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Abstract Human-induced changes in land use lead
to major changes in plant community composition
which have strong effects on ecosystem processes.
Here, we tested the hypothesis that changes in traits
of living plants induced by such changes resulted in
changes in the quality and decay properties of the
litter produced by the different communities. This
was done in the context of a secondary succession
following land abandonment in the Mediterranean
region of Southern France.

During the course of succession, species with high
specific leaf area (the ratio of leaf area to leaf mass),
low leaf dry matter content (the ratio of leaf dry mass to
leaf fresh mass) and high leaf nitrogen concentration
were progressively replaced by species with opposite
characteristics. Accordingly, the initial litter concen-
trations of carbon (C) and nitrogen (N) decreased, while
their C:N ratio and their hemicellulose concentration
increased with time after abandonment.
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Early-successional communities had faster rates of
litter decay and N release from litter, but these
differences damped out with decomposition time.
Nitrogen release from litter was related to initial litter
chemical composition, particularly to its N concen-
tration. This also held for litter decay rate, but only
during the first 18 months of decomposition.

Community functional parameters (i.e. trait values
weighed according to the relative abundance of
species) were tightly linked to initial litter N
concentration, and thereby to litter decay and N loss
rates. The strongest correlations were found with leaf
dry matter content, which therefore appears as a
powerful marker of litter properties. This provides
further evidence that characteristics of living leaves
persist in litter, and that some ecosystem pro-
cesses can be inferred from plant functional traits.
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Introduction

Human-induced changes in land use and climate lead
to major changes in plant community composition
(Boyle and Boyle 1994; Huntley et al. 1997), which
have strong effects on ecosystem processes (Diaz and
Cabido 2001; Chapin et al. 2000) such as litter

@ Springer



20

Plant Soil (2007) 296:19-34

decomposition and nutrient cycling (Anderson 1991;
Vitousek et al. 1997). Mechanistic approaches have
demonstrated that at a local scale, litter decomposi-
tion rate depends on the structural and biochemical
components of litter (Cadish and Giller 1997), which
depend, to some extent, on features of the living
plants and their leaves. For example, life-form and
deciduous versus evergreen habit (Cornelissen 1996;
Pérez-Harguindeguy et al. 2000; Quested et al. 2003;
Dorrepaal et al. 2005), leaf life span, foliar nutrient
content, components of leaf structure (Gillon et al.
1994; Cornelissen and Thompson 1997; Kazakou
et al. 2006), plant defences (Grime et al. 1996;
Wardle et al. 1998; Cornelissen et al. 2004) were all
found to relate to leaf decomposition rate. More
generally, fast growing, poorly defended species
produce litter with a high decomposability whereas
slower-growing, better defended species produce
poor-quality litter with low decomposition rates
(Cornelissen et al. 1999).

The aim of the present study is to understand how
changes in land use, one of the most important
anthropogenic effects on Earth’s ecosystems
(Vitousek et al. 1997), affect litter quality and
decomposition rate, and how this relates to changes
in functional characteristics of the living vegetation.
In the Mediterranean region of Southern France, the
continuous decrease of human impact during the
course of the twentieth century has induced dramatic
changes in vegetation type and cover through
successional dynamics (Debussche et al. 1999). A
previous study conducted in this context of land
abandonment has shown that such changes corre-
sponded to the replacement of species with high
specific leaf area (SLA: the ratio of leaf area to leaf
dry mass) and leaf nitrogen concentration (LNC), and
low leaf dry matter content (LDMC: the ratio of leaf
dry mass to saturated fresh mass) in the first stages
following abandonment, by species with opposite
characteristics as succession proceeds (Garnier et al.
2004). These traits, which are involved in a funda-
mental trade-off between fast resource acquisition
and efficient resource conservation (cf. Grime et al.
1997; Poorter and Garnier 1999; Wright et al. 2004),
have been identified as key traits to scale-up from
plant to ecosystem functioning (Lavorel and Garnier
2002; Eviner and Chapin 2003; Quétier et al. 2007).
In the post-cultural succession studied, these have
indeed been shown to correlate with several
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ecosystem properties, including rates of biomass
production, litter mass loss and soil organic matter,
provided that, according to the biomass ratio
hypothesis (Grime 1998), species traits were weighed
by the relative abundance of species (Garnier et al.
2004).

The objectives of the present study are to address
more detailed questions pertaining to litter quality
and decomposition in the context of the same
successional sere. These are: (i) what are the controls
over litter decay rates and nitrogen release from litter
during succession? (ii) how do these controls change
during the course of the decomposition process? and
(iii) what are the relationships between litter quality,
decomposition, and the leaf traits of the dominant
species from the different communities found along
the succession?

Material and methods
Study site

Fourteen old-fields located in southern France
(43°51'N, 3°56'E, 100—160 m asl) under a sub-humid
Mediterranean climate were selected for this study.
The mean annual temperature and rainfall over the
1972-2002 period at the meteorological station
closest to the plots (Saint-Martin-de-Londres, approx-
imately 18 km south-west of the plots) were 13.2°C
and 994 mm, respectively. Figure 1 shows the daily
temperature and rainfall during the period of study at
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Fig. 1 Daily temperature (top) and rainfall (bottom) during the
period of study (November 1999-February 2002), at the Saint-
Martin-de-Londres meteorological station, 18 km south-west of
the plots. The horizontal dashed line is the 0°C line
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the same meteorological station. Plots were located
within a 4 x 4 km?, on brown calcareous soils (calcic
cambisol). Although there was some variation in soil
texture and physico-chemical properties among plots
(Appendix 1), there was no systematic trend with
field age, except for total soil carbon and nitrogen
concentrations (Garnier et al. 2004), which reflects a
built-up of organic matter as succession proceeds.
These old-fields (‘‘plots” hereafter) were all previ-
ously vineyards which, following removal of the
vines, were abandoned 7-42 years prior to our study
(Table 1). In all the fields, the herbaceous layer
always represented at least 70% of total plant
cover (cf. Appendix 2). The similarities in soil
characteristics, climate and plant species pool, make
these fourteen old-fields a good model of a chro-
nosequence to study successional patterns and
mechanisms. Further details can be found in Garnier
et al. (2004).

Characteristics of plant communities and species
traits

In the 14 study plots, species frequency was recorded
at spring maximum biomass, using a 1-m long needle
placed successively at 50 points, 50 cm apart along a
25 m transect-line. All species whose parts touched
the needle were recorded. The relative frequency of
each species was computed as the ratio between
species frequency and the sum of all recorded
species’ frequencies along a particular line. These
relative frequencies were used as approximations of
relative species cover.

