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Summary 

Semi-natural grasslands, including wet grasslands and traditional hay meadows, are of 
exceptional importance for biodiversity and cultural heritage. These habitats often support 
diverse wildflower communities that underpin pollinator populations and provide resources for 
a wide range of invertebrates, birds, and mammals. Agricultural intensification has been a major 
driver of their decline, through the use of fertilisers, reseeding, and mechanised management, 
while abandonment of remaining semi-natural grasslands has further contributed to 
biodiversity loss. Evidence consistently shows that intermediate disturbance levels support the 
highest species richness, with both intensification and abandonment leading to simplified 
communities. 

Restoration and conservation of species-rich grasslands are frequently constrained by residual 
soil fertility, altered soil properties, depleted seedbanks, and limited connectivity to source 
populations. Biodiversity outcomes are strongly influenced by management choices, 
particularly the removal of nutrients through hay cutting, appropriate grazing regimes, and the 
maintenance of structural heterogeneity within the sward. In some cases, passive management 
is insufficient and active interventions such as hay transfer, seed addition, scrub removal, or 
hydrological restoration are required to re-establish target communities. 

Beyond their biodiversity value, semi-natural and permanent grasslands deliver a wide range of 
ecosystem services, including pollination support, water regulation and purification, soil 
protection, flood mitigation, and long-term carbon storage in soils. These benefits are closely 
linked to management intensity and landscape context. While low-intensity grassland 
management generally supports multifunctionality, intensification or conversion to arable land 
can rapidly erode both biodiversity and climate-related benefits, highlighting the importance of 
maintaining and restoring semi-natural grasslands within farmed landscapes. 

Summary – Bullet Points 

• Semi-natural grasslands are the highest-value farmland grasslands for wildlife, often 
supporting very rich plant, pollinator, and bird communities. 

• Grassland biodiversity relies on ongoing moderate disturbance (grazing/mowing) -  both 
intensification and abandonment reduce diversity. 

• Restoration is often slow and constrained by high soil fertility, altered soil chemistry, 
depleted seedbanks, and limited dispersal from nearby habitats. 

• Best biodiversity outcomes typically come from combining hay cutting (nutrient 
removal) with well-timed aftermath grazing and maintaining varied sward structure. 



 

• Semi-natural and permanent grasslands provide key ecosystem services (pollination, 
water regulation, soil protection, carbon storage), but management can involve climate 
and biodiversity trade-offs. 

Main Text 

Following the extinction of Europe’s large herbivores, the persistence of grassland habitats and 
their biodiversity has depended largely on moderate human-induced disturbance, particularly 
grazing and mowing (Pärtel et al., 2015). Within agricultural systems, three major types of 
grasslands are generally recognized: natural, semi-natural, and improved grasslands.  Natural, 
or primary, grasslands are rare habitats that have persisted continuously in small pockets 
throughout the Holocene, typically in high-mountain areas or on nutrient-poor soils (Feurdean 
et al., 2018). Semi-natural grasslands, by contrast, are created and maintained by traditional 
management practices such as livestock grazing and hay-cutting, without which they tend to 
become encroached by shrubs and trees. Improved grasslands are sown pastures created 
through ploughing and reseeding with agricultural varieties or non-native high-yielding grasses. 
They are generally fertilized and maintained through intensive management (Pilgrim et al., 
2010). 

Although agricultural grasslands provide habitat for many species, semi-natural grasslands, 
including wet grasslands, are especially important for wildlife (Berg et al., 2019; Heikkinen et al., 
2004; Öckinger & Smith, 2007; Wallander et al., 2006; Wilson et al., 2012). Traditional hay 
meadows in particular are among the most species-rich grassland communities in Europe 
(Smith et al., 2000). Their composition reflects interactions among climate, soil conditions, and 
longstanding management practices. Smith et al. (2000) notes that these meadows are highly 
valued not only for their diverse plant assemblages but also as cultural landscapes shaped by 
traditional farming. 

