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The Global Stoichiometry of Litter
Nitrogen Mineralization
Stefano Manzoni,1 Robert B. Jackson,2 John A. Trofymow,3 Amilcare Porporato1*

Plant residue decomposition and the nutrient release to the soil play a major role in global carbon and
nutrient cycling. Although decomposition rates vary strongly with climate, nitrogen immobilization into litter
and its release in mineral forms are mainly controlled by the initial chemical composition of the residues.
We used a data set of ~2800 observations to show that these global nitrogen-release patterns can be
explained by fundamental stoichiometric relationships of decomposer activity. We show how litter quality
controls the transition fromnitrogen accumulation into the litter to release and alters decomposers’ respiration
patterns. Our results suggest that decomposers lower their carbon-use efficiency to exploit residues with low
initial nitrogen concentration, a strategy used broadly by bacteria and consumers across trophic levels.

Plant residues deposited to the soil are subject
to biological degradation (1–3). During this
process, litter carbon (C) is respired to CO2

while providing energy to the decomposers,
whereas nutrient concentrations generally increase
(4). Nutrients in mineral forms are taken up by the
decomposers (immobilized) and thus accumulate
in the litter. Typically, net nitrogen (N) release in
mineral forms (ammonium and nitrate) from a
given plant residue (net mineralization) only oc-
curs after N concentration reaches a critical value
(1). Knowledge of this threshold and how it is
related to biogeochemical or climatic factors is
essential to predict the patterns of nutrient cycling
in natural and agricultural settings (4–6), to im-
prove our understanding of ecosystem stoichi-
ometry (7, 8), and to constrain biogeochemical
models (9). The biological degradation of litter is
mainly carried out by microbial decomposers, in-
cluding bacteria and fungi, and their grazers,
which have higher N:C values compared with
most litter types (1). This creates a high N de-
mand, and, even though a considerable fraction of
assimilated C is respired, the decomposers often
still require some inorganic N uptake during at
least the early phases of decomposition. The de-
composer N:C and the respiration rate (comple-
mentary to the carbon-use efficiency) define the
actual nutrient requirement of the decomposers
(9–11). Although the decomposer N:C ratios have
been observed to be relatively constant across eco-
systems and litter types, the causes of patterns of
variation in carbon-use efficiency are still unclear.

We analyzed litter decomposition data includ-
ing the temporal evolution of both carbon and ni-
trogen, as measured in litterbags left to decompose
in field conditions (12) or from chemical analysis of
large branches and logs along decomposition chro-
nosequences. On the basis of 55 litter types classi-
fied by initial N concentrations ranging from0.03%
to 3% (13), we show that the carbon-use efficiency
tends to increase with higher initial substrate N:C
ratio, which corresponds to a more-efficient ni-
trogen use and a less-efficient carbon use for N-
poor substrates (i.e., litter with low N concentration
and low N:C). In turn, low carbon-use efficiencies
allow net mineralization to occur early during de-
composition, even in relatively N-poor residues.

The dynamics of net N immobilization, ac-
cumulation, and mineralization have been de-
scribed mathematically with mass balance
equations (9, 11, 14). We developed a general set
of such equations that allows us to obtain universal
analytical curves of N accumulation and release
during decomposition, when the decomposer char-
acteristics can be assumed relatively constant in
time (13). Specifically, the general expression for
the fraction of initial litter nitrogen content, n, as a
function of the fraction of remaining carbon con-
tent in the litter sample, c, can be written inde-
pendently of the specific decomposition model as

nðcÞ ¼ c
rB
rL,0

þ 1 −
rB
rL,0

� �
c

1
1−e ð1Þ

where rL,0 is the initial litter N:C ratio, rB is the
decomposer biomassN:C, and e is the decomposer
carbon-use efficiency (i.e., amount of C in new
biomass per unit C decomposed). Thus, the N
dynamics are represented in terms of the
fraction of remaining litter C content, avoiding
any explicit account of the temporal variability
of decomposition rates caused by climatic fac-

tors or nutrient limitation. On the basis of data
from 15 data sets containing observations at
more than 60 sites worldwide (table S1), this
universal representation of N immobilization
and release curves appears to be valid across
diverse terrestrial ecosystems and with different
initial litter N:C values.

