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7.1 Introduction

Peatlands are characterized by substantial amounts of organic matter,
with stocks commonly 50–150 kg C m–2 and accumulation rates between
10 and 30 g C m–2 year–1 (Gorham 1991; Turunen et al. 2001). These accu-
mulations represent an imbalance between input of C from plant produc-
tion and its export from the peatland as CO2, CH4, or dissolved organic
carbon, which are the products of the decomposition of plant tissues and
organic matter in the soil. Rates of net primary production in peatlands
are generally small (Campbell et al. 2000; Moore et al. 2002; Chap. 8), as are
rates of net ecosystem exchange of CO2 and soil respiration (Frolking et al.
1998; Chap. 9). Thus, the accumulation of organic matter in peatlands is
generally ascribed to slow rates of decomposition associated with cool
temperatures, anoxic conditions, functionally limited decomposer com-
munities, and litter and organic matter substrates that are naturally slow
to decompose. Many studies have measured the rates of litter and organic
matter decomposition in peatlands and the controls on these rates. In this
chapter, we review their major findings and present some new results.
Although the change from plant tissues to peat is part of a continuum, the
techniques used to determine rates of litter and peat decomposition are
different and thus we treat them separately.

7.2 Litter Decomposition

A common method of determining rates of litter or plant tissue decompo-
sition in soils is to enclose the material in mesh bags, place the bags in the
soil profile at the position in which the litter would normally decompose,
and then retrieve subsets of the initially placed bags over a number of
years and establish the residual mass in the bag and associated changes in
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chemistry, such as C, N, and P contents. This litter-bag method has been
criticized because monospecific litters are usually employed, the bags may
either exclude soil organisms if the mesh is small or allow litter particles
to fall through if the mesh is large and separation of original litter from
incorporated soil humus becomes difficult in the late stages of decompo-
sition. Furthermore, there are concerns that the bags may create their own
environment in terms of chemistry, water content, and temperature dis-
tinct from the environment of the bulk soil. Nevertheless, the method is
relatively inexpensive and easily allows comparisons to be made of
decomposition rates of distinct litter types at different locations or at dif-
ferent depths in the soil profile. Decomposition rates are fast in warm,
well-drained soils with rich litters, but rates are slow in peatlands, so most
peatland litter-bag studies lasting for 2 or 3 years show that only a small
proportion of the mass has been decomposed, thus tracing only a small
proportion of the continuum from litter to peat.

Results may be reported as the proportion of original litter mass
remaining after a defined period and/or by assuming a mathematical rela-
tionship between the mass and time. A simple exponential decay pattern
is assumed in most cases, providing a regression with a constant term (a,
the mass at time zero) and a decay constant, frequently given the symbol
k, usually on a per year basis (mass remaining equals aekt). Litter-bag
experiments have rarely been run for long enough to evaluate whether a
simple exponential decay model adequately explains the longer-term
decomposition rate. The exception is a study by Latter et al. (1998), in
which four litters (Rubus leaves, Eriophorum leaves, and Calluna stems
and shoots) were placed in mesh bags, hair nets, or left unenclosed and
retrieved for up to 23 years. Mass loss after 5 years ranged from 70 %
(Rubus leaves) to 24–55 % for the other tissues. The use of a double expo-
nential decay regression for the 23-year data resulted in an improvement
in the proportion of variance explained by 1.5 % (Calluna stems), 10.0 %
(Calluna shoots), to 29.2 % (Eriophorum), and an asymptotic model pro-
vided the best fit. Nevertheless, a single exponential model commonly fits
data from short-term studies of mass loss and facilitates comparison
between litter types and environments.