In Ireland and Britain, the loss, fragmentation, and degradation of lowland semi-natural 
grasslands have been attributed largely to twentieth-century agricultural intensification. 
Mechanisation, the breeding of productive ryegrass (Lolium spp.) and white clover (Trifolium 
repens) varieties, and the widespread use of inorganic fertilizers and agrochemicals have 
facilitated the formation of highly productive swards in which less competitive species cannot 
persist (Critchley et al., 2007). More recently, intensification pressures have been compounded 
by the abandonment of many remaining semi-natural grasslands that are no longer 
economically viable to farm (Critchley et al., 2007; Mayer et al., 2008). Numerous studies show 
that intermediate disturbance levels tend to support the highest species richness, with both 
intensification and abandonment contributing to declines in biodiversity. 

Thirty-two grassland types of conservation importance are listed under the EU Habitats 
Directive, six of which have been recorded in Ireland by the National Parks and Wildlife Service 
(O’Neill, 2013): 

• 6210 Semi-natural dry grasslands and scrubland facies on calcareous substrates 
(Festuco-Brometalia) 

• 6230 Species-rich Nardus grasslands on siliceous substrates in mountain and sub-
mountain areas 

• 6410 Molinia meadows on calcareous, peaty or clayey-silt soils (Molinion caeruleae) 



 

• 6430 Hydrophilous tall-herb fringe communities from lowlands to alpine levels 
• 6510 Lowland hay meadows (Alopecurus pratensis, Sanguisorba officinalis) 
• 6130 Calaminarian grasslands of the Violetalia calaminariae 

High Nature Value farmland is characterised by a high proportion of semi-natural habitats, 
including species-rich grasslands, and approximately 50% of these areas overlap with Natura 
2000 sites designated for some of the above-listed habitats (Moran et al., 2021). 

Flora & Fauna 

Grasslands are among the most biodiverse ecosystems in Europe, providing living, feeding, 
nesting, and overwintering habitats for a wide range of native species (Dengler et al., 2014; 
Wilson et al., 2012). Much of the biodiversity research on these systems focuses on plants, 
invertebrates, and birds. 

Grasslands can support hundreds of native plant species, many of which are rare or declining. 
These plant communities have co-evolved with traditional, low-intensity farming systems over 
thousands of years (Wilson et al., 2012). Semi-natural grasslands, in particular, are globally 
important reservoirs of plant and pollinator diversity (Öckinger & Smith, 2007). Species-rich 
grasslands contain diverse wildflower assemblages that supply nectar and pollen for bees, 
hoverflies, butterflies, and moths (Alison et al., 2017; Fuentes-Montemayor et al., 2011; Larkin 
& Stanley, 2023; Maher et al., 2024), and they also provide nesting habitat for bumblebees (Lye 
et al., 2009). In the UK and Ireland, such habitats are critical for supporting pollinator 
populations that are currently in decline. 

Insect communities in restored grasslands often show higher taxonomic and functional 
diversity than those found in intensively managed agricultural grasslands, and their species 
composition tends to more closely resemble that of target semi-natural grasslands (Neff et al., 
2020). Heterogeneous, species-rich swards provide structural complexity that supports a broad 
range of invertebrates, including beetles, grasshoppers, and other arthropods. 

Bird communities also respond strongly to sward structure. Meadows with a diverse range of 
vegetation heights support different bird guilds (Buckingham et al., 2006). Short swards favour 
soil-feeding birds such as lapwings and starlings, whereas taller and more heterogeneous 
swards support seed-eating and insectivorous species. Intensive grazing systems, which 
produce short, uniform swards, may benefit birds foraging for soil-dwelling invertebrates but 
tend to disadvantage species reliant on seeds or sward-dwelling insects (Buckingham et al., 
2006). At the landscape scale, the number of breeding agricultural bird pairs has been positively 
linked to the extent of semi-natural grassland in the surrounding matrix (Heikkinen et al., 2004). 

