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1 Introduction & background

The Brief: Establish the intervention logic for supporting the diversification of swards
in improved grassland. Establish the Greenhouse Gas (GHG), water quality, air
quality and economic benefits. Establish the environmental outcomes including GHG
emissions reduction, biodiversity, water quality and air quality, which will be secured
through diversification of sward management. Identify the contribution that sward
diversification will make to the economic resilience and sustainability of Welsh
agriculture.

The main objective of this review was to establish the intervention logic for supporting
the diversification of swards in improved grassland in Wales.

Sward diversification in this context is defined as increasing plant species diversity
through the addition of grass, forb and legume species. This is normally carried out
through field operations such as reseeding, oversowing or slot seeding.

Improved grassland is defined as land dominated by grasses or herbaceous forage
that has been improved through the installation of an underdrainage system, sowing
of productive grassland plant species or the addition of lime and/or chemical or
organic fertiliser to raise soil nutrient reserves and increase grass and/or herbaceous
forage production potential. It can be inferred from the Environmental Impact
Assessment (Agriculture) (Wales) Regulations 2017 that improved grassland
includes grassland that contains more than 25% improved agricultural grass species
and/ or white clover; short-term grass leys; and grassland that has been intensively
cultivated and fertilised in recent years (Welsh Government, 2017). However, it
should be noted that not all the research papers referenced in this report will have
used the above definition of improved grassland.

In Wales, grasslands, including rough grazing, but excluding common land, occupy
88% of all land on agricultural holdings (Figure 1.1; Welsh Government, 2018). This
includes 1,083,587 ha of permanent grassland (which has not been part of an arable
rotation for at least five years) and 153,723 ha of temporary grassland (Table 1.1),
representing 86% of the Utilised Agricultural Area (UAA).

Arable crops **
5%
Other land ‘n.
7% \

New grassland
9%

Permanent
grassland
64%

Rough-grazing*_/
15%

Figure 1.1. Split of land on agricultural holdings in Wales by usage 2018 (Welsh Government, 2018).

*Rough grazing where holder has sole rights (i.e. excludes common rough grazing)
** Includes horticulture (vegetables and fruit grown in the open, hardy nursery stock and glasshouses)
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Rough grazing 248,678
Permanent grass 1,083,587
Temporary grass 153,723
Winter cereals 28,819
Spring cereals 19,707
Maize 12,022
Oilseed rape 4,348
Potatoes 3,358

Table 1.1. Agricultural land use in Wales (Welsh Government, 2018).

Statistics on reseeding are not available for Wales, but Defra provides data on
reseeding frequency in England, which provide an indication of current practice in
Wales. According to Farm Practices Surveys of England (2015-2018), c. 70% of
livestock holdings with temporary grassland had sown a proportion of their temporary
grassland with a clover mix; and c. 30% had sown all their temporary grassland with
a clover mix (Defra, 2018). High sugar grasses were sown on c. 60% of livestock
holdings with temporary grassland. The most common frequency for reseeding clover
or high sugar grass swards was every three to five years, with c. 30% of holdings
reseeding clover and c. 33% of holdings reseeding high sugar grasses at this
frequency. Around one third of farms never reseeded with clover and around 20%
never reseeded with high sugar grasses. A high proportion of farms with temporary
grassland are therefore reseeding at a frequency of every two to ten years. There is
no data on the frequency of sward renewal or improvement on permanent grassland
fields, but anecdotal evidence indicates that this is less common (Cotswold Seeds,
pers. comm. 2017).

The use of diverse swards or herbal leys appears to be on the increase, but
anecdotal evidence and total sales of seed indicate that such multi-species swards
occupy a small proportion of the grassland area (Cotswold Seeds, pers. comm.
2017).
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2 Outcomes

The principal outcomes that could be expected from supporting the diversification of
swards in improved grasslands are potentially:

Vi.

Vii.

viii.

Improved productivity (including improved margin per unit of production)
Holistic long-term business planning that allows social, economic and
environmental future proofing

Improved water use efficiency

Improved nutrient use efficiency (including reduced use of manufactured
nitrogen fertilisers)

Increased carbon sequestration in degraded soils

Reduced greenhouse gas (GHG) emissions

Increased biodiversity in terms of species numbers and/or abundance of
invertebrates and vertebrates (this will be dependent upon the scale of the
change as some species will have a minimum habitat area requirement)
Improved water infiltration

Improved contribution to high air quality (reduction of air pollutants)

Flood risk mitigation
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3 Policy Relevance and Policy Outcomes

The policy outcomes associated with supporting the diversification of swards in
improved grasslands are principally aligned with (and could potentially contribute to)
the following Well-Being of Future Generations (Wales) Act Well-being Goals:

e A prosperous Wales — using resources efficiently and proportionately,
including acting on climate change

e A resilient Wales — maintaining and enhancing a biodiverse natural
environment with healthy, functioning ecosystems that support social,
economic and ecological resilience and the capacity to adapt to change

e A globally responsible Wales — making a positive contribution to global well-
being

They also support the United Nations Sustainable Development Goals, which
underpin the Welsh Government legislation:

e Good Health and Wellbeing — ensuring healthy lives and promoting well-being
for all at all ages - principally through reduced ammonia emissions and nitrate
leaching losses

e Clean Water — potentially improving the availability and sustainable
management of water - through improved water infiltration and reductions in
nitrate leaching losses

e Responsible Consumption and Production — contributing to the sustainable
management and efficient use of natural resources - principally through
improved nutrient use efficiency

e Climate Action — principally through reducing direct and indirect nitrous oxide
emissions

e Life on Land — principally through improved ecosystem functioning and
resilience

Supporting the diversification of swards in improved grasslands could also make a
small contribution towards the sustainability and management of natural resources
principles in the Environment (Wales) Act by potentially improving air quality,
reducing Greenhouse Gas (GHG) emissions, sequestering carbon, improving water
quality, mitigating flood risk and increasing ecosystem resilience.

The policy outcomes could also be relevant to the following Natural Resources Policy
priorities:

e Restoration of our uplands and managing them for biodiversity, carbon, water,
flood risk and recreational benefits

e Resilient ecological networks

e Maintaining, enhancing and restoring hydrological systems to reduce flood risk
and improve water quality and supply
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4 Sward management

4.1 Supporting the diversification of swards in improved
grasslands

4.1.1 Causality

4.1.1.1 Carbon sequestration and greenhouse gas (GHG) emission reduction
Where inputs of carbon through photosynthesis exceed outputs through respiration
(plant, soil and animal), erosion and offtakes (in the form of crops, milk and meat) it is
possible to increase soil organic carbon (SOC) (Smith et al., 2014). Therefore,
genuine carbon sequestration in grasslands is theoretically possible through
increasing net primary productivity, introducing deeper rooting plant species (Dignhac
et al., 2017; Garcia-Pausas et al. (2008), deepening the topsoil layer and moving
organic matter into the subsoil through biological pedoturbation, i.e. the activity of
earthworms, dung beetles etc., particularly where these methods do not also result in
an increase in decomposition/soil respiration (Powlson et al., 2011; Garnett et al.,
2017).

There is good evidence to indicate that increasing net primary productivity can
increase SOC (e.g. Johnston et al., 2009). Therefore, if increasing sward diversity
can result in increased productivity without an increase in manufactured nitrogen (N)
fertiliser use, then genuine C sequestration is achievable. The best evidence for this
is from the Jena experiment (Weisser et al., 2017).

On a 10 ha area in the floodplain of the Saale river in Jena, Thuringia, Germany,
Weisser et al. (2017) investigated the effect on productivity of plant species richness
(six levels from 1 to 60 species) and plant functional diversity in a grassland sward at
three levels of manufactured N fertiliser use: 0 kg N/ha, 100 kg N/ha and 200 kg N/ha
(Figure 4.1.1.1.1).

They found that grassland productivity increased with plant species richness, and
that the effects of plant diversity on productivity (average difference between
monocultures and 16-species mixtures: 4.5 t DM/ha/yr) were stronger than the effect
of manufactured N fertiliser (average difference between 0 and 200 kg N/ha: 3.2 t
DM/halyr) (Weigelt et al., 2009; Figure 4.1.1.1.1). SOC content also increased with
increasing plant species richness (Lange et al., 2015; Weisser et al., 2017; Figure
4.1.1.1.2).

