variables as predictor for the
parameterization of litter decomposition may get inaccurate results (Adair et al. 2008; Wieder et al. 2014).
First, species used in most previous studies usually ranged from several to tens, as such, the results may
not be widely generalizable across multiple species. Secondly, recent evidence suggests that litter
decomposition is likely in�uenced by a wider range of chemical traits, particularly carbon-related traits
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(e.g. polyphenol and tannins contents) than typically assumed (Glassman et al. 2018; Hättenschwiler and
Bracht-Jørgensen 2010). However, most previous studies only focused on several litter chemical traits
such as N, P and lignin concentrations, lignin:N and C:N ratios (Cornwell et al. 2008; Frainer et al. 2015;
Hobbie et al. 2006; Zhou et al. 2008), likely resulting in incomplete underestimating the role of litter
quality in driving litter decomposition process. Thus, conducting experiments including a wide range of
chemical traits is important to improve our understanding of how litter chemical traits control litter
decomposition.

Besides litter chemical traits, litter physical traits could also directly or indirectly in�uence the
decomposition process (Chae et al. 2019; Kurokawa and Nakashizuka 2008). Several studies have
focused on the role of physical traits in controlling litter decomposition, especially at the �rst stage of
decomposition (Pakeman et al. 2011; Quested et al. 2007; Makkonen et al. 2012). They found physical
traits such as speci�c leaf area (SLA) and water saturation were good predictors of litter decomposition,
and even exerted more important roles in regulating litter decomposition than N, lignin and C/N ratio
(Chae et al. 2019; Makkonen et al. 2012). However, most of these previous studies were based on a
relatively small number of species (usually less than 10 species), such that they could not quantitatively
depict the relationships of litter decomposition rates with physical traits (Canessa et al. 2020; Gartner and
Cardon 2004). In addition, few studies simultaneously measured both litter chemical and physical traits,
as a result that the optimal combination of litter physical and chemical traits in predicting litter
decomposition remains poorly understood. In this context, the relative importance of litter nutrients, C-
related and physical traits in regulating litter decomposition have yet to be quanti�ed.

Categorizing species into plant functional groups based on traits relating to aspects of the plant
economics spectrum is a useful way to understand ecosystem processes and functions (Lin et al. 2017;
Sulman et al. 2017; Zuo et al. 2018). For example, a early global synthesis demonstrated that leaf
lifespan type (i.e. deciduousness) was a strong predictor of leaf decomposition, with deciduous species
decomposing more rapidly than those of evergreen species (Cornwell et al. 2008). The underlying
mechanism can be related to the intrinsic physicochemical variables of substrate quality from different
lifespan types. For example, relative to evergreen litters, deciduous species tend to have higher nutrient
concentrations (e.g. N, P), but lower lignin and phenolic compounds (Cornelissen 1996; Cornwell et al.
2008; López et al. 2001). Moreover, deciduous species are generally characterized with papery leaf and
hence have lower tensile strength than the leathery-leaved evergreen species (Reich et al. 1991). These
studies have clari�ed the difference of litter decomposition between deciduous and evergreen species,
however, how leaf lifespan type mediates litter trait–decomposition relationships and the underlying
mechanisms are still not well understood.

To address these knowledge gaps, we conducted a litter decomposition experiment including 205 tree
species that had substantial differences in physicochemical traits using the classical litterbag method in
a forest ecosystem. Species were classi�ed into deciduous and evergreen species and 19 widely used
chemical and physical variables were categorized into nutrients, C-related and physical traits. Our
objectives in this study were to quantify the relative importance of nutrients, C-related and physical traits
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in regulating litter decomposition, and explore whether their relative importance differ between deciduous
and evergreen species. Based on our knowledge, we hypothesized that (1) litter nutrients would be more
important than C-related and physical traits in controlling litter decomposition; and (2) the relative
importance of the three litter-trait categories in regulating litter decomposition and the key controlling
factors would differ between deciduous and evergreen species.