During decomposition, the fraction of remain-
ing N and lost C move along the curves from left
to right at a speed dictated by biogeochemical and
environmental conditions (Fig. 1). All the curves
show slower N loss than C loss, meaning that N
tends to accumulate, and the N:C ratio of the litter
increases throughout decomposition. Where the
curves increase with respect to the initial con-
dition, not only is N retained more efficiently than
C, but net immobilization occurs. At the point on
each curve where n is maximal, immobilization
ends and net mineralization begins. Conversely, if
the curve decreases monotonically there is no
initial net immobilization, as in Fig. 1, A and B.
The maximum of the N release curve thus cor-
responds to the litter critical N concentration,
which can be expressed analytically in terms of N:
C ratio as a function of the decomposer character-
istics, rCR = e·rB (9, 10). In general, the lower rCR
is, the earlier N release occurs, even in N-poor
residues. Moreover, when rCR < rL,0, net release
occurs from the beginning of decomposition.
Conversely, if rCR is high, large amounts of
mineral N have to be immobilized to increase the
litter N concentration to its critical value.

The litter decomposition observations and
Eq. 1 can be used to study the patterns of variation
of the litter rCR and decomposer characteristics.
Using the analytical N release curve provides a
theoretical underpinning to previous estimates of the
onset of mineralization based on regressions of
field observations (4, 15) and offers robust esti-
mates of rCR and the decomposer parameters, e
and rB. In particular, rB does not vary system-
atically along gradients of organic matter and
litter N:C and typically remains in the range of
0.07 to 0.2 [or C:N between 5 and 15 (7, 16, 17)].
We thus assumed an average value of rB = 0.1
and fitted the remaining free parameter, e, for
each litter type (13). For given values of rB and e
and applying a nonlinear transformation of Eq. 1,
all observations of litter C and N content collapse
well onto a single 1:1 curve (Fig. 2 and fig. S1),
showing that the variation of e alone explains
most of the variability in the data.

We assessed how rCR and e, which are simply
proportional when rB is a constant, respond to
changes in climatic variables and initial litter con-
ditions. Parton et al. (18) and Moore et al. (15)
noted that the N release patterns observed in two
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continental-scale decomposition experiments do
not depend on climatic variables. Our analysis,
which includes many additional data sets (table
S1), not only confirms the lack of a significant
correlation between rCR and mean annual precip-
itation or temperature but also reveals a significant
power law relationship between rCR and rL,0 (Fig.
3A). This result shows that decomposers of low-N
residues are able to begin mineralization even
when the litter N concentration is still relatively
low. In fact, for a given rB, lower values of rCR
imply lower values of e (i.e., higher fractions of
respired C), indicating that some decomposers
with low energetic efficiency may be able to
decompose low-N litter without necessarily hav-
ing to immobilize much inorganic N. A low rCR
(and low e) also explains the low N immobi-
lization observed during decomposition of N-poor
wood (19). Apparently, decomposers are able to
use the limited but relatively reliable N bound to
organic compounds, thus reducing their depen-
dence on the less-reliable or less-accessible in-
organic pool. Nevertheless, because estimated
values of rCR are generally higher than rL,0 (data
points above the dashed line in Fig. 3A), some
degree of immobilization remains necessary. For a
given rL,0, the variability in rCRmight be attributed
to site effects. In fact, a trend for higher N accu-
mulation in litters from sites with higher soil N:C
ratios has been reported (15), although there are
not enough data to test for such an effect globally.

Lastly, the pattern of decline in e as a func-
tion of rL,0 appears to be independent of pos-
sible changes in rB (shaded area in Fig. 3A).
Remarkably, a similar pattern has also been ob-
served [Fig. 3B; see also (13)] at different time
scales and trophic levels in bacterial cultures
(20), in aquatic bacteria (21), and in terrestrial
and aquatic grazers (22–25). The generality of
such a result hints at a common mechanism of
carbon utilization across diverse ecosystems and
trophic levels, where carbon “waste” occurs under
restricted nutrient availability. From a metabolic
perspective, the observation of low e may be
related to regulation of catabolic reactions in low-
nutrient conditions to maintain a stable cellular
composition (20, 21) or to increased C throughput
by the decomposers or decomposer food web for
obtaining N from recalcitrant substrates (17, 26).
A better understanding of the causes of this be-
havior is of fundamental interest and could reveal
the constraints on decomposer community func-
tioning under N-poor conditions, an important
goal for improving biogeochemical modeling. In
biogeochemical models of soil and litter, the
carbon-use efficiency of decomposers is general-
ly assumed constant or to decrease with substrate
N:C, in agreement with our results (14, 17, 27).
However, our estimates are generally lower than
the efficiency values typically assumed, suggest-
ing that current models might underestimate the
heterotrophic respiration flux per unit mass of
decomposed litter or organic matter.