To put the effect of manufactured N fertiliser in the Jena experiment into context, the
average difference in yield between 0 and 200 kg N/ha in the Jena experiment
(‘Average’ Grass Growth Class - GGC - based on average summer rainfall and soil
type) was 3.2 DM t/halyr, whereas in the ‘Average’ to ‘Very good’ GGC regions of
Wales, the difference in yield (at applications of 0-200 kg N/ha/yr) varied from 2.2 to
6.8 t DM/halyr (Newell Price et al., 2016). ‘Good’ and ‘Very good’ GGC areas in
Wales, therefore, responded well to manufactured N fertiliser inputs with yields of up
to 13 t DM/ha/yr from 200 kg manufactured N/ha applied (Figure 4.1.1.1.3). Similarly
in the German state of Thuringia (where the Jena experiment is located), Weisser et
al. (2017) state that “species poor grasslands which are agriculturally optimized for
hay production (e.g. clover-grass mixtures using particular varieties) with fertiliser
input (ca. 200 kg N/ha™t yr~* and other nutrients) and up to six cuts per year can
generally achieve forage yields between 1000 and 1400 g/m?/yr” (10 to 14 t
DM/halyr).
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Figure 4.1.1.1.1. Effect of grassland management on the plant species richness—productivity relationship. Values
are mean annual forage yields as sum of the total yield production per year (Source: Weisser et al., 2017).
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top 5 cm (source: Weisser et al., 2017).
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Figure 4.1.1.1.3. Mean grass DM yield response to manufactured N fertiliser from Defra IF01121 field
experiments in 2013-15 on grass and grass/clover swards in England and Wales (source: Newell Price et al.,
2016).

Nevertheless, results from the Jena experiment indicate that maintaining sward
diversity in a grassland should likely increase some ecosystem functions such as
biomass production, and simultaneously favour other functions such as C storage
and water- or nutrient-use efficiency. However, it should be noted that the Jena
experiment was established on a field previously under arable management in 2002,
so the effects of the diverse sward may be underpinned by the legacy effect of
converting from arable to grassland, as grasslands will not act as a perpetual sink for
carbon (Smith, 2014). Furthermore, establishing and then maintaining the level of
sward diversity that was achieved in the Jena experiment (8, 16 and 60 plant
species) can be a challenge within productive grassland farming systems, particularly
at higher levels of manufactured N fertiliser use (Muto et al., 2019; Weisser et al.,
2017); and would also reduce the options for weed control (e.g. control of Rumex and
Asteraceae species).

It should also be noted that soil carbon was measured to 30 cm depth in the Jena
experiment, while other studies have highlighted the potential to sequester and/or
maintain stores of carbon deeper in the soil profile (Ward et al., 2016).

Other demonstrations and experiments, where plant species richness has been
manipulated, have also shown that increased plant diversity can enhance yield in low
to moderate input/output systems (Doring et al., 2012; Finn et al., 2013; Hector et al.,
1999; Kirwan et al., 2007; Suter et al., 2015).); increase SOC storage (Fornara &
Tilman, 2008; Hungate et al. 2017), and decrease greenhouse gas emissions both
from the soil (De Vries et al., 2015; Fontaine et al., 2005; Ribas et al., 2015) and from
livestock per unit of feed intake (Enriquez-Hidalgo et al., 2014). Hungate et al. (2017)
found that increasing species richness from 1 to 10 had twice the economic value of
increasing species richness from 1 to 2. Increasing home-grown forage production
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(yield) also has the potential to reduce GHG emissions associated with feed
purchased from elsewhere, leading to overall reductions in GHG emissions (Styles et
al. 2018).

In the UK, Ddring et al. (2012) found that seed mixes with higher agronomic
productivity contained both lucerne and white clover, while the overall performance
improved by including a third or fourth legume species. The three best multifunctional
mixtures all contained black medic, lucerne and red clover. However, while red clover
was generally more productive than white clover, it was less persistent and less
tolerant to high grazing pressure (Smetham, 1973). Compared with grasses, legumes
and herbs (e.g. red clover, white clover and chicory) can also provide greater
digestibility and higher amounts of minerals per kg DM of grazed forage (Andueza et
al., 2013; Lindstrom et al, 2013).

Most of the research on the diversity-function relationship in grasslands has been
carried out in ungrazed systems, with few in grazed fields. The effect of diverse
swards on productivity are also not consistent across studies. For example, Zaralis
(2015) reported that pasture productivity from a diverse sward ley was slightly lower
than that in a comparable grass-clover ley. The effects are also location- and system-
specific, e.g. lucerne can be very productive on soils with high pH under a cutting or
rotationally grazed regime but does not persist under continuous grazing or on acidic
soils.

Nevertheless, according to the experimental data available, increased plant diversity
in grassland swards provided stability to beneficial functions (Finn et al., 2013), even
in a long-term grazing experiment (Laliberté & Tylianakis, 2012). Studies suggest an
important role for biodiversity and plant functional types or traits in promoting stability
in ecosystem benefits (Finn et al., 2013; Shi et al., 2016). The benefits of mixtures
seem to last even after the initially sown species have disappeared (Connolly et al.,
2017). However, more long-term experiments are needed, particularly for grazed
systems.

4.1.1.2 Water quality

Grasslands are generally effective at maintaining or improving water quality (Newell
Price et al., 2011; Defra project NT0O605), due to the presence of vegetation cover
throughout the year to protect the soil surface and take up nutrients. The permanent
vegetative cover takes up N, and N immobilisation into accumulating soil organic
matter provides a long-term sink for N, while protection of the soil surface minimises
particulate P losses in surface runoff, provided that the grassland is not poached or
badly compacted by vehicle traffic.

Diverse swards introduce N-fixing and deeper rooting species. Compared with a
ryegrass sward, there is, therefore, potential for a reduction in manufactured N
fertiliser use at the same level of production and improved nutrient use efficiency
(Meyer et al. 2018a). Reductions in manufactured fertiliser use from the introduction
of legumes in diverse swards have the potential to reduce nitrate leaching losses by
up to 20% at the field scale; and direct and indirect N20O emissions by up to 50%
(Cuttle & James, 1995; Cuttle & Scholefield, 1995; Defra project WQ0106).

An important factor controlling the impact of diverse swards on water quality is the
method of establishment and utilisation, e.g. whether seedbeds are prepared using
inversion or reduced tillage, and whether the new species are incorporated into
permanent grasslands or used as three to four year herbal leys within a grass/arable
rotation. In the latter case, the N fixed during the herbal ley phase may be
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mineralised during cultivations in preparation for the arable phase. This may be an
important part of nutrient supply within arable-ley systems, but can also increase the
risk of nitrate leaching losses (Chalmers et al., 2001; Silgram, 2005; Defra projects
NT1318 & NT1504).

41.1.3 Flood risk

Increasing sward diversity could potentially improve soil structure and impart greater
resistance to soil compaction and increase water infiltration rates. The Jena
experiment provides some evidence of increased water infiltration rates with
increasing plant species richness under a cutting regime (Weisser et al., 2017), and
resulting increased water-use efficiency. By contrast, there was no detectable
increase in water infiltration rates when a single deep-rooting herbs and legume mix
was introduced to permanent grassland swards at four sites in England and Wales
(Defra project BD5001). Other studies working on monocultures have demonstrated
increases in water infiltration (Fychan et al., 2013) or reductions in surface runoff
(MacLeod et al., 2013). There may, therefore, be some potential to reduce flood risk
through the introduction of diverse swards. The establishment of deep-rooting herbs
and legumes, and the resultant flood risk mitigation may be more effective where
swards are reseeded rather than overseeded, due to a more effective establishment
and cover of the sown species. However, such reseeding operations on sloping land
would result in greater runoff and flood risk during the reseeding phase, particularly if
the reseeding operations result in soil being exposed to raindrop impact and surface
runoff in the early stages of establishment.