The three following leaf traits, previously shown
to relate to field age and litter mass loss (Garnier et al.
2004) were measured: specific leaf area (SLA)
representing the light-intercepting area per dry mass
of leaf, leaf dry matter content (LDMC), an approx-
imation of leaf tissue density, and leaf nitrogen

Table 1 Age since abandonment, community functional parameters and initial litter chemical composition in the 14 old-fields

studied
Field age Community functional parameters Initial litter chemical composition
(rears) SLA LDMC LNC LitC LitN LitC:N Hemi Cell Lign
m’kg™) (mgg™) (mggH (mgg ) (mgg ) (mgg™) (mgg™) (mgg™h)
7 23.99 272 24.1 436 11.6 37.71 219 299 183
8(1) 13.75 400 11.6 400 5.62 71.14 277 358 115
8 22.38 247 23.6 438 12.8 34.13 244 326 118
11 22.33 249 26.3 409 14.2 28.80 232 344 153
12 24.08 243 29.2 425 12.6 33.87 240 311 136
22 15.81 377 16.2 411 7.34 55.92 280 350 128
26 19.26 320 18.9 417 7.95 52.50 282 358 129
26 13.27 402 11.5 404 5.10 79.13 293 358 123
26(1) 20.62 277 20.7 426 14.0 30.50 248 302 70.3
29 13.10 411 10.9 401 5.08 78.84 277 344 122
35 13.24 409 10.7 413 5.00 82.63 270 308 152
40 13.85 398 10.1 409 5.78 70.71 282 337 134
40 14.45 388 9.39 415 7.03 59.06 256 311 118
42 18.46 440 17.0 402 4.88 82.32 286 369 133
Pearson
All sites —0.59* 0.71%* —0.66* —0.45 —0.63 0.64* 0.60 0.14 —0.20
() Excluded  —0.78%* 0.90%#*  —(0.83%* —0.68* —0.87%* 0.84%#* 0.73* 0.30 —0.38

The two last lines show the Pearson correlation coefficients between field age and each community parameter or initial litter chemical
compound calculated with all plots and with two plots excluded (marked T: see text). SLA, specific leaf area; LDMC, leaf dry matter
content, LNC, leaf nitrogen concentration. LitC, LitN, Lit C:N: carbon, nitrogen concentrations and carbon:nitrogen ratio of litter,
respectively. Hemi, Cell and Lign refer to the initial litter concentrations of hemicellulose, cellulose and lignin, respectively

*P < 0.05; **P < 0.01; ***P < 0.001 (significance levels corrected by the improved Bonferroni procedure)
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concentration (LNC). These traits were measured on
green leaves of individuals sampled in the old-fields
at the spring peak of growth, following standardized
protocols (Garnier et al. 2001; Cornelissen et al.
2003).

Community functional parameters (cf. Violle et al.
2007) were calculated according to the biomass ratio
hypothesis (Grime 1998), as:

n

Community functional parameter = Z p; X trait;

i=1
(1)

where trait; is the trait value of species i, and p; is the
proportion of species i in the community. Equation 1
was applied to the species that accounted for at least
70% of the total plant presence registered along the
transect-line of each plot (Appendix 2).

Litter decomposition experiments

The main experiment was carried out using 14
different litters collected from each of the 14 study
plots and each decomposing in its own plot (‘‘native’
litter hereafter). At the time of the major peak of
natural senescence (August 1999), undecomposed

litter of all plant parts of all vascular plant species
was collected in the proportions in which it was
naturally shed in the plots. Each litter was then
assumed to represent the average litter characteristics
of the community present at each plot. Eighty
samples from each well mixed, air-dried litter were
weighed and placed into polyester net litterbags
(16 x 12 cm, 5 mm mesh) and left to decompose on
the soil surface of the plots for 836 days. Five
additional samples of each litter were oven-dried at
40°C to constant mass to determine the initial litter
water content. Ten litterbags were sampled every
3 months in each plot (last two sampling dates
missing for two of the plots: cf. Table 2). The
recovered litter samples were oven-dried at 40°C to
constant mass, and weighed after soil particles were
carefully removed by hand.

An additional experiment was carried out to test
the influence of plot local conditions (i.e. soil, soil
decomposer community and physico-chemical influ-
ence of the living plants) on litter decomposition.
Thirty-two samples of the same air-dried litter
(“‘standard” litter hereafter) taken from the 11-year-
old plot (Table 1) were placed in litterbags and left to
decompose on the soil surface of four plots of
different ages (7, 11, 26 and 42 years) for 384 days.

Table 2 Field age, litter

- . —1 —1
mass remaining at first Field age Mass remaining K (g kg™ year ') ONy (g)  Annual N
sampling date (132 days (years) after 132 days 272 dave 598 dave 836 dave loss rﬁtle .
after the beginning of the (%) Y Y Y (g kg™ year )
experiment), litter decay 7 80.2 623 621 618 11.6 3.18
rate (K) at three sampling
times and annual N loss rate 8(H) 86.8 402 532 592 5.6 1.50
in g kg™ initial litter 8 72.0 746 681 nd 12.8 4.46
—1

year 11 76.0 723 682 695 14.2 5.10

12 74.5 738 669 633 12.6 3.86

22 83.5 543 606 620 7.3 1.91

26 87.1 394 452 511 7.9 2.21
The two last lines show the 26 88.9 323 367 435 5.1 1.19
Pearson correlation 26(7) 75.3 633 569 556 14.0 4.57
coefficients between field
age, litter mass loss, K or N 29 83.9 498 647 687 5.1 1.51
loss rate calculated with all 35 86.4 363 405 nd 5.0 0.12
plots and with two sites 40 86.6 375 437 451 5.8 0.62
excluded (marked ¥: see 40 84.4 442 484 495 7.0 0.70
text). nd, not determined
P < 0.05: **P < 0.01: 42 88.0 346 421 460 4.9 0.99
##%P < (0.001 (significance Pearson
levels corrected by the All sites 0.60%* —0.73% —0.71%* —0.68* —0.63* —0.71%*
improved Bonferroni () excluded ~ 0.81% —0.88%FE 077 —0.70%  —0.87%%  —0.90%%*

procedure)
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Eight litterbags were sampled every 3 months and
were treated as described for the main experiment.

NIRS determination of litter chemical
composition

A subset (618 out of 1,080) of the litter samples from
the main experiment representative of the litter col-
lected in each plot at the different dates were ground
in a cyclone mill (Cyclotec Sample Mill, Tecator,
Hogands, Sweden) and scanned using a near infrared
reflectance spectrophotometer (NIRSystems 6500,
Foss NIRSystems, Raamsdonksveer, The Nether-
lands). For these samples, carbon (C), nitrogen (N),
hemicellulose, cellulose and lignin concentrations
were determined according to the method described
by Joffre et al. (1992). The measured values were
obtained with standard errors of calibration of 0.9%
for C, 0.07% for N, 1.7% for hemicellulose and
cellulose, and 2.8% for lignin. Phenolic compounds
were not assessed in this study, since these have been
shown to play only a minor role in the decomposition
rate of the dominant species of this successional sere
(Kazakou et al. 2006).

