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Abstract
Concerns over the increasing cost and environmental impact of high inorganic nitrogen (N) inputs have led to a reappraisal 
of the role of legumes, particularly clover, in maintaining soil fertility in improved grasslands. Clover and other legumes host 
the symbiotic root bacteria Rhizobium that fix N, reducing the need for N fertiliser application. Grass plus clover swards are 
comparable to grass monocultures given medium to high inorganic N inputs in terms of companion grass growth, livestock 
performance and, yield of subsequently planted crops. Reduced N fertiliser input also reduces associated N leaching into 
water and greenhouse gas emissions during manufacture, transport, and application. In addition, increased use of clover in 
grasslands also benefit flower-visiting insects by providing an abundant source of nectar and pollen in summer. This is a criti-
cal period due to high levels of competition for these in summer. Because temporary and improved grassland covers almost 
half (47%) of UK land area this habitat type has great potential in wildlife conservation. Further research is needed on the 
agronomic and conservation benefits of more diverse swards, as incorporation of additional forb species may complement 
clovers and legumes to benefit a wider range of flower-visiting insect species. In addition, more information on the attitudes 
of farmers for or against using clover and legumes in grasslands is needed, as they make the management decisions for most 
agricultural land in the UK. Implications for insect conservation: increased use of clover is a low-cost way to improve the 
food supply for flower-visiting insects, while to sustaining agricultural productivity and reducing environmental impact.
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Introduction

Numerous legume species, Fabaceae, are grown for animal 
fodder via grazing, hay making and silage (Frame 2005; 
Watson and Stoddard 2017). Within Fabaceae, clovers play 
an important role in agriculture in Europe and elsewhere, 
with white (Trifolium repens) and red clover (T. pratense) the 
two most important legumes in UK farming (Frame 1987, 
1990; Humphreys et al. 2017). Clover is often grown or 
sown with perennial ryegrass (Lolium perenne) in permanent 
or long-term pastures or in short-term grasslands known as 
leys grown in rotation with arable crops (Watson and Stod-
dard 2017). A primary agricultural benefit of clover is its 
ability to fix atmospheric nitrogen (N) via symbiosis with 

root nodule bacteria, Rhizobium, contributing available N to 
grasslands (Hellriegel and Wilfarth 1888; Jørgensen et al. 
1999; Ledgard et al. 2001; Høgh-Jensen et al. 2004; Hatch 
et al. 2007). This helps maintain soil fertility and increases 
yield, both of subsequent crops with leys (Høgh-Jensen and 
Schjoerring 1997) and companion grasses (Lüscher et al. 
2008; Oberson et al. 2013). In addition, clover is itself an 
excellent animal feed with a higher N content than grass 
(Johnson and Thompson 1996; Fraser et al. 2004; reviewed 
in Peyraud et al. 2009) and can improve livestock perfor-
mance via the superior nutritive value of grass plus clover 
forages versus grass alone (Wilkins et al. 1994; Johnson and 
Thompson 1996; Fraser et al. 2004). Clover and legumes 
are an important in organic farming when integrated with 
rotations, manure and crop residues, and leys (Watson et al. 
2002).

Conservation and environmental concerns surrounding 
high N inputs in agriculture have led to increased discus-
sion over the potential use of legumes in pastures and leys 
in conventional farmland systems as an alternative to grass 
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monocultures and high inorganic N fertiliser applications 
(e.g. Frame 1987, 1990; Andrews et al. 2007; Chapman 
et al. 2017; DEFRA 2018; McKenna et al. 2018b). Inten-
sive grassland management, which expanded and intensified 
throughout the twentieth century (Chamberlain et al. 2000), 
has been associated with environmental problems such as 
nitrate leaching into water courses (Jarvis 1993; Scholefield 
et al. 1993), greenhouse gas emissions from grasslands and 
during manufacture (Zhang et al. 2013; Liu et al. 2020), and 
reduced biodiversity (Firbank 2005; Maskell et al. 2010). 
Further, greater use of clover is increasingly beneficial eco-
nomically because the cost of inorganic N has approximately 
doubled in real terms from the decade 1990–2000 to 2010 
(Humphreys et al. 2017; DEFRA 2019; Fig. 1).

High artificial N inputs are an aspect of the wider process 
of agricultural intensification, which has been identified as 
a primary driver of insect decline (Ratcliffe 1984; Goulson 
et al. 2005, 2015; Carvell et al. 2006; Ollerton et al. 2014). 
Associated declines in floral resources in agricultural land-
scapes limit insect populations (Roulston and Goodell 2011; 
Goulson et al. 2015), and decreases in temporal continu-
ity of pollen and nectar sources increases the risk of gaps 
in resource supply (Westphal et al. 2009; Couvillon et al. 
2014a, b; Balfour et al. 2018; Timberlake 2019). Mitigating 
pollinator decline is of both environmental and economic 
importance as 35% of global crop production (Klein et al. 
2007) and 88% of flowering plant species (Ollerton et al. 
2011) depend on animal pollination. Further, the economic 
value (2020 GBP) of insect pollination in the UK has been 
estimated at between £364 million (Carreck and Williams 
1998) to £610 million (Smith et al. 2011). Preventing pol-
linator decline through effective strategies is, therefore, 
not only a concern for conservationists but also of direct 
economic importance for farmers. The potential effects of 
changes in agricultural practices on insects should be a con-
sideration for changes in agricultural practices and policy.

The value of grassland habitats and clover in providing 
food for flower-visiting insects is well known. White and 
red clover are important sources of nectar and pollen for 
bumblebees in the UK (Goulson et al. 2005), New Zealand 
(Goulson and Hanley 2004), the United States (Rao and 
Stephen 2010), and Sweden (Rundlöf et al. 2014). Clover 
species are also important for providing honeybee forage 
(Decourtye et al. 2010) and white clover is a major nec-
tar flow for beekeepers (Crane 1976). Improved grassland 
is considered to be the biggest contributor to the national 
nectar supply and within improved grasslands white clover 
is the most important nectar producing plant (Baude et al. 
2016). Further, the decline of white clover in the twentieth 
century is suggested to be a contributing factor to national 
extinctions of bees and other aculeate Hymenoptera (Oller-
ton et al. 2014) and flower visiting insects over that period 
(Balfour et al. 2018; Carvell et al. 2006). Reductions of clo-
ver content of grasslands may have deleterious effects on 
insects by directly decreasing available floral resources, or 
indirectly by increasing competition for alternative resources 
(Balfour et al. 2015b; Wignall et al. 2020a). In 2020, only 
c.38% of leys were sown with a clover mix (data from 
DEFRA 2020), indicating the potential for increased clover 
use. An increase in grass plus clover mixes may, therefore, 
benefit flower-visiting insects by helping to mitigate nec-
tar and pollen deficits that have resulted from agricultural 
intensification, such as reductions in weeds in arable land 
and reductions in hay meadows (Goulson et al. 2005; Potts 
et al. 2010). Indeed, Baude et al. (2016) identified produc-
tive grassland as a habitat type with the greatest potential to 
improve the UK pollen and nectar supply.

