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microbial ecologists and peatland practitioners to
develop a research community with the
multidisciplinary skills to investigate the role of
. microbes as a key mechanistic control on both the |
“1 climate regulation function of peatlands and the
reS|I|ence of that functlon to cllmate change
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Figure 2. Links between microbial control of peatland function and the resilience of the
peatland climate regulation function

The close coupling of microbial community diversity and
activity with vegetation and water table change in peatlands
(Andersen et al., 2013) means that, in peatland systems,
climate resilience, human impacts and climate change are
significantly interdependent
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Restoration on Kinder Scout



MANCHESTER
1824

The University of Manchester

Four Workshops held in
Manchester between May
2019 and February 2020

« aim to bring together peatland scientists, microbial ecologists and peatland
practitioners to develop a research community with the multidisciplinary
skills to investigate the role of microbes as a key mechanistic control on
both the climate regulation function of peatlands and the resilience of that
function to climate change.

*  Workshops 1 & 2 Peatland Function and Microbial Processes
*  Workshop 3 Modelling and Remote Sensing Microbial Processes

*  Workshop 4 Applications of Microbial Understanding in Managing Peatlands.

e 50 participants from Academia, Government, NGQO’s and Practitioners



. Outcomes =

diversity

— Data on the relative roles of fungi, bacteria and
archaea

— Much less well developed understanding of link
between diversity and function




a on short term variabllity to
understand episodic change and resilience
Functional redundancy and dormancy potentially
decouple microbial taxonomic identity and
function




D|verS|ty measurements Iess useful than
microbial traits/phenotypes (character
environmental preference/metabolic capabilities)
In understanding carbon storage

Need for more studies of diversity (functional

rather than taxonomic - metagenomics) and
function (measurements of C flux)

Rapid advances in genetic technigue mean that K
this work can only be done by interdisciplinary
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Commentary piece

Contents lists available at ScienceDirect

Science of the Total Environment

journal homepage: www.elsevier.com/locate/scitotenv

Towards a microbial process-based understanding of the resilience of peatland
ecosystem service provisioning - A research agenda
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sites and conditions. restoration process as water ]
meodelling efforts.

table and vegetation changes.

] 1 ] I ]
I 1 1 ] I
; Short term: Characterisation : : Medium term: microbes aiding ; [ Long term: microbes informing
and building understandin restoration monitorin restoration practice
: d building understandi : : torati itori : : torati ti
1 1 1 1 1
I I 1 I I
I I 1 I I
1 1 1 1 1
| L P
i Characterise microbial 1 [ 1 1 Nudging microbial communi
1 PRI I I Define a ‘best case’ of a healthy ! 1 9 .g : ty
: community in different : : ; 3 : : : to kick start restoration.
H , - microbial community. Use - -
GOALS 1 peatland states (degraded vs i i 7 ; : i i Process based models
I D I I a microbial community as a I I ) )
] ristine, upland vs lowland, ] 1 . ) ] ] which can cope wi ure
t land vs lowland hich th fut
I ) ) 1 1 monitoring tool for restoration. 1 1 e
' vegetation mixes). ! ) ) ! conditions.
1 1 1 1 1
I I 1 I I
I I I I I
1 1 1 1 1
1 1 1 1 1
I 1 1 I I
I I 1 I I
1 1 1 1 1
I I 1 i I
I I 1 I I
; : : Analysis of collected datasets ; : Mkt : -
S ! g anipulation experiments in
1 New monitoring sites and data I I on peatland function. Trackin I 1
RESEARCH | Lo 11 _ - E the laboratory and field.
1 collection across arange of i 1 microbial community through i 1 L )
NEEDS ! | : ! ! Linking these experiments to
1 1 1 1 1
I 1 I I I
I 1 I I I
1 1 1 1 1
I 1 1 I I
I I 1 I I
1 1 1 1 1

An approach to peatland carbon cycling rooted in microbial
process understanding has huge potential for practical peatland
restoration but there is a long way to go...the landscape
transformations being delivered by current restoration work are
ideal laboratories to explore the development of these ideas.
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Soil Biology and Biochemistry
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Changes in microbial community structure and
function following Sphagnum peatland
restoration
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The importance of microbial communities in peatland carbon cycling under a
changing climate
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MANCHESTER Key observations

« Peatlands are resilient systems, resilient microbiota may be part of this.