Determination of litter decay rate constants (K)
and litter N release

From the dry mass data during field decomposition,
percentage of litter mass remaining (X;) was calcu-
lated for each sample i. The X values for each litter
were fitted to the Olson model (1963):

X, = Xpe X (2)

where X, was the litter dry mass at the beginning of
decomposition (=100), X, was the percentage of litter
mass remaining at time f#, expressed in years; rate
constants K were multiplied by 10 and expressed in
g kg~! year '. Correlation coefficients for the
different fits obtained at various times during the
experiment are given in Appendix 3.

At the beginning of the field incubation, the
quantity of N in each initial litter (ONy) was equal
to its mass (Xo = 100) multiplied by its initial N
concentration (Ny). The remaining N quantity (ON;) in
each sample i of decomposing litter was calculated as:

ON: = X; x N; (3)

where X; was the percentage of litter mass remaining
of sample i and N; its N concentration. In all plots, an
initial period of rapid leaching was observed between
the start of the experiment and the first sampling date
after 132 days of decomposition. QN decreased
rapidly during this period, while it decreased more
slowly and linearly with time afterwards (cf. Fig. 1b),
except for some of the older plots. A linear regression
was thus fitted to the QN data excluding the QN
value, as:

ON,=a—bxt (4)

where ON, was the quantity of N at time ¢, r was
expressed in years, b was the annual N loss rate
expressed in g kg~ ' of initial litter year ', and a is
ON after the initial period of rapid leaching. The
parameters and correlation coefficients for the differ-
ent plots are given in Appendix 4.

Data analyses

The multiple comparisons between the fitted decay
rate constants K and between the annual N loss rates
b was carried out using the T'-method (Sokal and
Rohlf 1995, pp. 240-260). In a first set of analyses,
the plots were grouped into one of three successional
stages (cf. Table 1), corresponding to 7—12 years after
abandonment (‘‘early’’ successional plots), 22—
29 years after abandonment (‘‘intermediate” plots)
and 35-42 years after abandonment (‘‘advanced”
plots). The effects of succesional stage and decom-
position time on litter mass loss and nitrogen release
were then tested using two-ways analyses of variance
(ANOVA:s). Correlations between field age, func-
tional parameters of the communities, initial litter
chemical composition, litter decomposition rate and
annual N loss rate were evaluated with Pearson
product-moment correlation coefficients. In all anal-
yses significance levels were corrected by the
improved Bonferroni procedure (Simes 1986; Sokal
and Rohlf 1995, pp. 229-240).

Results
Field age, plant community and leaf litter

Plant community composition changed with field age
(Appendix 2): early successional plots were generally
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dominated by annual or biennial species (e.g. Avena
barbata, Bromus madritensis, Medicago minima),
while older plots were usually dominated by peren-
nial species: the grasses Brachypodium phoenicoides
and Bromus erectus were dominant in many plots, but
other species such as e.g. Rubus caesius or Picris
hieracioides could also contribute significantly. As a
consequence of this shift in species composition,
community functional parameters changed with field
age: LDMC significantly increased whereas SLA and
LNC decreased during the course of succession
(Table 1). The species composition and trait values
of two of the plots (one 8-year-old and one 26-year-
old: “‘atypical plots’ hereafter) differed substantially
from the other plots of comparable ages (cf. Appen-
dix 2). When these two plots were excluded from the
analysis, correlations with field age were stronger
(Table 1).

The chemical properties of the leaf litter produced
in these plots also changed with field age (Table 1):
litter C and N decreased while litter C:N and
hemicellulose increased as succession proceeds. Note
that the difference between the C:N ratio and lignin
concentrations of the two 40-year-old plots can
probably be related to the different proportions of
the two grasses that are dominant in these plots:
Brachypodium phoenicoides (58 and 20% respec-
tively in each plot) and Bromus erectus (44 and 88%,
respectively). Trends for litter cellulose and lignin
concentrations were not significant. All these corre-
lations were stronger when the two ‘‘atypical plots”
were excluded from the analyses.

Decay rate of standard litter in four plots of
different ages

The mean (xstandard error) decay rate constants of
the standard litter in the 7, 11, 26 and 42-year-old
plots were 571 (£33), 581 (+34), 506 (+26) and 584
(+43) g g~ ' year ™', respectively. These values were
not significantly different, except that for the 26-year-
old plot (P < 0.05).

Decay rate and nitrogen release of native litters in
the 14 plots

Mass loss of all litters fitted the exponential model of

decay during field decomposition (#* from 0.70 to
0.94, degree of freedom from 20 at 222 days to 80 at
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836 days: see Appendix 3 and cf. Fig. 2a). At the
second sampling date (after 222 days of decomposi-
tion), K varied 2.3-fold among the different plots,
while at the last sampling date (after 836 days), K
varied only 1.6-fold (Table 2). This was reflected in
the significant decrease in the coefficient of variation
(CV: Appendix 3) of K among plots with time of
decomposition (r = —0.96, P < 0.001, n = 8).
ANOVAs showed significant differences in litter
mass remaining among plots differing in successional
stages (Fig. 2a). At all dates, K decreased signifi-
cantly with field age, but the longer the decomposi-
tion time, the weaker the trend (Table 2).

The quantity of N contained in 1 kg of each initial
native litter (ON,y) ranged from 4.9 to 14.2 g, and
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Fig. 2 Litter mass remaining (a) and nitrogen content (b) as a
function of decomposition time in litters from early (white sym-
bols), intermediate (grey symbols) and advanced (black
symbols) succesional stages. Means and standard errors are
shown for four to five replicate plots per successional stage
(see Table 1). F values from two-way (decomposition time and
successional stage) analyses of variance testing for the effect of
successional stage are given (decomposition time is always
significant); ***P < 0.001
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decreased significantly with field age (Table 2).
Between 21% and 75% of this initial N was lost
during the course of the experiment. The initial
differences in litter N content (CV of 43%) tended
to decrease with decomposition time (CV of 22% after
598 days of decomposition) (Fig. 2b). Litter N content
was significantly different among plots differing in
successional stage (Fig. 2b), and annual N loss rate
decreased significantly with field age (Table 2).

All correlations with field age were stronger when
the two ‘‘atypical plots” were removed from the
analyses (Table 2).

Initial litter chemical composition, litter decay
rate and N release

During the first year of decomposition, mass loss and
decay rate were strongly correlated to the initial
content in C, N, C:N and hemicellulose concentration
of the litter (Table 3; Fig. 3a, c). With increasing time
of decomposition, the strength of the relationships
between litter chemical composition and decay rate
decreased until they reached a threshold after 17—
19 months when they became non significant.

The annual N loss rate was significantly correlated
to the litter decay rate, more strongly at the beginning
of the decomposition ( = 0.90, P < 0.01 at 222 days)
than at the last sampling time (r = 0.61, P = 0.03). It
closely depended on the initial litter N content
(Fig. 2b) and secondarily on the initial C and
hemicellulose contents (Table 3; Fig. 3d).