Materials And Methods

Study site and litter collection
The experiment was conducted in a subtropical forest dominated by Schima superba at the Huitong
Natural Research Station of Forest Ecosystem (26°40′N, 109°8′E) in Hunan Province, China. The area is
characterized by a humid mid-subtropical monsoon climate, with mean annual temperature of 16.5°C
and mean annual precipitation of 1200 mm. Monthly mean temperature ranges from 1.9°C in January to
29°C in July and 60–70% of the total precipitation occurs between April and August. The understory
species are dominated by Camellia oleifera, Maesa japonica, and Ficus heteromorpha. The acid soil in
the study site is classi�ed as Oxisol according to the second edition of U.S. Soil Taxonomy.

Freshly senesced leaf litters of 205 tree species were collected in China in 2017 (Table S1). The leaf litters
were collected during location-speci�c leaf senescence either by hand or by using litter traps. Litters with
signs of herbivory or disease were discarded and then air-dried to a constant mass. These collected tree
species belonged to 77 genera of 39 families and encompassed wide variation in litter traits. To examine
the relationship between decomposition and plant functional types, all species were classi�ed into
deciduous and evergreen species based on leaf lifespan type. Leaf lifespan was determined based on
Flora Republicae Popularis Sinicae.
Litter decomposition

The litter decomposition was carried out in the �eld using the classical litterbag method. An equivalent of
5 g dry weight of air-dried leaf litter were placed into a 15cm×20 cm mesh nylon bag, which was
constructed from polyethylene fabrics of two different mesh sizes. The bottom side of the litterbag used
a small mesh size of 0.2×0.2 mm to minimize losses of fragments, and the upper side used a large mesh
size of 2×2 mm to allow the mesofauna to freely access (Smith and Bradford 2003). In May 2018, 15
litterbags for each species were placed in the forest. In total, 3075 (15×205) litterbags were used in this
experiment. The litterbags were attached to the soil surface by metal pins to prevent movement and to
ensure contact between the bags and the soil layer. For each litter retrieving time, 5 litterbags (as 5
replications) for each species were randomly retrieved at 6, 12 and 18 months after installation. After the
collection, attached soil and in-growing roots were carefully removed from the litterbags and the
remaining litter was dried at 60°C to constant mass, and weighed.

Litter trait measurement
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The oven-dried litter samples were ground to powder using a ball mill for the chemical traits
measurements and 10–20 intact leaves per species for physical traits measurements. The chemical traits
included nutrients of N, phosphorus (P), potassium (K), calcium (Ca), sodium (Na), magnesium (Mg),
manganese (Mn), cuprum (Cu), zinc (Zn), and the carbon-related traits of lignin, cellulose, hemicellulose,
total phenols, soluble phenols, non-structural carbohydrates (NSC), and tannins. The physical traits
included SLA, water saturation capacity, and tensile strength. The detail descriptions of methods used for
the measurements of each litter trait were shown in Table S2 .

2.4 Statistical analysis
The decomposition constants (k values in units of year− 1) were calculated by �tting the �rst-order
exponential decay function (Olson 1963):

y = e− kt

where y is the percent of litter dry mass remaining in litterbags at time t (year) and k is the decomposition
constant.

The signi�cant differences of litter physicochemical traits and k-value between different lifespan types
were tested by separate two-tailed Wilcoxon rank sum tests. The relationships between litter
physicochemical traits and k-value were tested by regression analysis. In cases where the data did not
conform to the assumptions of normality, ln-transformations were applied before analysis. Principal
component analysis (PCA) was conducted with k-value and litter traits for all species and species with
different lifespan type.