This is particularly relevant to the UK as agricultural 
policy is currently being restructured, with the schemes 
available under the EU’s Common Agricultural Policy 
being phased out over the next 7 years in England and Wales 
(DEFRA 2020b). The Sustainable Farming Incentive will 

Fig. 1  Agricultural price index 
(API) of fertiliser in the UK. 
Fertiliser includes mineral and 
organic sources of nitrogen 
and phosphates. API assigns 
weights to goods or services 
which reflect their contribu-
tion to the annual agricultural 
accounts (Eurostat 2002). Data 
from DEFRA (2019)
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be one of three new payment schemes where payments will 
be based on environmental outcomes and public goods to 
encourage sustainable land management. One of the aims 
of the new scheme will be to incentivise land managers 
to deliver “thriving plants and wildlife” (DEFRA 2020b). 
Several ‘standards’ within the scheme are being developed 
which are targeted towards improved grassland, for exam-
ple reducing inputs and increasing sward diversity (DEFRA 
2021a, b). 2021 is the pilot year of the Sustainable Farming 
Incentive, with the scheme itself still under development 
and payment rates to still be decided. The full rollout of the 
scheme will occur between 2022 and 2024.

Here we review the potential for the use of clover and 
legumes to be a component of the UK’s strategy for meeting 
its commitments to improving biodiversity. Although there 
is extensive literature on the agronomic and environmental 
benefits of grass plus clover swards, the potential benefits 
to pollinating insects tend to be overlooked. This aspect 
of grass plus clover swards should be a key component of 
changes to policy and incentives, due to the prevalence of 
improved grassland (DEFRA 2019) and its high potential for 
improving floral resources for insects (Baude et al. 2016). 
Our aim in this article is to bridge this gap by summarizing 
both the current discussion surrounding the agronomic use 
of grass plus clover swards and their contribution to floral 
resources. We argue that the conjuncture of high fertiliser 
prices, environmental concerns associated with high N input, 
and restructuring of UK agricultural policy is a key opportu-
nity to increase the use of clover in UK farming, providing 
environmental and economic benefits while simultaneously 
improving floral resources for flower visiting insects.

We chose relevant studies to give an overview of the agro-
nomic and environmental benefits of clover, before argu-
ing that flower-visiting insects should be an added consid-
eration for grassland management and an added benefit of 
expanding clover use. This can be through direct benefits 
via resource provision, or indirect benefits through reducing 
resource competition of alternative food sources. We then 
further discuss how these benefits may be further maxim-
ised by incorporating additional plant species into grassland 
swards, expanding the potential groups of insects which may 
directly benefit. Finally, we relate these benefits to policy 
and the importance of grasslands within the farming matrix.

Due to the wide scope of this article, we are unable to 
provide an exhaustive analysis of all relevant work, and com-
prehensive reviews of agronomic and environmental aspects 
of clover use in agriculture are available elsewhere (e.g. use 
of white clover in dairy pastures, Andrews et al. 2007; use 
of legumes in grassland-livestock systems, Lüscher et al. 
2014; red clover in cereal rotations McKenna et al. 2018b; 
agronomic and environmental benefits of leys, Martin et al. 
2020). We use examples and knowledge from temper-
ate regions outside of the UK, but we limit discussion of 

agricultural policy to the UK. This is to keep the scope and 
length of the article within reasonable limits, and because 
of the current debates over the future of UK agricultural 
policy. Although we specifically discuss the use of clover 
relates to the UK context, the information and insights in 
this article are, nevertheless, relevant to other countries. Our 
article is therefore relevant to the current situation in which 
the conservation and environmental dimensions of farm-
ing are increasingly wide ranging and important, while the 
challenges of farm economics and the human food supply 
remain, and in resulting policy recommendations, regula-
tions and incentives.

Historical perspective on the role of clover 
in agriculture

Initially domesticated in southern Spain, clover spread 
through European farming and achieved wide distribution 
by the seventeenth century (Fussell 1964; Kjærgaard 2003). 
This allowed European agriculture to improve soil N con-
tent which had limited production (Kjærgaard 2003). The 
use of white clover in crop rotations and for fodder during 
this period contributed to increased harvests of subsequent 
crops during the English agricultural revolution (Kitsiko-
poulos 2004). Chorley (1981) estimated a 175% increase 
in production in European agriculture between 1750 and 
1880, a large proportion of which could be attributed to the 
doubling of nitrogen added to the soil through the use of 
clover (Kjærgaard 2003). Due to its use as fodder, clover 
also allowed more to be produced on less land, reducing the 
need to expand grazing areas into less suitable and forested 
areas (Kjærgaard 2003). European colonisation of North 
America, Australia and New Zealand also led to the expan-
sion of clover, particularly white clover, to these non-native 
areas (Frame and Newbould 1986).

Increasing imports of guano, a natural nitrogen rich fer-
tiliser, in the latter half of the nineteenth century followed 
by the development of the Haber–Bosch process for fixing 
atmospheric nitrogen into ammonia in the early twentieth 
century lead to increased reliance on inorganic N inputs 
to maintain productivity in farmland including grasslands 
(Mitchell 1988; Brassley 2000; Chamberlain et al. 2000; 
Kjærgaard 2003; Fig. 2). Intensification continued after the 
Second World War with a 40% and 58% reduction in white 
and red clover coverage respectively between 1978 and 2007 
in the UK (data from 1978 to 2007 countryside survey; Barr 
et al. 2014a, b, c; Bunce et al. 2014, Fig. 3). Similar reduc-
tions in red clover have been recorded in Europe and New 
Zealand (Carvell et al. 2006; Goulson and Hanley 2004; 
Kleijn and Raemakers 2008).

Honey production increased dramatically during the 
eighteenth and nineteenth centuries due to the increased 
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presence of clover in the European landscape (Kjærgaard 
2003). In 1952 white clover was the primary nectar flow 
for beekeepers in the UK (Deans 1957). However, by 1993 
it was considered less important than plants such as the 
crop oilseed rape (Brassica napus), the wildflower bram-
ble (Rubus fruticosis), and flowering trees, primarily due to 
decline in white clover use in grassland (Carreck et al. 1997; 
Carreck and Little 1993).