Typical short-term (6 years) decomposition rates of litter in northern
peatlands (bog, fen, and swamp) are illustrated in Fig. 7.1. In general, the
simple exponential decay model works well, with k values ranging from
–0.01 to –0.45 year–1 and high coefficients of determination (r2>0.8) when
litter decays rapidly. Coefficients of determination, however, can be small
(r2<0.2) when decomposition rates are slow, such as in wood blocks or
Sphagnum fuscum. The intercept value (a) of the regression of mass
remaining against time relates to the early mass loss, such as water-solu-
ble material and other labile material within the tissues (Trofymow et al.
2002). Simple exponential decay constants (k) for peatlands collated by lit-
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ter type based on studies at several Canadian peatlands in which mass loss
has been measured for 6 years are presented in Table 7.1. In general, the k
values follow the sequence of decomposition from slowest to fastest of
woody material<hummock Sphagnum<hollow/lawn Sphagnum<tree
needles<tree leaves<shrub leaves<sedge. Within the trees and shrubs,
evergreen material decomposes at a slower rate than deciduous material.
These results are similar to those collated by Aerts et al. (1999), based on k
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Fig. 7.1. Decomposition rates of litters in representative Canadian peatlands. West-
ern hemlock (Tsuga heterophylla) wood blocks and spruce needles (Picea mariana)
decomposed at a bog near Nelson House, Manitoba (Moore et al. 2006); Sphagnum
(S. fuscum) and sedge (Carex rostrata) decomposed at a poor fen near Schefferville,
Quebec; leatherleaf leaves (Chamaedaphne calyculata) decomposed in a bog near
Sept-Îles, Quebec; and yellow birch leaves (Betula alleghaniensis) decomposed at a
swamp, Mont St. Hilaire, Quebec (Moore, unpublished data). Each value represents
the mean of three to four replicate bags collected at each date. The curved lines rep-
resent the exponential decay regression for each litter type: mass remaining (% orig-
inal) = aekt, with t in years. The values for a and k (year–1) are indicated for each tis-
sue, along with the standard error (s.e.) of k and the coefficient of determination (r2)



values calculated for the first year of study.Although there is a general cor-
relation between first-year k values and those found after 6 years, differ-
ences in decomposition rate develop as the tissues decompose.

7.2.1 Controls on Litter Decomposition

The main controls on litter decomposition in peatlands can be identified
as macroclimate and microclimate, position within the peat profile, and
litter and peat chemistry. The influence of macroclimate on decomposi-
tion rates in forest litters has been well established, showing that decom-
position slows as temperatures decrease and becomes faster with increas-
ing precipitation (Meentemeyer 1978; Moore et al. 1999; Trofymow et al.
2002). There have been few litter transplant experiments in peatlands, so
this pattern has not been clearly established in peatlands. In a study of leaf
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Table 7.1. Exponential decay constants (k) for different litter types in northern peat-
lands, based on studies lasting 6 years (Moore et al. 2005; Moore unpublished data)

Litter type k value Locations
Range Mean

Wood blocksa –0.00 to –0.01 –0.01 Boreal bogs, central Canada
Tree foliage

Needles –0.08 to –0.23 –0.15 Bogs and swamp
Needlesa –0.04 to –0.12 –0.09 Bogs and pothole peatland
Leaves –0.07 to –0.38 –0.22 Bogs and swamp
Leavesa –0.09 to –0.12 –0.11 Bogs and pothole peatland

Shrub stems –0.23 to –0.27 –0.21 Temperate bog
Shrub leaves

Evergreen –0.12 to –0.19 –0.15 Bogs and swamp
Deciduous –0.19 to –0.23 –0.21 Bogs and swamp

Sedges –0.16 to –0.44 –0.28 Subarctic fens and boreal bogs
Sphagnum moss

Hummock species –0.01 to –0.03 –0.02 Subarctic, boreal, and cool
(e.g., S. fuscum, temperate bogs and fens
S. rubellum,
S. capillifolium)

Hollows/lawn species –0.07 to –0.15 –0.08
(e.g., S. angustifo-
lium, S. lindbergii)

Lichen – –0.08 Boreal bog

Most results were obtained with litter bags with openings of 1 mm × 2 mm.
a Part of the Canadian Intersite Decomposition Experiment in which litter bags

with 0.25-mm × 0.50-mm openings were used at sites in central Canada



litter decomposition rates in Canadian forests, an increase in mean annual
temperature from 0 to 10 °C resulted in an average increase in decomposi-
tion rates, shown by 6-year k values changing from –0.13 to –0.23 year–1,
and a decrease from 50 to 22 % of the original mass (Trofymow et al.
2002). At three peatland sites in central Canada, Moore et al. (2005)
showed that the overall rate of decomposition of 12 litter types decreased
as the mean annual temperature declined, although this pattern was con-
founded by microclimatic and other effects.

