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Scotland’s Forestry Strategy 
2019-2029 recognises the wider 
social and economic benefits 

that new forestry can bring and states 
the Scottish Government’s ambition 
for an increase in woodland cover 
from the present 18.5 to 21 per cent 
by 2032. Meeting this aspiration 
requires increasing new woodland 
creation to 15,000 hectares per year 
from 2024/25. It is estimated that 
this will lead to an equivalent of a 
further 0.7 million tonnes of carbon 
dioxide (CO2) sequestered per year 
(Mt y-1) by 2020 and 4.4 Mt y-1 by 

2050, in addition to sequestration 
by existing woodlands. The creation 
of new forests and woodlands is 
therefore recognised as an important 
tool for reducing Scotland’s net 
greenhouse gas (GHG) emissions. 
The strategy supports the creation of a 
range of types and scales of woodland 
using native and other tree species 
for a range of services and benefits, 
including the production of timber. 
These ambitions are reinforced by the 
UK Committee on Climate Change 
2020 report Land Use: Policies for Net 
Zero UK, which identifies the need 
for a major shift in land use.

The GHG balance varies substantially 
between different land uses, with 
more net carbon uptake occurring in 
forests compared to most alternative 
agricultural uses. International carbon 
reporting measures, for example, 
show forestry is always expected to 
contribute to carbon sequestration 
although rates of carbon uptake vary 
according to the type, structure and 
age of woodland. 

Many of Scotland’s soils have a high 
soil organic matter and thus carbon 
content. In fact, 75 per cent of UK 
forest carbon is stored in the soils [1]. 
Soil organic matter is derived from 
biological activity and is essential for 

The importance of soil carbon in 
forest management
Tree planting towards ‘net-zero’ requires high-yielding tree species 
on mineral soils, as Mike Perks and Elena Vanguelova explain.

CLIMATE CHANGE

Above: Planting native woodland on a upland site, 
after ground preparation by mounding, Great 
Trossachs Forest. © Forest Research
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good soil quality, soil fertility and 
function. The carbon locked up in 
soils also has an important role to play 
in combating climate change, because 
CO2 is removed from the atmosphere 
(by plants) and added and stored in 
soil. Approximately two-thirds of 
Scotland is covered by high carbon-
content soils of varying peat depth, so 
the careful management of soil is critical 
in maximising the carbon sequestration 
benefits of woodland. The long-term 
carbon balance is determined by (i) 
the type of peat soil and prior land use, 
(ii) the level of cultivation disturbance 
during planting and subsequent 
management (thinning/felling), (iii) the 
tree species and the rate of CO2 uptake 
by the trees including litter (roots, leaves 
and so on), and (iv) the potential use 
of harvested wood products and their 
net GHG emission reduction benefits 
through substitution for more intensive 
carbon materials or through biomass 
energy provision [2].

There are presently insufficient 
measurements from a range of 
UK climate, land-use and soil 
type conditions to quantify with 
confidence soil carbon changes 
during afforestation. This is partly 
because of the difficulties of 
detecting relatively slow changes in 
spatially heterogeneous soils. The 
variation in soil carbon stocks can 
be demonstrated with data from the 
National Soil Inventory of Scotland 

(2007-2009, see table above) 
amalgamated across land use types.

Soil type 
There is a limited amount of 
research that shows that where 
trees are planted on shallow peat 
soils (‘organo-mineral soil’ with a 
peat layer of less than 0.5 metres) 
they may reduce the soil carbon 
stock in the short term due to soil 
disturbance and forest management. 
UK research shows that soil carbon 
uptake in upper soil horizons over a 
second rotation recovers soil carbon 
lost from first rotation management 
activity, on shallow peat soils [3]. 
Ground preparation for tree planting, 
such as drainage and mounding 
techniques increase the overall net 
release of GHG when compared with 
undrained, undisturbed peaty soils—
releasing more CO2, nitrous oxide 
and dissolved organic carbon, but 
lowering methane emissions.

Overall, on shallow peat soils net 
carbon uptake over multiple forest 
rotations is substantial. Guidance 
on soil cultivation is currently under 
review to ensure woodland planting 
impacts are minimised, including soil 
carbon loss. 

The specific agricultural land-use 
prior to afforestation is a crucial 
factor for soil carbon dynamics. 
While there is a general consensus 

that arable-to-forest conversion leads 
to higher soil carbon stocks, evidence 
from a large-scale synthesis [5] and 
site-specific studies [6, 7] suggest that 
afforestation of improved grasslands 
and pastures results in low rates of soil 
carbon gain. Such sites tend to have 
lower carbon content soils (‘mineral soils’ 
without a peat layer) and favourable 
climatic conditions (low elevation, mild 
temperature, good soil nutrition and so 
on) enabling rapid tree growth.  