Mammal communities also benefit from grassland diversity. The proportion of restored and 
natural grassland in a landscape has been shown to positively influence small mammal 
abundance (Mérő et al., 2015), while extensively managed grasslands can support species such 
as the brown hare (Zellweger-Fischer et al., 2011). 

Grassland Restoration through Management 

There are many biotic and abiotic constraints to the successful restoration and rehabilitation of 
grasslands. Key factors that inhibit restoration include residual soil fertility, altered soil 



 

properties such as pH and available phosphorus, reduced density and diversity of the soil 
seedbank, suppression of target species by more competitive plants, and limited availability of 
propagules within the sward and the surrounding landscape, often compounded by low 
dispersal rates (Critchley et al., 2007). 

Biodiversity outcomes in semi-natural grasslands are strongly influenced by management 
practices. A comparison of grazed and mown fens in southern Germany (Stammel et al., 2003) 
found that plant species richness was significantly higher in mown compared with grazed sites, 
although the proportion of typical fen species and Red Data Book species did not differ. Many 
studies indicate that low-intensity management, typically a combination of cutting and grazing, 
produces the most favourable results.  

Low soil fertility is a prerequisite for species-rich grasslands. Where grasslands were previously 
heavily fertilised, reinstating extensive cutting and grazing can produce measurable changes in 
sward composition, but recovery towards target communities is often extremely slow (Walker et 
al., 2004). For example, the Park Grass Experiment at Rothamsted, England, demonstrated that 
it may take 70–90 years for fertilised plots to revert to species-rich Cynosurus cristatus–
Centaurea nigra grassland (Walker et al., 2004). Similarly, meadow grasslands in Somerset, 
England, required over a century to regain typical sward composition despite proximity to donor 
pastures (Gibson, 1998). 

Nutrient removal via hay cutting is critical to achieving optimal restoration outcomes. Two cuts 
per year accelerate nutrient depletion compared with a single cut, hastening reversion to 
diverse communities (Walker et al., 2004). Mowing reduces productivity and competitiveness, 
creating establishment opportunities for weaker competitors (Gerard et al., 2008;Poptcheva et 
al., 2009). Patch-scale management can also enhance biodiversity.  In limestone grasslands in 
northern Switzerland, Köhler et al (2005) found that a mosaic strategy, annual July mowing in the 
central area and biennial mowing of margins, maintained the highest species diversity. 

Ceasing fertiliser application generally increases plant species richness (Mountford et al., 1996; 
Wrbka et al., 2008), but recovery is slow. Berendse et al (1992) noted that stopping fertilisation 
rarely triggers rapid increases in diversity, and a 16-year controlled trial in the Czech Republic 
found that the effects of differing fertiliser rates remained detectable even after long-term 
cessation (Hrevušová et al., 2009). Conversely, applying fertiliser reduces species richness 
(Kirkham et al., 2008). A replicated study in neutral meadow grassland in England (Smith et al., 
1996) reported that fertiliser treatments increased seed numbers of downy oat-grass Avenula 
pubescens but reduced those of ribwort plantain Plantago lanceolata, yellow rattle Rhinanthus 
minor, and common daisy Bellis perennis. 

Conservation-focused grassland management also has marked effects on invertebrate 
communities. Woodcock et al (2007) found that unfertilised plots cut once in July supported 
more beetle species than intensively managed silage plots. Bardgett & Cook (1998) reported 
that high-input systems promote low soil-fauna diversity and favour bacterial decomposition 
pathways, whereas low-input systems promote fungal pathways and a more heterogeneous 
habitat supporting diverse soil fauna. A controlled trial in West Sussex, England (Wakeham‐

Dawson et al., 1998), found significantly more invertebrates and taxa in areas where sheep 
grazing was excluded. Potts et al (2009) identified management options for the margins of 



 

intensive grasslands that enhance bumblebee and butterfly diversity, finding butterflies benefit 
from reduced fertilisation, fewer cuts, and no grazing, while bumblebees require the sowing of 
flower-rich habitat. Both approaches were identified as being compatible with agri-environment 
schemes. 