It is often assumed that rates of litter decomposition are slower in
upland, well-drained forests than in adjacent peatlands. This pattern is
variable. There was a slower decomposition (as shown by less negative k
values) over 6 years of three tree leaf types in a temperate swamp than in
an adjacent deciduous forest (Fig. 7.2). In central Canada, however, the
pattern was variable among 12 litters decomposing over 6 years between
three pairs of upland and peatland sites (Fig. 7.3). Strong differences
between upland and peatland decomposition rates may only develop in
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Fig. 7.2. Comparison of exponential decay k values for plant tissues decomposing at
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the later stages of decomposition. The effect of flooding on litter decom-
position rates has been examined in several studies with variable results,
depending on duration, litter type, and influence of water chemistry (Day
1983, Wylie 1987, Lockaby et al. 1996, Baker et al. 2001). Short periods of
flooding may stimulate decomposition, while prolonged flooding may
slow rates. Thus, the effect of drainage class on litter decomposition in
peatlands may become important after several years for slowly decompos-
ing litter or when the litter is inundated for long periods.

Position within the peat profile can have a profound influence on the
rates of litter decomposition, as the lower sections of the peat profile are
both cooler and exposed to more frequent anoxic conditions than the sur-
face layers (Clymo 1965). At an ombrotrophic bog and poor fen in eastern
Canada, the exponential decay k value showed a pronounced change from
–0.2 to –0.3 year–1 for Typha latifolia leaves and Chamaedaphne calyculata
roots (2–5-mm diameter) placed on the peat surface to –0.05 to
–0.10 year–1 at depths of 10, 30, and 60 cm (Fig. 7.3). The greatest change
was observed in the poor fen, where the water table was closer to the peat
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surface, keeping the 30- and 60-cm depths waterlogged for nearly all the
year, whereas the water table dropped beneath 30 cm for most of the sum-
mer at the bog site. In a Swedish bog, Johnson and Damman (1991) also
observed a decrease in decomposition rate (mass loss over 22 months) of
Sphagnum samples placed in oxic or anoxic zones in a hummock.
Although much of plant production in peatlands occurs belowground,
studies of decomposition of root and rhizomes lag behind those of above-
ground components. Thormann et al. (2000) observed rapid decomposi-
tion of sedge rhizomes and willow roots placed 3–10 cm beneath the sur-
face of boreal peatlands, and collated data on belowground 1-year mass
losses ranging from 15 to 60 % in temperate and boreal peatlands. At a
temperate bog, sedge and shrub roots lost between 16 and 52 % and 18
and 66 %, respectively, of their original mass over 5 years, the larger losses
occurring at a depth of 10 cm and the smaller losses at 30 or 60 cm in the
peat profile (Moore, unpublished data).

Litter chemistry plays an important role in controlling rates of decom-
position in peatlands. From studies of upland forests, the lignin and N
concentration of litter has been found to exert an important influence on
decomposition rate (Meentemeyer, 1978; Trofymow et al. 2002). At three
peatland sites in central Canada, the decomposition rate (expressed as
the k value over 6 years) of ten upland foliar litters was significantly cor-
related with the lignin-to-N ratio of the initial litter (Fig. 7.4). This rela-
tionship, however, breaks down when nonvascular litters, such as lichen
and Sphagnum mosses, are included, because of their specific organic
composition.