In summary, the N-release patterns of de-
composing litter appear to be regulated by the

initial chemical composition of the litter and the
stoichiometric requirements of the decomposers
(Fig. 1). In particular, the critical N:C ratio, below

which net immobilization occurs, is uncorrelated
with climatic variables but strongly correlated with
initial litter chemistry (Fig. 3A). Because decom-

Fig. 2. Normalized representation of the nitrogen release curves. Plots of the normalized variable x =
(rL – rB)/(rL,0 – rB) (eq. S5) against c

e/(1–e) for litters of different origin [(A) broadleaved tree and shrub
leaves, □, and conifer needles,▲; (B) grass leaves,○, and woody residues,■], showing that the analytical
N release curves (Eq. 1) fitted to the data with the only free parameter e is able to capture most of the
variability in all litter types.

Fig. 1. Nitrogen release patterns across litter types. (A to F) Observed and modeled fractions of initial
nitrogen, n=NL(t)/NL(0), as a function of the decomposed fractions of initial carbon, 1 – c= 1 – CL(t)/CL(0), for
leaf litter with decreasing values of rL,0. Data and analytical N release curves for the LIDET data set (18, 28, 29)
are represented by● and solid lines; data from the CIDET data set (12, 15), by□ and dashed lines.

www.sciencemag.org SCIENCE VOL 321 1 AUGUST 2008 685

REPORTS

 o
n 

A
ug

us
t 3

, 2
00

9 
w

w
w

.s
ci

en
ce

m
ag

.o
rg

D
ow

nl
oa

de
d 

fr
om

 

http://www.sciencemag.org


poser N:C ratio is relatively constant, this pattern
suggests that the decomposer communities are able
to adapt partially to low-nitrogen substrates (i.e.,
low rL,0) by decreasing their C-use efficiency and
thus the critical N:C of the litter (Fig. 3A). Such a
pattern has been observed in aquatic environments
and at other trophic levels (21–25) and appears to
be a universal response of decomposers in nutrient-
poor conditions (Fig. 3B). Decreasing efficiency
results in higher heterotrophic respiration per unit
mass of litter humified or unit nutrient released,
suggesting that the soil carbon cycle is likely
more open than currently thought.
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Regulation of CD45 Alternative
Splicing by Heterogeneous
Ribonucleoprotein, hnRNPLL
Shalini Oberdoerffer,1 Luis Ferreira Moita,2* Daniel Neems,1 Rui P. Freitas,2*
Nir Hacohen,2,3 Anjana Rao1†

The transition from naïve to activated T cells is marked by alternative splicing of pre-mRNA encoding the
transmembrane phosphatase CD45. Using a short hairpin RNA interference screen, we identified
heterogeneous ribonucleoprotein L-like (hnRNPLL) as a critical inducible regulator of CD45 alternative
splicing. HnRNPLL was up-regulated in stimulated T cells, bound CD45 transcripts, and was both necessary
and sufficient for CD45 alternative splicing. Depletion or overexpression of hnRNPLL in B and T cell
lines and primary T cells resulted in reciprocal alteration of CD45RA and RO expression. Exon array
analysis suggested that hnRNPLL acts as a global regulator of alternative splicing in activated T cells.
Induction of hnRNPLL during hematopoietic cell activation and differentiation may allow cells to rapidly
shift their transcriptomes to favor proliferation and inhibit cell death.

It is estimated that greater than 75% of genes
yield alternative transcripts, contributing to
considerable functional diversity within the

genome (1, 2). SR (serine-arginine rich) proteins
are key positive regulators of alternative splicing
that bind enhancer sequences on nascent tran-

Fig. 3. Effect of litter quality on decom-
poser stoichiometry. (A) Decomposer effi-
ciency, e (left), or rCR (right) as a function
of rL,0 when rB = 0.1. Symbols indicate
different litter types as in Fig. 2; ◊ and ♦
refer to a decomposing log (rB = 0.122)
and the underlying soil (rB = 0.135), re-
spectively [data elaborated after (16, 30)].
The solid line is a linear least square fit of
the log-transformed rCR and rL,0 (rCR =
0.45 × rL,0

