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Introduction 
 
This briefing highlights the value of species-rich and semi-natural grasslands as 
stable carbon stores with essential ecosystem services, in order to make the case 
for action by policy makers, researchers and land managers to protect, restore, 
maintain and create these grasslands. These actions can simultaneously tackle the 
biodiversity and climate crises, by reducing greenhouse gas emissions, sequestering 
carbon, and restoring biodiversity. Whilst trees and peatlands are now recognised 
for their role in climate change mitigation and adaptation, species-rich and semi-
natural grasslands are often overlooked. 
 

Key Points 
 
- In Great Britain, permanent grasslands have recently been estimated to store 

more than two billion tons of carbon to a depth of 100 cm; it has also been shown 
that soil carbon at this depth is still sensitive to land management changesi. 
 

- There is evidence that increased species-richness in grasslands – particularly in 
communities of deep-rooting plant species and legumes – increases carbon 
sequestrationii. 
 

- However, grasslands rich in carbon and biodiversity are being destroyed at an 
alarming rate in the UK and around the world through degradation or conversion 
to other land uses; it is estimated that England and Wales lost around 97% of 
lowland wildflower meadows between the 1930s and 1980siii. 
 

- Agriculturally improved grassland and semi-natural grasslands make up about 
40% of the UK land cover (9.52 million hectares), which is 29% improved 
grassland and 11% semi-natural grasslandiv. 
 

- Grasslands that are species-rich cover less than 1% of the UK’s land areav. 
 

- Species-rich grassland habitats are extremely high in biodiversity, providing a 
home for more than 20% of UK plant speciesvi and up to 40 species per square 
metrevii. 
 

- Permanent grasslands are significant carbon stores; approximately 90% of the 
carbon stored in grassland is in its soil and roots, which remains locked away in 
their undisturbed soilviii. 
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- However, grassland soil carbon is underestimated. The most common carbon 
sampling methods only measure the top 15 cm of soil, despite research 
suggesting that 60% of grassland soil carbon is located below 30 cm depthsix. This 
is in comparison to other habitat carbon stores that are measured to 100 cm – 
and often do not take into account the diverse nature of our semi-natural 
grasslands. 
 

- Intensive land management practices, such as over-fertilising and ploughing, 
and disturbance of permanent grassland soils, releases the carbon back into the 
atmosphere. For example, conversion of grassland into arable farmland, can 
cause a 59% decline in soil carbon stocksxxi. 

 
- Implementing less intensive land management practices, such as reducing 

livestock density and fertiliser application, can increase species-richness and 
carbon sequestration in permanent grasslands. 
 

- These less intensive land management practices provide a wealth of other 
ecosystem services and reduce greenhouse gas emissions, air and water 
pollution, while also reducing input costs and improving soil health, which 
supports sustainable food production. 
 

- When focusing specifically on soil organic carbon, certain types of UK semi-
natural grasslands can store more soil organic carbon per hectare than 
improved agricultural grasslands, arable land and woodland. Mature broadleaf 
woodlands store more carbon overall than grasslands, due to the large volumes 
of above-ground woody biomass; in the context of increased wildfire risk, pests 
and disease, grasslands can be a more reliable carbon store because 
approximately 90% of their carbon is stored below groundxii. 
 

- There are still gaps in UK-based research on grasslands’ existing carbon storage 
and their sequestration potential, especially for semi-natural and species-rich 
grasslands. 

  
- Beyond carbon storage, species-rich 

grasslands also provide important 
ecosystem services that are unique to 
those habitats, including water supply and 
flow regulation, soil erosion control, 
support for pollinators and invertebrates, 
health and wellbeing benefits, cultural 
traditionsxiii – as well as producing food in a 
traditional agricultural system. 
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Life would not be possible without carbon; it forms the foundations of DNA, provides food, 
and regulates the planet’s temperature. However, human activities are causing a steady 
increase in the concentration of atmospheric carbon dioxide (CO2), which is the highest it has 
been for ~ 4 million years. This is the primary contributor to the devastating global climate 
crisis we are currently facing.  
 