The cause of the very slow decomposition rates of Sphagnum (Table
7.1) has been linked to specific organic compounds within the plant tis-
sue, as well as to low concentrations of nutrients such as N and P. Verho-
even and Liefveld (1997) reviewed organochemical compounds produced
by Sphagnum, noting the production of phenolics and uronic acids as well
as “sphagnol” and “sphagnum acid,” which negatively affect vascular plant
growth and aid in the preservation of bodies (Painter 1991). These com-
pounds also slow down the rate of decomposition of plant tissues, through
acidification and the inhibition of microbial decay of litter. The latter is
supported by the inhibition of Gram-positive bacteria by Sphagnum
extracts (Banerjee and Sen 1979) and the slowed rates of decomposition of
sedge and moss tissues in laboratory experiments when homogenized
Sphagnum capitula were added (Verhoeven and Toth 1995). There are
variations in the rate at which Sphagnum mosses decompose: hummock
mosses decompose at slower rates than those found in hollows, even
though the decay environment is less favorable in the hollows (Johnson
and Damman 1993). Johnson and Damman (1993) suggested that rates of
Sphagnum decay could be negatively correlated to the concentration of
polyuronic acid and positively to the nonstructural carbohydrate content,
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and Limpens and Berendse (2003) also suggested that N concentration is
important, although P concentration may also play a role.

7.2.2 Peat Decomposition

Plant litter becomes peat through partial decomposition. Peat mineraliza-
tion is constrained by many of the same factors as litter mineralization;
however, because rates are slower and particle sizes can be too small for
containment within mesh bags, in vitro incubations and measurement of
gaseous mineral products have more commonly been used to investigate
controls.Although many of the specific microbial mechanisms involved in
both partial decomposition of plant litter resulting in peat formation and
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subsequent peat mineralization are still not fully understood, a great deal
of work has been done investigating broad controls on peat mineraliza-
tion.

Lignin and other polymeric phenolic molecules, including sphagnum
acid, originally derived from woody tissues and Sphagnum, are degraded
to monomeric phenolics only under aerobic conditions by various micro-
bial oxidase enzymes (Freeman et al. 2001); however, decomposition pro-
ceeds slowly even under aerobic conditions owing to pH constraints of
these enzymes (Williams et al. 2000). As a result, mineralization is rapider
under aerobic than anaerobic conditions (Moore and Dalva 1993; Yavitt et
al. 1997; Glatzel et al. 2004), a key factor in peat accumulation. Although
the anoxic separation of polymeric phenolic molecules either cannot
occur or has not yet been characterized, anaerobic metabolic pathways
leading to and including methanogenesis still contribute to production of
organic decomposition products and partial mineralization of peat. In the
1920s, Waksman and Stevens (1929) described Sphagnum-derived peat
soils as a mixture of partially decomposed plant residue and secondary
microbial products. Owing to analytical constraints, since the 1920s our
understanding of molecular structures of microbially formed peat has not
improved greatly, especially for high molecular weight polymeric mole-
cules.

The partial decomposition of phenolic molecules through anaerobic
fermentations produces, in part, several short-chain fatty acids that pro-
vide a C substrate for other microbial activities and ultimately a suitable
redox potential and a C substrate for methanogenesis (Bräuer et al. 2004;
Chap. 9). In the presence of more energetically profitable electron accep-
tors, particularly oxidized inorganic N, Fe, or S, methanogens, especially
when they utilize the aceticlastic pathway, cannot compete well for fatty
acids. Rates of microbial denitrification are usually low and do not con-
tribute largely to C turnover, as incoming inorganic oxidized N in unpol-
luted to moderately polluted sites is largely retained by vegetation (Li and
Vitt 1997; Williams et al. 1999; Chap. 10). Microbial Fe reduction has not
been demonstrated to contribute substantially to C turnover, and total Fe
concentrations are low particularly in northern bogs (Robert et al. 1999;
Basiliko and Yavitt 2001). Despite relatively low inputs of S to most north-
ern peatlands, microbial S reduction can contribute to the anaerobic min-
eralization of C (Vile et al. 2003a, b; Chap. 12). Sulfate reduction potentials
measured in the laboratory are often high, despite low inputs of oxidized
S (Blodau and Moore 2003). This probably indicates internal recycling
between oxidized and reduced S species (Wieder and Lang 1988; Wieder
et al. 1990) either by the temporary presence of O2, perhaps as delivered by
vascular roots as demonstrated in other ecosystems (Wind and Conrad
1997), or there may be a yet-unidentified organic electron acceptor that
could reoxidize reduced S (Blodau et al. 2002).
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Many studies have quantified production of CO2 and CH4 as a proxy for
peat decomposition (Chap. 9). Measuring gaseous release of mineral C is
both rapid and a relevant measure of microbial activity to C and green-
house gas budgets of peatlands, but it is important to note that these are
only terminal decomposition products. Although controls on mineraliza-
tion rates of peat to CO2 and CH4 often are assumed to correlate with con-
trols on bulk decomposition, it must be recognized that mineralization of
peat is a final step of a much more detailed, and poorly understood, set of
processes.