We used ordinary least squares (OLS) multiple regression models to examine the effects of litter traits on
k-value. Before performing the analysis, all litter traits along with k-value were standardized (average = 0
and SD = 1) to eliminate unit dimension effects. We also calculated variance in�ation factor (VIF) to
evaluate the collinearity of the variables within our multiple regression models using the CAR package in
R (Table S3). Collinearity between variables is considered to be signi�cant when VIF is greater than three
(Chen et al. 2019). The best model was selected using corrected Akaike information criterion (AICc) by
considering the lowest AICc (Burnham and Anderson 2002). This model selection procedure was
performed using the function ‘dredge’ in the R package MuMIn (Bartoń 2016). Hierarchical partitioning
analyses were further performed to disentangle the relative importance of each trait and the three trait
categories (nutrients, C-related and physical traits) in the �nal multiple regression models for all species
and species with different lifespan type using the HIER.PART package in R (Walsh and Nally 2013). All
the statistical analyses were conducted in R 3.5.1.

Results

Variations in initial litter traits and decomposition rate
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Initial litter traits varied substantially across all the species and had more than 80% traits exhibiting over
10-fold variations (Table 1). Deciduous litters had signi�cantly higher concentrations of N, P, K, Ca, Mg
and Cu, SLA and water saturation than evergreen litters, but lower Mn concentration, C:N and lignin:N
ratios and tensile strength (Table S4).
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Table 1
Summary of decomposition rate constants (k-value), traits and key ratios of leaf litters for 205 tree

species.
Traits Minimum Maximum Mean CV (%)

k-value 0.43 4.36 1.54 50

N (mg g− 1) 5.18 57.46 22.48 42

P (mg g− 1) 0.38 5.81 1.59 59

K (mg g− 1) 1.04 31.50 11.98 49

Ca (mg g− 1) 1.09 41.58 14.22 67

Na (mg g− 1) 0.01 0.70 0.07 122

Mg (mg g− 1) 0.47 8.60 2.42 48

Mn (mg g− 1) 0.01 3.83 0.50 129

Cu (mg g− 1) 0.00 0.03 0.01 80

Zn (mg g− 1) 0.01 0.33 0.04 114

NSC ( %) 1.84 9.79 4.73 33

Lignin (%) 2.62 27.79 10.03 44

Cellulose (%) 12.06 38.63 25.27 23

Hemicellulose (%) 1.66 48.48 20.73 44

Soluble phenols (%) 0.25 14.15 3.69 77

Phenols (%) 0.60 14.15 4.93 63

Tannins (%) 0.43 17.95 2.49 104

SLA (mm2 mg− 1) 3.20 42.17 16.12 44

Saturation (%) 70.18 482.31 168.34 34

Tensile (N cm− 1 width) 0.73 123.00 8.83 183

C:N 7.88 97.65 25.74 48

Lignin:N 0.72 19.03 5.49 62

CV, coe�cient of variation; N, nitrogen; P, phosphorus; K, potassium; Ca, calcium; Na, sodium; Mg,
magnesium; Mn, manganese; Cu, cuprum; Zn, zinc; NSC, non-structural carbohydrates; SLA, speci�c
leaf area.
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Leaf litters displayed an average mass loss of 84.1% with a range from 45.9–99.2% across all 205
species, and deciduous species (90.4%) had higher mass loss than evergreen species (77.0%) at the end
of 1.5-year decomposition (Fig. S1). Accordingly, k-value exhibited a large variation across different
species with the mean of 1.54 yr− 1 and the range of 0.43–4.36 yr− 1 (Fig. 1, Table S1). The mean k-value
of deciduous litters (1.88 ± 0.05 yr− 1) was signi�cantly higher than that of evergreen litters (1.16 ± 0.07
yr− 1).

Controlling factors of litter decomposition and their relative importance

Across the 205 species, k-value was positively related to initial concentrations of N, P, K, Ca, Mg, Cu, Zn,
cellulose, water saturation and SLA, but negatively related to Mn, tannins, tensile strength, C:N and
lignin:N ratios (Table S5). k-value was correlated positively with initial concentrations of N, P, K, Mg, Cu,
water saturation capacity and SLA and correlated negatively with tannins, tensile strength, C:N and
lignin:N ratios for both deciduous and evergreen species (Fig. 2, Table S5). In addition, k-value was
positively correlated with Ca and Zn concentrations in evergreen species, but not in deciduous species.