Carbon is cycled through different 
geological systems on Earth. As a 
key part of this carbon cycle, 
atmospheric CO2 is absorbed by 
plants through photosynthesis. 
 
Carbon can then be stored in living 
plant biomass, such as stalks and 
roots, or pass into the soil. Carbon 
enters the soil through compounds 
released from living roots (and their 
associated fungal partners) and soil 
organic matter, which is composed 
of dead plant litter and other 
organisms.  
 

These carbon-based compounds are then 
consumed by soil invertebrates (worms and 
insects) and microbes (bacteria and fungi) or 
remain in the soil as organic matter.  
 
The composition, activity and turnover of soil 
microbes play an integral role in the soil 
carbon cycle, contributing to greater below 
ground carbon storage and stabilisation of 
carbon stocksxiv. Research suggests 
management associated with species-rich 
grasslands (no or reduced fertiliser use) is 
associated with higher fungi and bacteria 
ratiosxv, which may also be linked to 
facilitating carbon storage in soils. 
 

 
 

Carbon can be released back into the atmosphere from soils through natural processes, such 
as plant and microbial respiration, or disturbance from human activities. 

Meg Griffiths 

Jocelyn Lavallee (CC BY-ND) 

What is the role of plants in the carbon cycle? 
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Carbon sequestration in grassland 
habitats  
 

Carbon in soil 
 
In the UK, more than a third of terrestrial (land-based) top-soil carbon is stored in 
grassland soils (when measured at 0-15 cm depths)xvi. Much more significant 
volumes of carbon are stored at greater soil depths, yet this is often not included in 
carbon measurement and accounting tools. 
 
It is estimated that 60% of soil carbon in grasslands is stored between 30-100 cm

xviii

xvii 
When measured to 100 cm depth, Great Britain’s grasslands soils are estimated to 
store more than two billion tons of carbon . 
 

Land management approaches 
 
The UK has different grassland types, which can be broadly separated into improved 
(agriculturally managed to increase productivity) and semi-natural grasslands (some 
limited management). 
 
Agriculturally improved grasslands and semi-natural grasslands make up about 40% 
of the UK land cover (9,520 million hectares), and are the largest category of land 
use. However, much of this grassland is managed intensively or in ways that reduces 
biodiversity, which in turn limits the potential for carbon sequestration and storage in 
the soil. 
 
The agricultural policy 
definition of ‘permanent 
grassland’ includes land which 
is regularly ploughed and 
reseeded, however the 
ploughing of soils releases 
large quantities of carbon into 
the atmosphere, meaning 
that these grasslands are not 
permanent carbon stores. 
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Intensive management practices, such as the use of fertilisers or pesticides, can 
reduce plant species diversity and productivity. They can also reduce organic litter 
inputs and increase soil exposure and compaction. These impacts lead to an overall 
decrease in soil carbonxix. 
 
Several studies have demonstrated that intensive land use and management has 
lasting effectsxx, including the loss of carbon and biodiversity from grassland soil 
which has taken decades to centuries to accumulate. 
 
Artificial fertilization also inhibits beneficial root fungi (mycorrhiza) from 
functioningxxi. Drawing from an ancient evolutionary process, mycorrhizas store 
carbon in our soils and facilitate nutrient uptake in host plantsxxii.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Nationwide soil research has identified that semi-natural grasslands contain 
greater carbon stocks than improved grasslandsxxiii. This may be due to the less 
intensive management practices, greater plant species richness, and undisturbed 
soils of semi-natural grasslands. 
 
There is the potential for further carbon sequestration and storage for decades to 
come, through the maintenance and restoration of truly permanent, semi-natural 
grasslands, with undisturbed soils. 
 