0.76; R = 0.88; P < 0.0001). The
shaded area shows the effects on e of
different rB around 0.1 (solid line). The
dashed curve indicates points where rCR =
rL,0: Litter points above this curve need to
immobilize N; points below release N
since the beginning of decomposition.
(B) Estimates of e as a function of the ratio
between food source N:C (rF) and consumer
N:C (rB) at different trophic levels: □, ter-
restrial plant residue decomposers (this
study); +, marine bacteria (21); ○, terres-
trial larvae (25); ●, terrestrial insects (23);
and ×, aquatic insects (24). The solid line is a
linear least square fit of the log-transformed
e and rF/rB [ e = 0.43 × (rF/rB)

0.60; R = 0.72;
P < 0.0001].
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1 Carbon-nitrogen relationships in decomposing litter 
The relationship between the carbon and nitrogen contents in decomposing plant residues 
has been extensively studied for its importance in controlling nutrient availability in 
natural and managed ecosystems (1-4). Early studies recognized a linear relationship 
between N concentration and mass (or carbon) loss (5-7), suggesting that N accumulates 
while C is lost from the litter. N accumulation depends on three main factors: i) microbial 
immobilization during growth, ii) bonding of N to aromatic compounds, and iii) chemical 
fixation of external N (e.g., soil inorganic N or added N from fertilization) to low-N fresh 
litter (8). N immobilization by decomposers is generally considered the predominant 
accumulation factor during the initial and more active phase of decomposition, until mass 
loss reaches about 70% (1). Chemical fixation of inorganic N may be important in sites 
with large sources of exogenous inorganic N (e.g., fertilization, fallow fields), while here 
we will focus on natural ecosystems where the primary external sources of N are from 
canopy throughfall and atmospheric deposition. In general, N losses from the plant 
residues are controlled by both biological and physical factors. However, leaching of 
organic compounds is typically less important than biological decomposition (9) and the 
predominant pathway of N loss is through decomposer mineralization by the 
decomposers and subsequent leaching of N in inorganic forms. 
 Since here we focus on natural systems where physical processes do not 
significantly affect the stoichiometry of residue decomposition, we can consider the 
predominant biological factors only. Waksman (10) was among the first to recognize that 
the nutrient requirements of the decomposer community had to be met before the organic 
matter in the soil releases the nutrients necessary for plant growth. Also the linear 
relationship between carbon and nitrogen contents in decomposing litter can be explained 
by considering the stoichiometric requirements of the decomposers (7), as clearly 
formalized by earlier mathematical models based on the balance of C and N assimilated 
into the biomass (11, 12). Similar concepts are today embedded in most biogeochemical 
and ecosystem models (13-16), and we will build on such a theoretical basis to derive a 
general N-release curve. 

2 Litter decomposition data 

We used litter decomposition data from the LTER Long-term Intersite Fine Litter 
Decomposition Experiment, LIDET (17-19) and the Canadian Intersite litter 
Decomposition Experiment, CIDET (20-22). Both experiments are based on long-term 
reciprocal litterbag studies of decomposition and nutrient mineralization in widely 
different climatic conditions and using chemically different plant residues. In the present 
work, data on leaf decomposition for all species with >15 observations were used. 
Wetland and desert sites, where abiotic nutrient loss pathways are likely to be 
predominant (23, 24), were excluded. For this analysis, replicate measurements at the 
same site were averaged, and data points showing a gain of mass or N concentrations 
higher than five times the initial concentration were considered as outliers. The LIDET 
litter mass data were converted into C remaining using linear regressions of C 



concentrations measured within the same experiment. Observations of N remaining as a 
function of C lost from LIDET and CIDET experiments are shown in Fig. 1 in the main 
text. 
 To make a more comprehensive assessment and to cover a larger range of initial 
litter N:C we added other datasets to our analysis, including both fine litter and wood 
decomposition data (denoted by ■), with N:C ratios as low as 4

0, 107 −×≈Lr  (Table S1). 
We selected datasets with at least two years of both litter mass (or carbon) and nitrogen 
decomposition of fine litter using the litterbag technique, or based on chronosequence 
studies in the case of long-term wood decomposition. To have series that were 
representative of the whole decomposition process, we only considered decomposition 
datasets with mass loss greater than 40% and >15 data points for any individual litter type 
(regardless of the site) in the case of fine litter. Lacking detailed temporal measurements 
of wood decomposition, we also considered several chronosequence studies, even though 
they provided series of only four to seven data points. Despite their low number, in fact, 
these points are highly representative, as they generally cover mass losses from zero to 
more then 70% and integrate both intra- and inter-annual climatic variability. In the 
chronosequence studies where mass loss data were not reported, we used wood density as 
a proxy. 