Ultimately, the flood risk associated with grass, grass/clover and diverse swards may
be more closely related to how the sward is managed (e.g. stocking rates and
amount of heavy machinery when soils are ‘wet’) than to the nature of the sward itself
(Defra project BD5001).

41.1.4  Air quality

Diverse swards can fix atmospheric nitrogen and therefore reduce manufactured N
fertiliser use (Cuttle & Scholefield, 1995). They can potentially also result in
increased water infiltration rates (Weisser et al., 2017). The combination of reduced
N fertiliser use and improved infiltration has the potential to reduce ammonia
emissions following slurry applications and improve air quality (Harrison & Webb,
2001; Misselbrook et al. 2004; Smith et al., 2000). Improved infiltration could also
reduce ammonia emissions from urine patches.

4.1.1.5 Biodiversity

Successful diversification of grassland swards will increase plant species diversity
and have implications for other above-ground and below-ground species. However,
scale is an important consideration: while benefits for, say, air quality tend to vary
linearly with the area managed in a particular way, species benefits will often be
scale-dependent via thresholds or non-linear relationships.

Alison et al. (2017) demonstrated that created grasslands with a higher diversity of
chalk grassland wildflowers, including key legumes such as Lotus corniculatus,
supported a higher abundance of chalk grassland moths. Woodcock et al. (2013)
showed that the introduction of simple seed mixtures into agriculturally improved
grasslands could help support increased diversity of spiders and beetles; and while
seed mixtures did not necessarily need to be of the highest diversity to achieve these
benefits, the inclusion of legumes did appear to be crucial.
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By contrast, Defra project BD5001 found that the introduction of deep-rooting herbs
and legumes had no effect on earthworm biomass, earthworm numbers (Lees et al.,
2016) or the foraging success/behaviour of starlings (Sturnus vulgaris). Meyer et al.
(2018a) state that management of grass swards for increased ecosystem function
will not necessarily protect diversity: “ecosystem service provisioning cannot replace
high biodiversity as the aim of conservation management”. Sward diversity is one
factor that may influence the ability of habitats to support particular species, but there
are many other habitat and non-habitat factors that will determine the success or
failure of high biodiversity conservation projects. For example, grassland sward
structure and management is a critical factor in providing suitable habitat for some
bird species (e.g. Atkinson et al., 2005; Buckingham & Peach, 2006).

41.1.6 Economic resilience

Increasing sward diversity, particularly the introduction of legume and forb species,
should improve the environmental resilience of the sward (the ability to cope with
drought or waterlogged conditions) and, through increasing productivity and nutrient
use efficiency, should also improve economic resilience in low to moderate output
systems. A focus on increasing the efficiency of production and the proportion of milk
or liveweight gain from grass will typically lead to greater profitability and economic
resilience. For example, Mihailescu et al. (2015) emphasised the importance of
optimising inputs to improve economic sustainability. Humphreys et al. (2012) also
found that grass-legume mixes yield well and can be used to reduce costs and
improve profitability when fertiliser prices are high and milk commodity prices low.
Ryan et al. (2011), who evaluated nitrogen efficiency as a key indicator of
economically sustainable production on grass-based and high-concentrate dairy
production systems in Ireland, reported that as N concentrate increased, N surplus
per hectare increased and N use efficiency per hectare decreased. This highlights
the importance of optimising productivity and nutrient use efficiency from grass,
grass/clover and diverse swards.

The nature of a diverse sward itself can contribute towards nutrient use efficiency
and economic resilience (through more efficient resource capture, particularly in dry
years), but ultimately it is the nature of the grazing and cutting management, which is
linked to the efficiency of grassland utilisation that will help determine the level of
profitability in grazing livestock systems.

Introducing diverse swards could have several potential benefits. However, there are
a few uncertainties associated with their use. For example, Peyraud et al. (2009) and
Phelan et al. (2014) outlined a number of limitations surrounding the use of legumes
that require further research. It can be difficult to predict DM production in diverse
swards and maintaining optimum legume content in swards can be challenging,
particularly in grazed and higher input/output systems. In addition, legumes can be
difficult to conserve as silage or hay, and can increase the risk of bloat in livestock.

Phelan et al. (2014) outlined that further research into forage legumes, should take a
“back to basics” approach and focus on the effects of management practices
including sowing dates, regrowth/rest periods and post-grazing heights.

4.1.2 Co-benefits and trade-offs
Supporting the diversification of swards in improved grassland should help to

increase a number of ecosystem services and functions such as biomass production,
water-use efficiency and nutrient-use efficiency. Indeed, Scherber et al. (2010) found
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that higher plant species richness increased abundance of various organism groups,
such as many animal taxa; and Allan et al. (2013) found that about 45% of
investigated ecosystem processes were significantly affected by plant species
richness. However, management to optimise a single ecosystem service or function
is likely to decrease provisioning of other services, potentially even decreasing
multifunctionality (Meyer et al., 2018b). For example, increasing biomass production
through the use of manufactured nitrogen fertiliser (e.g. > 100 kg N/ha) makes it
more difficult to maintain sward diversity, particularly legume persistence (Meyer et
al., 2018a). It can also be more difficult to maintain plant species richness within a
grazing rather than a cutting system, although a combination of cutting and grazing
can be optimal for managing multi-species swards at the field level and encouraging
diversity at the regional level (Natural England, 2010a; Sebastia et al., 2011).

4.1.3 Magnitude

This section provides some commentary on the magnitude of the outcome from the
diversification of swards, i.e. an increase in plant species richness through practices
such as reseeding, oversowing and slot seeding. It is assumed that the sown seed
mix would include grasses, forbs/herbs and legumes. The baseline under
consideration is pure ryegrass swards within temporary grassland and greater than
50% productive species, but low clover content in improved permanent grassland.

4.1.3.1 Carbon (C) sequestration and greenhouse gas (GHG) emission reduction
The ability of diverse swards to sequester C can be compared against the general
potential for grassland to do the same. Based on a careful analysis of flux
measurements in nine European grasslands (not diverse swards), Soussana et al.
(2007) found that the grasslands at nine European sites were acting as a sink for
carbon (C), with a measured flux of -2.4 + 0.7 t C ha! yr. Diverse swards could
potentially increase this rate (l.e. greater plant species diversity can lead to a higher
rate of C sequestration), in proportion to their ability to increase productivity, increase
rooting depth or increase topsoil depth. For example, Smith et al. (2008) reported
potential C sequestration rates of 0.22 t C ha* yrt in the cool-moist (temperate) bio-
climatic region as a result of improved grassland management. However, it is
important to note that it is highly likely that grasslands cannot increase soil C stocks
indefinitely. Based on evidence from repeated soil surveys, long-term grassland
experiments and simple mass balance calculations, Smith (2014) concluded that “it is
untenable that grasslands act as a perpetual carbon sink, and the most likely
explanation for observed grassland carbon sinks over short periods is legacy effects
of land use and land management prior to the beginning of flux measurement
periods”. The use of diverse swards may, therefore, be able to sequester C close to
rates measured by Soussana (2007), particularly when moving from poor to optimal
management or on previously degraded soils, but it will not be possible to sequester
C at these rates in the longer term. However, policy should certainly prioritise the
importance of protecting large grassland carbon stocks.

Where the addition of legumes is effective in reducing manufactured N fertiliser use
and in optimal soil and agro-climatic conditions, direct and indirect nitrous oxide
emissions could be reduced. However, where legumes are added to swards that did
not previously receive manufactured N fertiliser, the additional fixed N can result in a
net emission of nitrous oxide.
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In principle, introducing legumes promotes sequestration, both by stimulating grass
root growth, and through their own root biomass. However, nitrous oxide fluxes can
be an unwanted consequence, particularly on poorly draining waterlogged soils, or
soils in wet regions (Garnett et al., 2017; Henderson et al., 2015). At a global scale,
Henderson et al. (2015) estimated that on only 10% of the grazing land did C
sequestration from legume addition exceed their effect on nitrous oxide emissions.
Legumes sown on these ‘favourable’, soils could sequester C at a rate of about 0.5 t
C/halyr.