Evidence consistently shows that combining hay cutting with aftermath grazing yields superior 
biodiversity outcomes compared with either approach alone. Managed disturbance creates 
microsites that facilitate colonisation (Smith et al., 2000; Woodcock et al., 2007). Smith et al. 
(2000) found that cutting combined with grazing accelerates nutrient depletion and enhances 
conditions for seedling establishment. Grazing opens the sward, providing germination gaps for 
forb seeds dispersed by hay, wind, or livestock. Jones & Hayes (1999) demonstrated that 
seedling establishment and survival were highest in plots cut twice and grazed in winter; cutting 
alone favoured coarse grasses, while grazing alone encouraged undesirable weeds. Aftermath 
grazing benefits both plant and beetle assemblages (Woodcock et al., 2007). Effective 
restoration therefore requires careful synchronisation of cutting regimes, grazing timing, and 
seed application (Smith et al., 2000), with stocking rates tailored to avoid loss of diversity 
(Humphrey & Patterson, 2000). 

Wet meadow restoration requires specific approaches with hydrological management being 
critical. Raising the water table has proven effective in many cases (Oomes et al., 1996), though 
rewetting alone may not reverse floristic changes if soil fertility remains elevated or if inflowing 
water is nutrient-rich (Critchley et al., 2007),  and topsoil removal may be necessary to restore 
low fertility (Berendse et al., 1992). Lyons & Ausden (2005) showed that raising water levels 
combined with grazing shifted plant communities towards lowland wet grassland types and 
increased breeding waders. However, floral communities may not recover without additional 
interventions when fertility is high. Gerard et al (2008) found that in floodplain meadows, 
mowing and flood frequency had strong interactive effects, and only the combination of 
frequent flooding and annual mowing increased species richness, as mowing creates 
germination gaps for flood-transported seeds. Though Poptcheva (2009) documented 
significant progress towards low-yield, species-rich communities after 20 years of twice-annual 
mowing despite high atmospheric nitrogen inputs, succession was not complete likely due to 
the slow immigration of new species. 

Where semi-natural grassland has been degraded but retains some of its original species, 
establishing appropriate conditions through corrective management may allow natural 
recovery. In other cases, landscape connectivity and seed-source availability are crucial (Muller 
et al., 1998). Where agricultural improvement has been extreme, most original species are 
absent from both the sward and the seedbank, and extensive management alone will not 
restore the community (Berendse et al., 1992; Oomes et al., 1996) unless propagules can 
disperse from nearby habitats. Large-scale dispersal from surrounding landscapes is 
increasingly recognised as important both for maintaining grassland diversity and for successful 
restoration (Poschlod et al., 1998). 

Active interventions are often required. Hay transfer can accelerate establishment of target 
vegetation (Klimkowska et al., 2010). Edwards et al (2007) and Kiehl & Wagner (2006) 
demonstrated that hay strewing and seed-rich hay transfers successfully increase botanical 
diversity. Klimkowska et al (2010) found that combining hay transfer, soil removal, and exclusion 



 

of large animals produced vegetation most similar to target communities. In some cases, direct 
reintroduction of plant species through seed or transplants is necessary where propagule 
sources are lacking (Jones & Hayes, 1999). 

Agri-environment prescriptions that enforce uniform minimum grazing levels may have mixed 
effects.  Lower grazing intensity can increase flower abundance and structural heterogeneity, 
benefiting pollinators, but insufficient grazing may encourage scrub encroachment, negatively 
affecting both pollinators and vascular plants (Berg et al., 2019). Abandoned grasslands often 
experience declines in plant diversity, but resuming grazing can reverse these changes. In the 
Burren, Ireland, Long (2011) recorded decreasing plant diversity but increasing snail diversity 
over two years of grazing exclusion, indicating taxon-specific responses. A subsequent 
experiment combining grazing exclusion with fertiliser addition found reduced plant diversity 
and higher biomass (McKeon et al., 2022). Rare species declined rapidly following nutrient 
addition, while reduced grazing primarily altered relative abundance. In Finland, Pykälä (2003) 
observed that plant diversity increased after around five years of resumed grazing, while 
Kotiluoto (1998) showed that shrub removal, mowing, and grazing increased species richness, 
particularly in grazed areas.  Supporting the intermediate disturbance hypothesis Pöyry et al 
(2004) found butterflies and moths most abundant at intermediate grazing intensities.  