Economic, ecological and environmental considerations 
are leading to a re-evaluation of high N fertiliser applica-
tions (e.g. Andrews et al. 2007; McKenna et al. 2018b). In 
1991 the European Commission introduced the Directive 
on Nitrate which aimed to reduce water pollution caused or 

induced by nitrate from agriculture. The directive required 
member states to apply agricultural action programmes 
throughout their respective territories. As of 2021, over 
half, 55%, of the UK is classified as nitrate vulnerable zones 
(NVZ, DEFRA 2021a). Within these areas there are limits 
to the amounts of both organic and inorganic nitrogen ferti-
liser which can be applied (Environmental Audit Committee 
2018). A resulting decrease in productivity in these areas has 
led to suggestions that grass plus clover swards may be able 
to reconcile productivity with reduced environmental impact 
compared to grass monocultures with high inorganic N input 
(Andrews et al. 2007). In addition, the cost of artificial fer-
tiliser has approximately doubled in real terms between 

Fig. 2  Fertiliser application 
in United Kingdom between 
1867 and 2019. Includes all 
chemicals or organic substances 
which improve soil fertility. 
Input quantified by total amount 
(£) spent on fertilisers adjusted 
to 2019 prices. Data from 
Mitchell (1988) and DEFRA 
(2019)

Fig. 3  Changes in the number of UK Countryside Survey plots where 
red and white clover were recorded between 1978 and 2007. 259 1 
 km2 sampling squares were established across Britain. Within squares 
plots were established encompassing a range of habitats. Linear habi-
tats and non-linear habitats had plot dimensions of 10  m2 and 200  m2 
respectively. Presence (frequency) of all vascular plants was recorded 

during surveys in 1978, 1990, 1998 and 2007 (Barr et  al. 2014a, b, 
c; Bunce et  al. 2014; Wood et  al. 2017). Plots were filtered to only 
include those which were surveyed in all four years and the number 
of plots where white and red clover were recorded was quantified for 
each year
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the decade 1990–2000 and 2020 (Humphreys et al. 2017; 
Fig. 1.), making high artificial N applications even less 
economically viable. This has led to increasing interest in 
use of grass plus clover swards in the UK by policy-makers 
(DEFRA 2021a, b), researchers (Andrews et al. 2007), and 
farmers (DEFRA 2018). Outside of the UK, some countries, 
such as New Zealand and Australia, have long used white 
clover for N fixation in pastures (Brock et al. 1989; Peoples 
and Baldock 2001), whereas other countries in north-west 
Europe also have the potential to expand use of clover in 
grasslands due to EU Directive on Nitrate no longer permit-
ting high rates of N applications (Humphreys et al. 2017).

Agronomic benefits of grass plus clover 
swards

Red and white clover are commonly used in grass plus 
legume mixes (Frankow-Lindberg 2017; Humphreys et al. 
2017). Other Fabaceae are also used, including sainfoin 
(Onobrychis viciifolia Scop.), alfalfa (Medicago sativa), 
birdsfoot trefoil (Lotus corniculatus L.) and other Trifo-
lium species such as crimson clover (T. incarnatum, AHDB 
2018).

Differences in the persistence of white and red clover lead 
to differences in their use. Young shoots of red clover are 
above the ground surface and vulnerable to grazing damage 
(Black et al. 2009) so that growth and competitive ability are 
reduced due to crown damage by grazing via treading, selec-
tive grazing and increased N to grass from excreta (Black 
et al. 2009). Even with low stocking and rotational grazing 
red clover persistence is limited to 2–3 years, and increas-
ing the number of annual defoliations from 3 to 6 decreases 
yield by 30% (Sheldrick et al. 1986). For this reason, red 
clover is mainly used to increase sward quality for cutting 
or short-term leys. By contrast, the superior persistence of 
white clover (up to 15 years) is well suited for grazing (Mela 
2003; Black et al. 2009; Stoddard et al. 2009).

Grass plus clover mixtures achieve similar or greater pro-
ductivity than high input grass monocultures due to differ-
ences in functional traits and complementarity of resource 
use. Grasses have fast growing and highly branched root sys-
tems, while clovers are less competitive for available nutri-
ents due to their shorter and less branched roots (Haynes 
1980). N contributions from clover and legume cultivation 
are derived from N transfer to companion species from 
Rhizobium fixation during the growth phase from living 
plant roots, decay and mineralisation of the legume upon 
termination, and grazing animal excreta after consumption 
(Wacquant et al. 1989; Ledgard 1991; Gregory 2006; Ober-
son et al. 2013).

Growth of perennial ryegrass in the UK is generally 
N limited (Andrews et al. 2007). Grass plus white clover 

swards are comparable to high input grass monocultures 
in terms of both herbage yield and livestock performance 
across a range of regions and management regimes (Chap-
man et al. 2017). White clover can fix between 150 and 
280 kg N   ha−1 and is suited to both grazing and silage 
(AHDB 2018). In Switzerland, grass plus clover swards 
receiving 50–150 kg N  ha−1   year−1 achieved dry matter 
yield comparable to that of grass monocultures with inputs 
of 450 kg N  ha−1  year−1 (Nyfeler et al. 2009). A four-year 
field trial experiment across 21 sites in England and Wales 
consistently found that swards combining perennial ryegrass 
with white clover gave dry matter and milk yield equivalent 
to perennial ryegrass monocultures fertilised with an addi-
tional 200 kg N  ha−1  year−1 or 70% or more of the yield of 
grass monocultures with a high input of 400 kg  ha−1  year−1, 
given correct management (Doyle et al. 1984; reviewed in 
Andrews et al. 2007). A pan European analysis of 28 coun-
tries found that well-balanced grass plus legume swards 
grown at low N input levels achieved above ground biomass 
comparable to high N input grass monocultures (Lüscher 
et al. 2008). Organic matter digestibility and herbage intake 
by grazing livestock increases with sward white clover con-
tent (Thomson et al. 1985; Wilkins et al. 1994). The nutri-
tional quality of white clover also declines at a lower rate 
than grass with ageing (reviewed in Peyraud et al., 2009).

Red clover also has a dual role as a fodder crop and in 
soil fertility building, being able to fix between 200 and 
300 kg N  ha−1  year−1 (AHDB 2018). Its ability to rapidly 
build up soil fertility within one year has led to a reappraisal 
of its potential in arable rotations (e.g. Doel 2013; McKenna 
et al. 2018a). Trials in the UK have shown that grass plus red 
clover swards utilise available nutrients more efficiently than 
grass monocultures, contributing to increased yield of sub-
sequently planted cereals (Doel 2013). Grass plus red clover 
swards have also been found to increase production of above 
ground biomass, dry matter yield, and digestible organic 
matter compared to grass monocultures (de Haas et al. 2019; 
Barneze et al. 2020). However, despite improving dry matter 
yield when grown in a grass mixture compared with grass 
monocultures (de Haas et al. 2019; Barneze et al. 2020), 
red clover is not as well suited to grazing as white clover 
due to lower production potential in grazed swards and is, 
therefore, grown more for silage for winter feeding of rumi-
nants (Frankow-Lindberg 2017). Red clover is also more 
vulnerable to diseases than white clover, and rotations with 
breaks of up to eight years between red clover plantings are 
sometimes required for control of soil-borne diseases, fungi 
and pests (AHDB 2018).

In a multi-site grassland experiment across 32 European 
countries, benefits associated with grass plus red clover and 
grass plus white clover swards were consistent across a range 
of climatic conditions, three experimental years and over a 
range of N input levels (Nyfeler et al. 2011). Red or white 
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clover plus grass swards increased both the N gained through 
fixation by symbiotic bacteria and improved the uptake effi-
ciency of non-symbiotic N. The greatest benefit of grass 
plus clover swards was at low to moderate inorganic N input 
levels (50 kg  ha−1 and 150 kg  ha−1 respectively), due to 
upregulation of symbiotic N fixation by the legumes at lower 
N input levels to close the gap between non-symbiotically 
fixed N availability and N demand for plant growth (Nyfeler 
et al. 2011).