According to the PCA analysis results, k-value and litter traits for all species captured 27.3% and 12.3% of
the total variation explained by the �rst and second axes, respectively (Fig. 3a). The �rst PCA axis was
correlated positively with k-value, N, P, K and SLA. The second PCA axis was negatively correlated with
lignin, soluble phenols and total phenols. The �nal OLS multiple regression model showed that
approximately 62.4% of the total variation of k-value could be explained by a set of litter traits including
N, Ca, Mg, tannins, NSC, lignin, water saturation capacity and tensile strength (Tables S6 and S7).
Through further hierarchical partitioning analyses, the relative importance in regulating k-value was
ranked as nutrients (N:39.7%, Mg:14.4%, Ca:11.0%), C-related traits (tannins:13.2%, NSC:2.7%,
lignin:1.5%), and physical traits (water saturation capacity:9.7%, tensile strength:7.7%) at 65.1%, 17.5.%
and 17.4%, respectively (Fig. 4, Table 2).
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Table 2
Individual contribution rate of each trait and cumulative contribution rate of different

categories (highlighted in bold) in decomposition rate constants (k-value) for all species
and species with different lifespan type.

Traits All Deciduous Evergreen

N 39.77 33.27 42.36

Ca 11.04 5.43 27.46

Mg 14.39 8.35  

Zn     8.11

Nutrients 65.20 47.05 77.93

NSC 2.71 2.74 3.48

Lignin 1.49 1.78  

Soluble phenols     1.70

Tannins 13.23 15.95 8.32

C-related 17.43 20.47 13.50

Saturation 9.71 17.11 8.57

Tensile 7.66 15.37  

Physical 17.67 32.48 8.57

Total 100 100 100

N, nitrogen; Ca, calcium; Mg, magnesium; Zn, zinc; NSC, non-structural carbohydrates.

The �rst two axes of the PCA accounted for 34.8% of the variation in the deciduous species (Fig. 3b) and
38.7% in the evergreen species (Fig. 3c). In the optimal OLS multiple regression model (Tables S6 and
S7), N, Ca, Mg, tannins, NSC, lignin, water saturation capacity and tensile strength could explain 56.8% of
the variance in k-value of deciduous species, while N, Ca, Zn, tannins, NSC, soluble phenols and water
saturation capacity could explain 56.3% of the variance in k-value of evergreen species. Based on the
hierarchical partitioning analyses, we found that the relative importance of nutrients in predicting k-value
was lower for deciduous species (47.0%) than for evergreen species (77.9%), but C-related and especially
physical traits were higher for deciduous species (20.5% and 32.5%, respectively) than for evergreen
species (13.5% and 8.6%, respectively; Fig. 4, Table 2). However, regardless of plant functional types, N
(33.3% for deciduous species and 42.4% for evergreen species), tannins (16.0% for deciduous species
and 8.3% for evergreen species) and water saturation capacity (17.1% for deciduous species and 8.6% for
evergreen species) were the best predictors among nutrients, C-related and physical traits, respectively
(Table 2).
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Discussion
Compared with previous studies with a small number of litter species (Hobbie et al. 2006; Makkonen et al.
2012; Mao et al. 2018), we used 205 litter species with 108 deciduous and 97 evergreen species in �eld
decomposition and simultaneously measured 19 widely used physicochemical traits to explore how litter
traits control litter decomposition. Thus, we considered our results may get a more robust picture of the
litter trait-decomposition linkages than previous studies. Our results showed that all of litter nutrients, C-
related, and physical traits can be used to predict litter decomposition, but their relative importance for
litter decomposition varied substantially between deciduous and evergreen species. Therefore, these
�ndings have somewhat improved our understanding of how litter traits regulate litter decomposition in
terrestrial ecosystems.

