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Plant Litter Decomposition and Nutrient Release in Peatlands

Luca Bragazza,' Alexandre Buttler,>>* Andy Siegenthaler,> and Edward A. D. Mitchell>>®

Decomposition of plant litter is a crucial process in controlling the carbon balance
of peatlands. Indeed, as long as the rate of litter decomposition remains lower than
the rate of above- and belowground litter production, a net accumulation of peat
and, thus, carbon will take place. In addition, decomposition controls the release of
important nutrients such as nitrogen, phosphorus, and potassium, the availability of
which affects the structure and the functioning of plant communities. This chapter
describes the role of the main drivers in affecting mass loss and nutrient release
from recently deposited plant litter. In particular, the rate of mass loss of Sphagnum
litter and vascular plant litter is reviewed in relation to regional climatic conditions,
aerobic/anaerobic conditions, and litter chemistry. The rate of nutrient release is
discussed in relation to the rate of mass loss and associated litter chemistry by

means of a specific case study.

1. INTRODUCTION

Peatlands are characterized by a significantly large stor-
age of soil organic matter per unit of surface compared to
the other major ecosystems of the world [Batjes, 1996]. Al-
though net primary production (NPP; i.e., the net amount
of biomass accumulated by phototrophic biosynthesis per
unit area and time) is relatively small in peatlands [lto and
Oikawa, 2004], the imbalance between NPP and decomposi-
tion is strong enough to cause significantly high rates of soil
organic matter accumulation [Schlesinger, 1997; Clymo et
al., 1998].
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At global scale, the largest fraction of NPP is delivered to
the soil as dead organic matter through above- and below-
ground litter. If we estimate a global annual aboveground
litter fall of 54.8 x 10'° g [Meentemeyer et al., 1982] over a
worldwide land area of about 121 x 10° km?, and if we es-
timate a mean bulk density of litter fall of about 0.2 g cm™,
then each year, a litter layer of about 2 mm would be depos-
ited on the world’s land so that this layer would theoretically
reach a thickness of 2 m in 1,000 years. However, decom-
position prevents such a rate of organic matter accumulation
by breaking down the litter into carbon dioxide (CO,), dis-
solved organic carbon (DOC), inorganic and organic nutri-
ents, as well as stable humus.

The accumulation of soil organic matter in terrestrial eco-
systems is universal, in the sense that higher rates of NPP
compared to decomposition take place also in those ecosys-
tems apparently characterized by very low soil organic mat-
ter content [Batjes, 1996]. Indeed, it is the “magnitude” of
the long-term imbalance between NPP and decomposition
that allowed peatlands to build up impressive stores of soil
organic matter: the peat [ Wieder, 2006].

In the light of the role played by decomposition in control-
ling the ability of peatlands to act as C sinks, in this chapter,



we will review the main factors controlling decomposition of
recently deposited plant litter, paying particular attention to
mass loss and nutrient release from aboveground litter. For
a discussion of peat decomposition and associated release of
dissolved organic carbon (DOC), carbon dioxide (CO;), and
methane (CHy), the reader is referred to the chapters by Fen-
ner et al. [this volume], Moore [this volume], and Nilsson
and Oquist [this volume] in the present monograph.

Although litter decomposition is a complex process simul-
taneously affected by multiple chemical, physical, and bio-
logical drivers, we will try to highlight some general trends.
To this aim, we first discuss the roles of the main drivers af-
fecting litter mass loss and, second, we describe the trends in
C, nitrogen (N), phosphorus (P), and potassium (K) releases
based on a 3-year-long field study of litter decomposition in
a peatland of the Italian Alps.

2. MASS LOSS

Decomposition of plant litter “involves a complex set
of processes including chemical, physical, and biological
agents acting upon a variety of organic substrates that are
themselves constantly changing” [Berg and McClaugherty,
2003]. It is clear from the above definition that decomposi-
tion can be highly variable in relation to the spatial and tem-
poral diversity of interacting abiotic and biotic factors.

A simple way to estimate decomposition rate is by mea-
suring litter mass loss, an estimate typically obtained by
means of litter bags. The litter bag technique consists in con-
fining fresh litter in mesh bags that are placed on the ground
and periodically collected so as to measure the remaining
litter mass and associated litter chemistry [Singh and Gupta,
1977]. This simple and cheap technique has been, however,
criticized because (1) confined litter bags may create their
own microenvironment different from surrounding bulk soil;
(2) litter bags may exclude specific faunal groups in relation
to the mesh size [Nieminen and Setala, 1997; Bradford et al.,
2002]; and (3) litter bags are usually filled with litter from
a single species [Gartner and Cardon, 2004]. Nevertheless,
the litter bag technique is widely applied to monitor tempo-
ral mass loss in both terrestrial and aquatic environments.

Different mathematical models have been proposed to de-
scribe litter mass loss based on information obtained from
litter bags [Wieder and Lang, 1982; Berg and McClaugh-
erty, 2003]. The most commonly applied model, particularly
for early stages of decomposition, is the single exponential
model [Olson, 1963], which is supposed to work well for
a variety of litter types until about 80% of initial litter is
lost.

In the following, we will try to review how and to what
extent mass loss of recently deposited litter is affected by

regional and local drivers, an essential background to under-
stand the potential response of peatlands to global change.

2.1. Climate

The role of climatic factors in affecting litter mass loss
has received much attention in ecological studies so that,
at a global scale, mean annual temperature and actual eva-
potranspiration were shown to have the strongest influence
[Meentemeyer, 1978; Aerts, 1997; Gholz et al., 2000; Liski
et al., 2003].

For assessing the role of climate on litter mass loss in
peatlands, we related the annual & decomposition constant
[Olson, 1963] from seven major terrestrial ecosystem types
to corresponding mean annual temperature and mean total
annual precipitation. To this aim, we selected data where (1)
the litter bag technique was applied to estimate litter mass
loss; (2) the k values were calculated on the basis of the sin-
gle exponential model; (3) the decomposition was monitored
at least for 2 years or longer, so as to include changes associ-
ated both with physical leaching and with microbial activity
[Siegenthaler et al., 2001].

We were able to select a total of 179 k values from 40
published and unpublished papers fulfilling the above crite-
ria (data are available on request). Particularly for peatlands,
most of the selected papers monitored litter mass loss dur-
ing a burial period varying from 2 to 5 years, except for the
paper by Latter et al. [1998] where mass loss was monitored
for 22 years.