Mixtures of perennial ryegrass and red clover also 
improve soil structure and increase the abundance of top-soil 
dwelling earthworms, which facilitate better root develop-
ment and deeper penetration (de Haas et al. 2019). Further, 
the complementarity between functional traits in grass plus 
clover swards reduce the invasion of weeds due to better uti-
lisation of available resources (Lüscher et al. 2008; de Haas 
et al. 2019). White clover is not drought tolerant, and the 
timing of drought in relation to the life cycle stage of white 
clover can be a primary factor in recovery and persistence 
(Knowles et al. 2003).

Perennial ryegrass plus white or red clover can also 
bring short-term benefits when used as cover crops or green 
manure (Tonitto et al. 2006; Stinner et al. 2008; Brozyna 
et al. 2013; Doel 2013). White and red clover green manures 
achieved significantly higher subsequent winter wheat 
yield, dry matter yield and N content after 1 year of green 
manuring than birds foot trefoil green manure and perennial 
ryegrass monocultures in UK field trials (Stopes et al. 1996). 
Both red and white clover also increase spring wheat yields 
after their short-term inclusion in cereal rotations and when 
undersown (Doel 2013). However, for short-term fertility 
building red clover is superior to white clover in terms of 
yield and weed suppression (Stopes et al. 1996; Koehler-
Cole et al. 2016).

The white clover content of swards is improved under 
rotational than continuous grazing due to intervals between 
defoliation allowing redevelopment of leaf area (Curll and 
Wilkins 1983). However, insufficient grazing or cutting can 
also reduce white clover as companion grasses outcompete 
white clover and inhibit growth (Steen and Laidlaw 1995). 
Therefore, management of white clover plus grass swards 
should aim for a level of grazing intensity between these 
two extremes. The choice of cultivar is an important factor 
in striking this balance. Small-leaved white clover cultivars 
are best suited to sheep grazing, medium-leaved to rota-
tional grazing and large-leaved to cattle grazing (Black et al. 
2009). Broadcasting or strip seeding can further increase 
the proportion of white clover in pastures (Frame and New-
bould 1986; Frame 1987). The most common frequency for 
reseeding white clover in temporary grassland in the UK is 
3–5 years (DEFRA 2020a).

Artificial N application to grass plus clover swards 
decreases clover content. Artificial N applications can 

further increase ryegrass competitive ability and reduce 
clover persistence (Armstrong et al. 1999). Furthermore, 
white clover is less competitive at gaining nutrients and it is 
sometimes necessary to apply P or K to maintain clover at 
sufficient levels (Evans 1977; Frame and Newbould 1986; 
FAS 2019). Clover is less tolerant of low soil pH levels 
than ryegrass, and applications of lime may be necessary to 
increase soil pH (FAS 2019). Regular soil analysis is needed 
to maintain clover content at good levels and maximise yield 
and profitability (FAS 2019).

Environmental benefits of grass plus clover 
swards

Leys and pastures can have substantial N surpluses primar-
ily from livestock urine patches (Monaghan et al. 2007), but 
also from soil organic matter, and occasional high inputs 
via manure, slurry, or commercial fertiliser (Ryden et al. 
1984; Addiscott 1996; Eriksen 2001). As the ability of soils 
to conserve excess N is limited, N can be leached as nitrate 
 (NO3

−) into groundwater, runoff into surface drainage and 
ultimately rivers and lakes, or emitted as gaseous nitrous 
oxide  (N2O), ammonia  (NH3), nitric oxide (NO), and dini-
trogen  (N2) (Jarvis 1993; Luo et al. 2010). This can contrib-
ute to eutrophication, water contamination, biodiversity loss 
and greenhouse gas production (IPCC 2006; Jarvis 1993; 
Maskell et al. 2010; Wedin and Tilman 1996). The cost of 
fertiliser loss in lowland UK farming has been estimated 
to be £10,000-£20,000 per  km2 and equipment needed for 
the treatment of high nitrate levels in water is a significant 
cost for water companies (Environmental Audit Committee 
2018).

Leaching associated with animal urine patches, which 
accounts for an estimated 70–80% of total N leaching 
(Monaghan et al. 2007), is likely to be similar for ryegrass 
monocultures and grass plus clover swards (Ledgard et al. 
2009). However, N leaching is higher for grass monocultures 
due to fertiliser-specific losses (Ryden 1983; Ledgard et al. 
2009). High artificial N inputs are both inefficient and envi-
ronmentally damaging in this respect, as less than 20% of N 
input is incorporated into agricultural outputs (Jarvis 1993). 
Because legumes reduce the need for repeated applications 
of N fertiliser, they may reduce both the environmental and 
economic costs of grassland management (Andrews et al. 
2007; Lüscher et al. 2014). Although significant nitrate 
leaching may still occur in grasslands incorporating legumes 
with low artificial N input (Scholefield and Oenema 1997; 
Rochon et al. 2004), leaching is minimised when soil and 
crop management is tailored to the specific rotation (Bernt-
sen et al. 2006). Optimum systems should capture the ben-
efits of N fixation by clover and legumes while reducing 
N fertiliser input, reducing the fertiliser-specific N losses 
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associated with high fertiliser input required for grass mono-
cultures (Clark and Harris 1995).

Being greenhouse gas neutral, symbiotic N fixation by 
legumes represents an opportunity to reduce greenhouse 
gas (GHG) production by reducing use of artificial ferti-
lisers. This can be achieved through reducing direct GHG 
emissions, which occur directly through activities such as 
cultivation and harvesting, and indirect GHG emissions, 
through reducing emissions associated with production 
and transportation of artificial fertiliser (Wood and Cowie 
2004). In terms of direct GHG emissions, the use of leg-
umes in grasslands can reduce the emission of  N20, a potent 
greenhouse gas, as N is not present in a reactive form in the 
soil and is instead fixed readily in root nodules (Lüscher 
et al. 2014). 10 kg of  N2O is emitted from grasslands for 
every 100 kg of inorganic N fertiliser applied (IPCC 2006). 
Although reductions in  N2O are not always detected in grass 
plus clover systems, such variability may be due to differ-
ences in experimental methods such as duration of the study 
(Barneze et al. 2020).

Clover and other legumes also represent an opportunity to 
reduce GHGs emitted in the production, transportation, and 
application of industrial N fertilisers. During manufacture 
2.1–3.6 metric tonnes of  CO2-equivalents (global warm-
ing potential over 100 years, IPCC 2014) are produced for 
every metric tonne of ammonia (Zhang et al. 2013; Liu et al. 
2020), and worldwide ammonia production generates 420 
million tonnes of  CO2 per annum (Giddey et al. 2017). Over-
all, N fertiliser production accounts for approximately 1% 
of global GHG emissions, via  CO2,  N2O and methane,  CH4 
(Wood and Cowie 2004). The primary greenhouse gases 
during production are  CO2 during combustion of fossil fuels 

for ammonia synthesis and  N2O from nitric acid produc-
tion.  CO2 production during transportation is also a major 
contributor for all fertiliser types and the primary source of 
GHG emission for phosphate fertilisers (Wood and Cowie 
2004). In contrast, the energy required for symbiotic N fixa-
tion in legumes is from photosynthesis (Ledgard et al. 2009).