For organic soils (‘deep peat’), which 
has a peat layer greater than 0.5 
metres, rates of carbon loss after 
afforestation are difficult to quantify, 
and there is a lack of robust data, 
particularly for UK conditions [8]. 
The carbon balance will depend on 
the forest growth rate, with many 
afforested deep peat sites likely to 
act as net carbon sinks, despite the 
potential for soil carbon losses over 
the first rotation [9].

Decisions on whether to replant deep 
peats after tree harvest are the subject 
of much advice which is supported by 
published studies and modelling. The 
key uncertainty is the contribution 
to the net GHG balance of methane, 
a shorter-lived but more powerful 
GHG. Substantial efforts are being 
made to address key data gaps but 
based on current model estimates, for 
existing afforested peatlands retaining 
the trees to the normal end of the 
rotation to produce a useful timber 
harvest on all but the very poorest 
sites makes the best ‘climate sense’. 
Management advice for afforested 
deep peat soils in Scotland prioritises 
consideration of restoration of the 
peatland habitat or development of 
peatland edge woodland on some 
sites, particularly to fulfil other 

75 per cent of UK forest carbon 
is stored in the soils. Soil organic 
matter is derived from biological 
activity and is essential for good soil 
quality, soil fertility and function.

CLIMATE CHANGE

Table	1:	The	National	Soil	Inventory	of	Scotland	(2007-2009)	profiles	carbon	stocks	to	one-metre	depth	by	amalgamated	major	soil	subgroup,	across	all	
land-use types [4].
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ecological and biodiversity aims 
and is supported under the Forestry 
Grant Scheme and initiatives such as 
Peatland Action.

Location 
The extent of afforestation proposed 
in Scotland’s Forestry Strategy means 
that trees and new woodlands will 
need to be planted across the broad 
sweep of agricultural land capability 
classes in Scotland.  Significant 
carbon and GHG emission savings 
can be made through integrating tree 
planting in agricultural landscapes, 
often described as agroforestry and/or 
farm woodland. This can use systems 
such as silvo-pastoral and silvo-arable 
agroforestry, including shelterbelts 
and short rotation forestry to provide 
biomass, where trees are integrated 
with forage and livestock production 
systems [10; see also article on page 
32]. Woodlands in the agricultural 
landscape can also provide other 
benefits for animal welfare and 
capture and reduce other agricultural 
airborne pollution. Agroforestry and 
farm woodland can facilitate climate 
change mitigation for agricultural 
land holdings through carbon 
sequestration and support climate 
change adaptation through improved 
resilience of the farmed landscape. 

In the uplands, planting low 
productivity native woodlands with 
mounding, which aids establishment, 
incurs a soil carbon loss which can, 
depending on the thickness of the 
organic layer, take decades to be 
replaced. However, upland native 
woodlands can deliver a long-term 

carbon store which is resilient 
due to the varied species 
assemblage, but the net 
carbon benefits take time. 
Woodland establishment 
with minimal intervention 
has been termed ‘woodland 
carbon reserve management’ 
with native woodlands 
providing considerable wider 
ecosystem benefits, such 
as biodiversity. The major 
site-based impediments to 
upland native woodland 
creation are competition from 
ground vegetation (primarily 
grass/heather sward), 
combined with constraining 

climatic conditions (such as 
temperature and pH) and relatively 
poor soil nutrient status. These factors 
compound to reduce establishment 
success and growth, especially in 
the absence of some form of ground 
disturbance. In such circumstances, 
where seed sources are available, 
actions to encourage natural 
regeneration may be more appropriate 
than planting. Assessing, documenting 
and comparing the carbon sequestration 
dynamics from assisted natural 
regeneration, compared with planting 
native woodland is a current research 
need. Recent initiatives such as Future 
Woodlands Scotland [11] are beginning 
to provide valuable information. 

The other primary restriction to 
successful natural regeneration 
in upland Scotland is the well-
documented issue of browsing, 
particularly by deer and sheep, 
requiring active management to 
reduce grazing pressure—a key 
determinant of success. Often fencing 
is prescribed as a short-term measure 
to promote the development of 
natural regeneration (for example, 
see Reforesting Scotland Issue 59, 
page 18). The 2020 Deer Working 
Group report [12; see also article on 
page 28] to Scottish Government 
makes numerous recommendations 
for changes to ensure effective deer 
management that safeguards public 
interests and identifies the reduction 
in deer density as particularly 
important in terms of implementing 
climate change mitigation and 
adaptation measures to enable 
woodland expansion.

Woodland creation can be a cost-
effective contributor to carbon 
capture and a positive carbon land 
use choice. The level and timescale of 

the delivery of carbon benefits from 
woodland varies with soils, climate 
and tree growth rate. Maximising 
new woodland benefits for ‘Net Zero’ 
targets requires planting high-yielding 
tree species on mineral soils, whilst 
actions to promote upland native 
woodland regeneration could provide 
a long-term carbon reserve.

forestresearch.gov.uk
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Above: Monitoring the CO2 exchange of a Scots 
pine short rotation forestry trial using eddy 
covariance	equipment	in	Fife.	©	Forest	Research