Across the seven ecosystem types, k£ values were positively
correlated with the mean annual temperature (Pearson’s » =
0.37; p < 0.001; n = 179) but not with mean total annual
precipitation (Figure 1). In the specific case of peatlands,
the mean k value of vascular plant litter (0.225 yr™') did not
differ significantly from the mean £ values of marshlands,
Mediterranean shrublands, and deserts (Figure 2), whereas
the mean k value of Sphagnum litter (0.081 yr ') was signifi-
cantly lower compared to the k values of all the other eco-
system types including the mean & value of vascular plant
litter (Figure 2). In addition, & values of vascular plant litter
in peatlands were positively related with both the mean an-
nual temperature (Pearson’s » = 0.37; p < 0.001; n = 69) and
the mean total annual precipitation (Pearson’s r = 0.39; p <
0.001; n = 69), whereas the k values of Sphagnum litter were
not correlated to either of these climatic factors. Increased
decomposition rates of vascular plant litter in peatlands with
increasing temperature were also reported by other authors
[Hobbie, 1996; Thormann et al., 2004; Moore et al., 2005;
Breeuwer et al., 2008]. Furthermore, many laboratory and
field experiments have shown that higher temperature re-
sulted in increasing decomposition of vascular plant and
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Figure 1. Relationship between annual decomposition k£ value and (a) mean annual temperature and (b) mean total an-
nual precipitation for different plant species in seven major ecosystem types. Decomposition k values were obtained
from studies lasting more than 1 year. For peatlands, k values of Sphagnum species (solid circles) and vascular plant
species (open circles) were reported separately. Other symbols are as follows: open diamonds, forests; solid triangles,
Mediterranean shrublands; open squares, grasslands; asterisks, deserts; open triangles, marshlands; solid diamonds, tun-
dra. Sources are Latter and Cragg [1967], Rochefort et al. [1990], Johnson and Damman [1991], Gallardo and Merino
[1993], Aerts and De Caluwe [1997], Foote and Reynolds [1997], Wrubleski et al. [1997], Latter et al. [1998], Gholz et
al. [2000], Moro and Domingo [2000], Scheffer et al. [2001], Seastedt and Adams [2001], Thormann et al. [2001], Aerts
et al. [2003], Bridgham and Richardson [2003], Kemp et al. [2003], Koukoura et al. [2003], Quested et al. [2003], Albers
et al. [2004], Heim and Frey [2004], Hobbie and Gough [2004], Palviainen et al. [2004], Asada and Warner [2005],
Fioretto et al. [2005], Moore et al. [2005], Quideau et al. [2005], Sariyildiz et al. [2005], Aerts et al. [2006], Weerakkody
and Parkinson [2006], Bokhorst et al. [2007], Bubier et al. [2007], Cortez et al. [2007], Lindo and Winchester [2007],
Moore et al. [2007], Breeuwer et al. [2008], Buttler [1987], Miyamoto and Hiura [2008], Sariyildiz [2008], Turetsky et
al. [2008], Bragazza, unpublished data [2008].
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Figure 2. Mean annual & values (plus/minus SD) of plant litter in
seven major ecosystem types. The analysis of variance was applied
to compare mean k values of Sphagnum litter and vascular plant
litter in peatlands with other ecosystems. The different superscripts
indicate significant differences based on LSD Fisher post hoc test
(p <0.05). For sources, see Figure 1.

Sphagnum litter under nonlimiting moisture conditions [Di-
oumaeva et al., 2003; Domisch et al., 2006; Glatzel et al.,
2006] and that under excess drought the decomposition of
organic matter is hampered [Laiho et al., 2004; Aerts, 2006;
Gerdol et al., 2008]. On the other hand, considering the sole
Sphagnum litter, the absence of relationship between its de-
cay and climatic factors seems to highlight the prevailing
role of litter quality in controlling Sphagnum decomposition
in peatlands (see below).

2.2. Litter Decomposition in Aerobic Versus
Anaerobic Conditions

The intensity of water flow and the degree of hydric satu-
ration of the peat substrate are supposed to affect the rate of
plant litter decomposition in peatlands. Indeed, laboratory
and field experiments have demonstrated that mass loss is
higher under aerobic conditions than under anaerobic condi-
tions [Belyea, 1996; Scanlon and Moore, 2000; Yavitt et al.,
2000; Blodau et al., 2004; Laiho, 2006; Moore and Basiliko,
2006; Jaatinen et al., 2008; Wickland and Neff, 2008]. In
Figure 3, mass losses from vascular plant litter and Sphag-
num litter decomposing in parallel under aerobic and anaero-
bic conditions are compared. The percentage of mass loss
was on average about 2.3 times higher in the aerobic layer

both for vascular plant and Sphagnum litter. It follows that
the faster the decomposing plant litter enters the anaerobic
zone to become saturated by water, the higher the rate of
peat accumulation will be as a consequence of reduced mass
loss. It is then clear that any disturbance lowering the water
table can enhance, at least temporarily, the decomposition of
previously water-saturated peat which becomes exposed to
aerobic conditions [Laine et al., this volume].

If aerobic conditions enhance litter decomposition, this
raises the question of why decomposition rates of Sphagnum
litter is generally lower in hummocks, i.e., in habitats well
aerated for most of the year, compared to the litter produced
by Sphagnum species inhabiting moister habitats such as
hollows [Johnson and Damman, 1991; Belyea, 1996; Asada
and Warner, 2005; Dorrepaal et al., 2005; Bragazza et al.,
2007; Moore et al., 2007; Breeuwer et al., 2008]. This can
be explained taking into account the role of litter chemistry,
in particular the relatively higher content of structural car-
bohydrates in Sphagnum species forming high hummocks
[Turetsky et al., 2008]. Thus, the complex interactions be-
tween physical conditions at habitat scale and Sphagnum
litter chemistry play an important role in controlling the
topographical variability of peatland surface and associated
rates on peat accumulation [Ohlson and Dahlberg, 1991;
Belyea and Malmer, 2004].
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Figure 3. Comparison of mass loss (percent of initial dry weight)
of vascular plant litter (open squares) and Sphagnum litter (solid
circles) buried simultaneously both in aerobic and anaerobic con-
ditions. Data were obtained using litter bags with different burial
time intervals and different mesh size. The dotted line shows the
1:1 ratio. Sources are Clymo [1965], Johnson and Damman [1991],
Asada and Warner [2005], Moore et al. [2007], Trinder et al.
[2008], Bragazza, unpublished data [2008].



2.3. Litter Chemistry

The role of initial litter chemistry in affecting decomposi-
tion in peatlands will be separately reviewed for vascular
plant litter and Sphagnum litter in the light of their signifi-
cantly different k£ values (Figure 2).