Henderson et al. (2015) also note that the increases in grassland productivity that
arises from the addition of legumes also enables higher ruminant numbers to be
supported. As a result, methane emissions would also increase and would offset
26% of the global net soil C sequestration potential of legume sowing. However,
enhanced livestock performance (i.e. higher growth rates and reduced finishing
times) would result in reduced methane emissions per livestock unit relative to the
baseline (Smith et al., 2014), i.e. “more GHG-efficient livestock production”. It is also
important to consider the effect of deep-rooting herb species in a diverse sward. If
roots can penetrate deeper into the topsoil and upper subsoil, the C from the dead
roots could be less prone to release due to lower decomposition rates deeper in the
soil profile (Garnett et al., 2017).

4.1.3.2 Water quality

Diverse swards may be able to improve water quality through the introduction of
legumes that fix nitrogen (thereby partially replacing the need for manufactured N
fertiliser) and through increasing N use efficiency. The use of legumes has been
estimated to reduce nitrate leaching losses by up to 20% where N inputs in
manufactured fertiliser and organic manures are reduced to account for N fixed from
the atmosphere (Newell Price et al., 2011).

4.1.3.3 Flood risk

Very little is known about the impact of the use of diverse swards at catchment scale.
However, it is conceivable that improved soil structure could help reduce the height
of the peak of the hydrograph in some runoff and flooding events, through higher
water infiltration rates and improved soil water storage. Grassland can be a
significant source of runoff and sediment (Collins et al., 2010) and there is a need to
improve understanding of the implications of using diverse swards to increase water
infiltration in grassland soils, and potentially reduce peak flow in catchments that
have recognized flooding and erosion problems.

4.1.3.4  Air quality

The legume content of diverse swards could reduce the need for manufactured N
fertiliser use on some Welsh grasslands (i.e. improved grassland suitable for the
introduction of diverse swards) and, where the intervention is applied, could
potentially reduce ammonia emissions from the manufactured fertiliser application
loss pathway by up to ¢.50% (Newell Price et al., 2011) Manufactured fertiliser
application on all UK agricultural land accounts for c. 18% of ammonia emissions
from UK agriculture (Misselbrook & Gilhespy, 2019).

4.1.3.5 Biodiversity

For biodiversity, there are too many potential response variables to have meaningful
measures of "magnitude of effect". The measurements would need to include
abundance/cover of multiple species at scales from quadrat to national, as well as
numerous possible diversity indices; measurement in different seasons and at
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different life stages, etc. Nevertheless, some general trends and patterns are
discussed below.

Plant species diversity will be increased by the successful establishment of diverse
swards. There will be concomitant increases in the richness of associated soil- and
foliage-dwelling species such as moths, spiders and beetles, but decreases in the
abundance of species directly associated with the previously dominant plant species.
However, for many species, the management and associated structure of grassland
could be as important as plant species composition for high biodiversity goals. This
particularly applies to vertebrate and soil-dwelling species, for which access to the
soil surface and/or physical cover from vegetation (e.g. for nesting and protection
from predators) are critical for the maximum resource benefits to be derived from
swards. Furthermore, while the dense vegetation in improved swards can provide
high densities of invertebrates and seeds, sparser or shorter structure is required for
access to these resources (Atkinson et al. 2004). Diversification of structure can be
achieved by changing grazing regimes or mowing, or creating fine-scale topography.
Note that the scale of the heterogeneity in structure (i.e. patch size) is critical for
many more mobile species, because it is patch edges that provide access to
vegetation of different heights for individual animals, for example for nesting and
foraging, as a source of food and access to that food, or for use at different stages of
the breeding cycle (Douglas et al. 2010, Atkinson et al. 2004, Eglington et al., 2010).

Greater plant species diversity in grasslands could also support and potentially
increase the pollination role of grasslands. A range of evidence shows that the
greater the extent of low-intensity management and the closer such patches exist to
a crop, the higher the numbers of pollinating insects in the vicinity (Whittingham,
2014). The spatial configuration of the landscape is of particular importance in
maximising pollination and crop productivity (Manning et al., 2018). Note that the
ecosystem service provided by pollinator populations is dependent upon crops that
benefit from insect pollination being sufficiently close to the (grassland) sources of
those populations.

A general issue with relationships between biodiversity and function or service
provision is that they are not necessarily linear or symmetrical. Hence, while there is
ample evidence that pollination potential, for example, increases qualitatively with
pollinator species richness, adding a given species does not necessarily increase
function because of redundancy. Similarly, functionality could be increased by
increasing the abundance of key species, with no change in species richness.

41.3.6 Economic resilience

The use of diverse swards can help improve the economic resilience of farming
enterprises based on grazing livestock, particularly when manufactured fertiliser
prices are high and milk and meat prices are low (e.g. Humphreys et al., 2012).

However, quantifying the benefits of economic resilience is challenging and will

depend on the amplitude and duration of commodity price cycles.

4.1.4 Timescale

4141 Carbon sequestration and greenhouse gas (GHG) emission reduction
Detectable changes in soil C storage would be > 10 years.

GHG emission reduction through the introduction of legumes, where applicable,
could occur in the first year of implementation particularly where legumes are
substituting the use of manufactured N fertiliser.

4.1.4.2 Water quality
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Reductions in nitrate leaching losses could occur in the winter following successful
establishment of a diverse sward.

41.4.3 Flood risk
Reductions in flood risk could occur once deep-rooting herbs have become well
established and soil structure has improved; so in 0-5 years.

41.4.4  Air quality
Air quality would be improved in the year of implementation where legumes in
diverse swards substitute for manufactured N fertilisers.

4145 Biodiversity

Timescales depend on scale and the response variable chosen. Measures of local
animal abundance/activity/habitat use are likely to respond almost as quickly as the
vegetation, but population-level responses will be slower and could take several
years.

Plant species diversity should be improved in the year of implementation, with
associated improvements at higher trophic levels taking longer, particularly where the
introduction of diverse swards needs to be aligned with other changes in
management as well as other changes at the landscape scale (5-10 years or >10
years).

4146  Economic resilience
Improvements in economic resilience could be seen in the short to medium term (0-5
years).

4.1.5 Spatial issues

41.5.1 Carbon sequestration and greenhouse gas (GHG) emission reduction
The introductions of diverse swards should be targeted on better drained soils where
improvements in productivity are likely to be greater and nitrous oxide emissions
lower.

4.1.5.2 Water quality
The improvements in water quality due to reduced nitrate leaching losses should be
broad-scale in nature.

4.1.5.3 Flood risk

Reduced flooding risk is most likely in catchments dominated by grassland and
where soils have been in moderate to poor condition in the past. However, the
introduction of diverse swards would need to be associated with changes in
grassland management such as stocking rates and the timing of grazing, e.g.
avoiding grazing at high stocking rates when soils are ‘wet'.

4154  Air quality
Changes in air quality would be broad scale in nature, with the impacts at any
location greatest downwind of the prevailing wind direction.

4.1.5.5 Biodiversity
Impacts on biodiversity can operate at the sub-field, field, farm or landscape level,
depending on the species affected.

There are likely to be threshold areas at which effects begin for many species.
Connectivity of smaller patches can also be critical in producing a larger effect on
species richness and/or abundance.

4156 Economic resilience
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Improved economic resilience may operate at the scale of the enterprise, farm or
rural community.

4.1.6 Displacement

There may be displacement issues where new diverse swards are created on former
arable land. Displacement or leakage may occur where land use change to increase
carbon stocks in one area leads to land use change that causes carbon release in
another area. Converting arable land to grassland would promote C sequestration on
that land but might also trigger the compensatory conversion of forests or pasture
elsewhere to cropland, with corresponding carbon losses (Garnett et al., 2017).

For biodiversity, there is good evidence that promoting landscape heterogeneity (i.e.
inserting contrasting habitats in a landscape dominated by grass or arable) is positive
for a range of bird species. However, in Wales, this would mostly require conversion
from grassland to arable rather than vice versa.