Agri-Environment Schemes (AES) and Policy 

Agri-environment schemes (AES) have been widely implemented to conserve and restore 
grassland biodiversity, with mixed success.  

Mayer et al (2008) found that AES grasslands in Bavaria were more diverse than conventional 
ones, though noted long-term monitoring was needed. Wilson et al (2007) reported that 
targeted AES were effective for rare birds, while broader schemes mainly benefited common 
species.  The findings from studies of other schemes are more variable, highlighting the 
importance of landscape context. 

A review of botanical monitoring results from a UK agri-environment scheme found it was 
relatively successful in maintaining the condition of semi-natural grasslands of high biodiversity 
value.  Critchley et al (2004) suggested that the higher success rate in western or upland areas 
in the UK might be linked to less intensive agricultural management in the past, which has 
allowed a pool of species to survive within individual sites.  In the Swiss alps, AES’s may simply 
maintain current levels of species richness/diversity (Kampmann et al., 2008). McEvoy et al 
(2006) reported similar findings, with an AES in Northern Ireland only maintaining plant species 
richness is extensive landscapes.  

Some signs of deterioration of semi-natural grassland under AE agreement were also noted by 
Critchley et al (2004).  In some cases, this was due to inappropriate grazing intensity, often 
introduced as part of rigid grazing prescriptions. Deterioration in sward composition was also 
partly linked to hydrological manipulation for other conservation objectives. 

Investigating  the ecological effects of Dutch agri-environment schemes aimed at promoting 
botanical diversity or meadow birds, Kleijn et al (2004) found neither plant species richness nor 
abundance of meadow birds were higher on fields with agri-environment schemes, however the 
scheme did have positive side-effects because the species richness of bees and hover flies was 



 

enhanced.  A broader study indicated the Netherlands AES may be an outlier Kleijn et al (2006) 
as some measure of biodiversity was higher on fields with agri-environment schemes compared 
with conventionally managed fields in other countries, particularly plant species density, likely 
due to reduced pesticide inputs.  Positive effects on certain arthropod groups were proposed to 
be due to an association with vegetation.  

In Ireland, Feehan et al (2005) found average plant species richness was significantly higher on 
non-agreement than on agreement farms. Otherwise, few differences between average species 
richness and abundance on agreement and non-agreement farms were revealed. In ordination 
analysis of the flora and Carabidae data, factors largely independent of recent management 
such as hedge age and gappiness were most important in explaining observed variation. The 
study concluded that the scheme did not significantly benefited the groups surveyed, and 
suggests that the generic measures in such horizontal schemes may be better suited to 
addressing landscape-level issues such as water pollution, with biodiversity objectives for high 
nature value areas being more effectively achieved by targeted zonal schemes.  

AES schemes targeting birds have indicated that sward structure influences bird species more 
than botanical composition (Buckingham et al., 2006). Bird species fell into two groups based 
on their sward structure preferences, which closely reflected where they obtained their food. 
Species that feed on soil-dwelling invertebrates selected short swards, while species that feed 
on sward-dwelling invertebrates or seeds selected taller swards with greater spatial 
heterogeneity. Grazing had a greater influence on grassland usage than sward age and other 
management practices. Birds mainly responded positively to grazing, especially by cattle. Weed 
control reduced the usage of grass fields by granivorous birds during summer and winter. 
Intensive grazing systems create and maintain short, uniform swards that favour bird species 
foraging for soil-dwelling invertebrates, but not those reliant on seeds or sward-dwelling 
invertebrates. It is proposed that excessive defoliation of agricultural grasslands (associated 
with intensive grazing and mowing regimes) impacts granivorous birds by reducing prey 
abundance. Reductions in grazing intensity and the avoidance of weed control should therefore 
increase food availability for granivorous and insectivorous birds on grass fields. 