Considering the most common stoichiometric parameters
[Hessen et al., 2004], it appears that mass loss of vascular
plant litter is negatively correlated with the initial value of
the lignin/N quotient (Pearson’s » = —0.46; p < 0.05; n =
27), but positively correlated with the initial value of the
holocellulose/lignin quotient (Pearson’s » = 0.59; p < 0.05;
n = 13; Figure 4). It is here necessary to underline that the
sources selected in Figure 4 did not apply the same proto-
col for lignin quantification in initial litter. Indeed, more
often the term “lignin” is operationally defined as the acid
unhydrolyzable residue (AUR) of a sequential fractionation
analysis so that AUR incorporates both true lignin as well
as compounds such as cutins and tannins. Nevertheless, on
the basis of our results, it seems that higher initial values of
the AUR/N quotient hamper litter decomposition as a conse-
quence of the lower chemical quality of plant litter [Melillo
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Annual decomposition rate k

Initial stoichiometric quotient

Figure 4. Relationship between initial values of selected stoichio-
metric quotients and annual k£ values of vascular plant litter (open
and solid squares) and Sphagnum litter (solid circles) based on stud-
ies in which mass loss was monitored for more than 1 year. AUR
is acid unhydrolyzable residue. Sources are Aerts and De Caluwe
[1997], Scheffer et al. [2001], Thormann et al. [2001], Bridgham
and Richardson [2003], Aerts et al. [2006], Bubier et al. [2007],
Breeuwer et al. [2008), Turetsky et al. [2008], Bragazza, unpub-
lished data [2008].

et al., 1982; Aerts and De Caluwe, 1997, Thorman et al.,
2001; Siegenthaler et al., 2001; Cornelissen et al.,2004]. On
the other hand, a higher initial holocellulose/AUR quotient
in vascular plant litter seems to enhance decomposition be-
cause microbes have access to more easily decomposable C
compounds [Melillo et al., 1989; Bridgham and Richardson,
2003; Comont et al., 2006; see also Artz, this volume].

Decomposition of Sphagnum litter has been demonstrated
to be enhanced, at least after 1 year of field burial, by low
initial values of phenolics/nutrient and C/nutrient quotients
[Szumigalski and Bayley, 1996; Limpens and Berendse,
2003; Dorrepaal et al., 2005; Bragazza et al., 2007]. On the
basis of selected data, we observed that £ values of Sphag-
num litter were negatively correlated with initial AUR/N
quotients (Pearson’s r = —0.66; p < 0.05; n = 11; Figure 4).
Anyway, we must underline that (1) Sphagna do not contain
true lignin as do vascular plants, so that the AUR in Sphag-
num litter mainly refers to lignin-like polymeric phenolics
[Bland et al., 1968; van der Heijden, 1994], and (2) as men-
tioned above, the methods used to quantify lignin-like com-
pounds, and therefore the results, vary among authors. The
role of the phenolics/N quotient in affecting Sphagnum litter
decomposition is confirmed by higher decomposability of lit-
ter deposited by minerotrophic Sphagnum species compared
to ombrotrophic Sphagnum litter [Bragazza et al., 2007], the
latter being characterized by a higher phenolic content [Ru-
dolph and Samland, 1985]. It has also been suggested that a
better predictor of moss decomposition rate in peatlands is
represented by the quotient between fructose/pentose carbo-
hydrates in initial litter [Turetsky et al., 2008], so that moss
species investing relatively more in structural carbohydrates
(i.e., pentosans) such as hummock-forming Sphagna are
more resistant than moss species investing relatively more
in metabolic carbohydrates (i.¢., fructosans), such as hollow
inhabiting Sphagna. In this review, the limited data did not
reveal a significant role for C/nutrient quotients on Sphag-
num litter decomposition, although the C/P and C/N quo-
tient have been reported to significantly explain mass loss
of Sphagnum litter after 1 year of field burial [Hogg et al.,
1994; Aerts et al., 2001; Limpens and Berendse, 2003; Bra-
gazza et al., 2007].

From a global change perspective, increasing atmospheric
N deposition and global climate change can have contrasting
effects on litter decomposition in peatlands. Indeed, increas-
ing N availability can be expected to enhance short-term
Sphagnum litter decomposition through an increase of N
content [Williams et al., 1999; Bragazza et al., 2006; Gerdol
et al.,2007] and a decrease of (soluble) phenolics [Bragazza
and Freeman, 2007], thereafter reducing the phenolics/N
and the C/nutrient quotients. On the other hand, Sphagnum
litter decomposition is strongly affected by its water content,



so that below a certain level of litter moisture, decomposi-
tion initially slows down and then stops completely [Crow
and Wieder, 2005; Aerts, 2006, Gerdol et al., 2007]. For
vascular plants, increasing N availability had variable spe-
cies-specific effects on mass loss depending on the chemis-
try of initial litter [derts et al., 2006; Breeuwer et al., 2008].
At ecosystem level, increased N deposition can provoke a
shift in species composition, with vascular plants or brown
mosses displacing Sphagnum species as a result of efficient
use of nitrogen [Berendse et al., 2001; Mitchell et al., 2002;
Bubier et al., 2007], and this ultimately will change the litter
quality of both individual species and the plant community.

As previously underlined, this chapter centers on above-
ground litter decomposition because most of the studies on
litter decomposition in peatlands deal with leaf decay. Never-
theless, belowground litter derived from roots and rhizomes
can play an important role in C sequestration and nutrient
cycling, particularly in fens, i.e., peatlands receiving mineral
inputs from surrounding mineral soil, where belowground
production represents the greatest part of total NPP [Buttler,
1992; Wieder, 2006]. At the global scale, it has been sug-
gested that leaf litter decomposition is more controlled by
(micro)climate factors, whereas belowground litter decom-
position is more affected by root and rhizome chemical qual-
ity [Whendee and Miya, 2001]. Particularly in peatlands, the
very few studies on belowground litter decomposition [e.g.,
Hartmann, 1999; Scheffer and Aerts, 2000; Thormann et al.,
2001; Moore et al., 2007] seem to indicate that mass loss of
roots and/or rthizomes is lower than the corresponding leaf
mass loss, particularly for vascular plant species adapted to
waterlogged soils. In addition, Scheffer and Aerts [2000]
reported a greater net loss of N and P from decomposition
of roots and rhizomes compared to leaves. Although more
studies are necessary on belowground litter decomposition,
the few available results highlight the important role of be-
lowground litter for C accumulation and nutrient cycling,
particularly in fens.

3. NUTRIENT RELEASE

The supply of nutrients in peatlands is provided by exter-
nal and internal sources. External sources are represented by
atmospheric wet and dry deposition as well as by ground-
water influxes from the surrounding mineral soil. In bogs
(i.e., ombrotrophic peatlands), atmospheric deposition is the
primary external source of nutrients, whereas atmospheric
deposition and groundwater inputs represent the external
sources supplying fens (i.e., minerotrophic peatlands) with
nutrients. Internal sources are, instead, associated with nu-
trient release during organic matter decomposition. The
rate of nutrient release is not necessarily equal to the rate

of mass loss because some nutrients can be immobilized by
microbes and incorporated in humic compounds rather than
being mineralized during mass loss [Jonasson and Shaver,
1999]. The degree of nutrient release during litter decompo-
sition can then affect nutrient availability for plant growth
and, ultimately, the structure and the functioning of plant
communities [Aerts et al., 1999; Parton et al., 2007].

