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Executive Summary

This means our understanding of carbon cycling is often mediated
through proxies such as the water table. Although we have
characterised the relationship between proxies and carbon cycling
under current conditions, climate change could cause these
relationships to fall down. In a changing system, we can have more
confidence in our ability to characterise the system’s resilience if we
understand the processes rather than just proxies or drivers.

These workshops concluded that there is a need to: in the short
term, characterise the microbial community across peatland sites
and conditions to understand the factors that influence community
structure; in the medium term, define what a ‘good’ microbiome
looks like for a resilient peatland and develop techniques as a
monitoring tool for restoration; and in the longer term, use this
knowledge to influence restoration and management practice to
return peatlands to net carbon sequestering conditions as quickly
as possible.

Nearly 10% of the land area, or three million hectares, of the
UK is peatland habitat. To meet the UK’s climate targets, at
least 50% of upland peat and 25% of lowland peat will have
to be restored to increase the resilience of these globally
important carbon stores and sources of biodiversity. We know
that fundamentally carbon cycling in peatlands is driven by the
microbiome, the billions of bacteria, fungi and archaea that live
in peat. However, despite the UK being international leaders in
peatland science and restoration practice, we do not yet have a
process-based understanding of how the microbiome controls
peatland resilience and carbon sequestration.

Developing a process-based understanding of the resilience
of UK peatlands will be key to meeting climate targets and
delivering ecosystems services cost effectively. This will require
a multidisciplinary effort between peatland scientists, modelling
specialists, microbiologists and restoration practitioners.
Investment in research in this area now could lower the costs and
increase the overall ecosystem services benefit of future peatland
restoration projects as well as develop the UK as a centre of
excellence for understanding soil microbial processes in peatlands.

To address this problem, peatland scientists and practitioners
were convened in a series of four workshops held at The
University of Manchester to identify key research gaps and
identify opportunities for better practice.
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Introduction importance of peatlands as a carbon store

Research has shown that the microbiome changes during
restoration and in response to changing conditions, however it’s
unclear how this change in the microbiota affects the functioning
and resilience of the peatland. At present, the microbiomes and
the processes it drives operate in a ‘black box’ of understanding
where we know how the inputs to the system affects the outputs,
but we don’t know many of the processes involved inside the
microbial ‘black box’
(See Fig. 2).

Peatlands are the largest store of terrestrial organic carbon
in the UK, yet many have become net sources of carbon
emissions due to land use change, erosion and drainage. The
trajectory of future change is unclear, so there is an urgent need
to understand the resilience of these ecosystem to climate
change and other pressures. We know that carbon cycling in
peatlands, such as the production of CO2 and methane, is
driven by the microbiome. We also know that different groups
of microorganisms, such as fungi, archaea and bacteria, are
responsible for processing different forms of carbon.
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Figure 2: Water table can be used as a proxy to help understand the balance
between carbon inputs and outputs to the peat system, but we don’t have processbased understanding of what happens in the ‘black box’
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Ecosystem services and restoration characterising the microbiome

Can we use the microbiome to nudge 		
restoration in the right direction?

Peatlands are responsible for providing a wealth of ecosystem
services from recreation, agriculture, provision of drinking water,
carbon sequestration and climate regulation to providing habitat
for rare birds such as the Golden Plover and carnivorous plants
like the Sundew. Many UK peatlands are also subject to extensive
degradation, often leading to erosion and expanses of bare peat
which are at risk of releasing the stored carbon and effecting
other ecosystem services.

We know that restoration projects are more likely to be successful
when they include transplanting vegetation from another peatland
site. As well as providing mature vegetation, this process is also
inoculating the restoration site with soil organisms from a donor
peatland. If we can characterise and understand the soil organisms
responsible for key peatland functioning, we could potentially use
these to kick-start restoration via targeted inoculation.
Following restoration, there is often a spike in methane emissions
as waterlogged conditions return. As methane is a very powerful
greenhouse gas, these emissions strongly affect the overall
success of a project, delaying or even stopping the point at which
net-carbon sequestration occurs. If we could alter the balance
between methane-forming and methane-consuming bacteria, or
the conditions which promote them, it may be possible to lower
this spike of methane and therefore make restoration quicker and
more successful in storing carbon. Further research will be needed
to understand this best way to do this due to the complicated
interaction between the microbiome, environmental conditions
and the vegetation community introduced during restoration.