An added benefit to clover use: helping 
flower visiting insects

Recent interest in increasing the use of grass plus clover 
mixes and other legumes in grasslands is a potential low or 
zero-cost opportunity to increase pollen and nectar avail-
ability in addition to the ecological and economic benefits 
discussed above. Greater recognition of this potential benefit 
to pollinators may add further impetus to increased use of 
grass plus clover swards or leys. Agricultural land is 70–75% 
of UK land area, and grassland is the single most important 
agricultural land use, accounting for a massive c.47% of the 
UK land area (DEFRA 2019, Fig. 4). Grassland is by far the 
largest land type in the UK (Fig. 4), greatly exceeding arable 
crops (c.19%) and woodlands (c.4%). Permanent and tempo-
rary grassland have been and continue to be major compo-
nents of the British agricultural landscape (Fig. 5a, b). How-
ever, as little as 1–2% of permanent grassland in England 
and Wales is considered habitat rich in plant species, such as 
hay meadows and semi-natural grassland (Blackstock et al. 
1999). Improved grassland has been highlighted as a particu-
larly suitable habitat to increase resource provision for bees 
and other flower visiting insects at low cost. By assessing 
the floral records of different habitats across the UK over the 

Fig. 4  Agricultural land use 
types in the UK and their pro-
portion of total UK land area. 
Data from DEFRA (2019)
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past century Baude et al. (2016) found improved grassland 
to be the greatest contributor to nectar in the UK due to its 
large area. Improved grassland has the potential to provide 
additional nectar through simple and low-cost measures, 
such as by adjusting management practices to grow more 
white clover and by allowing it to flower (Baude et al. 2016). 
White and red clover also produce pollen high in protein and 
amino acids (Hanley et al. 2008).

Importantly, reducing artificial N input in conven-
tional grassland management and improving constituent 
floral resources does not require land to be taken out of 
production, unlike measures which aim to restore semi-
natural habitats or set aside sections of arable land such 
as with “buffer strips”. This makes such strategies more 
cost-effective, less labour intensive and more economi-
cally viable than more ambitious conservation measures 
such as the reestablishment of diverse habitats (Little-
wood et al. 2012). This may be a productive strategy as 
changes that interfere less with ongoing and day-to-day 

farming practices are favoured by European farmers 
(Bailey et al. 2015). Further, certain elements of organic 
farming which increase abundance and diversity of pol-
linators, such as the use of grass plus legume swards, 
can also be implemented in conventional management 
(Power and Stout 2011; DEFRA 2018). Helping pollina-
tors in this way will result in no loss of production due to 
the high performance of grass plus clover swards. Some 
plant species identified as important for floral resource 
provision in grasslands, such as dandelion Taraxacum sp. 
and thistle Cirsium arvense, have little agronomic value 
and are generally considered to be weeds (Orford et al. 
2016). Indeed, landholders are legally required to remove 
C. arvense in the UK (Weeds Act 1959). This contrasts 
with clover, which has considerable agronomic value in 
addition to being frequently visited by insects (Carvell 
et al. 2006; Decourtye et al. 2010; Goulson et al. 2005). 
The use of grass plus clover swards can, therefore, be a no-
cost or even win–win strategy by sustaining or improving 

Fig. 5  Changes in total area of 
permanent and temporary grass-
land in a) Great Britain between 
1867 and 1980 (Mitchell 1988) 
and b) the UK between 1984 
and 2019 (DEFRA 2019). Left 
axis is total hectares and right 
axis is percentage of land area 
used for permanent or tempo-
rary grassland
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agricultural production while reducing environmental 
impact and helping flower-visiting insects.

Analysis of floral and flower-visiting insect records has 
demonstrated the benefits derived from clover use by pollina-
tors and the negative consequences of reduction. Decreased 
abundance and diversity of nectar production between 1978 
and 1990 has been partly attributed to increased fertiliser 
application in agricultural land (Baude et al. 2016). Ollerton 
et al. (2014) reported that an acceleration in the rate of UK 
extinctions of bees and other aculeate Hymenoptera in the 
second half of the nineteenth century was likely attributable, 
in part, to an increased use of imported guano and a reduced 
reliance on strict rotational cropping, which would have uti-
lised clover and other legumes. A further cluster of extinc-
tions during the early twentieth century coincided with the 
development of the Haber–Bosch process and widespread 
introduction of nitrogen fertiliser causing declines of wild-
flowers (Wedin and Tilman 1996; Ollerton et al. 2014). Fur-
ther, the disproportionate extinction of late summer-flying 
insects in the UK has been suggested to be due to the loss of 
late summer blooming plants (Balfour et al. 2018), of which 
white and red clover cover have declined by 40% and 58% 
respectively between 1978 and 2007 (from 1978–2007 coun-
tryside survey; Barr et al. 2014a, b, c; Bunce et al. 2014).

Which bees and insects will benefit from increased 
clover?

Honeybees are frequently recorded visiting white clover 
(Power and Stout 2011). An increased abundance of white 
clover in grasslands may help counteract the decline in 
managed honeybee colonies in the UK and North America, 
which have seen 75% and 62% declines in the past century 
respectively (Neumann and Carreck 2010; Levy 2011). 
This is of both ecological and economic importance due 
to increasing demand for pollination services (Aizen et al. 
2008; Ellis et al. 2010; Neumann and Carreck 2010), and 
the importance of white clover for honey production (Crane 
1976). Poor foraging conditions and starvation are frequently 
cited causes of colony loss by beekeepers (Otis 2007; Van 
Engelsdorp et al. 2007), and nutritional stress may exacer-
bate other stressors such as pathogens and pesticides (Naug 
2009; Becher et al. 2013; Horn et al. 2019). In Western 
Europe red and white clover bloom between July and Sep-
tember and June and September respectively (Decourtye 
et al. 2010), and increases in the proportion of clover in grass 
plus clover swards occurs in mid to late summer (de Haas 
et al. 2019). This may coincide with critical periods in the 
honeybee colony cycle. Modelling and empirical work have 
demonstrated that late summer (July–August) forage gaps 
had the greatest influence on colony survival (Requier et al. 
2017; Horn et al. 2019). Further, waggle dance decoding has 
indicated increased honeybee foraging distances in July and 

August in agricultural landscapes, indicating reduced food 
availability (Couvillon et al. 2014b). This temporal instabil-
ity of floral resource availability occurs in a critical period of 
honeybee colony cycle, in which colonies are reaching maxi-
mum brood rearing and adult population size and are storing 
honey for winter survival and for harvest by beekeepers. 
This in turn has cascading effects on life stages and tasks, 
negatively affecting colony viability (Horn et al. 2019).