Microbial CO2 production cannot be measured directly in situ because
living Sphagnum and vascular roots throughout peat also produce CO2. In
vitro incubation of peat in the absence of plant respiration has commonly
been used to investigate controls on relative rates of decomposition
between sites, throughout depths or under different laboratory conditions
(Moore and Dalva 1997; Yavitt et al. 1997; Scanlon and Moore 2000; Basi-
liko and Yavitt 2001; Blodau et al. 2004; Glatzel et al. 2004). Advantages to
using in vitro incubation techniques include utilizing peat of any age as
opposed to fresh plant litter with mesh bags, rapidity, and the ability to
capture the effects of nutrient and chemical changes in recently formed
plant litter and peat arising; for example, from increased nutrient deposi-
tion. On the other hand, incubation techniques inevitably involve severe
sample disturbance, introduce artificial environmental conditions, and
estimate decomposition rates over very short periods of time. At best,
these techniques may indicate relative rates of peat decomposition, and
because they are carried out under controlled and often idealized condi-
tions they are often described as potential CO2 production measurements.

We suggest that potential CO2 production rates likely occur as a func-
tion of in situ substrate, nutrient, and microbial biomass potential to min-
eralize peat. For example, aerobic CO2 production potentials determined
in 416 samples from a wide range of sites in eastern Canadian peatlands
revealed positive correlations with extractable organic N and P and
microbial biomass C and N (Figs. 7.5, 7.6).Within more constrained sets of
samples, for example indicated with closed circles in Figs. 7.5 and 7.6, cor-
relations with single potentially controlling factors were stronger, similar
to patterns reported by Turetsky (2004) across peatlands in the boreal dis-
continuous permafrost region of central Canada. The size of the microbial
biomass, which presumably results from substrate and nutrient availabil-
ity and suitable environmental conditions and relates to decomposition
and mineralization rates, may be similar to that of forest soils. On average,
our 416 peat samples from eastern Canadian sites had biomass values
similar to those reported for organic layers of southern Canadian conifer
forests, and both organic portions of forest soils and peats had much
smaller biomass than mineral agricultural soils when normalized for soil
organic C (Table 7.2). Our samples were biased toward less humified peat
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from the upper 0.5 m of the peat deposit, whereas highly humified peat
had much less biomass than forest soils, and it may be this highly recalci-
trant fraction that supports small biomass and is responsible for the larger
C storage functions in peatlands relative to forests (Table 7.2). Owing to
both different measurement techniques and differential C extraction effi-
ciencies among soils, comparisons of microbial biomass must be inter-
preted with caution.