Some schemes targeting breeding waders found plant communities have shifted toward those 
of wet grasslands where appropriate management was introduced, including raising of water 
levels.  Breeding wading bird numbers increased in response to these habitat changes (Ausden 
& Hirons, 2002; Lyons & Ausden, 2005). In the Netherands, Kleijn & Van Zuijlen (2004) had 
inconclusive findings with regard to benefits of conservation measures on meadow bird territory 
numbers.  

Similarly, for invertebrates,  AES’s in different countries have yielded varying results.  AES 
supported a higher number of bee species and a higher abundance of non-Apis bees in 
Switzerland but not the Netherlands (Kohler et al., 2007), which the authors suggested was due 
to the different effectiveness of the Dutch and the Swiss schemes in promoting insect-
pollinated plant diversity, with the Dutch scheme fertilisation and cutting regimes being less 
likely to enhance floral resources.  In Ireland Feehan et al (2005) found there was no direct 
effect on beetle assemblages, with other drivers more important than agri-scheme 
management interventions.  A study by Saarinen & Jantunen (2005) similarly found butterfly 
fauna varied in response to the origin and age of the grassland, rather than management. The 
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outcome may depend on the group examined however. Other AES schemes have shown 
positive effects on plants, grasshoppers, butterflies and wildbees (Albrecht et al., 2010; Aviron 
et al., 2007; Knop et al., 2006), though some groups do not show any change e.g. spiders (Knop 
et al., 2006).  

Monitoring biodiversity outcomes requires effective indicators. Lindborg et al (2005) argued that 
indicators in AES’s should respond to both degradation and improvement.  Examining grassland 
indicators, Ruas (2021) found occurrence and diversity was mainly related to grassland semi-
naturalness and to the diversity of habitats existing on the farm,  both variables within farmers’ 
control, and thus were appropriate indicators for assessing the effectiveness of management 
and suitable for use in RBP schemes. 

Overall, AES can maintain biodiversity and provide benefits to certain taxa, but effectiveness 
depends on scheme design, nutrient inputs, and landscape context. 

Ecosystem Services  

Semi-natural grasslands provide a wide range of goods and services, including plant species 
diversity, carbon storage and sequestration, biomass production for grazing animals, flood 
reduction, habitat for migratory and breeding birds, water infiltration, purification and storage, 
erosion prevention and recreation among others (Bengtsson et al., 2000). 

There is a positive relationship between species richness and ecosystem multifunctionality.  
More biodiverse grasslands are able to support more services at higher capacity (Prangel et al., 
2023), and the restoration of diverse grasslands of conservation value can have a positive 
impact on hay yield, supporting farming incomes (Bullock et al., 2007). Significant declines in 
the supply of pollination services, natural pest regulation, forage production, soil quality, wild 
food and cultural appreciation of landscape have been detected where grasslands are 
abandoned or afforested (Prangel et al., 2023).   

Pollination & Pest Control 

The potential for semi-natural grasslands to support insect pollinators and natural enemies has 
been highlighted above. The role of semi-natural biotopes, including grasslands, for biological 
control has been discussed extensively (Tscharntke et al., 2007), but the specific role of 
grasslands is less clear, as many studies report effects of landscape structure and non-crop 
habitats in general. Jonsson et al (2014) showed increasing potential for biological control with 
the proportion of grassland in the landscape.  

There are a limited number of studies explicitly relating grasslands to crop pollination, despite 
the known responses of pollinators to landscape structure (e.g. Kennedy et al., 2013; Klein et 
al., 2007; Kremen et al., 2004; Ragué et al., 2022).  Pollination of insect-pollinated crops may be 
higher close to adjacent grasslands (Taki et al., 2010). Results of a study in the Burren (Larkin & 
Stanley, 2023) indicate RBAPSs benefit network size and linkage density, where species-
rich grasslands supported larger networks and higher linkage densities. Networks surrounded 
by higher proportions of semi-natural grassland also had larger network sizes and higher linkage 
densities.  Maximizing pollination efficiency in farmland landscapes should include a 
combination of habitats, not just semi-natural grasslands, in order to provide continuous floral 
resources across the season (Ragué et al., 2022).   