In addition to honeybees, Fabaceae rich grasslands are 
important food sources for bumblebees (Goulson et  al. 
2005). Continuity of forage resources are important for 
bumblebees, as their annual colonies develop over a period 
of several months, typically from spring to summer. The 
timing of production of bumblebee sexuals varies depend-
ing on species, from May to early autumn (Hardman 2016). 
A successful colony life cycle requires a near-continuous 
supply of nectar and pollen from early spring to mid to late 
summer (Alford 1975; Westphal et al. 2009). Late summer is 
likely to be a challenging period for bumblebee colonies, due 
to a disproportionate decline in late summer flowering plant 
species in response to agricultural intensification and with 
the majority of flowering trees and mass-flowering crops, 
such as oilseed rape, Brassica napus, blooming in spring and 
early summer (Hardman 2016; Balfour et al. 2018).

Increased abundance of late-summer flowering species 
may, therefore, assist in counteracting these late season for-
age gaps as white clover can be the source of a high propor-
tion of nectar during its flowering period (Timberlake et al. 
2019). Floral resource production arising from clover plus 
grass mixtures coincides with periods of the summer which 
are more likely to have temporal gaps in floral nectar supply 
(Timberlake et al. 2019; Westphal et al. 2009) when bumble-
bee colonies have high nectar and pollen demand (Timber-
lake 2019). Timberlake et al. (2019) estimated that  1km2 of 
farmland would require between 500 and 2000 extra grams 
of sugar per day to mitigate the July–August forage gap, 
which equates approximately to one hectare, 1% of the total 
area, of red clover. Landscapes containing monocultures of 
red clover were found to increase the production of bumble-
bee sexuals in Sweden (Rundlöf et al. 2014). Foraging queen 
abundance was 71% higher in uncultivated field margins in 
landscapes which contained red clover monocultures, even 
though these were a tiny fraction, less than 0.2%, of the total 
area (Rundlöf et al. 2014).

Even within narrow pollinator guilds there can be large 
variation in the diet and foraging pattern of different spe-
cies. For bumblebees, variation between forage plant species 
is affected by tongue length (Ranta and Lundberg 1980). 
White clover has been found to be dominated by shorter-
tongued species of bumblebee (Fussell and Corbet 1991; 
Power and Stout 2011; Nichols et al. 2019), whereas red 
clover has been found to make up a greater proportion of 
the diets of longer tongued species, which also tend to be of 
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greater conservation concern in the UK (Carvell et al. 2006; 
2007; Fussell 1992). Indeed, agri-environment schemes aim-
ing to create Fabaceae rich habitats have been suggested 
to benefit Fabaceae specialists such as B. lapidarius but 
not medium- to long-tongued species such as B. sylvarum, 
B. humilis, B. muscorum, B. ruderarius and B. ruderatus 
(Wood et  al. 2015). An expansion of simple grass plus 
clover swards in the agricultural landscape may therefore 
disproportionately benefit certain pollinators over others, 
both within and between pollinator guilds. This has been 
demonstrated for some mass flowering crops such as oilseed 
rape, the increased cultivation of which has led to concerns 
over disproportionate benefits of shorter tongued bumblebee 
species at the expense of long-tongued species (Diekötter 
et al. 2010). Alternatively, mass flowering of clover may 
induce a ‘magnet effect’, reducing abundance of honeybees 
and bumblebees in adjacent habitats and on alternative floral 
resources (Montero-Castaño et al. 2016; González-Varo and 
Vilà 2017). This may indirectly benefit other insect groups 
by reducing inter-specific competition for other flower spe-
cies in bloom nearby (Wojcik et al. 2018).

What about other flower-visiting insects? Although clover 
can be an important source of food for honeybees and bum-
blebees during summer, Fabaceae may be less favourable to 
the c.240 other bee species in the UK (Nichols et al. 2019; 
Wood et al. 2017). Although solitary bees are recorded for-
aging in clover-rich grasslands (Malone et al. 2010; Larson 
et al. 2014) and bee diversity can be improved with increases 
in the flower head density of Fabaceae in grasslands (Wood-
cock et al. 2014), solitary bees are less frequent visitors to 
Fabaceae (Nichols et al. 2019). Apiaceae and Asteraceae 
are probably more beneficial to a wider range of solitary 
bee genera (Nichols et al. 2019). Clover species and other 
Fabaceae species produce flowers with long corolla tubes 
which are also inaccessible to the mouthparts of many hov-
erfly species (Gilbert 1981; Branquart and Hemptinne 2000) 
which are important due to their abundance (Garbuzov and 
Ratnieks 2014) and are important part of the biodiversity 
of flower visiting insects. Considering the needs of these 
groups is of importance, both due to their contribution to 
pollination services (Ollerton et al. 2011; Jauker et al. 2012) 
and to overall species diversity and conservation.

Further improving floral diversity 
of improved grasslands

Policies which aim to incentivise farmers to implement more 
sustainable grassland management through use of clover also 
represents an opportunity to further improve floral diver-
sity beyond simple grass plus clover swards. Floral resource 
diversity and abundance are known to affect bee commu-
nity structure (Balfour et al. 2015a, b; Potts et al. 2003), 

and florally diverse improved grasslands benefit pollinator 
communities. In a four-year experiment in productive grass-
lands, Woodcock et al. (2014) found that the inclusion of 
a forb component in seed mixes increased the stability of 
pollinator abundance and diversity over the experimental 
period, including solitary bees, butterflies and hoverflies. 
The inclusion of forbs also increased flower density over the 
four years, which was positively correlated with pollinator 
species richness. Brown et al. (2012) examined the pollinator 
community of grasslands sown with diverse and non-diverse 
legume mixtures and found more diverse legume leys sup-
ported a greater diversity of pollinators, including hoverflies 
and solitary bee species. Furthermore, the increased floral 
diversity caused by the addition of legume and forb spe-
cies in grassland swards increased the functional diversity 
of pollinator communities (Orford et al. 2016). In addition to 
supporting more diverse communities of pollinators, diverse 
grassland swards are better able to buffer against fluctuations 
in floral resource availability by providing a continuous suc-
cession of flowers (Brown et al. 2012; Doring et al. 2012), 
which is essential for bumblebee survival due their need 
for a near-continuous supply of floral resources (Westphal 
et al. 2009).

As discussed above, an expansion of simple grass plus 
clover swards may mainly benefit only some bee and flower-
visiting insect species. Indeed, between 1978 and 2007 
nectar diversity decreased significantly at the level of plant 
species and functional groups in arable land and improved 
grasslands (Baude et al. 2016). Nectar provision on farmland 
also tends to be dominated by a small number of plant spe-
cies (Timberlake et al. 2019). Policies that reduce inorganic 
fertiliser input by utilising the nitrogen fixing potential of 
legumes could provide an additional benefit by increas-
ing the floral diversity of improved grassland, taking into 
consideration the differing needs of a wide range of flower-
visiting insect species and functional groups.