Table 3 Pearson correlations between litter mass remaining
(LMR) at first decomposition sampling date (132 days after the
beginning of the experiment), litter decay rate (K), annual N

Community functional parameters and litter
decomposition

Litter C, N, C:N and hemicellulose were significantly
related to the three parameters calculated at the
community level (Table 4). Consequently, since litter
decomposition directly depended on its initial chem-
ical composition, all parameters related to both litter
decomposition in the first year and N release were
correlated to the characteristics of the living plant
community (Table 4). Community-average LDMC
was the parameter most closely related to the
different litter properties assessed (Table 4; Fig. 4).

Discussion
Succession, plant traits and litter

The replacement of species during the course of
succession led to changes in the functional parame-
ters of the plant community: communities composed
of fast-growing species with high specific leaf area
(SLA) and leaf nitrogen concentration (LNC) and low
leaf dry matter content (LDMC) in early succession
were progressively replaced by communities com-
posed of slow-growing species with low SLA and
LNC and high LDMC (see also Garnier et al. 2004,
who studied ten of the plots used in the present work).
Comparable trends along successional gradients were
found across Europe, in sites where abandonment is

loss rate and the initial litter chemical composition (n = 14,
except for K 717 and 836 days n = 12)

LitC LitN LitC:N Hemicellulose Cellulose Lignin
LMR 132 days —0.71%%* —0.92%** 0.88*#* 0.81%#* 0.54 0.11
K 222 days 0.67* 0.91 %% —0.89%** —0.83%** —0.47 0.03
K 307 days 0.70%* 0.89%** —0.89%#** —0.89%#** —0.55% 0.12
K 402 days 0.59%* 0.84%*%* —0.84%** —0.83%** —-0.47 0.10
K 500 days 0.55 0.78** —0.78%%* —0.78%%* —-0.43 0.07
K 598 days 0.45 0.72* —0.72% —0.70%* —0.29 0.06
K 717 days 0.23 0.57 —0.55 —0.62 —0.31 0.23
K 836 days 0.16 0.50 —0.50 —0.56 —-0.23 0.24
Annual N loss rate 0.60* 0.96%* —0.92%** —0.73%* —0.28 —0.10

LitC, LitN, Lit C:N: carbon, nitrogen and carbon:nitrogen ratio of litter, respectively.

initial concentrations of these compounds in litter

Hemicellulose, Cellulose and Lignin refer to the

*P < 0.05; **P < 0.01; ***P < 0.001 (significance levels corrected by the improved Bonferroni procedure)
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Fig. 3 (a and b) Relationships between initial litter nitrogen
(N) concentration and (a) litter decay rate constant after
222 days of decomposition and (b) annual N loss rate in the 14
native litters decomposing in the 14 plots studied. (¢ and d)
Relationships between initial litter hemicellulose concentration

the main driver of vegetation dynamics (Garnier et al.
2007).

The trends described here (as well as those
concerning litter properties) were stronger when
two of the plots were removed from the analyses.
The species composition of these plots actually
differed substantially from that of plots of compara-
ble age: the 8-year-old plot was dominated by species
more typical of later stages (e.g. the perennial grass
Brachypodium phoenicoides), while the 26-year-old
plot was dominated by species more typical of earlier
stages (e.g. the short-live perennial Asteraceae Picris
hieracioides). This may be due to several reasons: (i)
incorrect dating of age of abandonment; (ii) particular
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and (c) litter decay rate constant after 222 days of decompo-
sition and (d) annual N loss rate of the 14 native litters
decomposing in the 14 plots studied. White, grey and black
symbols are for early, intermediate and advanced successional
stages, respectively (see Table 1)

propagule sources and/or initial floristic conditions;
(iii) particular micro-climatic and/or edaphic condi-
tions not taken into account in the study. Unfortu-
nately, we have not enough information to choose
from these different possibilities. The range of
variation in decay rate of the standard litter decom-
posing in the four different plots was small compared
to that observed among the native litters decompos-
ing in the same plots: the coefficient of variation of K
of the standard litter was only 7% whereas it was
29% at the equivalent sampling time (402 days) for
the native litters. We therefore conclude that differ-
ences in local climatic and edaphic conditions had
only little impact on the regulation of the decay
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Table 4 Pearson correlations between community functional
parameters and (i) initial litter chemical composition, (ii) litter
decay parameters and (iii) litter N release (n = 14, except for K
417 and 836 days n = 12)

SLA LDMC LNC

Initial litter composition

LitC 0.74%%* —0.78** 0.64*
LitN 0.87%%* —0.96%** 0.87%*%*
LitC:N —0.86%** 0.96%%%* —0.85%**
Hemicellulose —0.79%%* 0.83%#%%* —0.74%%*
Cellulose —0.35 0.48 —0.27
Lignin 0.22 —0.08 0.21
Litter decay

LMR 132 days —0.78%* 0.89%** —0.79%%*
K 222 days 0.80%* —0.90%%** 0.84%%*
K 307 days 0.79%* —0.88%** 0.80**
K 402 days 0.72%% —0.81%** 0.75%*
K 500 days 0.68* —0.75%* 0.72%*
K 598 days 0.62* —0.71%%* 0.67*
K 717 days 0.45 —0.57 0.56

K 836 days 0.39 —0.51 0.50
Litter N release

Annual N loss rate 0.85%%%* —0.93%** 0.88#%*

LMR 132 days is the litter mass remaining at the first sampling
date (132 days after the beginning of the experiment). SLA,
specific leaf area; LDMC, leaf dry matter content; LNC, leaf
nitrogen content. LitC, LitN, Lit C:N: carbon, nitrogen and
carbon:nitrogen ratio of litter, respectively. Hemicellulose,
cellulose and lignin refer to the initial concentrations of these
compounds in the litter

*P < 0.05; **P < 0.01; ***P < 0.001 (significance levels
corrected by the improved Bonferroni procedure)

process among plots. Differences observed in the
main experiment using the 14 native litters could
therefore be attributed to the differences in plant
composition and consequently to the corresponding
physical and chemical differences among litters.
The changes in community composition resulted
in variations of litter properties with age of abandon-
ment: litter N (both concentration and initial content)
decreased and hemicellulose increased, while decay
rate and N release decreased as succession proceeds.
Such a gradual replacement of species along succes-
sion with decreasing litter quality and decomposition
rates was already and ingeniously demonstrated by
Wardle et al. (1997b) who studied litter decomposi-
tion in 50 boreal islands that varied in successional

stage, owing to increasing lightning frequency with
island size. Lower decomposition and N mineraliza-
tion rates corresponded to smaller island size and
older successional stages. This was explained by the
decline in leaf and litter quality as later-successional
species replaced earlier ones.