Litter mass was converted to C mass using reported C concentrations, or, when no 
information was available, assuming a C concentration of 50% (mass of C per unit dry 
weight of litter). Slight errors or temporal changes in this conversion factor (e.g., 25) 
would not significantly change the N release patterns. 

3 Carbon-use efficiency of consumers and aquatic decomposers 
Fig. 3A in the main text shows a clear trend of increasing decomposer carbon-use 
efficiency with increasing initial N content of the litter. This trend is consistent with 
observations of carbon-use efficiency in decomposers from aquatic environments and 
consumers at higher trophic levels [Fig. 3B, see also (26)]. In order to compare data from 
different environments and trophic levels, we considered growth efficiencies only 
(biomass growth over ingested substrate) and normalized the food source N:C ratios (rF) 
by the decomposer or consumer N:C ratio (rB), using values reported in the literature. We 
assumed average N:C ratios of 0.23 and 0.18 for marine bacteria (27, 28) and insects (29), 
respectively. Specific values for terrestrial larvae were reported by Slansky and Feeny 
(30). Food N concentrations were converted to N:C ratios assuming a C content of 50% 
in case only the N percentage was given. Since data for aquatic insects only account for 
the assimilation efficiency (31), the corresponding data points in Fig. 3B (indicated by × ) 
may overestimate the actual growth efficiency. 

4 Model description 
In this section we derive an analytical model of the N release curve as a function of 
remaining C in the litter explicitly based on the mass stoichiometry of the decomposers. 
Let us denote the total carbon and nitrogen mass contents per litterbag by CL and NL, 
respectively, and their N:C ratio as rL. Litter carbon is decomposed at a rate D, a fraction 
e of which is used by decomposers, G=e·D, while the fraction 1-e is lost through 
respiration, RB=(1-e)D (where the parameter e is often called decomposer efficiency, 



(16)). Note that, according to the above definition, the respiration RB accounts for all C 
losses due to decomposer activity associated with the decomposition flux D, and thus 
integrate at the annual time scale a variety of short-term respiratory processes (possibly 
occurring at different trophic levels in the detrital food web) that are not explicitly 
accounted for. Since our goal is to analyze the patterns of plant litter decomposition 
across litter types and climatic gradients, we also neglect explicit treatment of microbial 
succession and other trophic groups, and assume that the decomposer N:C ratio rB, and 
the efficiency e are constant in time and representative of the whole decomposer 
community. As shown later, the specific value of rB can vary in a wide range without 
changing the main patterns in the results. This allows us to compute the net 
mineralization M as the difference between the total nitrogen made available by 
decomposing litter, D·NL/CL=D·rL, and the N needed by the decomposer to assimilate C 
at a rate G with constant rB, that is e·rB·D. Accordingly, we obtain 

 
( )CRL rrDM −= ,         (S1) 

 
where rCR=e·rB is the critical N:C ratio. When litter N:C is below the critical value, 
immobilization is necessary; otherwise net N mineralization occurs (13). The mass 
balance equations for CL and NL in a single litter cohort can thus be written as 
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Combining Eqs. S2 and S3 yields 
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Eq. S4 can be solved in terms of the normalized variables c=CL(t)/CL(0) and 
n=NL(t)/NL(0), with the condition n(c=1)=1, leading to the fundamental Eq. 1 describing 
the N release curve of a single litter cohort as an implicit function of time.  Eq. 1 can be 
also written in normalized form as (Figs. 2 and S1) 
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ξ .         (S5) 

 
Eq. 1 is equivalent to other formulations derived for a lumped model (11) and in the 
context of a more complex continuum-quality decomposition model (16). Here it has 
been derived for a lumped model controlled by a generic decomposition function D, 
suggesting that the N release curve depends little on the specific choice of model 
structure and formulation. Notably, Eq. 1 does not depend on the decomposition function 
D, which typically includes the effects of both N limitation and environmental conditions 