In this section, we will assess the rates of release of C,
N, P, and K during (aboveground) litter decomposition in
peatlands. To this aim, we will use data from a 3-year long
litter decomposition experiment carried out in a peatland of
the Italian Alps.

3.1. Study Area, Material, and Methods

The Marcesina peatland (45°57'N; 11°37'E) is located at
1300 m above sea level under climatic conditions character-
ized by a mean annual temperature of 3°C and total annual
precipitation of 1550 mm. On the basis of the floristic com-
position, the study site can be classified as an ombrotrophic
peatland or bog.

For the aims of this study, two Sphagnum species (i.c., S.
magellanicum and S. fuscum) and four vascular plant species
(i.e., Potentilla erecta, Eriophorum vaginatum, Calluna vul-
garis, and Carex rostrata) were selected. Litter samples from
each plant species were collected in mid-September 2004 so
as to prepare litter bags (mesh size = 0.5 mm), which were
then buried at the beginning of October 2004 just below the
bog surface in the typical habitat of each plant species. The
total number of litter bags was 48 for Sphagnum litter and 96
for vascular plant litter.

At the beginning of October 2005, 2006, and 2007, eight
litter bags for each species were retrieved, and mass losses as
well as N, P, K, and C concentrations were determined. For
technical details concerning litter bag preparation, cleaning,
and chemical analyses, see Bragazza et al. [2007].

For each litter bag, nutrient release was calculated as:
[(MoCy— MCy) / MyCy] X 100 where M, and M, are, respec-
tively, the oven-dry mass of litter in the bag at the begin-
ning of the experiment and at time ¢ (i.e., years 1, 2, and 3),
whereas Cyand C, are the corresponding nutrient concentra-
tions in the litter. Positive values of release indicate net loss
of the nutrient, whereas negative values indicate immobili-
zation of the nutrient.

3.2. Results and Discussion

During 3 years of field decomposition, the cumulative re-
lease, i.e., at time ¢, of C, N, P, and K was always positive,
therefore indicating a net loss of these nutrients from decom-
posing litter (Figure 5). However, at the end of the third year
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Figure 5. Relationship between mass loss after 1, 2, and 3 years of decomposition and corresponding release of C, N, P,
and K from two Sphagnum species (i.e., S. fuscum and S. magellanicum litter) and four vascular plant species (i.e., Poten-
tilla erecta, Carex rostrata, Eriophorum vaginatum, and Calluna vulgaris litter). Data represent, for each plant species,
mean values calculated on eight annually retrieved litter bags. The line corresponds to the 1:1 ratio.

of burial, the release of C, N, P, and K was significantly lower
in Sphagnum litter than in vascular plant litter, suggesting a
relatively lower rate of nutrient loss from Sphagnum litter
(Figure 5). Similarly, the mean annual mass loss of Sphag-
num litter (11.2%, standard deviation (SD) = 4.7; n = 48) was
significantly lower (p < 0.001) than the mean annual mass
loss of vascular plant litter (64.5%, SD = 16.3; n = 96).

Independently from litter type, the mean annual release of
K (89% * 7%) was significantly greater ( p <0.01) compared
to all other nutrients (C =49.5% £ 27%; N =35% £ 24%; P =
54% £ 22%). The high leaching of K from decomposing lit-
ter was already reported [Brock and Bregman, 1989; Sund-
strom et al., 2000; Bragazza et al., 2007], and it seems to
explain the peaks of K concentration in peatland waters typi-
cally found outside the growing season, when plant growth
has not yet started, but K is released by decomposing litter
[Buttler, 1992; Proctor, 1992; Vitt et al., 1995; Bragazza et
al., 1998].

In the case of vascular plant litter, the cumulative release
of C and P paralleled the mass loss (i.e., the nutrient release/
mass loss quotient was always around 1 during the decom-

position period), whereas the cumulative release of N and K
was, respectively, lower and higher than the corresponding
mass loss (Fig. 5). Instead, in the case of Sphagnum litter,
the cumulative release of N, P, and K was greater than the
corresponding mass loss (i.e., the nutrient release/mass loss
quotient was always > 1), whereas the cumulative C release
tended to parallel the mass loss (Figure 5). Different trends
in nutrient release between Sphagnum litter and vascular
plant litter can initially be explained by the absence of pro-
tective tissues and waxes on Sphagnum leaves allowing a
rapid physical leaching of N and P [Scheffer et al., 2001].
Vascular plant litter had initial C/N quotients ranging from
38 to 48, and the absence of N immobilization is in accord-
ance with findings of Parton et al. [2007], who reported net
N loss with leaf litter C/N quotient < 40. For Sphagnum lit-
ter, during the first year of decomposition, immobilization is
absent as already reported by Brock and Bregman [1989] and
Vehoeven et al. [1990], but N release tended to decrease over
time (Figure 6). More precisely, with increasing mass loss,
the AUR/N quotient increased significantly for both Sphag-
num litter and vascular plant litter, but the corresponding
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Figure 6. Relationship between AUR/N quotient after 1, 2, and 3
years of decomposition and corresponding N release for Sphagnum
litter and vascular plant litter. Each value for each species is the
mean based on eight litter bags annually retrieved. The inner graph
represents the relationship between cumulative mean mass loss and
corresponding AUR/N quotient for Sphagnum litter and vascular
plant litter (in this case the individual species have been merged for
Sphagnum litter and vascular plant litter).

cumulative N release tended to decrease for Sphagnum lit-
ter and to increase for vascular plant litter, therefore indi-
cating that, over time, Sphagnum litter tends to retain more
N (Figure 6).

Carbon released from both Sphagnum and vascular plant
litter was much more linearly related to mass loss than for
P, K, and N (Figure 5). Accordingly, the rate of C release
effectively indicates the rate of mass loss [Bragazza et al.,
2007].

Phosphorus release was enhanced by low initial C/P quo-
tient (Figure 7), suggesting that litter with greater initial C/P
quotient tends to lose P at lower rates [4erts and De Caluwe,
1997; Bragazza et al., 2007]. It is generally assumed that P
release in bogs is higher than in fens because of a geochemi-
cal P immobilization in fen habitats through the formation of
complexes with Fe, Ca, or Al, which allows a faster turnover
of P in ombrotrophic habitats compared to minerotrophic
habitats [Verhoeven et al., 1990; Bridgham et al., 1998;
Scheffer et al., 2001; Bragazza et al., 2007].