Whilst there are limited UK-based studies which estimate the amount of additional 
carbon that could be stored in grassland soils through changes to land management 
approaches, global studies suggest that approximately 2.3 – 7.3 billion tons of CO2

e 
CO2 equivalents per year (CO2

e year-1) could be sequestered through grassland 
diversity restoration efforts. A further 148-699 and 147 million tons of CO2

e year-1 

could be sequestered in pasture through improved grazing management and legume 
additions respectivelyxxiv. 
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The effect of grassland plant species 
richness on carbon sequestration  
 

Species-richness and carbon 
 
Scientific research shows that there is great potential to increase the amount of 
carbon stored in grassland soils. This can be through increasing the diversity of 
plants in grasslands, particularly communities of deep-rooting species by using 
appropriate management practicesxxv. 
 
Plant diversity increases soil organic carbon in 
numerous ways: 
 
- a higher variety of plants increases root 

carbon inputs through increases in root 
biomass and the carbon-based compounds 
they release into the soilxxvi 
 

- greater plant species-richness is a key 
driver to increased diversity, abundance 
and activity of soil microbes, mycorrhizal 
fungixxvii

xxviii

 and ecosystem engineers (such as 
earthworms and ants), which facilitate 
greater sequestration and storage of soil 
organic carbon  

 
 

Ecosystem and cultural services  
 
High grassland plant species-richness also supports the provision of wider ecosystem 
services. Species-rich grassland habitats have been shown to improve soil structure 
and nutrient cycling; provide pollination services to nearby cropland, wildflowers 
and trees; reduce soil erosion; purify water; mitigate against drought and flood 
eventsxxix, increasing resilience to the impacts of climate changexxx and other drivers 
of environmental change. 
 
Species-rich grasslands also enhance our lives through the provision of cultural 
services, such as aesthetic valuexxxi, recreation, supporting our health and well-being, 
and ecotourism.  
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How do grasslands compare to 
woodland and peatland 
 

Carbon storage in woodland and peatland 
 
It is well documented that, for the most part, peatlands hold the greatest carbon 
stocks of all habitatsxxxii. 
 
There are variations in soil organic carbon estimates for both grasslands and 
woodlands, with some studies suggesting that some semi-natural grassland soil 
carbon levels can exceed that of woodlandsxxxiii. 
 
Some studies found that, at 15 cm deep, the average soil carbon in an English 100-
year-old broad leaf woodland is 48 t C ha-1 and 67 t C ha-1 for coniferous 
woodlandsxxxiv. Another study estimated that acid grassland holds over 90 t C ha

xxxvi

-1, 
while neutral grassland holds over 68 t C ha -1 xxxv, and floodplain meadows are 
estimated to hold over 109 t C ha – 1 . 
 
The soil organic carbon stored in semi-natural grasslands is also estimated to exceed 
that of arable land (47 t C ha-1) and improved grassland (67.2 t C ha-1)xxxvii. 

When taking into account above-ground storage, mature broadleaf woodlands 
store more carbon overall than grasslands due to the large volumes of above-
ground woody biomass, which is estimated at 203 tonnes of carbon per hectare (in 
woodlands that are 100 years old)xxxviii. 
 
However, in the context of increased wildfire risk, pests and diseases in some areas, 
grasslands offer a more stable carbon store than forests because ~90% of their 
carbon is stored below ground, whereas woodlands store large carbon stocks in 
above-ground vegetation. 
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Right tree, right place, right management  
 
Tree planting and woodland regeneration schemes are key parts of carbon 
sequestration and conservation efforts, following the principle of ‘right tree, right 
place, right management’. 
  
However, inappropriate afforestation on existing species-rich grassland habitats 
can compromise their biodiversity and provision of ecosystem services, and release 
soil carbon stocks during the land conversion processxxxix. Whilst this lost carbon is 
recovered over time, it can take decades if not centuries to recover to the original 
level of soil carbon stocks after disturbance due to land use changexl. 
 
The amount of carbon sequestered and stored by tree planting will depend on 
whether the trees are felled, how the timber is used, and the predicted increase in 
forest fires due to climate changexli. 
 
Deforested woodland plantation sites also offer opportunities to restore open 
habitats and planted ancient woodland sites (PAWS)xlii. 
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Key Terms 
 

Key Term Definition 

Carbon (C) 
sequestration 

and storage 

The process of capturing CO2 from the atmosphere and storing in a 
carbon pool, such as soil or oceans. Often reported as the weight of 
carbon per area and/or year, such as tonnes of carbon per hectare (t C 
ha-1). 

