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Abstract: 
Growing public concern regarding accelerated rates of climate change, the depletion and degradation of natural 

resources such as biodiversity water and soils, coupled with policy commitments to address these challenges, 

are placing increasing pressures to enhance sustainability metrics associated with agriculture in general, and 

ruminant production systems in particular.  

At EU and indeed global scale, there has probably never before been so many potentially conflicting challenges 

for agriculture. On one hand, agricultural systems need to produce more, to feed the increasing global human 

population, while at the same time being much less reliant on economically and environmentally costly 

chemical inputs and protecting natural resources.  

Within this paper we provide an overview of recent research that demonstrates the potential contributions that 

legume inclusion within grass swards can make to developing more sustainable and resilient ruminant 

productions systems. 

Introduction:  
From a European perspective, the ambitious goal of achieving climate neutrality by 2050 has been set out in 

the European Green Deal (EC, 2019) with the associated European Climate Law making this legally binding 

on EU Member States. Key to achieving this overarching goal will be successful implementation of the EU 

Farm to Fork (EC, 2020a), Biodiversity (EC, 2020b) and Soil (EC, 2021) Strategies together with the Common 

Agricultural Policy (CAP 2023-27). These Strategies set out numerous (many cross-cutting) targets to facilitate 

the development of a more resilient, sustainable European agriculture. Some high level targets contained within 

these strategies that will directly impact European farmers include: a) a 50% reduction in nutrient losses 

(particularly N and P), which will require a decrease of at least 20% in the use of fertilisers by 2030, while at 

the same time ensuring that there is no reduction in soil fertility; b) a 50% reduction in the use of and risk from 

pesticides; c) to have at least 10% of agricultural land under high diversity landscape features as part of the 

effort to ensure that European biodiversity is on the path to recovery by 2030; d) while simultaneously ensuring 

continued food security within the EU. Coupled with these environmental concerns and targets, economic 

challenges in the form of soaring global fertiliser prices and other input costs, represent a very significant, 

direct cost to farmers. 

Lüscher et al. (2014) provided a particularly comprehensive review of the potential contributions legumes 

could make to livestock based agriculture in a European context. However, a significant body of research has 

been undertaken in this space since then. Within this paper we provide an overview of research predominantly, 

though not exclusively, undertaken since Lüscher et al (2014). Through this overview we hope to provide new 

insights into the role that legumes (clover in particular), inclusion in temperate grasslands can play in the 

development of more sustainable low input- high output pasture based systems. Where additional benefits are 

associated with further diversifying swards to multispecies swards i.e. swards consisting of at least three plant 

functional groups – grasses, legumes and forage herbs, these are also acknowledged.  

Temperate agricultural grassland within the European Union: 

Agricultural grasslands account for approximately 30% of Utilised Agricultural Area in the EU (Eurostat, 

2023), making it a very significant land use across the territory. However, this masks much variability between 

Member States, with Ireland at 75.4% having by far the largest proportion of UAA under permanent grassland, 

while Malta and Finland have less than 2% UAA as permanent (Eurostat, 2023). Where permanent grassland 

accounts for a significant portion of UAA, this makes management decisions around these grasslands, and 

associated livestock, particularly important in terms of meeting environmental obligations and targets.  
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The benefits associated with legume and indeed, forage herb inclusion in temperate agricultural grasslands is 

reflected in their inclusion in seed mixtures developed during the early to mid 20th Century (Elliot, 1948; 

Newman Turner, 1955). However, over the following decades much grassland research in temperate regions 

focused on the homogenisation and simplification of swards, with significant emphasis on the use of perennial 

ryegrass (Lolium perenne L.) monocultures. The logic for this was based on good agronomic reasons, including 

its ability to produce high yields of good quality forage, adaptability to a range of growing conditions 

(McDonagh et al., 2016), ability to recover quickly following defoliation (Lee et al., 2010) and reliable 

germination. Coupled with this was the development of the synthetic fertiliser industry, which facilitated the 

widespread availability of relatively cheap fertiliser. However, for the reasons described above, over more 

recent years, such dependence on monocultures of a nitrogen hungry species has become less economically 

viable and socially acceptable.  

Legumes - produce more using less:  

Given the urgent need for farmers to reduce reliance on nitrogen (N) fertiliser, but achieving this without 

compromising sward productivity, legume inclusion in swards to facilitate biological nitrogen fixation would 

appear to represent an obvious solution. Plot scale studies have demonstrated the ability of grass-legume 
mixtures, with differing functional traits, to outyield in terms of kilograms herbage dry matter produced per 

hectare, and in some cases, transgressively outyield monocultures (Neyfeler et al. 2009; Finn et al. 2013, Grace, 

2018). It is worth noting that in the case of Finn et al. (2013) these findings refer to a pan European experiment 

across thirty-one sites in seventeen different countries. These yield benefits can be achieved under much 

reduced N fertiliser inputs. For example, Neyfeler et al. (2009) showed that where legume proportion accounts 

for 50-70% of the sward, then grass-legume mixtures that receive 50 kg N ha-1 yr-1 can produce yields that are 

comparable as those achieved from grass monocultures fertilised at 450 kg N ha-1 yr-1. Indeed, increasing N 

fertiliser rates to legume containing swards, generally reduces their legume content (Moloney et al., 2021). 

