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Overview 
 
Background 
The Climate Change Scotland Act has set an 
ambitious target for a “low carbon future”. To 
accomplish this, a range of initiatives has been 
launched to promote, amongst other measures, an 
increase in carbon sequestration and a reduction in 
carbon losses/emissions through changes in farming, 
forestry and other land uses (The Scottish 
Government, 2013). Current policy aims to increase 
forestry throughout Scotland, with a target of planting 
10,000 hectares (~25 Million trees) per annum for 
over 10 years. Forests have a high potential for 
carbon sequestration, particularly in young rapidly 
growing forest stands. However to understand the full 
benefit of tree planting for long-term sequestration of 
CO2 from the atmosphere we need to also account 
for changes in the underlying soil carbon (C) stock, 
changes to the fate of this C (e.g. increased losses to 
the surface drainage system), C losses associated with 
the utilisation of the harvested timber, and finally 
compare it with the CO2 sequestration potential of 
the previous land use. A planned afforestation over an 

area of 680 ha in Menstrie Glen (Clackmannanshire, 
Figure 1) is an example of on-going afforestation 
efforts in Scotland, and provides an opportunity to 
quantify consequences of afforestation on former 
grassland for soil C storage, cycling of nutrients and 
transport of organic carbon in water. 
 
Soils under grassland vegetation can store substantial 
amounts of carbon in labile and humic forms (Figure 
2), and the impact of transitions from pasture to 
forestry is ambiguous in the scientific literature; both 
decreases in soil C stores (Guo and Gifford, 2002), 

 
Figure 1  Menstrie Glen, Clackmannanshire, where 
afforestation is scheduled to take place in 2015. 
(Photograph by M. Billett) 



  

and increased overall C stock (Mu et al., 2014)have 
been reported, e.g. due to reallocation of C within the 
soil profile. Concurrent with the significant change in 
vegetation is an important shift in soil microbial 
communities. For example, whilst roots of grasses 
have associations with specific fungi to form 
arbuscular mycorrhizal (AM), temperate trees (and 
coniferous trees in particular) have specific 
associations with different groups of fungi to form 
ectomycorrhizal (ECM) symbioses. The fungi involved 
in the two contrasting mycorrhizal forms have 
fundamentally different growth forms and biochemical 
capabilities. Whilst AM commonly show a more 
limited spatial reach into the soil, and produce 
comparatively few forms of enzymes for breaking up 
soil organic matter, ECM often support extensive 
fungal networks throughout soil layers below the 
litter layer, and are capable of a wider variety of 
decomposing enzymes (Read and Perez-Moreno, 
2003). This ability to facilitate external enzymes to 
break down organic matter has been proposed as a 
mechanism by which nutrients can be liberated and 
ultimately be taken up by plants (Talbot et al., 2008). 
The degree of organic matter decomposition will also 
lead to changes in the amount and form of C that is 
transported to surface drainage waters, affecting both 
the total aquatic losses and the downstream fate of 
this exported C. A change in vegetation as well as 
mycorrhizal type can therefore have drastic 
implications for belowground C storage.  
Add text, pictures, maps and other images about the 
research project. 
 

Aim 
The aim of this studentship is to investigate the 
development of soil C stocks following a transition 
from pasture to forestry. As well as assessing long-
term effects, a strong focus will be placed on process 
studies to better understand the ecological and 
biogeochemical processes that produce observed 
changes under a range of soil types and environmental 
conditions 
 

 
Methodology 
 
Through the collaboration with UPM Tilhill, the 
student has access to forest sites of different age since 
plantation establishment, and with recorded land use 
and management history. By selecting plantations on 
land previously used for pasture, the aim is to 
establish a data set of chronosequences for which soil 
C stock can be established. Where possible, control 
sites where pasture has been continuously grazed will 
be used to verify potential changes in C stock and 
other soil parameters (e.g. pH or bulk density 
changes). 
 
The role of ECM fungi in decomposing soil C stocks 
will be addressed by transplanting soil cores between 
pasture and forest sites. Nylon netting of different 
mesh size will be used to selectively allow or block 
access to transplanted soils by roots and/or 
mycorrhiza (Subke et al., 2011). Measurement of CO2 
flux from these transplanted soils will identify 
increased or decreased decomposition, whilst addition 

  
Figure 2  Soil profiles from grassland sites in Menstrie Glen. Soils show relatively poorly developed organic 
horizons over well drained brown earth on lower slopes (left) , and the development of peaty horizons at 
intermediate slopes (right). Photographs: UPM Tilhill. 



  

of common substrates (e.g. wood or plant litter) can 
be used to focus on specific forms of organic matter 
affected by root and mycorrhizal priming.  
 
Losses of soil nutrient and carbon stores associated 
with site preparation for planting will form a further 
part of this study. Water samples obtained from soil 
solution profiles as well as stream flow in plantation 
and control areas will be collected over a period 
spanning pre-plantation and up to 1 year after planting 
operations end. Samples will be analysed to determine 
content of particulate and dissolved concentrations of 
C as well as organic and inorganic N and P. 
Measurements of water surface-atmosphere CO2 flux 
(evasion) will complete the total C balance for the 
transition period. Specifically, we will be investigating 
the impact of contrasting site preparation methods 
(e.g. ploughing vs. mounding) on fluxes of carbon and 
nutrients. 
 

 
Timeline 
 
Year 1:  
• Identification of study sites (forestry 

chronosequence) 
• Method development (incl. training in gas flux 

methods and root/mycorrhizal techniques) 
• Initiate soil transplant/mycorrhizal in-growth 

experiment 
• Setting up aqueous carbon sampling  
 
Years 2&3: 
• Soil flux measurements (seasonal budget) 
• Campaign sampling of soil and stream water 
• Soil C-stock profiles 
• In-depth investigation of hydrology and 

DOC/DON flux in relation to forestry practice 
 
Year 4: 
• Finalise field and lab work 
• Data evaluation, including soil C modelling 
• Publication of results 
 

 
Training & Skills 
 
• General soil science training 
• Specific lab methods (C & N analysis, 

determination of DOC/DON and DIC) 

• Measurements of CO2 and aqueous C compounds; 
soil enzyme assays  

• Mycorrhizal identification and ecophysiological 
techniques 

• R-programming for statistical analysis and 
modelling 

• A range of additional technical, statistical and 
generic skills (e.g. paper writing, hypothesis testing, 
presentation skills and science communication) will 
be available through the university, CEH and the 
IAPETUS partnership. 
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Further Information 
 
Please contact Jens-Arne Subke (jens-
arne.subke@stir.ac.uk) or Kerry Dinsmore 
(kjdi@ceh.ac.uk) for any further information regarding 
this project.  
 
  