4.1.7 Longevity

Where the introduction of diverse swards is successful, resulting in an increase in
productivity or an improvement in animal health or performance, the conversion is
likely to be permanent. However, where the benefits in terms of increased
productivity are not perceived to outweigh the costs of implementation, the sward can
easily be changed back to a ryegrass-dominated or grass/clover sward, and the
effect would be ephemeral in nature.

Diverse swards require regular management in terms of adopting a precise cutting
and/or grazing regime and the need for regular overseeding. Therefore, where this
level of management is not sustained the nature of the diverse sward would rapidly
change within the space of a few years.

4.1.8 Climate interactions

The introduction of diverse swards can contribute to climate change mitigation and
adaptation. The mitigation effect is particularly great and clear where fixation by
legumes substitutes for the use of manufactured N fertilisers. The climate adaptation
effect may be particularly clear during drought or waterlogged conditions. Depending
on the plant species composition, the diverse nature of the sward could enable the
grassland to cope better with both extremes of weather conditions due to niche
complementarity effects (Hofer et al., 2017).

419 Social and economic barriers

Farmers in high output grassland systems, reliant on the response of high sugar
grasses to manufactured N fertiliser, are not likely to be interested in introducing
diverse swards on their production platform, as the species in diverse mixes do not
perform well within a high nutrient environment and tend to be outcompeted by the
more responsive grass species and varieties.

Within moderate input systems, the cost of establishing (and managing) diverse

swards should be offset by savings in manufactured fertiliser N use. Potential
increases in productivity would be additional. However, the productivity gains within
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moderate input systems (say 50-100 kg N/ha in the form of manufactured N fertiliser)
are less certain for Welsh agro-climatic conditions.

Within low input systems (<50 kg N/ha) the increases in productivity relative to a pure
ryegrass sward should offset the cost of seed and establishment and there could be
additional gains in animal health and performance. The grass productivity gains
relative to a grass/clover sward would be lower and difficult to detect.

The most significant barriers to uptake are most likely to be social, practical and
psychological, and can only be overcome through a better understanding of each
specific farming system (enterprises, machinery availability, labour availability,
market) and of farmer behaviour. It is vital to understand the practical limitations of
adopting a certain practice in different landscapes, microclimatic conditions and soil
type situations; and the individual farmer’s outlook and vision for the future will be key
to determining their innovative capacity (Brooks & Loevinsohn, 2011).

If there is a major shift towards the introduction of more diverse swards the
availability of seeds from merchants could be a constraint. However, there are other
ways of introducing a more diverse range of plant species, such as by spreading
species-rich green hay (Natural England, 2010a; 2010b).

4.1.10 Metrics and verification

Suitable metrics to monitor the effect of introducing diverse swards on environmental
and economic outcomes are listed below.

4.1.10.1 Carbon sequestration and greenhouse gas (GHG) emission reduction

e Long-term soil organic carbon (SOC) monitoring data — Ward et al. (2016)
suggest that both topsoil and subsoil C should be measured

e Experimental work (medium-term and long-term experimental sites)

e Eddy covariance monitoring facilities — “a powerful tool for measuring total
ecosystem fluxes of carbon. It is able to detect changes in the net ecosystem
exchange (NEE) of carbon at fine temporal resolution, and enables estimates to
be made of whether a given land management practice results in a net sink or
source of carbon” (Smith, 2014)

e Modelling

4.1.10.2 Water quality
e Water quality data

e Field experimentation

4.1.10.3 Flood risk
e Field experimentation and modelling

4.1.10.4 Air quality
e Field experimentation and modelling

e Air quality monitoring
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4.1.10.5 Biodiversity

Ecological survey - design would be highly dependent on the scale of
implementation and the target/response variable, e.g. whether the aim is to
investigate national scale effects or to demonstrate local efficacy of an
intervention relative to a counterfactual

Remote sensing

.10.6 Economic resilience

Economic benchmarking

Farm Business Survey data (outputs, inputs and incomes; land utilisation; net
farm income; livestock numbers; farm liabilities and assets by type of tenure;
inter-year comparisons)
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5 Evidence Gaps

Future research in this area should focus on evaluating the cost-benefit effects
associated with introducing diverse swards compared to standard seed mixtures or
an existing grass/clover sward (Davis, 2016); the suitability of seed mixtures, species
or varieties to different soil types; and the feed value of diverse leys as forage for
livestock in terms of milk production, livestock performance and animal health. Seed
availability and the cost of potential mixtures (Muir et al., 2011), particularly when
using native species (Oliveira et al., 2014), is also a concern. Several uncertainties,
therefore, remain, particularly for Welsh conditions, including:

The effect of grassland diversity on productivity and soil C sequestration under
contrasting grazing conditions and different management regimes (e.g. different
nutrient input levels; alternate grazing/cutting etc.);

interactive effects between grazing and plant diversity and, more precisely, to
determine if these effects are additive and/or species-dependent;

type of grazing (rotational, continuous, seasonal, etc.) and livestock type and
diversity (Sebastia et al., 2008, 2011)

Other key evidence gaps include:

the effect of diverse swards on productivity in Welsh grasslands at different levels
of intensity, climatic conditions, and soil properties/management; and how this
relates to livestock numbers and overall net total GHG emissions and net GHG
emissions per unit of production;

the capacity of diverse swards to sequester carbon in different contexts in Welsh
soil types and climate;

nitrous oxide emissions from diverse swards with deep-rooting herbs and
legumes in Welsh soil types and climate;

the effect of diverse swards on mitigating flood risk;

the effect of diverse swards and an increase in sward legume content on water
quality, particularly where diverse swards are used in rotation with arable crops;
the effect of contrasting cultivation systems is also an important consideration;
and

the relative benefits of different spatial patterns of implementation for the range of
biodiversity that is potentially affected, e.g. for a given area diversified, how do
different groups respond to the area being divided into patches of different sizes
and at different distances apart?
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6 Summary

Sustainable Farming Scheme Evidence Review

A high-level summary of our conclusions is presented in Table 6.1.

Blue

Diversificatio
n of swards
in improved
grasslands

Annex 2: Sward management v1.1

Increased
plant species
diversity

Reduction in
nitrate

leaching losses

Reduction in
greenhouse
gas emissions

Reduced
ammonia
emissions

Increased
productivity

Increased:

® ecosystem
function

e pollination

e productivity

e animal diversity

e Cleaner water
e Improved aquatic
habitats

e Climate change
mitigation

e Cleaner air

e Improved habitat
quality

e Improved public
health

® Improved
economic
resilience

e C sequestration

Evidence for productivity
benefits in Welsh agro-
climatic conditions
Other factors required to
increase pollination
Scale effects

Mainly limited to
situations where N fixed
by legumes in diverse
swards substitutes for
manufactured N fertiliser
use

Legume-based systems
can also result in high
nitrate leaching losses,
particularly post-
cultivation

Most effective in
situations where N fixed
by legumes in diverse
swards substitutes for
manufactured N fertiliser
use.

e Limited to situations

where N fixed by legumes
in diverse swards
substitutes for
manufactured urea
fertiliser use

e Other interventions
such as replacing
urea with
ammonium nitrate
could have a greater
impact

e Effectiveness in Wales is

uncertain, particularly at
different levels of intensity

e Effects are likely to be

farm system specific

e C sequestration effects

most likely in temporary
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Confidence | Intervention

Key Outcomes

Improved soil

Key Benefits

e Reduced flooding
risk

e Potential improved
farm business
performance

e Stable rural
communities

e|ncreased rural
vitality

Critical concerns

grasslands and arable
reversion grassland

e C sequestration effects
likely to be lower and
more limited in permanent
grasslands

® Lack of evidence in field
conditions and at
catchment scale

e Needs to be tried and
tested at farm scale

Table 6.1 Key outcomes, benefits and critical concerns associated with supporting the diversification of swards in

improved grasslands.