Legume species in multi-species mixes which provide 
both agronomic benefits and floral resources for insects 
include sainfoin (Onobrychis viciifolia Scop), vetches (Vicia 
spp.), and birdsfoot trefoil, (Lotus corniculatus, Brown, 
2012; Vibart et al., 2016; AHDB, 2018). The non-legume 
forb component of diverse mixtures can include chicory 
(Cichorium intybus), yarrow (Achillea millefolium), black 
knapweed (Centaurea nigra), and ox-eye daisy (Leucanthe-
mum vulgare, Woodcock et al., 2014), which are Asteraceae. 
It may be also desirable to include species from a broader 
range of families beneficial to wild bees such as Apiaceae 
and Geraniaceae (Nichols et al. 2019).

Agronomic benefits of diverse swards

Plant species biodiversity in grasslands can increase pri-
mary productivity through niche complementarity and more 
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efficient utilisation of available resources (Tilman et al. 
1996; Hector et al. 1999). Diverse swards which incorporate 
a variety of legume and forb species may, therefore, increase 
herbage production, benefitting livestock performance, and 
may also improve soil nutrient retention and reducing leach-
ing. Multispecies swards have been demonstrated to have 
dry matter yields comparable to grass-only or grass plus 
clover swards (Vibart et al. 2016; McCarthy et al. 2020). 
For instance, Vibart et al. (2016) reported mean annual dry 
matter yields of 11,101 kg  ha−1 and 12,021 kg  ha−1 for sim-
ple and diverse pastures respectively. Further, cows grazing 
on diverse swards produce greater quantities of milk than 
those grazing on two-species orchard grass plus white clover 
swards (Soder et al. 2006). Diverse swards can also reduce 
invasion of weeds through greater use of space and other 
resources (Vibart et al. 2016). This may mitigate problems 
previously reported in which floral resources for pollina-
tors in sown grasslands declined over time due to invasion 
of pernicious weeds (Potts et al. 2009). Complex mixtures 
also have greater yield consistency and diverse swards can 
reduce the effect of seasonality of growth due to comple-
mentary growth phenology (Vibart et al. 2016; Grace et al. 
2018). Grassland biodiversity increases stability of ley per-
formance (Doring et al. 2012) and drought resistance (Til-
man and Downing 1994). The benefits of sward diversity on 
productivity may however plateau as producer biomass has 
a decelerating relationship with species richness (Cardinale 
et al. 2011).

Diverse swards have been demonstrated to reduce nitrate 
leaching by reducing the N content of urine patches from 
grazing livestock. Urine patches are the main source of N 
leaching in intensive grasslands (Ryden et al. 1984), and 
diverse swards decrease the proportion of dietary N excreted 
via urine by increasing the proportion incorporated into milk 
(Woodward et al. 2012; Totty et al. 2013). Diverse grass-
lands are also better able to utilise soil mineral nitrogen and 
therefore further reduce nitrate leaching (Tilman et al. 1996). 
Furthermore, incorporating legumes containing condensed 
tannins into livestock diets, such as Lotus spp. and Hedys-
arum spp., can reduce methane emissions per unit dry mat-
ter intake from grazing ruminants (Waghorn et al. 2002; 
Ledgard et al. 2009).

Considering clover in landscape 
development and farm support policies

Grassland has the potential to play an increasingly beneficial 
role in the farming matrix as practices shift from reliance on 
high artificial N input to symbiotically fixed N. As discussed 
above, benefits of grass plus clover or diverse swards with 
other legumes or non-legumes may be a valuable way of 
maintaining high productivity while also reducing nitrate 

leaching and GHG emissions, improving soil health, sus-
taining flower-visiting insects (and insects which feed on 
plants in other ways) and farmer income. Shifts in attitude 
along these lines are already found in researchers and gov-
ernment agencies (Andrews et al. 2007; McKenna et al. 
2018b; Murphy-Bokern et al. 2017). For example, DEFRA 
(2018) identified the use of diverse sward mixtures and the 
incorporation of legumes into crop rotations as organic 
practices suitable for incorporating into conventional farms. 
Furthermore, as part of the UK government’s new Sustain-
able Farming Incentive several new improved grassland 
‘standards’ are being piloted which aim to improve the 
sustainability of improved grasslands. These include the 
‘improved grassland standard’ (DEFRA 2021b) and the 
‘improved grasslands soil standard’ (DEFRA 2021a), both 
of which include establishing grass plus clover swards and 
diverse swards as components of the incentivisation scheme. 
Existing and future schemes should be designed with ben-
efits to flower visiting insects as an added consideration to 
maximise co-benefits to the farmer and environment. Such 
considerations may include carefully tailoring sward com-
position to expand the range of insect species which benefit 
from improved resources while simultaneously providing 
agronomic benefits or altering management to allow clover 
and other flowers to bloom. Co-benefits not only include the 
agronomic and environmental benefits already discussed but 
also societal benefits, as biodiversity conservation is itself 
a cultural service and has intrinsic value in its own right 
(Senapathi et al. 2015). Enhancing agricultural landscapes 
with more flowering plants which attract pollinators will also 
contribute to the scenic value of rural areas (Wratten et al. 
2012).

The potential benefits to flowering insects from this 
conservation strategy may vary depending on farm and 
landscape context. At the local level, direct economic ben-
efits derived from an increase in pollination services from 
improved resource provision may not be advantageous to 
pure livestock farms as these do not grow crops that need 
pollination. Therefore, the pollination benefits of increased 
use of clover may be maximised by combining with other 
extensification strategies, such as incorporating leys into 
crop rotations (DEFRA 2018; Martin et al. 2020). In the UK 
only approximately 10% of farms are mixed (arable and ani-
mal, DEFRA 2017), and incorporation of temporary grass-
land into crop rotations is generally restricted to organic 
farming (Power and Stout 2011). Further, incorporation 
of leys into crop rotations may not be economically viable 
unless costs of incorporation can be offset by income from 
livestock production or renting land for livestock (DEFRA 
2018), which may prove difficult because arable and live-
stock farming are often geographically separated in the UK 
(Weis 2013). This may be overcome through the encourage-
ment of greater collaboration between livestock farmers and 
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arable farmers using leys, such as through an online informa-
tion platform as suggested by DEFRA (2018). It may there-
fore be desirable to link support for livestock integration to 
the existence of clover-sown or diverse grassland swards. 
Nevertheless, leys, either incorporated into rotations or 
undersown, may still be beneficial in arable regions, as this 
practice was viewed favourably by farmers due to reported 
benefits for soil health, disease control and weed suppres-
sion (DEFRA 2018). Payments incentivising incorporation 
of grass and herbal leys into arable rotations are currently 
(as of 2021) being piloted as part of the Sustainable Farming 
Incentive (DEFRA 2021d).