Potential CO2 production has been used in many previous studies to
determine controls on peat decomposition. Rates generally depend on
peat temperature, availability of oxygen, vascular plant activity, environ-
mental fluctuations, and chemical characteristics (Moore and Dalva 1993;
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Thomas et al. 1996; Yavitt et al. 1997). Potential CO2 production responds
to a 10 °C change in temperature, within the 2–23 °C range, by a factor of
approximately 2.2–2.4 (Moore and Dalva 1993; Yavitt et al. 1997), although
smaller, and site- and depth-specific, responses to changing temperatures
have also been reported (Scanlon and Moore 2000). Potential CO2 produc-
tion in aerobic incubations is greater than in anaerobic incubations, but
the pattern is very variable, varying by a factor of 1.2 (Yavitt et al. 1997) to
200 (Hogg 1993), although factors of 2–6 are more common (Moore and
Dalva 1997; Glatzel et al. 2004) The activity of vascular plants (Thomas et
al. 1996) and Sphagnum mosses (Fenner et al. 2004) in releasing photosyn-
thates to the peat profile also apparently provides a labile C source that
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contributes to microbial CO2 production (however, Thomas et al. 1996 and
Fenner et al. 2004 used isotope tracer techniques and not CO2 production
potential assays). Labile trigger molecules may enhance decomposition of
bulk peat (Basiliko et al., unpublished data).Water table fluctuations lead-
ing to drying and wetting of peat, or freeze–thaw cycles, may also increase
decomposition rates (Wynn-Williams 1982; Freeman et al. 1997).

Peat chemical characteristics play a large role in decomposition and
mineralization rates (Updegraff et al. 1996; Yavitt et al. 1997; Turetsky
2004); however, Yavitt et al. (1997) has suggested that among Sphagnum-
dominated sites, very subtle chemical differences may be responsible for
variability in mineralization rates. Chemical fractionation or proximate
analyses as well as total and extractable nutrient concentrations have been
used to characterize the chemical nature of peat (Waksman and Stevens
1928; Yavitt et al. 1997; Turetsky 2004). Although these methods do not
illustrate exact molecular composition, they group molecules and com-
pounds into classes that may relate to bioavailability. Fractionation meth-
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Table 7.2. Microbial biomass C in Canadian mineral agricultural soils under various
crops (Arshad et al. 2004), organic soils in mixed conifer stands (Leckie et al. 2004),
and nine eastern peatlands (Basiliko and Moore, unpublished data) expressed per
gram of dry soil and per gram of soil organic C (SOC). Humified peat samples were
from commercially harvested sites, where harvesting exposed deep, old peat to the
surface. Organic C content of forest humus and peat was assumed to be 50 %

Soil type Microbial biomass
mg microbial C mg microbial C
g–1 soil g–1 SOC

Mineral soils with crops
Smooth brome 1.08 25.0
Red fescue 1.16 25.9
Continuous wheat 0.93 23.7
Wheat–canola rotation 0.86 21.4
Wheat–pea rotation 0.86 23.1
Wheat–fallow rotation 0.87 23.5

Forest soils
Cedar–hemlock, forest floor 4.27 8.5

Cedar–hemlock, upper humus 2.88 5.8
Cedar–hemlock, lower humus 1.84 3.7
Hemlock–amibilis fir, forest floor 3.75 7.5
Hemlock–amibilis fir, upper humus 2.77 5.5
Hemlock–amibilis fir, forest floor 1.49 3.0

Peatlands
All peat samples (n=416) 2.80 5.6
Humified peat (n=60) 0.31 0.6



ods traditionally rely, at least in part, on high-temperature oxidation in
strong acids and extractions. N and P concentrations or quality have the
potential to influence decomposition rates (Turetsky 2004; Fig. 7.5); how-
ever, traditional measures, such as lignin-to-N or acid insoluble material-
to-N quotients that can predict organic matter mineralization rates across
other terrestrial ecosystems, are apparently only successful across some
(Turetsky 2004), but not all, Sphagnum-derived peats (Yavitt et al. 1997).

