
Understanding processes 
determining soil carbon in 

bioenergy crops 

Carbo-BioCrop 
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Sandpit 
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• A week-long NERC event 
 
• Part of the ‘Land Based Renewables’ 
project of the ‘Sustainable use of Natural 
Resources’ Theme 
 
• Carbo-BioCrop funded as a consortium 
valued at £1.2 million FEC 
 
• Kicked-off in spring 2010 



What is the challenge that 
Carbo-BioCrop will address? 
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• Incomplete evidence base and tools  to support policy  
development for the delivery of  increased land based 
renewables 
• At the same time, land-based renewables  must deliver 
ecosystems services, including carbon, water, food, 
amenity  

• The UK is under pressure to deliver a low 
carbon society 

– 80% reduction in CO2  by 2050 

– 15% renewables by 2020 

– A commitment to EU renewables policy 



Figure 1. Rowe et al, Biofuels, 2011  
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Carbo-BioCrop Consortium 



Can land use play a role in contributing to a 
‘low carbon economy’ 

Globally Agriculture accounts for between 11-30% 

    of annual global emissions 

UK sector accounts for around 8%(?) of total UK 

    GHG emissions 

Sector expected to contribute to meeting UK carbon 

    budgets (3mtCO2e by 2020, England) 

Globally the sector expected to contribute to emission 
reductions, especially from methane – ‘The Natural 
Fix’ 
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Bioenergy crops – their potential to mitigate 
GHG emissions? 
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Short Rotation Coppice                                           Miscanthus     

Fossil fuel substitution 

Improved  C-sink, from altered soil C? Carbon in root and 
woody biomass? 



Sustainable bioenergy crops for soil 
carbon? 

Optimising soil C storage and sequestration  

• Which sites? 

 

• Which crops? 

 

• Which soil types? 

 

• What about soil-microbe 

 Interactions? 

 

• Which management? 
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Understanding the potential of energy crop systems to improve 
soil carbon  



Overall Aims 
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•Develop  new process understanding of GHG and soil C pools 
and fluxes  by initiating new experimental work 
 
•Improve process-based models to describe carbon to soils 
under bioenergy crops 
 
• Test the use of biochar as a solution to improve soil carbon 
storage 

 

•To develop a proof of concept for ‘carbon opportunity 
mapping’ in the UK for optimised bioenergy planting 



Preliminary UK carbon 

opportunity mapping. 

Spatially derived  

carbon mitigation 

potential of perennial 

second generation 

bioenergy crops. 

• Data synthesis. 

• Data base production. 

• Identify knowledge gaps for 
empirical data collection. 

• Supply data for model 
validation. 

Leader: Rothamsted 

WORKPACKAGE 1 

• Field flux data collection. 

• 100 chrono-sequence sites data 
collection. 

• 13C pulse chase studies. 

• SOC pools turnover. 

• Biochar evaluation. 

Leader: University of Edinburgh  

WORKPACKAGE 2 

• Parameterise bioenergy crop 
models 

• Compare process-based models 

• Validate process-based models 

• Provide output to the Proof of 
Concept 

Leader: CEH 

WORKPACKAGE 3 

   Proof of concept 

Leader: University 

of East Angelia 



      Package 1 –Data mining 

• To integrate all existing knowledge and 
emerging experimental evidence on soil 
organic carbon (SOC) under perennial energy 
crops into a communal data bank 

• To close the gap of our understanding analysis 
and to deliver quantitative parameters to the 
process-based modelling (WP3) 



Workpackage 2 - experiments 

Aims 

Quantify GHG fluxes and pools 
following transition to bioenergy 

Undertake novel experimentation at 
flagship sites 

Take a chronosequence approach to 
elucidate soil C impacts of 
bioenergy crops 

Investigate the potential of biochar 
for carbon storage in soil 

 

 



Greenhouse gas balance during the transition  
from grassland to Miscanthus 

 

 

Jon McCalmont, Alice Massey, John Clifton-Brown, Kerrie Farrar, Iain Donnison, Niall McNamara 



Penglais Field “Plots to Power” 



Monitoring ecosystem exchange of CO2 



EC150 

Outputs 
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Soil moisture 

Air/soil temperature (oC) 
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3D sonic anemometer + Infra 

red open path gas analyser 

Automated 

weather 

monitoring 

station 



However, quantifying the plant input to soil carbon stocks is difficult. It usually requires decades 

of measurements the total carbon stock. 

Understanding the rate and fate of plant derived carbon in soils is key for our understanding of 

processes that lead to the accumulation or loss of soil carbon  

The rate and fate of carbon in the soil will be influenced by 

climate, crop type and its management as well as soil biology.  

Tracking soil carbon dynamics under bioenergy crops 

Our overall objective is to understand how different 

crops and their interactions with soil biology influence 

soil carbon dynamics and stability 

Miscanthus Willow Wheat/OSR 



Our approach is to 

expose plants to 

carbon dioxide 

which is isotopically 

heavy (13C). This 

new carbon can be 

discriminated from 

old 12C carbon in 

the plant and soil 

system 

13C-pulse chase labelling aproach 

Soil C 

13CO2 

13CO2 

13C 

13C-pulse chase allows us to:  
 
To follow flow of carbon in soils 
Speed, mechanisms 
 

To study carbon allocation 
Fate and quantity 
 

To assess carbon transformation by soil biology 
Fungi, bacteria, fauna turnover rates 

 

13C crop exposure chamber 



      Workpackage 3- models 

• The main aim is to enable predictive 
understanding of long term carbon and GHG 
fluxes in bioenergy cropping systems, in 
relation to site and climate. 

• This will be done by modifying and testing 
existing models to improve their ability to 
make prediction for biomass crops. 
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GIS DATA 
Agricultural productivity 
Environmental capacity 

Biomass yields 
Other LBR generation 

Energy demand 

Carbon opportunity mapping  

Opportunity map 

model 

Spatially variable 
changes in GHG 
emissions and 

storage 

Multi-objective land 
allocation to 

optimise GHG 
mitigation  

GHG emission 
consequences of 

farm management 



Project Management 
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WP1  
RR  

Data 

WP2  
Edinburgh 

Expt 

WP3 
CEH-NERC 

Model 

Overall Project 
Coordination 
Southampton 

Advisory Group 
Professor Pete Smith 

Professor Colin Campbell 

Project management group PIs 



Key deliverables 

• Develop new process understanding of GHG 
emissions and soil C pools and incorporate this into 
an state-of-the-art bioenergy crop models 

 

• Create a spatially distributed and multi-objective, 
analysis tool to optimise the deployment of 
bioenergy for GHG reduction, in the context of other 
ecosystem services. 



THANK YOU 

24 