Importance of initial litter traits in controlling decomposition across all species

Across all species, the mean litter decomposition rate of 1.53 yr− 1 with a range from 0.43 yr− 1 to 4.36 yr− 

1 (Table 1, Fig. 1) is within the range reported by most previous studies (Keller and Phillips 2019;
Makkonen et al. 2012; Zhang et al. 2016). This substantial variation in litter decomposition rates
coincided well with the large differences in litter traits including nutrients, C-related and physical traits
(Table 1). As our �rst hypothesis, nutrients accounted for larger variation in litter decomposition than
physical and C-related traits (Fig. 4), which is consistent with the general opinion that the community
structure and activities of decomposer organisms are predominantly constrained by the availability of
macronutrients (Hättenschwiler et al. 2011; Silver and Miya 2001; Swift et al. 1979). Among all selected
nutrients, the relative importance of N concentration for litter decomposition was much higher than Ca
and/or Mg (Table 2, Fig. 2a-c), contradicting some previous studies reporting that Ca (Reich et al. 2005)
and Mg (Makkonen et al. 2012; Vivanco and Austin 2019) were the best predictors of litter
decomposability. We speculate that this discrepancy could be attributed to the huge difference in the
number of species included in past and our study (10–16 vs. 205, respectively), because relationships
between litter traits and litter decomposition rates can vary with the sample size used in the analyses
(Canessa e t al. 2020).

Consistent with previous studies (Chomel et al. 2016; Hättenschwiler and Vitousek 2000), C-related traits
were clearly important determinants of litter decomposition rates, which contributed 17.4% of the relative
importance in predicting litter decomposition (Fig. 4). Speci�cally, tannins, an important component of
secondary metabolites, stood out as best predictor of litter decomposition among C-related traits rather
than the commonly recognized lignin (Austin and Ballaréet 2010; Cornwell et al. 2008). The negative
relation of tannins concentrations to litter decomposition (Fig. 2d) is in agreement with some previous
observations within and between ecosystems (Chomel et al. 2014; Kraus et al. 2004; Makkonen et al.
2012), suggesting that tannins inhibits litter decomposition. This inhibitory effect has been ascribed to
the toxic effects of tannins on microbial metabolism and digestive enzymes during the decomposition
process (Coq et al. 2010). For example, Triebwasser et al. (2012) reported that the addition of tannins
extracted from senescing leaves signi�cantly inhibited the potential activity of enzymes. Our results
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indicate that tannins may slow down C and nutrient cycling by decreasing litter decomposition, and
consequently contribute to soil C sequestration in forest ecosystems. Therefore, our �ndings contribute to
growing support for the argument of considering secondary compounds as key drivers of ecosystem
functioning (Chomel et al. 2016).

We observed that litter decomposition exhibited a positive correlation with water saturation capacity
(Fig. 2e) and a negative correlation with tensile strength (Fig. 2f), suggesting that litter physical traits play
important roles in controlling litter decomposition. Our �ndings con�rm some previous observations
(Chae et al. 2019; Cornelissen et al. 1999; Makkonen et al. 2012). Furthermore, we found that water
saturation capacity was the best physical predictor and contributed 9.7% relative importance for litter
decomposition (Table 2). The positive effect of water saturation capacity on litter decomposition could
be linked to its role in creating a favorable microenvironment as it closely associates with water
acquisition and retention, thereby favouring long-term microbial growth and activity (Makkonen et al.
2012, 2013).

Differences in the underlying mechanisms of litter decomposition between evergreen and deciduous
species

Con�rming our second hypothesis, litter trait-decomposition linkages were mediated by lifespan type,
showing that deciduous species was primarily regulated by both nutrients and physical traits, whereas
evergreen species were mostly explained by nutrients alone (Fig. 4). These results indicate that the
mechanisms governing leaf litter decomposition are functional type dependent. Therefore, plant
functional types must be taken into consideration in C cycle models when predicting litter decomposition.