Permanent 
grassland 

In agricultural policy, this is defined as land that has been in grass or 
other herbaceous forage, which has not been included in the crop 
rotation for 5 or more consecutive years. This definition can include 
grasslands which have been ploughed and reseeded during that time 
and excludes non-agricultural permanent grasslands such as parks, 
gardens and road verges.  
Definition: GOV.UK SFI improved grassland soil standard 

Semi-natural / 
unimproved 

grassland 

A habitat that is difficult to formally define but is usually where cutting, 
grazing or burning prevents succession to scrubland, but is otherwise 
unmanaged and with little to nil inputs such as fertilisers. Semi-natural 
grassland is often (but not always) species-rich and comprised of four 
broad habitat types: acid, calcareous, neutral and purple moor 
grass/rush grasslands.  
Definition drawn from: UK National Ecosystem Assessment 2011 

Species-rich 
grassland 

Semi-natural or unimproved grassland with little to nil inputs. Likely to 
be an existing, or restorable, priority habitat. To classify as a species-
rich grassland, two of the following three criteria apply: 1) <10% rye 
grass and white clover cover; 2) >30% consists of wildflowers and 
sedge; 3) >15 vascular plant species per square meter, with a wide 
range of grass species.  
Definition: Defra Future Farming blog: maintain species-rich grassland 

Semi-improved 
grassland 

In a semi-improved grassland, some agricultural maintenance occurs 
but a diversity of plants is maintained. Two of the following three 
criteria should apply: 1) <30% rye grass and white clover cover; 2) >10% 
consists of wildflowers and sedge; 3) between 9-15 vascular plant 
species per square meter, including grasses.  
Definition: Defra Countryside Stewardship: assessment of eligibility for 
permanent grassland 

https://www.gov.uk/guidance/the-sfi-improved-grassland-soils-standard#:%7E:text=Permanent%20grassland%20is%20land%20that,been%20reseeded%20during%20that%20time.
https://nora.nerc.ac.uk/id/eprint/15322/1/N015322CR.pdf
https://defrafarming.blog.gov.uk/maintain-species-rich-grassland/
https://www.gov.uk/government/publications/countryside-stewardship-permanent-grassland-with-very-low-input-options
https://www.gov.uk/government/publications/countryside-stewardship-permanent-grassland-with-very-low-input-options
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Improved 
grassland 

A species-poor grassland which has been agriculturally managed to 
increase productivity. For example, through fertiliser addition, 
drainage, herbicide use, ploughing and re-seeding. Two of the 
following three criteria apply: 1) >30% rye grass and white clover; 2) 
<10% cover of wildflowers and sedges; 3) species poor, with <8 species 
per square meter, including grasses. 
Definition: Defra Countryside Stewardship: assessment of eligibility for 
permanent grassland 

Wildflower 
meadows 

Use of this term here is from the widely referenced study (Fuller, 1987) 
estimating 97% of wildflower meadows lost in England and Wales 
between the 1930s and 1980s, which only assessed a specific type of 
grasslands – lowland hay meadows. Upland hay meadows and other 
species-rich grasslands were not included. 

Reforestation 
Planting of forests on lands that have previously contained forests but 
that have been converted to some other use. 
Definition: IPCC Glossary of Terms 

Afforestation 
Planting of new forests on lands that historically have not contained 
forests. 
Definition: IPCC Glossary of Terms 

Some definitions have been adapted by Plantlife for the purpose of this briefing.  
Sources for the original definitions have been provided. 

 
Contact 

 
Phone: 01722 342730 
Email: enquiries@plantlife.org.uk 
 
Brewery House 
36 Milford Street 
Salisbury, Wiltshire 
SP1 2AP, UK 
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https://www.gov.uk/government/publications/countryside-stewardship-permanent-grassland-with-very-low-input-options
https://www.ipcc.ch/site/assets/uploads/2018/03/wg2TARannexB.pdf
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