4. CONCLUSIONS

The low rate of plant litter decomposition in actively
growing peatlands is not only a peculiarity of this type of
ecosystem, but it is also the key process to ensure peat ac-
cumulation and, consequently, to guarantee that active peat-

lands act as C sinks. Litter quality and anoxic soil conditions
appear as the major factors affecting decomposition rates
in peatlands. It has been shown that the peculiar chemistry
of Sphagnum litter is fundamental for enhancing long-term
peat accumulation. Accordingly, any environmental change
favoring vascular plants at the expense of Sphagnum plants
can potentially reduce peat accumulation by increasing the
rates of litter decomposition. This is particularly true in bogs
where Sphagnum litter form the bulk of dead biomass. At the
same time, changes in litter chemistry can also affect nutri-
ent release and therefore nutrient availability in peatlands,
thus potentially altering the competitive balance between
different plant species.

Our review has also identified three important current
limitations in studies of litter decomposition and associ-
ated nutrient release in peatlands: (1) There are relatively
few studies monitoring decomposition in peatlands for peri-
ods longer than 1 year, so that the patterns and mechanisms
of longer-term litter decomposition are poorly known. (2)
There are few data on belowground litter decomposition in
peatlands, so that we currently miss the functioning of an im-
portant component for peatland biogeochemistry, especially
for fens where belowground litter production is highest.
(3) For some chemical analyses, such as for lignin (AUR)
and polyphenols, the methodologies are not standardized.
Hence, we suggest that future studies should extend the bur-
ial time of litter bags and pay more attention to belowground
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Figure 7. Relationship between mean (plus/minus SD) annual re-
lease of phosphorus (P) during 3 years of decomposition and corre-
sponding mean (plus/minus SD) initial C/P quotient in four vascular
plant litter types and two Sphagnum litter types (Y =—0.04X+97.8;
#?=0.76; p = 0.02). The values of annual P release were calculated
on 24 litter bags for each plant species, whereas the mean initial
C/P quotient was calculated on three initial litter samples for each
plant species.



litter decomposition. In addition, we call for the definition
of a standard protocol for the chemical characterization and
quantification of plant litter components, particularly for
lignin (AUR) and polyphenols, so as to make comparisons
among studies more reliable.

REFERENCES

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

Aerts, R. (2006), The freezer defrosting: Global warming and litter
decomposition in cold biomes, J. Ecol., 94, 713-724.

Aerts, R., and H. De Caluwe (1997), Nutritional and plant-medi-
ated controls on leaf litter decomposition of Carex species, Ecol-
ogy, 78, 244-260.

Aerts, R., J. T. A. Verhoeven, and D. F. Whigham (1999), Plant-
mediated controls on nutrient cycling in temperate fens and bogs,
Ecology, 80,2170-2181.

Aerts, R., B. Wallen, N. Malmer, and H. De Caluwe (2001), Nu-
tritional constraints on Sphagnum-growth and potential decay in
northern peatlands, J. Ecol., 89, 292-299.

Aerts, R., H. De Caluwe, and B. Beltman (2003), Plant community
mediated vs. nutritional controls on litter decomposition rates in
grasslands, Ecology, 84, 3198-3208.

Aerts, R., R. S. P. van Logtestijn, and P. S. Karlsson (2006), Nitro-
gen supply differentially affects litter decomposition rates and
nitrogen dynamics of sub-arctic bog species, Oecologia, 146,
652-658.

Albers, D., S. Migge, M. Schaefer, and S. Scheu (2004), Decom-
position of beech leaves (Fagus sylvatica) and spruce needles
(Picea abies) in pure and mixed stands of beech and spruce, Soi/
Biol. Biochem., 36, 155-164.

Artz, R. R. E. (2009), Microbial community structure and carbon
substrate use in northern peatlands, Geophys. Monogr. Ser.,
doi:10.1029/2008GMO000806, this volume.

Asada, T., and B. G. Warner (2005), Surface peat mass and carbon
balance in a hypermaritime peatland, Soil Sci. Soc. Am. J., 69,
549-562.

Batjes, N. H. (1996), Total carbon and nitrogen in the soils of the
world, Eur. J. Soil Sci., 47, 151-163.

Belyea, L. R. (1996), Separating the effects of litter quality and
microenvironment on decomposition rates in patterned peatland,
Oikos, 77, 529-539.

Belyea, L. R., and N. Malmer (2004), Carbon sequestration in peat-
land: Patterns and mechanisms of response to climate change,
Global Change Biol., 10, 1043—-1052.

Berendse, F., et al. (2001), Raised atmospheric CO, levels and in-
creased N deposition cause shifts in plant species composition and
production in Sphagnum bogs, Global Change Biol., 7, 591-598.

Berg, B., and C. McClaugherty (2003), Plant Litter: Decom-
position, Humus Formation, Carbon Sequestration, 286 pp.,
Springer, Heidelberg, Germany.

Bland, D. E., A. Logan, M. Menshum, and S. Sternhell (1968), The
lignin of Sphagnum, Phytochemistry, 7, 1373-1377.

Blodau, C., N. Basiliko, and T. R. Moore (2004), Carbon turnover
in peatland mesocosms exposed to different water table levels,
Biogeochemistry, 67, 331-351.

Bokhorst, S., A. Huiskes, P. Convey, and R. Aerts (2007), Climate
change effects on organic matter decomposition rates in ecosys-
tems from Maritime Arctic and Falkland Islands, Global Change
Biol., 13,2642-2653.

Bradford, M. A., G. M. Tordoff, T. Eggers, T. H. Jones, and E.
Newington (2002), Microbiota, fauna, and mesh size interac-
tions in litter decomposition, Oikos, 99, 317-323.

Bragazza, L., and C. Freeman (2007), High nitrogen availability
reduces polyphenol content in Sphagnum peat, Sci. Total Envi-
ron., 377,439-443.

Bragazza, L., R. Alber, and R. Gerdol (1998), Seasonal chemistry
of pore water in hummocks and hollows in a poor mire in the
southern Alps (Italy), Wetlands, 18, 320-328.

Bragazza, L., et al. (2006), Atmospheric nitrogen deposition pro-
motes carbon loss from peat bogs, Proc. Natl. Acad. Sci. U. S. A.,
103, 19,386-19,389.

Bragazza, L., C. Siffi, P. lacumin, and R. Gerdol (2007), Mass loss
and nutrient release during litter decay in peatlands: The role of
microbial adaptability to litter chemistry, Soil Biol. Biochem.,
39, 257-267.

Breeuwer, A., M. Heijmans, B. J. M. Robroek, J. Limpens, and
F. Berendse (2008), The effect of increased temperature and ni-
trogen deposition on decomposition in bogs, Oikos, 117, 1258—
1268.

Bridgham, S. D., and C. J. Richardson (2003), Endogenous ver-
sus exogenous nutrient control over decomposition and min-
eralization in North Carolina peatlands, Biogeochemistry, 65,
151-178.

Bridgham, S. D., K. Updegraff, and J. Pastor (1998), Carbon, nitro-
gen, and phosphorus mineralization in northern wetlands, Ecol-
ogy, 79, 1545-1561.