 

Water Regulation & Soil Protection 

Beyond their biodiversity value, semi-natural and permanent grasslands provide important 
regulating ecosystem services, particularly in relation to water quality, water regulation, and soil 
protection. Grasslands act as natural filters, trapping pollutants and immobilising excess 
nutrients and agrochemicals within soil and vegetation (Bengtsson et al., 2019).  Their dense 
root systems and stable soil structure help absorb and slow the movement of water across the 
landscape, thereby reducing runoff and mitigating downstream flood risk (Bengtsson et al., 
2019; Milazzo et al., 2023). 

At local scales, individual grass species can influence hydrological processes by altering 
infiltration rates, storage capacity, and water use efficiency (Bengtsson et al., 2019). The 
capacity of grasslands to regulate water, such as moderating the timing and magnitude of 
streamflow, also varies seasonally and is shaped by fine-scale heterogeneity in soil texture and 
slope (Souchère et al., 2003). Compared with arable land, grasslands can reduce surface runoff 
by 20% or more (Bengtsson et al., 2019). 

Permanent grasslands also play a key role in maintaining healthy soils. Their continuous 
vegetation cover stabilises the soil surface, limits erosion, and supports diverse microbial and 
faunal communities that underpin nutrient cycling. When not overgrazed or mismanaged, 
grasslands can reduce erosion to less than 10% of the rates observed on croplands (Verheijen 
et al., 2009). The erosion control they provide is closely connected to other ecosystem services, 
including water supply and regulation, carbon sequestration, and long-term soil fertility (Pilgrim 
et al., 2010). 

Carbon Storage and Climate Regulation 

Semi-natural grasslands store large amounts of carbon in soils, especially under traditional 
low-intensity grazing. 

Permanent grasslands store large amounts of carbon in the soil (Smith, 2014; Soussana et al., 
2010), much more than croplands, and sometimes as much as forest soils (Farley et al. 2013, 
Burrascano et al. 2016). They do not act as perpetual sinks however, and likely accumulate 
more carbon if they move from suboptimal to optimal management, eventually stabilising in the 
longer-term (Smith, 2014).   Conversely, carbon is rapidly decomposed and released as CO2 if 
grasslands are transformed into cropland or intensified by plowing and re-sowing (Kätterer et 
al., 2012; Soussana et al., 2010). Plant species composition also influences carbon and 
nitrogen storage and dynamics in grasslands, and co-occurrence of species from specific 
functional groups is crucial for the maintenance of multifunctionality with respect to C and N 
storage in grasslands (De Deyn et al., 2009). Semi-natural grasslands soils are considered less 
disturbed than those under improved grasslands; therefore they can have a more important 
function in terms of carbon storage (Gregg et al., 2021).  Results from the data collated for the 
FARM_ECOS project (Ruas, 2021) indicate that there might be a difference in levels of Soil 
Organic Carbon between improved and semi-natural grasslands.   

The processes of carbon sequestration, carbon storage as soil organic matter, and fluxes of 
greenhouse gases in grasslands are intimately linked to each other. Though carbon 
sequestration increases when grassland management is intensified by increased nutrient 
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inputs, especially nitrogen (Kätterer et al. 2012), the climate mitigation effect of intensified 
management may be offset by increased emissions of greenhouse gases other than CO2. For 
example, ruminant livestock produce methane (CH4), while nutrient application to grasslands to 
increase livestock production results in N2O emissions (Soussana et al. 2010).  Grazed 
grasslands may have a positive climate impact in more extensive farming situations (Bellarby et 
al., 2013). The water table in grasslands also affects GHG fluxes; wetter grasslands often 
produce methane, while drier grasslands do not (Acreman et al., 2011). 
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