Colour Key:

e Blue = well tested at multiple sites with outcomes consistent with accepted logic chain. No
reasonable dis-benefits or practical limitations relating to successful implementation.

e /Amber = agreement in the expert community there is an intervention logic chain which can
be supported but either evidence is currently limited and/or there are some trade-offs or dis-
benefits which WG need to consider.

e Pink = either expert judgement does not support logic chain and/or whilst logic chain would
suggest it should work there is evidence of one or more of the following:

o its practical potential is limited due to a range of issues (e.g. beyond reasonable
expectation of advisory support which can be supplied and/or highly variable outcome
beyond current understanding or ability to target),

o the outcome/benefit is so small in magnitude with few co-benefits that it may not be
worth the administration costs,

o there are significant trade-offs.

Annex 2: Sward management v1.1

Page 21 of 27



Environment and Rural Affairs Monitoring & Modelling Programme (ERAMMP)  Sustainable Farming Scheme Evidence Review

7 References

Alison, J., Duffield, S.J., Morecroft, M.D., Marrs, R.H. & Hodgson, J.A. (2017). Successful
restoration of moth abundance and species-richness in grassland created under agri-
environment schemes. Biological Conservation 213, 51-58.

Allan, E. et al. (2013). A comparison of the strength of biodiversity effects across multiple
functions. Oecologia 173, 223-237.

Andueza, D., Picard, F., Jestin, M. & Aufrere, J. (2013). The effect of feeding animals ad
libitum vs. at maintenance level on the in vivo digestibility of mown herbage from two
permanent grasslands of different botanical composition. Grass Forage Sci. 68, 418-426.

Atkinson, P.W., Fuller, R.J., Vickery, J.A., Conway, G.J., Tallowin, J.R.B., Smith, R.E.N.,
Haysom, K.A., Ings, T.C., Asteraki, E.J. & Brown, V.K. (2005). Influence of agricultural
management, sward structure and food resources on grassland field use by birds in lowland
England. Journal of Applied Ecology, 42(5), 932-942.

Brooks, S. and Loevinsohn, M. (2011). Shaping agricultural innovation systems responsive to
food insecurity and climate change. Natural Resources Forum 35,185-200.

Buckingham, D.L., & Peach, W.J. (2006). Leaving final-cut grass silage in situ overwinter as
a seed resource for declining farmland birds. Biodiversity & Conservation, 15(12), 3827.

Chalmers A.G., Bacon E.T.G. and Clarke J.H. (2001). Changes in soil mineral nitrogen
during and after 3-year and 5-year set-aside and nitrate leaching losses after ploughing out
the 5-year plant covers in the UK. Plant and Soil, 228, 157-177.

Collins A.L., Walling D.E., Webb L. and King P. (2010) Apportioning catchment scale
sediment sources using a modified composite fingerprinting technique incorporating property
weightings and prior information. Geoderma 155, 249-261.

Connolly, J. et al. (2017). Weed suppression greatly increased by plant diversity in
intensively managed grasslands: a continental-scale experiment. J. Appl. Ecol. 38, 42—-49.

Cuttle, S.P. and James, A.R. (1995). Leaching of lime and fertilisers from a reseeded upland
pasture on a stagnogley soil in mid-Wales. Agricultural Water Management, 28, 95-112.

Cuttle, S.P. and Scholefield, D. (1995). Management options to limit nitrate leaching from
grassland. Journal of Contaminant Hydrology, 20, 299-312.

Davis, C. (2016). Cost-benefit analysis of multi-species cover crop mixtures used for
supplemental forage. In Resilience emerging from scarcity and abundance. ASA, CSSA and
SSSA International Annual Meetings.

Defra (2018). Greenhouse gas mitigation practices — England. Farm Practices Survey 2018.
National Statistics. Published 24 May 2018.

De Vries, F. T., Bracht Jgrgensen, H., Hedlund, K. & Bardgett, R. D. (2015). Disentangling
plant and soil microbial controls on carbon and nitrogen loss in grassland mesocosms. J.
Ecol. 103, 629-640 (2015).

Dignac, M.-F. et al. (2017). Increasing soil carbon storage: mechanisms, effects of
agricultural practices and proxies. A review. Agron. Sustain. Dev. 37, 14 (2017).

Annex 2: Sward management v1.1 Page 22 of 27



Environment and Rural Affairs Monitoring & Modelling Programme (ERAMMP)  Sustainable Farming Scheme Evidence Review

Doring T.F. et al. (2012) Using legume-based mixtures to enhance the nitrogen use
efficiency and economic viability of cropping systems. Final Report of the LEGLINK project.
AHDB Project Report No. RD-3447.

Douglas, D. J., Vickery, J. A., & Benton, T. G. (2009). Improving the value of field margins as
foraging habitat for farmland birds. Journal of Applied Ecology, 46(2), 353-362.

Eglington, S. M., Bolton, M., Smart, M. A., Sutherland, W. J., Watkinson, A. R., & Gill, J. A.
(2010). Managing water levels on wet grasslands to improve foraging conditions for breeding
northern lapwing Vanellus. Journal of Applied Ecology, 47 (2), 451-458.

Enriquez-Hidalgo, D., Gilliland, T., Deighton, M. H., O’'Donovan, M. & Hennessy, D. (2014).
Milk production and enteric methane emissions by dairy cows grazing fertilized perennial
ryegrass pasture with or without inclusion of white clover. J. Dairy Sci. 97, 1400-1412.

Finn, J. A. et al. (2013). Ecosystem function enhanced by combining four functional types of
plant species in intensively managed grassland mixtures: a 3-year continental-scale field
experiment. J. Appl. Ecol. 50, 365-375.

Fontaine, S. & Barot, S. (2005). Size and functional diversity of microbe populations control
plant persistence and long-term soil carbon accumulation. Ecol. Lett. 8, 1075-1087.

Fornara, D.A. & Tilman, D. (2008). Plant functional composition influences rates of soll
carbon and nitrogen accumulation. Journal of Ecology 96 (2), 314-322 do0i:10.1111/j.1365-
2745.2007.01345.x

Fychan, R., Scott, M.B., Davies, J.W., Sanderson, R., Scullion, J., Crotty, F.V. and Marley
C.L. (2013). The effect of chicory, perennial ryegrass, red clover or white clover on the soail
physical properties. Proceedings of the British Grassland Society Research Conference,
2013.

Garcia-Pausas, J. et al. (2008). Factors regulating carbon mineralization in the surface and
subsurface soils of Pyrenean mountain grasslands. Soil Biol. Biochem. 40, 2803—-2810.

Garnett, T., Godde, C., Muller, A., R60s, E., Smith, P., de Boer, |.J.M., zu Ermgassen, E.,
Herrero, M., van Middelaar, C., Schader, C. and van Zanten, H. (2017). Grazed and
Confused? Ruminating on cattle, grazing systems, methane, nitrous oxide, the soil carbon
sequestration question — and what it all means for greenhouse gas emissions. FCRN,
University of Oxford.

Harrison, R., and Webb, J. (2001). A review of the effect of N fertilizer type on gaseous
emissions. Advances in Agronomy 73, 65-108.

Hector et al. (1999). Plant diversity and productivity experiments in European Grasslands.
Science (80).286, 1123-7.

Henderson, B.B., Gerber, P.J., Hilinski, T.E., Falcucci, A., Ojima D.S., Salvatore, M. and
Conant, R.T. (2015). Greenhouse gas mitigation potential of the world’s grazing lands:
Modelling soil carbon and nitrogen fluxes of mitigation practices. Agriculture, Ecosystems
and Environment, 207, 91-100.

Hofer D., Suter M., Buchmann N. and Luscher A. (2017). Nitrogen status of functionally

different forage species explains resistance to severe drought and post-drought
overcompensation. Agriculture, Ecosystems and Environment 236: 312-322

Annex 2: Sward management v1.1 Page 23 of 27



Environment and Rural Affairs Monitoring & Modelling Programme (ERAMMP)  Sustainable Farming Scheme Evidence Review

Humphreys, J., Mihailescu, E. & Casey, I. A. (2012). An economic comparison of systems of
dairy production based on N-fertilized grass and grass-white clover grassland in a moist
maritime environment. Grass and Forage Science, 67, 519-525.