« Supporting the climate resilience function of peatlands (carbon e
sequestration) means putting the physical conditions in to support peatland
preservation but also paying attention to microbial mediated services such
as methanotrophy and role of mycorrhizal fungi. .

™ «  Models provide a valuable tool for exploring resilience and tipping points. At
W present microbial processes are not included in most models (complexity of
A community data) but incorporation of trait based work is a way forward. ..for
o example methanogen to methanotroph ratios




MANCHESTER Key observations

« What are peatland microbes (Andersen)? Some progress here, recent work suggests
dominant bacteria are Acidobacteria, Alpha- and Deltaproteobacteria. There are few
cultured representatives but whole genome sequencing leading to understanding of

“"*l function

« For example, Hausmann et al. (2018) recently studied Acidobacteria from an acidic
peat and revealed their genomes comprised potential for facultative anaerobic
metabolism, oxygen respiration, fermentation, carbohydrate degradation, and

¢ “V ~ hydrogen metabolism which demonstrates versatile metabolic capability for e
w\ conserving energy required for life in peat systems

g This diverse strategy supports idea of functional redundancy (Andersen et al.) in

;;&H peatland microbial systems but means that we need to distinguish active (RNA) from

g;.,g:vé passive (DNA)
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Short and long term change

Short-term

Increase in
fungi abundance
(increased resilience
to low water content
in comparison
to bacteria)

v

Water table
drawdown
leading to

greater volume
of the peat

column exposed

to oxic conditions

Long-term

Decrease in
fungi abundance
(less resilience

to changes in
pH and vegetation
community)

>
Changing vegetation community
| i H >
ncreasing p
>

Changing decomposition pathways and rates
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Addition of fresh litter

Vegetation cover

* Ericoid mycorhizae
can decompose
complex organic

matter but lead to Loy
wider C:N ratio in T
litter which inhibits I

saprotroph
decomposition
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* Rewetting leads to methane
spikes. Methanogen activity
depends on absence of more
thermodynamically favourable
electron acceptors — negative
correlation with nitrate,
sulphate and metal reducing
bacteria

« . Importance of aerobic
: methanotrophs, over
s enthusiastic rewetting can lose
7 these

» Sphagnum establishment aided
| methane oxidation due to
endophytic methanotrophic
= bacteria

|

Alternative Yes
terminal electron >
acceptors?

j No or low

No
Water table at -
surface?
e l Yes

Methanotrophic
activity as anoxic
conditions and a

labile substrate
present as well as
a lack of nitrate-,

sulphate- and
metal- reducing
pathways

Higher CH,

Lack of labile
substrate limits
CH,

Vegetation before s .
restoration?
Yes

CH,less
thermodynamically
favoured

Methanotrophs
ameliorate where
0,and CH,
present

> Lower CH,




GGR-Peat

Demonstrator project on heather moorland - National
Trust land in S Pennines.

Trialling Sphagnum establishment and sulphate
addition to reduce methane flux

Trialling biochar - heather cutting and biochar
additions to maximise C sequestration

Opportunity to test microbial controls.

UK invests over £30m in large-scale
greenhouse gas removal

Subscribe to UKH

Sign up for news, view:
alerts.

Subscribe

24 May 2021

Research teams across the UK will investigate the viability of five
innovative methods of large-scale greenhouse gas (GHG) removal
from the atmosphere.
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Towards a microbial process-based
understanding of the-resilience of UK

peatland systems

Part of the NERG UK Glimate resilience programme

This website hosts the output from the NERC funded project “Towards a microbial
process-based understanding of the resilience of UK peatland systems’ at The
University of Manchester.
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