The benefits for insects from increased use of grass plus 
clover swards will also be dependent on the landscape con-
text. The modest enhancements to floral resources may be 
more beneficial in homogenous and florally barren land-
scapes and may create a larger ecological contrast, magni-
fying positive responses of insect populations to introduced 
resources (Heard et al. 2007; Scheper et al. 2015). In this 
respect, improvement of flora resources through establishing 
wildflower strips implemented in complex landscapes have 
been found not to improve the already high levels of biodi-
versity (Scheper et al. 2015). Sown grass plus clover swards 
in permanent or temporary grassland will also be more ben-
eficial in homogenous landscapes by being able to partly 
supplement the lack of florally-diverse semi-natural habitats 
(Krimmer et al. 2019). Landscape context also influences 
community composition because pollinator species richness 
declines with increased landscape homogeneity (Andersson 
et al. 2013). Isolation of wildflower patches in calcareous 
grasslands decreases the abundance and richness of flower-
visiting bees (Steffan-Dewenter and Tscharntke 1999). 
Further, the mean body size of the recorded species was 
positively correlated with isolation, indicating that smaller 
bee species may be more vulnerable to landscape fragmenta-
tion due to their shorter foraging distances (Greenleaf et al. 
2007). As binary grass plus clover and diverse swards may 
have an increased net benefit in more homogenous or florally 
barren landscapes, incentivisation schemes with a regionally 
targeted structure may be beneficial (Senapathi et al. 2015).

Discussion and conclusion

Improving the floral resources for flower-visiting insects 
represents an additional potential benefit arising from 
greater adoption or re-adoption of grass plus clover mixes 
in both permanent and temporary grasslands, and on 
both small and large scales. Given that shifts in policies 
and farming practices are already underway, for exam-
ple through incentivisation schemes (DEFRA 2021a, b), 
researchers (Andrews et al. 2007), and among farmers 
(e.g. in government surveys, DEFRA 2018; in popular 

publications, Farmers Weekly 2017; Davidson 2021), and 
that environmental concerns are increasing, this added 
benefit is relevant and important as it can add impetus 
to beneficial changes in grassland management. Helping 
flower visiting insects is a relevant and important aspect 
of a wider adoption of grass plus clover swards and may 
add further impetus to beneficial changes in grassland 
management.

The implementation of more diverse swards is likely to 
benefit a wider range of flower-visiting insects and can also 
provide further agronomic benefits or at least be neutral 
in this respect. More work needs to be done to understand 
how to combine the agronomic benefits with the benefits to 
flower-visiting insects in the provision of diverse seed mixes, 
such as by examining the possibility of including a wider 
range of forb species in grass plus forb seed mixes, including 
species of Apiaceae, Asteraceae and Geraniaceae which are 
beneficial to Andrena and Lasioglossum wild bees (Nichols 
et al. 2019). Importantly, the composition of diverse mixes 
should also produce agronomic benefits for the farmer, such 
as via complementary functional traits, growth timings and 
resource use. Other ecosystem services, such as biological 
control, may also be enhanced through the targeted inclu-
sion of plant species which provide resources for beneficial 
species while minimising benefits to pest species (Lu et al. 
2014).

Management is also an important consideration for 
enhancing the benefits of mixed grassland to insects. Cut-
ting and grazing intensity and frequency will affect the floral 
species richness and sward structural complexity (Potts et al. 
2009; Woodcock et al. 2009, 2014) and the degree to which 
flowers are able to bloom. Woodcock et al. (2014) reported 
greater floral resources, pollinator abundance, and pollinator 
richness in response to extensive grazing and silage manage-
ment in intensive UK grasslands. Treating the grassland with 
a single cut in May for silage or suspending grazing from 
June–August created a summer window allowing the com-
plete phenological development of constituent plant species, 
increasing resource supply.

The use of clover should ideally be a component of wider 
agricultural strategies that also have environmental or wild-
life benefits. Indeed, pollinating insects require resources 
other than nectar and pollen. Bees require nest sites, whereas 
Lepidoptera and some Diptera require larval food plants 
which are often species specific (Thomas et al. 2011; Sena-
pathi et al. 2017). Landscape heterogeneity and connectiv-
ity are additional factors which will influence pollinator 
communities and interact with other conservation strate-
gies. The relevant spatial scale will vary depending on spe-
cies, with smaller bee species more vulnerable to landscape 
fragmentation due to smaller foraging distances (Greenleaf 
et al. 2007). In contrast, honey bees can forage up to 10 km 
and routinely forage 1-2 km from the hive (Couvillon et al. 
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2014b), therefore the relevant scale will be larger than the 
average farm (DEFRA 2021e).

Although growing a single clover species with grass may 
directly benefit only a relatively small number of flower-
visiting insect species, it is possible that mass flowering of 
clover may cause community changes in surrounding habi-
tats through movement of honeybees and bumblebees into 
clover-rich grasslands from the surrounding landscape. This 
may have several effects. Honeybees and bumblebees from 
adjacent habitats may be drawn to clover-rich grasslands 
from adjacent habitats, reducing exploitative competition for 
alternative resources (Balfour et al. 2015b, 2021; González-
Varo and Vilà 2017; Wignall et al. 2020b). This has been 
demonstrated for the mass-flowering legume Hedysarum 
coronarium, where honeybees were less abundant in shrub-
land adjacent to Hedysarum crops (Montero-Castaño et al. 
2016). This may indirectly benefit other insect species by 
reducing competitive exclusion of flower visiting insect 
species by more competitive honeybees and bumblebees 
(Wojcik et al. 2018; Balfour et al. 2021). Alternatively, 
mass flowering of clover may cause pollinator spillover 
onto adjacent habitats and increase exploitative competi-
tion, as has been demonstrated for oilseed rape (Diekötter 
et al. 2010). Furthermore, removal or spillover of insects 
from adjacent habitats may affect reproduction of other bee-
pollinated wildflowers (Holzschuh et al. 2011). Determining 
the changes in pollinator communities in adjacent habitats 
in response to flowering of clover is an important avenue 
of future research especially during seasons when competi-
tion for floral resources is most intense, such as in July and 
August in parts of Britain, when more flower-visiting insects 
are active (75%; Balfour et al. 2018; Wignall et al. 2020a, b).

Finally, a key topic not specifically considered in this 
article which is of fundamental importance but which is 
often overlooked is that of farmer attitudes and behaviour. 
After all, the farmers manage the land and plant the seeds. 
Marr and Howley (2019) identified five orientations which 
influence the implementation of pro-environmental practices 
by individual farmers: environmental (e.g. biodiversity, cli-
mate change), lifestyle (e.g. recreation), production, business 
and farm health (sustainability). Arguments and incentives 
encouraging wider adoption of grass plus clover swards 
or diverse swards may be through one or several of Marr 
and Howley’s (2019) orientations. Further, these orienta-
tions may be a useful framework to understand and address 
potential barriers to wider adoption of grass plus clover or 
diverse swards. Determining this is important as mismatches 
in the perceived costs and benefits of agricultural practices 
occur between scientists and farmers, with scientists some-
times highlighting ecological processes or global benefits 
rather than the economic benefits to individual farms and 
farmers (Kleijn et al. 2019). DEFRA (2018) highlighted 
several barriers which may hinder adoption of sustainable 

practices. These include farm type (as discussed above), lack 
of accessible information and support, complexities arising 
from compliance with regulations, and initial investment. 
Understanding these motivations is essential as farmers ulti-
mately make most of the management decisions for 70–75% 
of UK land area in the UK (DEFRA 2019), including many 
that make significant changes to the environment (Foley 
et al. 2011).
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