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9.1 Summary

Climate change is predicted to have particularly large effects in high northern latit-
udes. The soils in this region contain a large quantity of carbon in the form of soil
organic matter. In particular, northern peatland ecosystems have acted as a “carbon
sink” since the last deglaciation, due to a unique combination of hydrological, cli-
matic and chemical conditions which creates an imbalance between plant growth and
organic matter decomposition. Given that at least some of these conditions are po-
tentially sensitive to changes in local climate, there is concern that ongoing warming
could switch the status of these systems from carbon sink to carbon source, creating
a positive feedback to climate change.

One of the most important controlling factors of peatland production and decompos-
ition, and therefore carbon balance, is the extremely low availability of assimilable
nitrogen (N). External inputs (from atmospheric deposition and microbial N-fixation)
are a small fraction of the total N budget, and both primary producers and decom-
posers rely on internal cycling for their N requirements. Predicting the response of
northern peatlands to higher temperatures therefore requires mechanistic understand-
ing of the effects of warming on peatland soil N cycling. The proximate causes of
the transformations that comprise this cycle are soil enzymes and the microorganisms
that produce them. These are in turn controlled by abiotic conditions, and interactions
with vegetation and other trophic levels - leading to a cascade of direct and indirect
effects from climate, to vegetation, through microbes, their enzymes, and ultimately
nitrogen transformations.
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The overall aim of this thesis was to use measurements at multiple levels of this
hierarchy to investigate the connections between climate change and the biological
controls over northern peatland soil nitrogen cycling. More specifically the research
in this thesis addresses the following questions:

1. To what extent does climate change affect soil nitrogen dynamics in northern
peatlands?

2. What is the relative importance of direct (changes to temperature and mois-
ture) and indirect (alterations to patterns of substrate input into the soil) effects
of climate change in determining changes in peatland nitrogen cycling under
climate change?

3. Are changes in peatland nitrogen cycling upon climate change linked to con-
comitant changes in the potential activity of soil enzymes and/or the composi-
tion of the soil microbial community?

The general approach was to use a combination of literature study (Chapter 2), field
experiments (Chapters 3,4 & 6) and laboratory mesocosm incubations (Chapter 5) to
provide insight into the response to warming of N fluxes, soil enzyme activities, and
soil microbial community composition. We used a long-term climate manipulation
experiment in a Sphagnum peat bog in northern Sweden as a model system.

A brief literature study (Chapter 2) revealed that although an association between soil
enzyme activities and soil nitrogen fluxes seems logical and highly plausible, there is
little direct evidence for such an association, especially in cold climate soils, and un-
der different climate change scenarios. Moreover, artifacts introduced in standard en-
zyme assay methods may make the demonstration of such a link problematic.

In a long-term climate manipulation experiment in a sub-arctic Sphagnum peat bog
it was found that even modest increases in temperature (on the order of 1-2 ◦C)
induced an almost 100% increase in the accumulation of inorganic and organic soil
N (Chapter 3), apparently due to a non-specific dieback of the microbial biomass.
This high temperature sensitivity of the N cycle echoed previous observations of soil
respiration in the same system. Despite this large effect of warming on soil N fluxes,
there was no detectable warming effect on soil microbial community composition,
whether measured by DGGE and qPCR (Chapter 3), or with state-of-the-art next
generation sequencing approaches (Chapter 6). Moreover, the potential activities
of soil enzymes were unaffected by climate treaments, although there was evidence
for a strong seasonal shift in enzyme production between N and C-cycling enzymes
(Chapter 4).
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An controlled incubation experiment was conducted to follow up the results from the
field experiment. One hypothesis for the patterns described in Chapters 3 and 4 was
that warming effects were largely due to indirect mechanisms — i.e. that warming
caused changes in the quality and quantity of substrate input into the soil, leading
to higher early-season peak microbial biomass and a subsequent crash that produced
the observed patterns of N accumulation. Controlled environment peat mesocosms
were used to compare the importance of direct warming effects and increased (plant
or microbe-derived) organic matter input on N fluxes, respiration, enzyme activities
and microbial community composition (Chapter 5). Although warming increased
the rate of peat respiration, all other measured parameters were only affected by the
addition of microbe-derived organic matter. This suggests that changes to the timing
and amplitude of fluctuations in the microbial biomass may be the most important
mediator of climate change effects on northern peatland N cycling.

Chapter 7 synthesizes the results from the preceding experimental chapters. The main
finding of the thesis is that warming substantially increases the rate of organic N cyc-
ling in northern peatlands, without any corresponding changes in soil enzyme pools
and microbial community composition. A speculative conceptual model — the “amp-
lified microbial loop” — is proposed, whereby increased temperatures lead to higher
availability of labile substrate relative to controls, causing higher peak microbial bio-
mass in early summer, and subsequent mineralization by an unknown mechanism.
Predicting the consequences of this increased N availability will require a more data
on the interactions with other element cycles.

The lack of detectable effect on microbial community composition, despite the large
shift in function is probably due to a combination of resistance of the microbial com-
munity to small magnitude changes in temperature, and a large amount of functional
redundancy with regards to organic matter decomposition and nutrient cycling. This
result emphasizes that as long as the link between microbial identity and function is
unclear, molecular datasets, no matter how sophisticated, need to be supported by ac-
curate quantification of elemental stocks and flows at the spatial and temporal scales
relevant to the process in question.
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