However, evaluation of herbage production from such swards under actual grazing conditions is necessary. To 

this end, Egan et al. (2018), Baker et al. (2023) and Grace et al. (2018a) have shown that perennial ryegrass 

and white clover (Trifolium repens) swards produce similar herbage dry matter yields as perennial ryegrass 

monocultures when managed under dairy, beef and sheep systems respectively. This was achieved despite the 

legume containing swards while receiving significantly less fertiliser N ha-1 yr-1 (i.e. 60, 45 and 55% lower 

applications respectively) than their perennial ryegrass counterparts. When grazed swards are further 

diversified to include forage herbs i.e. multispecies swards (e.g. chicory Cichorium intybus and ribwort 

plantain Plantago lanceolata), this can result in significantly greater (P<0.05) herbage dry matter production 

compared to grass monocultures (Shackleton et al., 2022; Baker et al., 2023). 

Weeds, or unsown species can cause significant loss of forage yield and/or quality in agricultural grasslands. 

Farmers have largely relied on herbicide application to achieve weed control over recent decades. However, 

Finn et al. (2013) and de Haas (2019) have reported the potential for mixtures (grasses and legumes) to suppress 

weed biomass production relative to monocultures.  

From an animal performance perspective, it is critical that such maintenance / increase in herbage yield does 

not negatively impact on sward quality. While measures of sward quality are dependent on the level of legume 

present in swards, in general terms, legume inclusion increases the crude protein concentration of the herbage 

(McAuliffe, 2020; Baker et al., 2022) and may increase voluntary intake by grazing livestock relative to grass 
only swards (McCarthy et al., 2023). From a dairy perspective, how this translates in terms of milk production 

can be variable; for example, Roca-Fernández et al. (2016) reported an increase of +1.1kg day-1 in milk 

production relative to cows grazing perennial ryegrass only swards, while Enriquez-Hidalgo (2014) and 

McCarthy et al. (2023) and found no difference.  

However, beef animals offered either perennial ryegrass and white clover or multispecies swards, had a higher 

average daily gain (ADG) (P<0.05) than animals offered perennial ryegrass only, and this in turn translated 

into a reduction of 21 days to slaughter (Boland et al., 2022). Where swards comprised of grasses, legumes 

and herbs, lambs grazing these had a higher ADG (P<0.05) and reduced period to slaughter compared to lambs 

grazing perennial ryegrass only swards (Grace et al., 2018b; Beaucarne et al., 2022). Similarly, beef heifers 

grazing a multispecies sward had a significantly greater ADG to those on perennial ryegrass monocultures 

(Beaucarne et al., 2022).  

GHG emissions: 

Irish agriculture accounted for approx. 38% of national GHG emissions in 2020 (EPA, 2022). As part of the 

National Climate Action Plan, the sector is required to deliver a 25% reduction in its emissions relative to 2018 

levels, by 2030. Key to achieving this will be reducing methane (CH4) and nitrous oxide (N20) emissions 
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arising from agricultural practices. For example among the key metrics listed in the Plan to deliver the 

necessary abatement in agriculture are: 1) a reduction in chemical N use; 2) earlier finishing of beef cattle 

(Govt. of Ireland, 2023). While Enriquez-Hidalgo et al. (2014) found no difference in the daily, or per-unit-

of-output CH4 emissions from cows on grass only or grass white clover swards. Such reductions in days to 

slaughter for other ruminants (as reported above) offers potential opportunities to reduce CH4 emissions.  

N2O is a particularly potent greenhouse gas, and significant losses of it can be associated with fertiliser N 

application to agricultural grasslands (Harty et al., 2016). However, it must be acknowledged that reductions 

in fertiliser N application do not necessarily translate to equivalent reductions in N2O emissions, and indeed 

legume inclusion in swards can be associated with increased N2O emissions. However, once again, where 

legumes and herbs are included in combination with grasses to form multispecies swards, this has shown 

potential to significantly reduce N2O emissions (Bracken et al., 2020; Cummins et al., 2021; Bracken et al., 

2022).  

Conclusions: 
There is no silver bullet to address the significant sustainability challenges faced by ruminant based agriculture. 

However, the benefits associated with legumes demonstrate that they have an important role to play in 

addressing at least some of these challenges. When combined with forage herbs to form multispecies swards, 

these benefits appear to be even more pronounced.  
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