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Direct and indirect effects of nitrogen deposition on litter decomposition
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Abstract

Elevated nitrogen (N) deposition can affect litter decomposition directly, by raising soil N availability and the quantity and quality of

litter inputs, and indirectly by altering plant community composition. We investigated the importance of these controls on litter

decomposition using litter bags placed in annual herb based microcosm ecosystems that had been subject to two rates of N deposition

(which raised soil inorganic N availability and stimulated litter inputs) and two planting regimes, namely the plant species compositions

of low and high N deposition environments. In each microcosm, we harvested litter bags of 10 annual plant species, over an 8-week

period, to determine mass loss from decomposition. Our data showed that species differed greatly in their decomposability, but that these

differences were unlikely to affect decomposition at the ecosystem level because there was no correlation between a species’

decomposability and its response to N deposition (measured as population seed production under high N, relative to low N, deposition).

Litter mass loss was �2% greater in high N deposition microcosms. Using a comprehensive set of measurements of the microcosm soil

environments, we found that the most statistically likely explanation for this effect was increased soil enzyme activity (cellobiosidase, b-
glucosidase and b-xylosidase), which appears to have occurred in response to a combination of raised soil inorganic N availability and

stimulated litter inputs. Our data indicate that direct effects of N deposition on litter input and soil N availability significantly affected

decomposition but indirect effects did not. We argue that indirect effects of changes to plant species composition could be stronger in

natural ecosystems, which often contain a greater diversity of plant functional types than those considered here.

r 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

The process of decomposition is vital in regulating
ecosystem carbon (C) storage and nutrient cycling (Wardle,
2002), and the rate at which litter decomposes is known to
depend upon soil nitrogen (N) availability (Fog, 1988;
Knorr et al., 2005). Because human alteration of the N
cycle has resulted in an approximate doubling of terrestrial
N inputs (Vitousek et al., 1997), this relationship has
potentially important implications for the global carbon
cycle.

Studies to date have generally shown that the decom-
position rate of high quality (i.e. with low lignin content
and/or narrow C:N ratio) litter is stimulated by elevated N
deposition, but that the decomposition of low quality litter
is retarded (Waldrop et al., 2004; Knorr et al., 2005).
However, at the ecosystem scale, the relationship between
N input rates and decomposition is likely to be far more
complex than that observed in simple experiments in which
N is added to soil in the absence of living plants (for
examples, see Fog, 1988). The reason for this is that N
fertilisation affects decomposer organisms both directly
and indirectly. Here, we classify direct effects as greater
inorganic N availability, stimulation of plant biomass
production (Gough et al., 2000; Shaver et al., 2001) and
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litter inputs, and decreased litter C:N ratio (e.g. Henry et
al., 2005). An example of such a direct effect would be the
stimulation of decomposer abundance and activity (poten-
tially both microbes and larger soil organisms) by increased
C and N inputs resulting in more rapid litter decomposi-
tion. We classify indirect effects as those that operate via
plant species differences in response to the additional N,
resulting in changes to plant species composition. This
often shifts plant community composition towards rapidly
growing species and these tend to produce high quality
litters which decompose rapidly (Suding et al., 2005).
Together, these changes mean that high N deposition
systems can receive greater and higher quality litter inputs
compared to unfertilised ecosystems, and that the species
composition, and hence quality, of these inputs will also
differ. These processes may be further complicated by the
fact that an ecosystem’s capacity to decompose plant litter
may depend upon previous litter inputs, because they can
affect soil physicochemical properties and the activity and
composition of decomposer communities (Zak et al., 2003;
Porazinska et al., 2003). Earlier litter inputs from a
particular species for instance, may cause an increase in
the population size of decomposer species (e.g. microar-
thropods) that are particularly suited to consume that litter
species, thus accelerating its decomposition in the future
relative to other species.

Here, we describe a two-phase experimental study in
which we unravelled direct and indirect effects of N

deposition on litter decomposition. We did this in model
ecosystems (microcosms) based upon an agricultural field
margin community containing eight species of annual
herbs. In the first experimental phase, we separated direct
and indirect effects by planting the plant species composi-
tion of low and high N environments into model
ecosystems (indirect effects) that were subject to both low
and high rates of N deposition (direct effects) (Manning et
al., 2006) (Fig. 1). After five plant generations, soil
properties were quantified, and the environments generated
by the treatments, which differed in decomposer abun-
dance and activity, pH and N availability, were used as the
basis of the second experimental phase. In this phase, we
placed litter bags of the eight species (plus two other species
with no recent litter input history) into our model
ecosystems and measured the effects of the treatments on
the decomposition of litter (Fig. 1). We expected direct
effects of N deposition on decomposition to operate
through stimulation of the decomposer community by
increased inorganic N inputs and increased litter C and N
inputs. We expected indirect effects of N deposition to
operate via the effects of changes in plant composition on
the decomposer community, which might feedback to alter
rates of decomposition. More specifically, we expected to
observe correlations between: (a) plant species response to
N in experimental phase one and its litter decomposition
rate; and (b) the previous abundance of a plant species in a
plot and its litter decomposition rate.
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Fig. 1. Design and timeline of the experiment. In the first phase seedlings were planted, grown for 11 weeks and then harvested. The harvested biomass in

two of the treatments was used to predict the composition of the next generation. The broken line indicates that the same pattern of planting, harvesting

and composition estimation continued over generations 3–5. In the second phase, litter bags were added to the microcosms and harvested at 2, 4 and 8

weeks.
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