We know microbial processes are at the heart of all these
ecosystem services but so far, our knowledge is lacking on
how the microbiome varies across sites and under different
conditions, how this links to vegetation diversity, and how
ultimately this affects ecosystem functioning. Characterisation
of the peatland microbiome under different conditions will be
a first step in understanding the processes occurring in the
microbial ‘black box’ and how this underpins carbon cycling.
Beyond this, more difficult work will be needed to develop
mechanistic understanding through functional analysis to link the
microbiome to ecosystem processes.

What don’t we know?

From characterisation to monitoring tool

The aim of peatland restoration projects is to restore ecosystem
function and maximise the resilience of the system to climate
change. A process-based understanding of the resilience of
the climate regulation function of peatlands is currently lacking
because we don’t fully understand the soil microbiome. Whilst
we have some knowledge about soil microbial processes around
methane production, we have very little understanding of
ecosystem services such as water quality and broader carbon
cycling. It is possible that a process-based understanding of the
microbiome will reduce the error associated with the proxies used
for ecosystem function (such as water table), help us understand
how the system will respond to future conditions and open a new
avenue for passive monitoring and active management.

Significant effort has gone into restoring peatlands in the UK,
however it can take decades for a peatland system to recover
so there is a need to develop early indicators which can tell us
when a peatland is ‘healthy’ and/or on its way to recovery. As
the microbiome controls carbon cycling within peatlands, this
could be one way of understanding when carbon sequestering
conditions are returning. To be able to do this we need to
characterise what a ‘good’ or ‘healthy’ peatland looks like in
terms of its microbiome and compare this to degraded sites to
understand the trajectory of restoration to carbon sequestering
conditions. The microbiome could then be used as a monitoring
tool to understand the underpinning reasons for the success of a
restoration programme.
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We also don’t know if the structure of the microbiome drives
processes or if this follows physical conditions and vegetation
development, or likely some dynamic combination of the
two. This has been characterised as the ‘chicken or the egg’
problem for understanding the relationship between vegetation,
microbes and environmental factors. It is possible that the
beneficial microbes are already present but just need the right
conditions and vegetation community to promote them. In
order to develop our knowledge, key research questions were
identified and prioritised by our workshop participants who
identified the following as the top five:

• Are there differences in microbial communities between net
carbon sink and source sites and can we define keystone groups
as well as an ‘ideal’ state?
• Can microbial intervention (e.g. inoculation or promoting a
desirable community) enhance restoration practice, and if so via
what method?
• How does the microbial community change with respect to time,
space and depth at a site as well as with peatland condition
across sites?
• Can we link carbon cycle functions to particular microbial groups?
• What are the links between plants and microbes, and can we
resolve the ‘chicken and egg’ problem of biotic vs abiotic controls
on the microbiome?

Pathways to improving microbial understanding in peatlands
Through our expert workshops, we have developed a series of short, medium- and long-term goals to understand the microbial
functioning of peatlands and potentially how we can use this to aid resilience to climate change and benefit ecosystem services
provisioning (Fig 3)
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Short term: Characterisation
and building understanding

Medium term: microbes aiding
restoration monitoring

Long term: microbes informing
restoration practice

Characterise microbial
community in different
peatland states (degraded vs
pristine, upland vs lowland,
vegetation mixes).

Define a ‘best case’ of a healthy
microbial community. Use
a microbial community as a
monitoring tool for restoration.

Nudging microbial community
to kick start restoration.
Process based models
which can cope with future
conditions.

New monitoring sites and data
collection across a range of
sites and conditions.

Analysis of collected datasets
on peatland function. Tracking
microbial community through
restoration process as water
table and vegetation changes.

Manipulation experiments in
the laboratory and field.
Linking these experiments to
modelling efforts.

Conclusions

This could open the door in the short term to microbial monitoring
tools to streamline indication of restoration success and
recommend future management actions. In the longer term
there is potential to use the outcomes of monitoring to guide
interventions designed to restore microbially-driven functions
more rapidly and reliably compared to the passive approaches
presently employed. To do this investment is needed now in
research delivered through existing restoration projects, to unravel
the microbial ‘black box’ and understand how peatland type,
management and condition alter the microbial community and		
its functioning.

Developing a process-based understanding of the resilience
of UK peatlands will be key to meeting climate targets and
delivering ecosystems services cost effectively. The ability to
alter the microbial community to favour net carbon sequestering
conditions could be a powerful tool to achieve this, however our
understanding is some way off being able to do this. In order to
develop our knowledge and aid peatland restoration practice,
we first need to be able to characterise peatland microbial
communities under different conditions and recognise what a
‘good’ community looks like.
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