Trends in decomposition with field age obtained
here on ‘‘average’” community litters were also found
for litters produced by the different species compos-
ing these communities: the litter produced by species
from early stages tends to decompose more rapidly
than that produced by species from later stages
(Kazakou et al. 2006). Combining these findings
shows that the patterns of litter decay rate observed
along the succession were robust enough to scale-up
from species to community levels, in spite of
potential mixing effects in the pluri-specific litters
on which decomposition was assessed (cf.
Hattenschwiler et al. 2005).

Which initial chemical compounds controlled
litter decomposition?

The initial chemical composition of the litter
appeared to control the decay processes for about
1 year and then its impact progressively decreased to
become insignificant. Decomposition is a gradual
change in litter quality (Joffre et al. 2001) and the
effects of initial litter quality on decomposition rate
depend on the age of the litter (Cortez et al. 1996;
Chapin et al. 2002). The most easily decomposable
compounds are lost first, leaving the most resistant
fractions, while polymerized compounds may also be
synthesized (Minderman 1968). The factors control-
ling decomposition therefore change with time. For
example, Berg and Staaf (1980) showed that nutrients
controlled the first stages of decomposition of the
litter of Pinus sylvestris, whereas the lignin content
controlled decomposition in the later stages. Along
the same lines, Berg (1986) developed a conceptual
model connecting litter quality to the decomposition
of a selection of organic compounds, in which litter
decay is divided in two parts. The first one corre-
sponds to the decomposition of labile fractions
(hydrosolubles, non lignified-cellulose and hemicel-
lulose) which are controlled by nutrient concentra-
tion, while the second one corresponds to the
decomposition of lignified carbohydrates in which
carbohydrates are chemically bound to native lignin.
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Fig. 4 Relationships between leaf dry matter content (LDMC)
of the living plant community and (a) litter decay rate constant
after 222 days of decomposition, (b) annual N loss rate, (c)
initial litter N concentration and (d) initial litter hemicellulose

Similarly, Aerts and De Caluwe (1997) demonstrated
that the initial mass loss of Carex litter was
controlled by phosphorus related quality parameters;
this control decreased with time, as nitrogen control
of litter decay became progressively more important.
In our study no relations were found between the
measured litter chemical compounds at each sam-
pling time and the next rate of decay (data not
shown). This study confirms that the links found
between the initial litter characteristics and the early
stages of decomposition cannot be extrapolated to
long-term decomposition.

In the present study, the richer in C and N and
the poorer in hemicellulose the initial litter, the
faster its mass loss during the first year. N loss rate
from litter, which was related to the decay process,
depended on the same litter chemical compounds

@ Springer

concentration of the 14 native litters decomposing in the 14
plots studied. White, grey and black symbols are for early,
intermediate and advanced successional stages, respectively
(see Table 1)

(cf. Parton et al. 2007). The initial litter N
concentration, and its corollary its C:N ratio, were
the best predictors of the rate of litter decay, as
often observed in decomposition studies (see for
example Aber and Melillo 1980; Aerts et al. 1997,
Heal et al. 1997; Giisewell and Verhoeven 2006).
Initial hemicellulose also played a role here,
although less important. It is noteworthy that the
initial lignin content of the litter, often found to be
an important factor controlling decomposition (see
for example Meentemeyer 1978; Berendse et al.
1987; Aber et al. 1990; Aerts et al. 1997), did not
appear as an effective predictor in this study. This is
probably due to the fact that litter from the old-
fields was mainly herbaceous, relatively poor in
lignin and showed a low range of variation among
plots (not shown).
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Relationships between litter properties and traits
of the living plant community

Initial litter chemical composition was strongly
related to the functional parameters of the living
plant community: those communities with high SLA
and LNC and with low LDMC provided N-rich and
hemicellulose-poor litters which decomposed and
released their nitrogen rapidly; conversely, those with
low SLA and LNC and with high LDMC provided a
litter poor in N and rich in hemicellulose which
decomposed more slowly. Therefore, the rates of
litter decomposition and N release were related to the
traits of the living plant community via litter quality.
Comparable results have been found at the species
level: leaf mass per area—the inverse of SLA—
(Gillon et al. 1994), LDMC (Kazakou et al. 20006),
tissue nitrogen concentration (Wardle et al. 1998) and
leaf toughness (Cornelissen et al. 1999, Pérez-
Harguindeguy et al. 2000) have been found to
correlate with litter decomposition.

Our results demonstrate that among these different
traits, LDMC was the best predictor of litter chemical
composition and decomposability. LDMC reflects the
proportion of mesophyll versus sclerenchyma and
vascular tissues of the leaves (Garnier and Laurent
1994), and relates to the hemicellulose content of the
litter (Fig. 4). These results provide further insights
into the mechanistic link between the properties of
the living leaves and those of litter, and shows that
LDMC can be considered as an indicator of the
structural and physical attributes of both leaves and
litter. LDMC therefore appears as a powerful func-
tional marker (sensu Garnier at al. 2004) of litter
decomposition, which was also found in other
ecological contexts (Quétier et al. 2007). Further
studies should challenge the generality of this con-
clusion, and evaluate how the predictive power of
LDMC compares to other approaches using e.g.
growth forms of species as predictors of litter
decomposition (e.g. Dorrepaal et al. 2005).

Overall, this study further corroborates the idea
that some attributes associated with the functioning
of living leaves have an impact on the properties of
senescent leaves and on their decomposition rate,
therefore contributing to the so-called ‘‘afterlife”

effect (Grime et al. 1996; Wardle et al. 1998;
Cornelissen et al. 1999, 2004). A major finding of
the present study is that this effect, previously
observed at the species level, actually scales up to
the community level.

Conclusions

In the present study, land abandonment was the main
driver of changes in plant community composition.
Along the successional sere, species with low LDMC
and high LNC and SLA were progressively replaced
by species with opposite characteristics. These
changes in leaf traits led to drastic changes in litter
quality, and consequently in litter decay rates and
nitrogen release. In early stages of succession, species
produced litter that decomposed quickly while in
later stages the plant communities were dominated by
species producing poor-quality litter that decomposed
more slowly. Among the traits measured, leaf dry
matter content was the best functional marker of litter
decomposition and nitrogen release, both of which
are fundamental components of ecosystem function.
This study provides further support to the hypotheses
put forward by Hobbie (1992), Grime (1998) and
Wardle et al. (1998), stating that species differences
in plant traits and litter quality make up important
factors by which plant species affect ecosystem
processes.
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Appendix

Appendix 1 Means and standard errors (between brackets) of physical and chemical properties in each of the plots studied