Hungate, B. A., Barbier, E.B., Ando, A.W., Marks, S.P., Reich, P.B., van Gestel, N., Tilman,
D., Knops, J.M.H., Hooper, D.U., Butterfield, B.J. & Cardinale, B. J. (2017). The economic
value of grassland species for carbon storage. Sci. Adv. 3, e1601880 (2017).

Johnston A. E., Poulton P. R. and Coleman K. (2009). Soil organic matter: Its importance in
sustainable agriculture and carbon dioxide fluxes. Advances in Agronomy 101, 1-57.

Kirwan, L. et al. (2007). Evenness drives consistent diversity effects in intensive grassland
systems across 28 European sites. J. Ecol. 95, 530-539.

Laliberté, E. & Tylianakis, J. M. (2012). Cascading effects of long-term land-use changes on
plant traits and ecosystem functioning. Ecology 93, 145-155.

Lange, M. et al. (2015). Plant diversity increases soil microbial activity and soil carbon
storage. Nat. Commun. 6:6707 doi: 10.1038/ncomms7707.

Lees. K.J., McKenzie, A.J., Newell Price. J.P., Critchley, C.N., Rhymer, C.M., Chambers,
B.J. and Whittingham, M.J. (2016). The effects of soil compaction mitigation on below-ground
fauna: How earthworms respond to mechanical loosening and power harrow cultivation.
Agriculture, Ecosystems and Environment 232, 273-282.

Lindstrom, B.E.M., Frankow-Lindberg, B.E., Dahlin, A.S., Wivstad, M. & Watson, C.A. (2013).
Micronutrient concentrations in common and novel forage species and varieties grown on
two contrasting soils. Grass Forage Sci. 68, 427-436.

MacLeod et al. (2013). A novel grass hybrid to reduce flood generation in temperate regions.
Nature Scientific Reports 3, 1683.

Manning, P., Van der Plas, F., Soliveres, S., Allan, E., Maestre, F.T., Mace, G., Whittingham,
M.J., Fischer M. (2018). Redefining ecosystem multifunctionality? Nature Ecology &
Evolution 2, 427-436.

Meyer, S.T., Eisenhauer, N., Jochum, M. & Weisser, W.W. (2018a). Effects of biodiversity on
ecosystem functioning in a grassland experiment (Jena) and implications for management.
Grassland Science in Europe, Vol. 23 — Sustainable meat and milk production from
grasslands, 816-818.

Meyer, S.T., Ptacnik, R., Hillebrand., H., Bessler, H., Buchmann, N., Ebeling, A., Eisenhauer,
N., Engels, C., Fischer, M., Halle, S., Klein, A.-M., Oelmann, Y., Roscher, C., Rottstock, T.,
Scherber, C., Scheu, S., Schmid, B., Schulze, E.-D., Temperton, V.M., Tscharntke, T., Voigt,
W., Weigelt, A., Wilcke, W. & Weisser, W.W. (2018b). Biodiversity-multifunctionality
relationships depend on identity and number of measured functions. Nature Ecology &
Evolution 2, 44-49.

Mihailescu, E., Ryan, W., Murphy, P. N. C., Casey, I. A. & Humphreys, J. (2015). Economic
impacts of nitrogen and phosphorus use efficiency on nineteen intensive grass-based dairy
farms in the South of Ireland. Agricultural Systems, 132, 121-132.

Misselbrook, T.H. & Gilhespy, S.L. (2019). Inventory of Ammonia Emissions from UK
Agriculture, 2017. DEFRA Contract SCF0107. Inventory Submission Report, February 2019.

Annex 2: Sward management v1.1 Page 24 of 27



Environment and Rural Affairs Monitoring & Modelling Programme (ERAMMP)  Sustainable Farming Scheme Evidence Review

Misselbrook, T.H., Sutton, M.A., and Scholefield, D. (2004). A simple process-based model
for estimating ammonia emissions from agricultural land after fertilizer applications. Soil Use
and Management 20, 365-372.

Muir, J. P., Pitman, W. D. & Foster, J. L. (2011). Sustainable, low-input, warm-season, grass-
legume grassland mixtures: Mission (nearly) impossible? Grass Forage Sci. 66, 301-315.

Muto, P., Jones, N., Newell Price, P., MacArthur, R., Micklewright, K., Conyers, S. & Forster-
Brown C. (2019). How Well is the Legume and Herb-rich Ley Option Implemented Under
Environmental Stewardship? — Defra M&E Report — LM0468. J.P. Newell Price, E.C. Jewkes
and S.E. Pattinson (editors). Proceedings of the BGS/BSSS Winter Meeting on improving
grassland performance: managing soil structure and organic matter. Bickenhill, Solihull.
March 2019. Published by the British Grassland Society.

Natural England (2010a). Sward enhancement: diversifying grassland by oversowing and
slot seeding. Natural England Technical Information Note TINO64.

Natural England (2010b). Sward enhancement: diversifying grassland by spreading species-
rich green hay. Natural England Technical Information Note TINO63.

Newell-Price, J.P., Harris, D., Taylor, M., Williams, J.R., Anthony, S.G., Duethmann, D.,
Gooday, R.D., Lord, E.l., Chambers, B.J., Chadwick, D.R. & Misselbrook, T.H. (2011).
Mitigation Methods - User Guide. An Inventory of Mitigation Methods and Guide to their
Effects on Diffuse Water Pollution, Greenhouse Gas Emissions and Ammonia Emissions
from Agriculture. Prepared as part of Defra project WQO0106.

Newell Price, J.P., Lobley, M. and Williams J.R. (2016). Updating Grassland Fertiliser
Recommendations: Principles and Practice. Proceedings International Fertiliser Society, 789.
pp. 2-28.

Oliveira, G., Clemente, A., Nunes, A. & Correia, O. (2014). Suitability and limitations of native
species for seed mixtures to re-vegetate degraded areas. Appl. Veg. Sci. 17, 726-736.

Peyraud, J. L., Le Gall, A. & Luescher, A. (2009). Potential food production from forage
legume-based-systems in Europe: an overview. Irish Journal of Agricultural and Food
Research, 48, 115-135.

Phelan, P., Casey, I. A. & Humphreys, J. (2014). The effects of simulated summer-to-winter
grazing management on herbage production in a grass-clover sward. Grass and Forage
Science, 69, 251-265.

Powlson, D. S., Whitmore, A. P. & Goulding, KW.T. 2011. Soil carbon sequestration to
mitigate climate change: a critical re-examination to identify the true and the false. European
Journal of Soil Science, 62, 42-55.

Ribas, A. et al. (2015). Plant identity and evenness affect yield and trace gas exchanges in
forage mixtures. Plant Soil 391, 93-108 (2015).

Ryan, W., Hennessy, D., Murphy, J. J., Boland, T. M. & Shalloo, L. (2011). A model of
nitrogen efficiency in contrasting grass-based dairy systems. Journal of Dairy Science, 94,
1032-1044.

Scherber, C. et al. (2010). Bottom-up effects of plant diversity on multitrophic interactions in a
biodiversity experiment. Nature 468, 553-556.

Annex 2: Sward management v1.1 Page 25 of 27



Environment and Rural Affairs Monitoring & Modelling Programme (ERAMMP)  Sustainable Farming Scheme Evidence Review

Sebastia, M.-T., Palero, N. & de Bello, F. (2011). Changes in management modify agro-
diversity in sainfoin swards in the Eastern Pyrenees. Agronomy for Sustainable Development
31, 533-540.

Sebastia, M. & Bello, F. (2008). Grazing as a factor structuring grasslands in the Pyrenees.
Appl. Veg. Sci. 11 (2), 215-222.

Shi, Z. et al. (2016). Dual mechanisms regulate ecosystem stability under decade-long
warming and hay harvest. Nat. Commun. 7, 11973 (2016).

Silgram, M. (2005). Effectiveness of the Nitrate Sensitive Areas scheme 1994-2003. Final
report for Defra project M272/56. 22 pp.

Smetham, M. L. (1973): Pasture legume species and strains. In: Pastures and pasture
plants, edited by Langer, R. H. M. Wellington, Sydney, London: A. H. & A. W. Reed, p. 85-
128.