Methanogenesis, an important terminal anaerobic decomposition step,
is carried out in peatlands by a group of strictly anaerobic euryarchaeota
that utilize nine 1-C or 2-C organic acids or H2 (Zinder 1993), and it is
unclear if and when aceticlastic or hydrogenitrophic methanogenesis is
the more common methanogenic pathway in peatlands (Hornibrook et al.
1997; Duddleston et al. 2002; Chap. 9). Similar to microbial CO2 produc-
tion, many studies utilize laboratory incubations to examine controls on
CH4 production. Methanogens rely on substrates produced by fermenta-
tive bacteria, and peat organic matter quality has been related to rates of
CH4 production (Updegraff et al. 1996; Yavitt et al. 1997). Substrates other-
wise available for methanogenesis may be more readily utilized by sulfate
reducers in the presence of oxidized S, through inferior thermodynamic
competition (Nedwell and Watson 1995). Alternatively, buildup of moder-
ate to large concentrations of acetate inhibits CH4 production (Bräuer et
al. 2004). Methanogens are strict anaerobes, and following flooding and
initiation of anoxia, CH4 production is usually characterized by a lag
period until rapid rates are achieved (Basiliko and Yavitt 2001). Methane
production is also dependent on temperature and pH (Dunfield et al.
1993; Moore and Dalva 1993), and response to temperature is greater than
for potential CO2 production with Q10 factors of about 4 (Segers 1998).
Micronutrients that are not limiting for many other organisms may limit
methanogenesis (Basiliko and Yavitt 2001). Simultaneous anaerobic CH4
and CO2 production potential measurements have shown that more CO2
than CH4 (molar basis) is produced, although CH4 and CO2 production
potentials often correlate, indicating that similar controlling factors may
exist (Moore and Dalva 1997; Glatzel et al. 2004). In peat from North
American peatlands, anaerobic CH4 production potential over 30 days
ranged from 3 to 21 % of CO2 produced (Basiliko and Yavitt 2001).

Some estimate of relative decomposition rates, compared with rates for
fresh litter, can be made. Scanlon and Moore (2000) incubated undis-
turbed cores from the upper part of peat profiles in a temperate bog under
varying temperature and oxic/anoxic conditions. From these results, and
thermal and water table regimes at the site, they estimated that k values
ranged from –0.05 year–1 at a depth of 10–20 cm to –0.002 to –0.02 year–1

at a depth of 40–50 cm. Using transplants of peat, Belyea (1996) estimated
rates of –0.01 to –0.08 year–1 from beneath the water table to close to the
surface in a Scottish peatland. Wieder (2001) used 210Pb-dating of the sur-
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face layers of three bogs in Alberta to estimate k values ranging from 0 to
–0.12 year–1, with average values over the top 30 cm of –0.02 to -0.03 year–1.
Analyzing profiles of bogs, Clymo et al. (1998) estimated that decay rates
in the catotelm of bog profiles ranged from –1 × 10–4 to –1 × 10–8 year–1,
showing an increase with mean annual temperature. Thus, there is consis-
tency in boreal peatland decomposition k values ranging from –0.03 to
–0.30 year–1 in fresh plant tissues (from mosses to nutrient-rich leaves) to
–0.02 to –0.0001 year–1 in the upper and lower parts of the profile.

Many boreal and cool temperate peatlands have been harvested for
their peat, especially for horticultural peat moss. Global production of
peat amounted to 28 × 106 t in 2000 (Jasinski 2001). Most of the harvested
peat decomposes in an aerobic environment, mixed with mineral soil or
other substrates or fertilizer and exposed to a wider range of soil fauna
than in a bog. There are few studies of the rates of peat decomposition
when added to well-drained soils, but the results of Aendekerk (1997) and
Murayama et al. (1990) suggest that decomposition rates are much accel-
erated, with first-year mass losses of between 5 and 25 % when placed in
mineral aerobic soils. Cleary et al. (2005) have shown that for the peat
extraction industry in Canada, this poorly understood rate of decomposi-
tion of the harvested peat dominates the C cycle, and deserves further
attention.

7.3 Conclusions

The slow rates of decomposition of plant tissues and peat are critical to
the accumulation of large amounts of organic matter in boreal peatlands.
This slowness is a combination of the poor nutrient content and high
refractory content of most peatland plants and the underlying peat, the
generally cool and frequently anoxic conditions in which the plant tissues
and peat decompose, and small microbial populations, when normalized
to soil organic C content. Although several studies have identified and
quantified the influence of these controls of decomposition rates for indi-
vidual peatlands, we still lack a coherence, compared with forest or grass-
land systems, in the application of this knowledge to the broad range of
peatlands that occur with boreal environments under both natural and
disturbed (such as drained, harvested, or flooded) conditions or under cli-
mate-change scenarios.
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