Field age pH CEC Clay Fine silt Coarse silt Fine sand Coarse sand
(years) (H,0) (mol kg™ ") gke ™) (gke™ (gke™ (gke™ (gke™
7 8.1 (0.1) 12 246 (11) 92 (8) 105 (3) 32 (5) 1(0.3)
8" 8.3 (0.1) 8.3 287 (6) 215 (5) 144 (3) 66 (2) 6 (1.5)
8 8.2 (0.1) 15.7 278 (10) 144 (2) 107 (2) 29 (1) 2 (0.7)
11 8.3 (0.1) 10.5 228 (5) 175 (8) 114 (2) 96 (4) 7 (0.9)
12 8.3 (0.1) - 184 (5) 74 (2) 61 (2) 33 (2) 6 (0.6)
22 8.3 (0.1) 11.2 230 (7) 139 (4) 177 (3) 65 (4) 6 (0.5)
26 8.3 (0.1) 11.9 274 (5) 168 (4) 102 (2) 57 (2) 3(0.1)
26" 8.2 (0.1) 14.8 249 (9) 264 (5) 110 3) 39 (3) 23 (1.6)
29 8.2 (0.1) 10.7 209 (8) 253 (5) 327 (5) 125 (5) 14 (1.1)
35 8.3 (0.1) 132 278 (4) 158 (9) 101 (2) 64 (5) 6 (1.9)
40 8.1 (0.1) 12.2 123 (5) 173 (6) 136 (4) 138 (2) 50 (3.2)
40 8.1 (0.1) 11.8 203 (12) 80 (5) 71 (2) 23 (1) 1 (0.0)
42 8.2 (0.1) 15.7 314 (16) 164 (3) 99 4) 33 (1) 3 (0.6)
Pearson ns ns ns ns ns ns ns

Data are for the upper 10 cm of soil on three batches taken in April 2000, each composed of a mixture of 10 samples taken randomly
in each field. CEC is the cation exchange capacity. The last line shows the significance levels of the Pearson correlations between
field age and the different soil properties: ns, not significant (P > 0.05). —, missing value

T Denotes the two “atypical” plots (see text)
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Appendix 2 List of species (nomenclature follows Tutin et al. 1968-1980, 1993) accounting for at least 70% of the total plant
presence recorded along the transect-line in each plot

Species Field age (years)

7 8 8 11 12 22 26 26 26 29 35 40 40 42

Arenaria serpyllifolia X

Avena barbata X ® ® X X

Avena sterilis X

Brachypodium phoenicoides ® ® ® ® X ® ® ® ® ®
Bromus erectus ® ® & ®
Bromus lanceolatus X

Bromus madritensis X X ® ® X X

Bromus hordeaceus X

Calamintha nepeta X X X ®
Clematis vitalba X

Convolvulus arvensis X X X

Crepis foetida X

Crepis taraxacifolia
Cynodon dactylon

Dactylis glomerata

XKoo X X
ke
=

Daucus carota
Dipsacus fullonum
Holcus lanatus

Lotus corniculatus

XXX X)X

Medicago lupulina ®
Medicago minima ®

Medicago orbicularis X

ko
o
o
o
®

Picris hieracioides X
Potentilla reptans X X ®

Prunus spinosa ®

Rubus caesius ® ® X X X X ® ®
Tordylium maximum X

Torilis japonicus X ® X

>
e

Trifolium angustifolium
Vicia angustifolia X X

Vicia heterophylla X

Vicia hybrida X X X

Xeranthemum inapertum X

% Herbaceous species 77 98 99 86 70 100 76 95 74 91 99 98 98 99

Circled crosses denote the two dominant species of each field. All species are herbaceous but Clematis vitalba, Prunus spinosa and
Rubus caesius. The last line shows the percentage cover of herbaceous species in each plot
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Appendix 3 Litter decay rate K in g kg™

time in the different plots

year ! (fitted value of K, standard error (SE) and r* of the regression) at each sampling

Field 222 days 307 days 402 days 500 days 598 days 717 days 836 days
age n =20 n =30 n =40 n =50 n =60 n=70 n =80
(years)

KGSE) * K@SE) # K@SE) # K@SE # KGE) 2 KGSE P K(@SE 7~
7 623 (24) 0.81 652 (18) 0.88 625 (15) 0.89 626 (12) 0.92 621 (11) 093 611 (11) 093 618 (10) 0.94
8" 402 (14) 0.85 415(12) 0.87 453 (15) 0.84 492 (16) 0.86 532 (17) 0.87 562 (17) 0.88 592 (18) 0.89
8 746 (40) 0.75 678 (30) 0.70 652 (21) 0.81 671 (17) 0.89 681 (15) 091 nd nd
11 723 (24) 0.84 665 (20) 0.79 672 (17) 0.86 654 (15) 0.88 682 (15) 0.90 690 (15) 091 695 (13) 0.93
12 738 (28) 0.78 682 (20) 0.78 678 (17) 0.86 679 (16) 0.88 669 (14) 0.90 649 (13) 0.89 633 (13) 0.89
22 543 (19) 0.87 531 (15) 0.87 564 (14) 090 596 (14) 0.92 606 (12) 0.94 604 (10) 0.95 620 (10) 0.96
26 394 (12) 0.87 399 (9) 0.92 402 (11) 0.86 405 (11) 0.86 452 (14) 0.86 483 (15) 0.86 511 (15) 0.88
26 323 (12) 0.80 350 (10) 0.88 350 (12) 0.80 349 (11) 0.81 367 (11) 0.84 414 (15) 0.82 435 (14) 0.85
26" 633 (24) 0.79 588 (16) 0.81 573 (13) 0.86 578 (12) 0.90 569 (10) 0.92 554 (9) 092 556 (9) 093
29 498 (21) 0.79 501 (16) 0.84 548 (20) 0.82 579 (19) 0.85 647 (26) 0.82 674 (24) 0.85 687 (22) 0.88
35 363 (14) 0.70 387 (12) 0.84 379 (10) 0.85 402(9) 090 405(8 091 nd nd
40 375 (16) 0.73 410 (12) 0.86 435 (12) 0.88 442 (10) 090 437 (10) 0.89 427 (9) 0.91 451 (10) 0.90
40 442 (14) 0.82 490 (14) 0.88 500 (12) 091 494 (11) 091 484 (10) 091 485 (11) 0.90 495 (10) 0.92
42 346 (11) 0.83 362 (10) 0.88 381 (15) 0.78 415 (16) 0.79 421 (14) 0.82 441 (13) 0.86 460 (13) 0.88
CV (%) 30 25 23 21 21 18 16

The last line shows the coefficient of variation (CV) of the decay rate constant at each sampling date. nd, not determined

T Denotes the two ““atypical” plots (see text)

Appendix 4 Parameters of the linear regressions of litter N
content (QN in g kg~ of initial litter) on decomposition time
(QN = a — b x t) for each plot

2

Field age (years) a b r P

7 10.82 2.72 0.84 <0.001
8f 4.08 0.32 0.16 =0.15
8 10.36 2.26 0.59 <0.001
11 12.13 3.76 0.83 <0.001
12 9.06 1.71 0.66 <0.001
22 6.20 1.11 0.54 <0.001
26 6.717 1.47 0.61 <0.001
26 4.15 0.53 0.25 < 0.01
267 9.88 1.97 0.69 <0.001
29 431 0.93 0.50 <0.001
35 3.51 —1.21 0.47 <0.001
40 5.34 0.34 0.09 <0.05
40 6.64 0.41 0.10 =0.06
42 3.61 0.22 0.06 =0.09

b, annual N loss rate (g kg~ of initial litter year™").
Correlation coefficients (12) and significance levels (P) are also
given