Brock, T. M. C., and R. Bregman (1989), Periodicity in growth,
productivity, nutrient content and decomposition of Sphagnum
recurvum var mucronatum in a fen woodland, Oecologia, 80,
44-52.

Bubier, J. L., T. R. Moore, and L. A. Bledzki (2007), Effects of
nutrient addition on vegetation and carbon cycling in an ombro-
trophic bog, Global Change Biol., 13, 1168—1186.

Buttler, A. (1987), Etude écosystémique des marais non boisés de la
rive sud du lac de Neuchatel (Suisse): phytosociologie, pédologie,
hydrodynamique et hydrochimie, production végétale, cycles bi-
ogéochimiques et influence du fauchage sur la végétation, Ph.D.
thesis, 284 pp., Univ. of Neuchatel, Neuchatel, Switzerland.

Buttler, A. (1992), Hydrochimie des nappes des prairies humides
de la rive sud du lac de Neuchatel, Bull. Ecol., 23, 35-47.

Clymo, R. S. (1965), Experiments on breakdown of Sphagnum in
two bogs, J. Ecol., 53, 747-758.

Clymo, R. S., J. Turunen, and K. Tolonen (1998), Carbon accumu-
lation in peatland, Oikos, 81, 368-388.

Comont, L., F. Laggoun-Défarge, and J.-R. Disnar (2006), Evolution
of organic matter indicators in response to major environmental
changes: The case of a formerly cut-over peat bog (Le Russey,
Jura Mountains, France), Org. Geochem., 37, 1736—1751.



Cornelissen, J. H. C., H. M. Quested, D. Gwyynn-Jones, R. S. P.
van Logtestijn, M. A. H. De Beus, A. Kondratchuk, T. V. Cal-
laghan, and R. Aerts (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., E. Garnier, N. Perez-Harguindeguy, M. Debussche, and
D. Gillon (2007), Plant traits, litter quality and decomposition in
a Mediterranean old-field succession, Plant Soil, 296, 19-34.

Crow, S. E., and K. Wieder (2005), Sources of CO, emission from
a northern peatland: Root respiration, exudation, and decompo-
sition, Ecology, 86, 1825-1834.

Dioumaeva, 1., S. Trumbore, E. A. G. Schuur, M. L. Goulden, M.
Litvak, and A. I. Hirsch (2003), Decomposition of peat from
upland boreal forest: Temperature dependence and sources of
respired carbon, J. Geophys. Res., 108(D3), 8222, doi:10.1029/
2001JD000848.

Domisch, T., L. Finer, J. Laine, and R. Laiho (2006), Decomposi-
tion and nitrogen dynamics of litter in peat soils from two cli-
matic regions under different temperature regimes, Eur. J. Soil
Biol., 42, 74-81.

Dorrepaal, E., J. H. C. Cornelissen, R. Aerts, B. Wallen, and R. S.
P. van Logtestijn (2005), Are growth forms consistent predictors
of leaf litter quality and decomposability across peatlands along
a latitudinal gradient?, J. Ecol., 93, 817-828.

Fenner, N., C. Freeman, and F. Worrall (2009), Hydrological con-
trols on dissolved organic carbon production and release from UK
peatlands, Geophys. Monogr. Ser.,doi:10.1029/2008GM 000823,
this volume.

Fioretto A., C. Di Nardo, S. Papa, and A. Fuggi (2005), Lignin and
cellulose degradation and nitrogen dynamics during decomposi-
tion of three leaf litter species in a Mediterranean ecosystem,
Soil Biol. Biochem., 37, 1083—1091.

Foote A. L., and K. A. Reynolds (1997), Decomposition of saltmea-
dow cordgrass (Spartina patens) in Louisiana Coastal Marshes,
Estuaries, 20, 579-588.

Gallardo, A., and J. Merino (1993), Leaf decomposition in two
Mediterranean ecosystems of southwest Spain: influence of sub-
strate quality, Ecology, 74, 152—161.

Gartner, T. B., and Z. G. Cardon (2004), Decomposition dynamics
in mixed-species leaf litter, Oikos, 104, 230-246.

Gerdol, R., A. Petraglia, L. Bragazza, P. lacumin, and L. Brancale-
oni (2007), Nitrogen deposition interacts with climate in affect-
ing production and decomposition rates in Sphagnum mosses,
Global Change Biol., 13, 1810-1821.

Gerdol, R., L. Bragazza, and L. Brancaleoni (2008), Heatwave
2003: High summer temperature, rather than experimental fer-
tilization affects vegetation and CO, exchange in an alpine bog,
New Phytol., 179, 142—154.

Gholz, H. L., D. A. Wedin, S. M. Smitherman, M. E. Harmon, and
W. J. Parton (2000), Long-term dynamics of pine and hardwood
litter in contrasting environments: Toward a global model of de-
composition, Global Change Biol., 6, 751-765.

Glatzel, S., S. Lemke, and G. Gerold (2006), Short-term effects
of an exceptionally hot and dry summer on decomposition of
surface peat in a restored temperate bog, Eur. J. Soil Biol., 42,
219-229.

10

Hartmann, M. (1999), Species dependent root decomposition in re-
wetted fen soils, Plant Soil, 213, 93-98.

Heim, A., and B. Frey (2004), Early stage litter decomposition
rates for Swiss forests, Biogeochemistry, 70, 299-313.

Hessen, D. O., G. I. Agren, T. R. Anderson, J. J. Elser, and P. C. De
Ruiter (2004), Carbon sequestration in ecosystems: The role of
stoichiometry, Ecology, 85, 1179-1192.

Hobbie, S. (1996), Temperature and plant species control over litter
decomposition in Alaskan tundra, Ecol. Monogr., 66, 503—522.

Hobbie, S. E., and L. Gough (2004), Litter decomposition in moist
acidic and non-acidic tundra with different glacial histories,
Oecologia, 140, 113—-124.

Hogg, E. H., N. Malmer, and B. Wallen (1994), Regional and
microsite variation in the potential decay rate of Sphagnum
magellanicum in south Swedish raised bog, Ecography, 17,
50-59.

Ito, A., and T. Oikawa (2004), Global mapping of terrestrial primary
productivity and light-use efficiency with a processes-based model,
in Global Environmental Change in the Ocean and on Land, edited
by M. Shiyomi et al., pp. 343-358, Terra Sci., Tokyo.

Jaatinen, K., R. Laiho, A. Vuorenmaa, U. del Castillo, K. Minkin-
nen, T. Pennanen, T. Penttila, and H. Fritze (2008), Responses
of aerobic microbial communities and soil respiration to water-
level drawdown in a northern boreal fen, Environ. Microbiol.,
10, 339-353.

Johnson, L. C., and A. W. H. Damman (1991), Species-control-
led Sphagnum decay on a South Swedish raised bog, Oikos, 61,
234-242.