Smith, K. A., Jackson, D. R., Misselbrook, T. H., Pain, B. F., and Johnson, R. A. (2000).
Reduction of ammonia emission by slurry application techniques. Journal of Agricultural
Engineering Research 77, 277-287.

Smith, P. Do grasslands act as a perpetual sink for carbon? Glob. Chang. Biol. 20, 2708-11
(2014).

Smith, P.M., Bustamante, H., Ahammad, H., Clark, H., Dong, E.A., Elsiddig, H., Haberl, R.,
Harper, J., House, M., Jafari, O., Masera, C., Mbow, N.H., Ravindranath, C.W., Rice, C.,
Robledo Abad, A., Romanovskaya, F., Sperling, and F. Tubiello (2014). Agriculture, Forestry
and Other Land Use (AFOLU). In: Climate Change 2014: Mitigation of Climate Change.
Contribution of Working Group Il to the Fifth Assessment Report of the Intergovernmental
Panel on Climate Change [Edenhofer, O., R. Pichs-Madruga, Y. Sokona, E. Farahani, S.
Kadner, K. Seyboth, A. Adler, I. Baum, S. Brunner, P. Eickemeier, B. Kriemann, J.
Savolainen, S. Schlémer, C. von Stechow, T. Zwickel and J.C. Minx (eds.)]. Cambridge
University Press, Cambridge, United Kingdom and New York, NY, USA.

Smith P, Martino D, Cai Z et al. (2008) Greenhouse gas mitigation in agriculture.
Philosophical Transactions of the Royal Society B: Biological Sciences, 363, 789-813.

Soussana JF, Allard V, Pilegaard K et al. (2007) Full accounting of the greenhouse gas
(CO2, N20O, CH4) budget of nine European grassland sites. Agriculture, Ecosystems and
Environment, 121, 121-134.

Suter, M., Connolly, J., Finn, J. A., Loges, R., Kirwan, L., Sebastia, M.-T. & Luescher, A.
(2015). Nitrogen yield advantage from grass-legume mixtures is robust over a wide range of
legume proportions and environmental conditions. Global Change Biology, 21, 2424-2438.

Styles, D, Gonzalez Mejia, A, Moorby, J, Foskolos, A & Gibbons, J 2018, 'Climate mitigation
by dairy intensification depends on intensive use of spared grassland’, Global Change
Biology, 24 (2), 681-693.

Ward, S. E., Smart, S. M., Quirk, H., Tallowin, J. R. B., Mortimer, S. R., Shiel, R. S., Wilby, A.
& Bardgett, R. D. (2016). Legacy effects of grassland management on soil carbon to depth.
Global Change Biol, 22, 2929-2938. d0i:10.1111/gcb.13246

Weigelt, A., Weisser, W. W., Buchmann, N. & Scherer-Lorenzen, M. (2009). Biodiversity for

multifunctional grasslands: Equal productivity in high-diversity low-input and low-diversity
high-input systems. Biogeosciences, 6, 1695-1706.

Annex 2: Sward management v1.1 Page 26 of 27



Environment and Rural Affairs Monitoring & Modelling Programme (ERAMMP)  Sustainable Farming Scheme Evidence Review

Weisser, W.W., Roscher, C., Meyer, S.T., Ebeling, A., Luo, G., Allan, E., Bel3ler, H., Barnard,
R.L., Buchmann, N., Buscot, F., Engels, C., Fischer, C., Fischer, F., Gessler, A., Gleixner,
G., Halle, S., Hildebrandt, A., Hillebrand, H., de Kroon, H., Lange, M., Leimer, S., Le Roux,
X., Milcu, A., Mommer, L., Niklaus, P.A., Oelmann, Y., Proulx, R., Roy, J., Scherber, C.,
Scherer-Lorenzen, M., Scheu, S., Tscharntke, T., Wachendorf, M., Wagg, C., Weigelt, A.,
Wilcke, W., Wirth, C., Schulze, E-D., Schmid, B. & Eisenhauer, N.(2017). Biodiversity effects
on ecosystem functioning in a 15-year grassland experiment: Patterns, mechanisms, and
open questions. Basic and Applied Ecology, 23, 1-73. ISSN 1439-1791.

Welsh Government (2017). The Environmental Impact Assessment (Agriculture) (Wales)
Regulations 2017. General Guidance. 22pp.

Welsh Government (2018). June 2018 Survey of Agriculture and Horticulture: Results for
Wales. Statistical First Release. 27 November 2018, SFR 116/2018.

Whittingham, M.J. (2011). The future of agri-environmental schemes: biodiversity gains and
ecosystem service delivery? Journal of Applied Ecology 48, 509-513

Zaralis, K. (2015). SOLID participatory research from UK: Performance of Diverse Swards on
Commercial Dairy Farms, undertaken as part of the SOLID Project (Agreement no. 266367
(http://www.solidairy.eu/), with financial support from the European Community under the 7th
Framework Programme.

Defra projects

Defra project BD5001 — Characterisation of soil structural degradation under grassland and
development of measures to ameliorate its impact on biodiversity and other soil functions.

Defra project NT0O605 - To quantify nitrate leaching from swards continuously grazed by
cattle.

Defra project NT1318 - Effect of cultivation on soil nitrogen mineralisation.

Defra project NT1504 - N mineralisation in arable conditions.

Defra project NT1825 - Nitrate leaching in sustainable livestock. LINK project (LK0613).
Defra project NT1806 - To develop a predictive capacity for N loss from grassland.

Defra project ES0106 - Developing integrated land use and manure management strategies
to control diffuse nutrient losses from drained clay soils: BRIMSTONE-NPS.

Defra project WQO0106 - Characterisation of soil structural degradation under grassland and
development of measures to ameliorate its impact on biodiversity and other soil functions.

Annex 2: Sward management v1.1 Page 27 of 27


http://www.solidairy.eu/

Enquiries to:

ERAMMP Project Office
CEH Bangor

Environment Centre Wales
Deiniol Road

Bangor

Gwynedd

LL57 2UW

T: +44 (0)1248 374528

E: erammp@ceh.ac.uk

Www.erammp.cymru
www.erammp.wales




	1 Introduction & background
	2 Outcomes
	3 Policy Relevance and Policy Outcomes
	4 Sward management
	4.1 Supporting the diversification of swards in improved grasslands
	4.1.1 Causality
	4.1.1.1 Carbon sequestration and greenhouse gas (GHG) emission reduction
	4.1.1.2 Water quality
	4.1.1.3 Flood risk
	4.1.1.4 Air quality
	4.1.1.5 Biodiversity
	4.1.1.6 Economic resilience

	4.1.2 Co-benefits and trade-offs
	4.1.3 Magnitude
	4.1.3.1 Carbon (C) sequestration and greenhouse gas (GHG) emission reduction
	4.1.3.2 Water quality
	4.1.3.3 Flood risk
	4.1.3.4 Air quality
	4.1.3.5 Biodiversity
	4.1.3.6 Economic resilience

	4.1.4 Timescale
	4.1.4.1 Carbon sequestration and greenhouse gas (GHG) emission reduction
	4.1.4.2 Water quality
	4.1.4.3 Flood risk
	4.1.4.4 Air quality
	4.1.4.5 Biodiversity
	4.1.4.6 Economic resilience

	4.1.5 Spatial issues
	4.1.5.1 Carbon sequestration and greenhouse gas (GHG) emission reduction
	4.1.5.2 Water quality
	4.1.5.3 Flood risk
	4.1.5.4 Air quality
	4.1.5.5 Biodiversity
	4.1.5.6 Economic resilience

	4.1.6 Displacement
	4.1.7 Longevity
	4.1.8 Climate interactions
	4.1.9 Social and economic barriers
	4.1.10 Metrics and verification
	4.1.10.1 Carbon sequestration and greenhouse gas (GHG) emission reduction
	4.1.10.2 Water quality
	4.1.10.3 Flood risk
	4.1.10.4 Air quality
	4.1.10.5 Biodiversity
	4.1.10.6 Economic resilience



	5 Evidence Gaps
	6 Summary
	7 References