' Denotes the two “‘atypical” plots (see text)

@ Springer

References

Aber JD, Melillo JM (1980) Litter decomposition: measuring
relative contribution of organic matter and nitrogen to
forest soils. Can J Bot Rev Can Bot 58:416-421

Aber JD, Melillo JM, McClaugherty C (1990) Predicting the
long-term patterns of mass-loss, nitrogen dynamics, and
soil organic matter formation from initial fine litter
chemistry in temperate forest ecosystems. Can J Bot Rev
Can Bot 68:2201-2208

Aerts R (1997) Climate, leaf litter chemistry and leaf litter
decomposition in terrestrial ecosystems: a triangular
relationship. Oikos 79:439-449

Aerts R, De Caluwe H (1997) Nutritional and plant-mediated
controls on leaf litter decomposition of Carex species.
Ecology 78:244-260

Anderson JM (1991) The effects of climate change on
decomposition processes in grassland and coniferous
forests. Ecol Appl 1:326-347

Berendse F, Berg B, Bosatta E (1987) The effect of lignin and
nitrogen on the decomposition of litter in nutrient-poor
ecosystems: a theoretical approach. Can J Bot Rev Can
Bot 65:1116-1120

Berg B (1986) The influence of experimental acidification on
nutrient release and decomposition rates of needles and
root litter in the forest floor. For Ecol Manage 15:195-213

Berg B, Staaf H (1980) Decomposition rate and chemical
change of Scots pine needle litter. II. Influence of



Plant Soil (2007) 296:19-34

33

chemical composition. In: Persson T (ed) Structure and
function of Northern Coniferous Forests—an ecosystem
study. Ecol Bull 32:375-390

Boyle TJB, Boyle CEB (1994) Biodiversity, temperate eco-
systems, and global change. NATO ASI Series 1.
Springer, Berlin

Cadish G, Giller KE (1997) Driven by nature: plant litter
quality and decomposition. CAB International, Walling-
ford

Chapin FS III, Zavaleta ES, Eviner VT, Naylor RL, Vitousek
PM, Reynolds HL, Hooper DU, Lavorel S, Sala OE,
Hobbie SE, Mack MC, Diaz S (2000) Consequences of
changing biodiversity. Nature 405:234-242

Chapin FS III, Matson PA, Mooney HA (2002) Principles of
terrestrial ecosystem ecology. Springer-Verlag, New York

Cornelissen JHC (1996) An experimental comparison of leaf
decomposition rates in a wide range of temperate plant
species and types. J Ecol 84:573-582

Cornelissen JHC, Thompson K (1997) Functional leaf attri-
butes predict litter decomposition rate in herbaceous
plants. New Phyt 135:109-114

Cornelissen JHC, Pérez-Harguindeguy N, Diaz S, Grime JP,
Marzano B, Cabido M, Vendramini F, Cerabolini B
(1999) Leaf structure and defence control litter decom-
position rate across species and life forms in regional
floras of two continents. New Phyt 143:191-200

Cornelissen JHC, Lavorel S, Garnier E, Diaz S, Buchmann N,
Gurvich DE, Reich PB, ter Steege H, Morgan HD, van der
Heijden MGA, Pausas JG, Poorter H (2003) A handbook
of protocols for standardised and easy measurement
of plant functional traits worldwide. Aust J Bot 51:
335-380

Cornelissen JHC, Quested HM, Gwynn-Jones D, Van Log-
testijn RSP, De Beus MAH, Kondratchuk A, Callaghan
TV, Aerts R (2004) Leaf digestibility and litter decom-
posability are related in a wide range of subarctic plant
species and types. Funct Ecol 18:779-786

Cortez J, Demard J-M, Bottner P, Jocteur Monrozier L (1996)
Decomposition of mediterranean leaf litters: a microcosm
experiment investigating relationships between decom-
position rates and litter quality. Soil Biol Biochem
28:443-452

Debussche M, Lepart J, Dervieux A (1999) Mediterranean
landscape changes: evidence from old postcards. Glob
Ecol Biogeogr 8:3-15

Diaz S, Cabido M (2001) Vive la différence: plant functional
diversity matters to ecosystem processes. Trends Ecol
Evol 16:646-655

Dorrepaal E, Cornelissen JHC, Aerts R, Wallen B, Van Log-
testijn RSP (2005) Are growth forms consistent predictors
of leaf litter quality and decomposability across peatlands
along a latitudinal gradient? J Ecol 93:817-828

Eviner VT, Chapin FS III (2003) Functional matrix: a con-
ceptual framework for predicting multiple plant effects on
ecosystems. Annu Rev Ecol Syst 34:455-485

Garnier E, Laurent G (1994) Leaf anatomy, specific mass and
water content in congeneric annual and perennial grass
species. New Phyt 128:725-736

Garnier E, Cortez J, Billes G, Navas M-L, Roumet C, Deb-
ussche M, Laurent G, Blanchard A, Aubry D, Bellmann
A, Neill C, Toussaint J-P (2004) Plant functional markers

capture ecosystem properties during secondary succes-
sion. Ecology 85:2630-2637

Garnier E, Lavorel S, Ansquer P, Castro H, Cruz P, Dolezal J,
Eriksson O, Fortunel C, Freitas H, Golodets C, Grigulis K,
Jouany C, Kazakou E, Kigel J, Kleyer M, Lehsten V, Leps
J, Meier T, Pakeman R, Papadimitriou M, Papanastasis V
P, Quested H, Quétier F, Robson M, Roumet C, Rusch G,
Skarpe M, Sternberg M, Theau J-P, Thébault A, Vile D,
Zarovali M (2007) Assessing the effects of land use
change on plant traits, communities and ecosystem func-
tioning in grasslands: a standardized methodology and
lessons from an application to 11 European sites. Ann Bot
99:967-985

Garnier E, Shipley B, Roumet C, Laurent G (2001) A stan-
dardized protocol for the determination of specific leaf
area and leaf dry matter content. Funct Ecol 15:688-695

Gillon D, Joffre R, Ibrahima A (1994) Initial litter properties
and decay rate: a microcosm experiment on Mediterra-
nean species. Can J Bot Rev Can Bot 72:946-954

Grime JP (1998) Benefits of plant diversity to ecosystems:
immediate, filter and founder effects. J Ecol 86:902-910

Grime JP, Cornelissen JHC, Thompson K, Hodgson JG (1996)
Evidence of causal connection between anti-herbivore
defence and the decomposition rate of leaves. Oikos
77:489-494