Jonasson, S., and G. R. Shaver (1999), Within-stand nutrient cy-
cling in arctic and boreal wetlands, Ecology, 80, 2139-2150.
Kemp, P. R., J. F. Reynolds, R. A. Virginia, and W. G. Whitford
(2003), Decomposition of leaf and root litter of Chihuahuan
desert shrubs: Effects of three years of summer drought, J. Arid

Environ., 53, 21-39.

Koukoura, Z., A. P. Mamolos, and K. L. Kalburtji (2003), Decom-
position of dominant plant species litter in a semi-arid grassland,
Appl. Soil Ecol., 23, 13-23.

Laiho, R. (2006), Decomposition in peatlands: Reconciling seem-
ingly contrasting results on the impacts of lowered water levels,
Soil Biol. Biochem., 38,2011-2024.

Laiho, R., J. Laine, C. C. Trettin, and L. Finer (2004), Scots pine
litter decomposition along drainage succession and soil nutri-
ent gradients in peatland forests, and the effects of inter-annual
weather variation, Soil Biol. Biochem., 36, 1095-1109.

Laine, J., K. Minkkinen, and C. Trettin (2009), Direct human
impacts on the peatland carbon sink, Geophys. Monogr. Ser.,
doi:10.1029/2008GM 000808, this volume.

Latter, P. M., and J. B. Cragg (1967), The decomposition of Juncus
squarrosus leaves and microbiological changes in the profile of
Juncus moor, J. Ecol., 55, 465-482.

Latter, P. M., G. Howson, D. M. Howard, and W. A. Scott (1998),
Long-term study of litter decomposition on a Pennine peat bog:
Which regression?, Oecologia, 113, 94-103.

Limpens, J., and F. Berendse (2003), How litter quality affects
mass loss and N loss from decomposing Sphagnum, Oikos, 103,
537-547.



Lindo, Z., and N. N. Winchester (2007), Oribatid mite communi-
ties and foliar litter decomposition in canopy suspended soils
and forest floor habitats of western redcedar forests, Vancouver
Island, Canada, Soil Biol. Biochem., 39, 2957-2966.

Liski, J., A. Nissenen, M. Erhard, and O. Taskinen (2003), Cli-
matic effects on litter decomposition from arctic tundra to tropi-
cal rainforest, Global Change Biol., 9, 575-584.

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

Meentemeyer, V., E. O. Box, and R. Thompson (1982), World
patterns and amounts of terrestrial plant litter production, Bio-
Science, 32, 125-128.

Melillo, J. M., J. D. Aber, and J. F. Muratore (1982), Nitrogen and
lignin control on hardwood leaf litter decomposition dynamics,
Ecology, 63, 621-626.

Melillo, J. M., J. D. Aber, A. E. Linkins, A. Ricca, B. Fry, and K.
J. Nadelhoffer (1989), Carbon and nitrogen dynamics along the
decay continuum: Plant litter to soil organic matter, Plant Soil,
115, 189-198.

Mitchell, E. A. D., P. Grosvernier, A. Buttler, H. Rydin, A. Sie-
genthaler, and J.-M. Gobat (2002), Contrasted effects of increased
N and CO; supply on two keystone species in peatland restoration
and implications for global change, J. Ecol., 90, 529-533.

Miyamoto, T., and T. Hiura (2008), Decomposition and nitrogen
release from the foliage litter of fir (4bies sachalinensis) and oak
(Quercus crispula) under different forest canopies in Hokkaido,
Japan, Ecol. Res., 23, 673—680.

Moore, T. R. (2009), Dissolved organic carbon production and
transport in Canadian peatlands, Geophys. Monogr. Ser.,
doi:10.1029/2008GM 000816, this volume.

Moore, T. R., and N. Basiliko (2006), Decomposition in Boreal
Peatlands, in Boreal Peatland Ecosystems, edited by R. K. Wieder
and D. H. Vitt, pp. 125-143, Springer, Heidelberg, Germany.

Moore, T. R., J. A. Trofymow, M. Siltanen, C. Prescott, and CI-
DET Working Group (2005), Patterns of decomposition and
carbon, nitrogen, and phosphorus dynamics of litter in upland
forest and peatland sites in central Canada, Can. J. For. Res.,
35,133-142.

Moore, T. R., J. L. Bubier, and L. Bledzki (2007), Litter decompo-
sition in temperate peatland ecosystems: The effect of substrate
and site, Ecosystems, 10, 949-963.

Moro, M. J., and F. Domingo (2000), Litter decomposition in four
woody species in a Mediterranean climate: Weight loss, N and P
dynamics, Ann. Bot., 86, 1065-1071.

Nieminen, J. K., and H. Setala (1997), Enclosing decomposer food
web: Implications for community structure and function, Biol.
Fertil. Soils, 26, 50-57.

Nilsson, M., and M. Oquist (2009), Partitioning litter mass loss into
carbon dioxide and methane in peatland ecosystems, Geophys.
Monogr. Ser., doi:10.1029/2008GM000819, this volume.

Ohlson, M., and B. Dahlberg (1991), Rate of peat increment in
hummock and lawn communities on Swedish mires during the
last 150 years, Oikos, 61, 369-378.

Olson, J. S. (1963), Energy storage and the balance of produc-
ers and decomposers in ecological systems, Ecology, 44, 322—
331.

11

Palviainen, M., L. Finer, A. M. Kurka, H. Mannerkoski, S. Pi-
irainen, and M. Starr (2004), Decomposition and nutrient release
from logging residues after clear-cutting of mixed boreal forest,
Plant Soil, 263, 53-67.

Parton, W., et al. (2007), Global-scale similarities in nitrogen re-
lease patterns during long-term decomposition, Science, 135,
361-364.

Proctor, M. C. F. (1992), Regional and local variation in the chemi-
cal composition of ombrogenous mire waters in Britain and Ire-
land, J. Ecol., 80, 719-736.

Quested, H. M., J. H. C. Cornelissen, M. C. Press, T. V. Callaghan,
R. Aerts, F. Trosien, P. Riemann, D. Gwynn-Jones, A. Kon-
dratchuk, and S. E. Jonasson (2003), Decomposition of sub-arc-
tic plants with differing nitrogen economies: A functional role of
hemiparasites, Ecology, 84, 3209-3221.

Quideau, S. A., R. C. Graham, S.-W. Oh, P. F. Hendrix, and R. E.
Wasylishen (2005), Leaf litter decomposition in a chaparral eco-
system, Southern California, Soil Biol. Biochem., 37, 1988—1998.

Rochefort, L., D. H. Vitt, and S. E. Bayley (1990), Growth, produc-
tion, and decomposition dynamics of Sphagnum under natural and
experimentally acidified conditions, Ecology, 71, 1986-2000.

Rudolph, H., and J. Samland (1985), Occurrence and metabolism
of sphagnum acid in the cell walls of bryophytes, Phytochemis-
try, 24, 745-749.