Consistent with the pattern observed in all species, nutrients explained the highest variation of litter
decomposition in both deciduous and evergreen species, but its explanatory power was lower for
deciduous species than evergreen species (Fig. 4). This �nding could be largely due to the distinct initial
nutrient concentrations between these two functional types. Indeed, deciduous litters contained higher
nutrient concentrations (e.g. N, Ca, Mg) than that in evergreen litters (Table S4), and thus more suitable
for decomposers growth and reproduction (Cornwell et al. 2008; López et al. 2001). That is to say,
decomposer organisms breaking down deciduous litters might be less restricted by nutrient availability
compared to evergreen litters. Consequently, litter decomposition in evergreen species was more
susceptible to initial nutrient concentrations. In contrast, the relative importance of physical traits for litter
decomposition were more than 3 times higher in deciduous species than evergreen species (Table 2).
This result is reasonable, because decomposer activity will be more affected by abiotic factors when
nutrient limitation diminished (Bradford et al. 2016). Therefore, physical traits that strongly control the
microclimate (e.g. moisture) for decomposers as discussed above, may play more important roles in
regulating litter decomposition in deciduous litters, especially during the drier months (Cornelissen et al.
1999; Makkonen et al. 2012).

Although the relative importance of nutrients, C-related and physical traits differed between deciduous
and evergreen species, the best predictors of litter decomposition among the three trait categories were
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the same (i.e. N, tannins and water saturation, Table 2). This �nding may suggest that the major
controlling factors of litter decomposition are inherent irrespective of the identity of plant functional
types, which will facilitate the simpli�cation of global carbon cycling models. However, we still found
some particular traits (e.g. Zn and soluble phenols) in predicting litter decomposition between these two
functional types. The reason for this �nding could be that the diversity of microbial community, especially
the relative abundance of speci�c taxa that are involved in the decomposition process might differ
between deciduous and evergreen species (Li et al. 2019).

Conclusions
This study quanti�ed the differences in the relative importance of nutrients, C-related and physical traits
in controlling litter decomposition, and the litter trait-decomposition relationships between different plant
functional types. Results showed that initial litter nutrients exerted more important control on litter
decomposition than physical and C-related traits. In particular, this study found for the �rst that the
underlining mechanisms governing leaf litter decomposition are functional type dependent, as nutrients
and physical traits jointly played controlling roles in deciduous species, whereas nutrients alone
dominated in evergreen species. Nitrogen, tannins and water saturation were the best predictors of litter
decomposition among nutrients, C-related and physical traits, respectively, regardless of plant functional
types. Our results suggest that considering not only litter nutrients, C-related and physical traits but also
plant functional types will improve the accuracy of predicting the litter decomposition as an important
component of global biosphere-atmosphere C �uxes in Earth’s C cycle models.
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Figures

Figure 1

Comparison of litter decomposition rate constants (k-value) between deciduous and evergreen species.
Different lowercase letters on error bars indicate signi�cant differences at p < 0.05. The sample size for
each functional type is shown in the bracket.
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Figure 2

Relationships between litter decomposition rate constants (k-value) and some litter traits for deciduous
and evergreen species.
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Figure 3

Principal component analysis for decomposition rate constants (k-value) and 19 initial litter traits for all
species and species with different lifespan type. N, nitrogen; P, phosphorus; K, potassium; Ca, calcium; Na,
sodium; Mg, magnesium; Mn, manganese; Cu, cuprum; Zn, zinc; NSC, non-structural carbohydrates; Cell,
cellulose; Hemicell, hemicellulose; Phen, phenols; Sol.phenols, soluble phenols; Lign, lignin; Tann, tannins;
Satu, saturation; SLA, speci�c leaf area; Tens, tensile.
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Figure 4

Hierarchical partitioning analyses for the relative importance of litter traits in predicting the
decomposition rate constants (k-value) for all species and species with different lifespan type.
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