Grime JP, Thompson K, Hunt R, Hodgson JG, Cornelissen
JHC, Rorison IH, Hendry GAF, Ashenden TW, Askew
AP, Band SR, Booth RE, Bossard CC, Campbell BD,
Cooper JEL, Davison AW, Gupta PL, Hall W, Hand DW,
Hannah MA, Hillier SH, Hodkinson DJ, Jalili A, Liu Z,
Mackey JML, Matthews N, Mowforth MA, Neal AM,
Reader RJ, Reiling K, Ross-Fraser W, Spencer RE, Sutton
F, Tasker DE, Thorpe PC, Whitehouse J (1997) Integrated
screening validates primary axes of specialisation in
plants. Oikos 79:259-281

Giisewell S, Verhoeven JTA (2006) Litter N:P ratios indicate
whether N or P limits the decomposability of graminoid
leaf litter. Plant Soil 287:131-143

Hattenschwiler S, Tiunov AV, Scheu S (2005) Biodiversity and
litter decomposition in terrestrial ecosystems. Annu Rev
Ecol Evol Syst 36:191-218

Heal OW, Anderson JM, Swift MJ (1997) Plant litter quality
and decomposition: an historical overview. In: Cadish G,
Giller KE (eds) Driven by nature: plant litter quality and
decomposition. CAB International, Wallingford, pp 3-30

Hobbie SE (1992) Effects of plant-species on nutrient cycling.
Trends Ecol Evol 7:336-339

Huntley B, Cramer W, Morgan AV, Prentice HC, Allen JRM
(1997) Past and future rapid environmental changes: the
spatial and evolutionary responses of terrestrial biota.
NATO ASI Series 1. Springer, Berlin

Joffre R, Gillon D, Dardenne P, Agneessens R, Biston R (1992)
The use of near-infrared spectroscopy in litter decompo-
sition studies. Ann For Sci 49:481-488

Joffre R, Agren GI, Gillon D, Bosatta E (2001) Organic matter
quality in ecological studies: theory meets experiment.
Oikos 93:451-458

Kazakou E, Vile D, Shipley B, Gallet C, Garnier E (2006) Co-
variations in litter decomposition, leaf traits and plant
growth in species from a mediterranean old-field succes-
sion. Funct Ecol 20:21-30

@ Springer



34

Plant Soil (2007) 296:19-34

Lavorel S, Garnier E (2002) Predicting changes in community
composition and ecosystem functioning from plant traits:
revisiting the Holy Grail. Funct Ecol 16:545-556

Meentemeyer V (1978) Macroclimate and lignin control of
litter decomposition rates. Ecology 59:465-472

Minderman G (1968) Addition, decomposition and accumula-
tion of organic matter in forests. J Ecol 26:355-362

Olson JS (1963) Energy storage and the balance of producers
and decomposers in ecological systems. Ecology 44:322—
331

Parton W, Silver WL, Burke IC, Grassens L, Harmon ME,
Currie WS, King JY, Adair EC, Brandt LA, Hart SC,
Fasth B (2007) Global-scale similarities in nitrogen re-
lease patterns during long-term decomposition. Science
315:361-364

Pérez-Harguindeguy N, Diaz S, Cornelissen JHC, Vendramini
F, Cabido M, Castellanos A (2000) Chemistry and
toughness predict leaf litter decomposition rates over a
wide spectrum of functional types and taxa in central
Argentina. Plant Soil 218:21-30

Poorter H, Garnier E (1999) Ecological significance of inherent
variation in relative growth rate and its components. In:
Pugnaire FI, Valladares F (eds) Handbook of functional
plant ecology. Marcel Dekker, Inc, New York, pp 81-120

Quested HM, Cornelissen JHC, Press MC, Callaghan TV,
Aerts R, Trosien F, Riemann P, Gwynn-Jones D,
Kondratchuk A, Jonasson SE (2003) Decomposition of
sub-arctic plants with differing nitrogen economies: a
functional role for hemiparasites. Ecology 84:3209-3221

Quétier F, Thébault A, Lavorel S (2007) Plant traits in a state
and transition framework as markers of ecosystem re-
sponse to land-use change. Ecol Monogr 77:33-52

Simes RJ (1986) An improved Bonferroni procedure for mul-
tiple tests of significance. Biometrika 73:751-754

@ Springer

Sokal RR, Rolf FJ (1995) Biometry. The principles and prac-
tices of statistics in biological research, 3rd edn. W.H.
Freeman and Co, New York

Tutin TG, Heywood WH, Burges NA, Moore DM, Valentine
DH, Walters SM, Webb DA (1968-1980). Flora Euro-
paea, vols 2-5, 2st edn. Cambridge University Press,
Cambridge

Tutin TG, Burges NA, Chater AO, Edmondson JR, Heywood
WH, Moore DM, Valentine DH, Walters SM, Webb DA
(1993) Flora Europaea, vol 1, 2nd edn. Cambridge Uni-
versity Press, Cambridge

Violle C, Navas M-L, Vile D, Kazakou E, Fortunel C, Hummel
I, Garnier E (2007) Let the concept of trait be functional!
Oikos 116:882-892

Vitousek PM, Mooney HA, Lubchenko J, Melillo JM (1997)
Human domination of earth’s ecosystem. Science
277:494-499

Wardle DA, Zackrisson O, Hornberg G, Gallet C (1997) The
influence of Island area on ecosystem properties. Science
277:1296-1299

Wardle DA, Barker GM, Bonner KI, Nicholson KS (1998) Can
comparative approaches based on plant ecophysiological
traits predict the nature of biotic interactions and indi-
vidual plant species effects in ecosystems? J Ecol 86:405—
420

Wright 1J, Reich PB, Westoby M, Ackerly DD, Baruch Z,
Bongers F, Cavender-Bares J, Chapin FSI, Cornelissen
JHC, Diemer M, Flexas J, Garnier E, Groom PK, Gulias J,
Hikosaka K, Lamont BB, Lee T, Lee W, Lusk C, Midgley
JJ, Navas M-L, Niinemets U, Oleksyn J, Osada N, Poorter
H, Poot P, Prior L, Pyankov VI, Roumet C, Thomas SC,
Tjoelker MG, Veneklaas E, Villar R (2004) The world-
wide leaf economics spectrum. Nature 428:821-827



	Plant traits, litter quality and decomposition �in a Mediterranean old-field succession
	Abstract
	Introduction
	Material and methods
	Study site
	Characteristics of plant communities and species traits
	Litter decomposition experiments
	NIRS determination of litter chemical composition
	Determination of litter decay rate constants (K) and litter N release
	Data analyses

	Results
	Field age, plant community and leaf litter
	Decay rate of standard litter in four plots of different ages
	Decay rate and nitrogen release of native litters in the 14 plots
	Initial litter chemical composition, litter decay rate and N release
	Community functional parameters and litter decomposition

	Discussion
	Succession, plant traits and litter
	Which initial chemical compounds controlled litter decomposition?
	Relationships between litter properties and traits of the living plant community

	Conclusions
	Acknowledgements
	Appendix
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