Sariyildiz, T. (2008), Effects of gap-size classes on long-term litter
decomposition rates of beech, oak and chestnut species at high
elevations in northeast Turkey, Ecosystems, 11, 841-853.

Sariyildiz, T., J. M. Anderson, and M. Kucuk (2005), Effects of
tree species and topography on soil chemistry, litter quality and
decomposition in Northeast Turkey, Soil Biol. Biochem., 37,
1695-1706.

Scanlon, D., and T. Moore (2000), Carbon dioxide production from
peatland soil profiles: The influence of temperature, oxic/anoxic
conditions and substrate, Soil Sci., 165, 153-160.

Scheffer, R. A., and R. Aerts (2000), Root decomposition and soil
nutrient and carbon cycling in two temperate fen ecosystems,
Oikos, 91, 541-549.

Scheffer, R. A., R. S. P. van Logtestijn, and J. T. A. Verhoeven
(2001), Decomposition of Carex and Sphagnum litter in to me-
sotrophic fens differing in dominant plant species, Oikos, 92,
44-54.

Schlesinger, W. H. (1997), Biogeochemistry: An Analysis of Glo-
bal Change, pp. 588, Academic, San Diego, Calif.

Seastedt, T. R., and G. Adams (2001), Effects of mobile tree is-
lands on alpine tundra soils, Ecology, 82, 8—17.

Siegenthaler, A., E. van der Heijden, E. A. D. Mitchell, A. But-
tler, P. Grosvernier, and J.-M. Gobat (2001), Effects of elevated
atmospheric CO; and mineral nitrogen deposition on litter qual-
ity, bioleaching and decomposition in a Sphagnum peat bog, in
Global Change and Protected Areas, edited by G. Visconti et al.,
pp. 311-321, Springer, Dordrecht, Netherlands.

Singh, J. S., and S. R. Gupta (1977), Plant decomposition and soil
respiration in terrestrial ecosystems, Bot. Rev., 43, 449-528.

Sundstrom, E., T. Magnusson, and B. Hanell (2000), Nutrient con-
ditions in drained peatlands along a north-south climatic gradient
in Sweden, For. Ecol. Manage., 126, 149—-161.



Szumigalski, A. R., and S. E. Bayley (1996), Decomposition along
a bog to rich fen gradient in central Alberta, Canada, Can. J.
Bot., 74, 573-58]1.

Thormann, M. N., S. E. Bayley, and R. S. Currah (2001), Compari-
son of decomposition of belowground and aboveground plant
litters in peatlands of boreal Alberta, Can. J. Bot., 79, 9-22.

Thormann, M. N., S. E. Bayley, and R. S. Currah (2004), Micro-
cosm tests of the effects of temperature and microbial species
number on the decomposition of Carex aquatilis and Sphagnum
fuscum litter from southern boreal peatlands, Can. J. Microbiol.,
50, 793-802.

Trinder, C. J., D. Johnson, and R. E. Artz (2008), Interactions
among fungal community structure, litter decomposition and
depth of water table in a cutover peatland, FEMS Microbiol.
Ecol., 64, 433-448.

Turetsky, M. R., S. E. Crow, R. J. Evans, D. H. Vitt, and R. K.
Wieder (2008), Trade-off in resource allocation among moss
species control decomposition in boreal peatlands, J. Ecol., 96,
1297-1305.

Van der Heijden, E. (1994), A combined anatomical and pyrolysis
mass spectrometric study of peatified plant tissues, Ph.D. thesis,
157 pp., Univ. of Amsterdam, Amsterdam.

Verhoeven, J., E. Maltby, and M. B. Schmidt (1990), Nitrogen
and phosphorus mineralization in fens and bogs, J. Ecol., 78,
713-726.

Vitt, D. H., S. E. Bayley, and T. L. Jin (1995), Seasonal variation
in water chemistry over a bog-rich fen gradient in continental
western Canada, Can. J. Fish. Aquat. Sci., 52, 587-606.

Weerakkody, J., and D. Parkinson (2006), Leaf litter decomposi-
tion in an upper montane rainforest in Sri Lanka, Pedobiologia,
50, 387-395.

Whendee, L. S., and R. K. Miya (2001), Global patterns in root
decomposition: Comparisons of climate and litter quality effects,
Oecologia, 129, 407-419.

Wickland, K. P., and J. C. Neff (2008), Decomposition of soil or-
ganic matter from boreal black spruce forest: Environmental and
chemical controls, Biogeochemistry, 87, 29-47.

12

Wieder, R. K. (2006), Primary Production in Boreal Peatlands, in
Boreal Peatland Ecosystems, edited by R. K. Wieder and D. H.
Vitt, pp. 145-164, Springer, Heidelberg, Germany.

Wieder R. K., and G. E. Lang (1982), A critique of the analytical
methods used in examining decomposition data obtained from
litter bags, Ecology, 63, 1636—-1642.

Williams, B. L., A. Buttler, P. Grosvernier, A.-J. Francez, D. Gil-
bert, M. Ilomets, J. Jauhiainen, Y. Matthey, D. J. Silcock, and
H. Vasander (1999), The fate of NH4sNO; added to Sphagnum
magellanicum carpets at five European mire sites, Biogeochem-
istry, 45, 73-93.

Wrubleski, D. A., H. R. Murkin, A. G. van der Valk, and C.B.
Davis (1997), Decomposition of litter of three mudflat annual
species in a northern prairie marsh during drawdown, Plant
Ecol., 129, 141-148.

Yavitt, J. B., C. J. Williams, and R. K. Wieder (2000), Controls
on microbial production of methane and carbon dioxide in three
Sphagnum-dominated peatland ecosystems as revealed by a re-
ciprocal field peat transplant experiment, Geomicrobiol. J., 17,
61-88.

L. Bragazza, Department of Biology and Evolution, University
of Ferrara, Corso Ercole I d’Este 32, 1-44100 Ferrara, Italy. (luca.
bragazza@unife.it)

A. Buttler, Restoration Ecology Research Group, Swiss Federal
Research Institute, WSL, Station 2, CH-1015 Lausanne, Switzer-
land.

E. A. D. Mitchell, Institute of Biology, University of Neucha-
tel, Rue Emile-Argand 11, Case postale 158, CH-2009 Neuchatel,
Switzerland.

A. Siegenthaler, Laboratory of Ecological Systems, Ecole Poly-
technique Fédérale de Lausanne, CH-1015 Lausanne, Switzerland.



	Plant Litter Decomposition and Nutrient Release in Peatlands
	1. INTRODUCTION
	2. MASS LOSS
	2.1. Climate
	2.2. Litter Decomposition in Aerobic Versus  Anaerobic Conditions
	2.3. Litter Chemistry

	3. NUTRIENT RELEASE
	3.1. Study Area, Material, and Methods
	3.2. Results and Discussion

	4. CONCLUSIONS
	References

	FIGURES
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7