on microbial activity (13). Accordingly, even if low availability of inorganic N during the 
early decomposition phase decreases the rates of litter degradation, it does not alter the 
basic decomposer stoichiometry. Also, environmental variables such as water availability 
and temperature affect the C and N temporal dynamics in Eqs. S2 and S3 (17, 22), but not 
litter stoichiometry evolution (Eq. S4) or the N release curve, as confirmed by 
experimental evidence (20, 24). This feature allows us to use Eq. 1 to model global N 
immobilization and release patterns across litter types and climatic conditions. 
 Fitting Eq. 1 to observations of litter C and N contents provides estimates of the 
decomposer N:C, rB, and efficiency, e. However, as already noted by Ågren and Bosatta 
(16), their product (i.e., rCR) is the primary factor controlling the shape of the N release 
curves, preventing an independent estimate of rB and e solely based on Eq. 1. Hence, we 
assume a constant decomposer N:C, and use Eqs. 1 and S5 to estimate the decomposer 
efficiency e from least square regression of the observations (Figs. 1, 2, S1). The 
efficiency e is finally converted to rCR from the definition as rCR=e·rB (both parameters 
are shown in Fig. 3A). We tested the sensitivity of the model by choosing rB =0.07, 0.1, 
and 0.2 (i.e., decomposer C:N equal to 15, 10, and 5, respectively; see Fig. 3A). The 
higher and intermediate values of rB are typical of soil and litter microbial biomass N:C 
(32-34), while the smaller one is more typical of purely fungal biomass (1, 35). As shown 
in Fig. 3A, even if we hypothesize a negative trend of rB from 0.2 to 0.07 with decreasing 
rL,0 (as it would occur from a soil to N-poor plant litter), such variation could not balance 
the decrease of rCR and thus offset the decrease in efficiency. This proves that such 
efficiency decrease with rL,0 is robust to possible shifts in decomposer composition across 
litter types. 
 We used two different regression methods to obtain e: numerical type I nonlinear 
least square fitting of Eq. 1 using the relative C and N concentrations c and n (as in Fig. 
1), and analytical type II regression of the log-transformed normalized form of the N 
release curve (Eq. S5, Figs. 2 and S1). The values of e estimated from the two methods 
did not differ significantly; however, the reported estimates of  e and rCR are all based on 
the first regression method. 
 
 
 



Supporting Figures and Tables 

 
 

 
 
 
Fig. S1. Plots of the normalized variable ξ (Eq. S5) against ce/(1-e) for each dataset 
analyzed. As in Fig. 2, the analytical N release curves are fitted to the data with the only 
free parameter e. Dataset information and correlation statistics of the normalized 
variables are reported in Table S1. 



Tab. S1. Characteristics of the selected datasets. 
 

Dataset reference Experiment 
type * Litter type † Number of 

species 
Number of 
data points 

rL,0 range 
(×10-3) 

( )
( )0
0

L

L

N
C  range R ‡ 

Lambert et al. (36) CS ■ 1 7 3.0 332 0.88 
Foster and Lang (37) CS ■ 2 12 1.4-1.6 625-714 0.90 
Edmonds (38) LB ■ 2 9 4.8-7.2 139-209 0.87 
Sollins et al. (39) CS ■ 3 12 1.6-2.2 454-625 0.92 
Melillo et al. (40) LB ▲ 1 16 7.1 140 0.98 
Seastedt et al. (41) LB ○ 1 71 38.8 25.8 0.89 
Means et al. (42) CS ■ 1 5 1.6 620 1.00 
Busse (43) CS ■ 1 5 0.7 1327 0.97 
Laskowski et al. (44) LB □, ▲ 2 67 13.7-27.2 36.7-73.2 0.82 
Berg et al. (45) LB ▲ 3 211 9.3-11.6 86-107.5 0.93 
CIDET (21) LB ○, □, ▲ 10 1076 12.1-25.8 38.8-82.5 0.87 
Kankrina et al. (46) CS ■ 3 13 3.4-3.6 277-294 0.94 
Cotrufo et al. (47) LB □ 2 32 18.2-31.3 32-55 0.91 
Osono and Takeda (48, 49) LB □, ▲ 14 260 10.6-58.1 17.2-94.3 0.65 
LIDET (18, 19) LB ○, □, ▲ 9 987 8.3-42.4 23.6-120.9 0.60 

 

* LB: litterbag method; CS: chronosequence study. 
† ○, grass leaves; □, broadleaved tree and shrub leaves; ▲, conifer needles; ■, woody residues (symbols as in Figs. 2 and 3). 
‡ R: Pearson correlation coefficients between ξ and ce/(1-e) for each dataset (Eq. S5, Figs. 2 and 1S); all correlations are highly significant (P<0.0001, except 
datasets from Lambert (16), P<0.01, and Busse (23) and Edmonds (18), P<0.005). 
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