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Foreword

We would like to welcome all delegates of the European Grassland Federation 29th General Meeting
to Caen, France. The previous EGF General Meeting held in France took place in La Rochelle in 2002.
During these last two decades, food systems have been increasingly challenged for their impacts on
climate change, loss of biodiversity and other environmental issues, while at the same time the question
of food security in Europe is being raised together with successive health and political crises. Therefore,
the main theme of the EGF 2022 General Meeting is Grassland at the heart of circular and sustainable food
systems. This EGF meeting will consider the contributions of grasslands to the development of circular,
healthy and sustainable food systems. Grasslands are widely acknowledged for their role in preserving
natural resources and biodiversity and in soil carbon sequestration, but at the same time ruminants,
the livestock that are used to manage and utilize grassland for food production, are blamed for their
emissions of methane and their inefficient use of resources. As the expectations regarding food systems
are multi-faceted and because the importance of each service provided by grasslands varies according
to the stakeholder’s visions, local context and farming practices, achieving the objectives requires the
search for new compromises. The analysis of the relationship between services, their drivers encompassing
economic, social, biological and biotic regulatory processes and the search for compromises will be the
keystone of this meeting.

The meeting has five themes: (1) Putting grasslands into perspective; (2) Highlighting the bundles of
services provided by grasslands; (3) Using biodiversity to reduce vulnerability and increase resilience of
grassland-based systems; (4) Looking for synergy between animals, grasslands and crops; (5) Illustration
of initiatives for the transfer and co-construction of innovations on and for grassland.

There are five mid-conference tours organized in Normandy to discover the high value habitats and
attractive landscape of wet grasslands, the dairy and beef production from grassland-based systems, and
the diversity of animal-based products derived from grassland. In addition, there is a visit to a horse farm
as Normandy is the primary French region for horse breeding. The post-conference tour will visit Omaha
beach and an impressive American cemetery, the Mont St Michel Bay with an amazing crossing of the bay
by foot, sheep flocks grazing on salt-marsh grassland, and a visit to the old city of Rennes.

The General Meeting is organized by INRAE and the University of Caen Normandy. They develop a
wide range of research projects including ecology, plant and animal science, environmental and social
sustainability, grassland and grazing management, system analysis and whole value chain perspectives.

We would like to thank all authors for their contributions, numerous reviewers for their valuable remarks
which have helped to ensure the high quality of the papers presented, the members of the scientific and
organizing committees, the secretary of EGF, and our sponsors and all delegates attending the conference.

We wish that the 29t General Meeting of EGF will provide novel insights for grassland science and
stimulate fruitful discussions and networking and that all participants will have enjoyable days in

Normandy.
Dr Jean-Louis Peyraud Luc Delaby Marie Pascale Prudhomme
President, European Chair Secretary
Grassland Federation Scientific Committee Organizing committee
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Abstract

This paper analyses why and how European grasslands should and could be supported through the
Common Agricultural Policy (CAP). We first recall the importance and diversity of grassland in the
European Union. This diversity reflects different climatic, historical and socio-economic contexts, and
different management practices that result in heterogeneous climatic and environmental impacts. It is
mainly because grassland provides non-provisioning ecosystem benefits that this farmland use should and
could be supported by public policies. Unfortunately, the CAP, including the policy that will apply over
the five-year period 2023-2027, does not sufficiently protect or encourage the environmental benefits
that grassland can provide. We then show how simple principles of public economics may be called to
support non-provisioning ecosystem services of grassland. We conclude by highlighting some trade-offs
that such an orientation of the CAP might induce, and by discussing its compatibility with the European
Green Deal ambition and objectives.

Keywords: European Union, grassland, climate, environment, public economics, payments for climatic
and environmental services

Introduction

European agriculture has been governed by the Common Agricultural Policy (CAP) for sixty years.
The CAP was initially a production, productivity and income-support policy. The first two dimensions
have lost their importance. The income support dimension is now completed by an increasing social
issue linked to the unequal distribution of budgetary aids between products, farms and countries.
Environmental and then climatic objectives and instruments have been added progressively since around
30 years ago, and the first major reform of the CAP was in 1992. More recently measures have been
added that are targeted on climate change mitigation and adaptation. The European Green Deal (GD)
launched in December 2019 aims to make the European Union (EU) ‘the world’s first climate-neutral
continent by 2050 by proposing a new decarbonized sustainable growth model for the EU (EC, 2019).
It includes all environmental dimensions as well as health and social justice issues, including those linked
to agricultural and food systems. To that end, it adopts a whole food chain approach encompassing
objectives and actions not only on the agricultural supply side but also on the food demand side where
it encourages a shift towards healthy and environmentally friendly diets. Making the CAP compatible
with the GD questions this policy; more specifically its focus on agriculture only, the choice of policy
objectives, and the choice of policy instruments (Guyomard ez 4/, 2020).

Within that general framework, this paper analyses specifically why and how grassland should and could
be supported through the CAP. After this introduction, the importance and diversity of grassland in the
EU is recalled. The diversity of grassland management intensity reflects variable climatic, historical and
socio-economic contexts, and results in different environmental impacts. It is mainly because grassland
provides non-provisioning benefits that this farmland use should and could be supported by public
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policies. Unfortunately, the CAP, including the policy that will apply over the five-year period 2023-
2027, does not sufficiently protect or encourage the environmental benefits that grassland can provide.
We then show how simple principles of public economics may be called to support non-provisioning
ecosystem services of grassland. We conclude by highlighting some trade-offs that such an orientation of
the CAP might induce, and by discussing its compatibility with the GD ambition and objectives.

Importance and diversity of grasslands in the European Union

According to the European Commission (EC) Regulation 1307/2013, permanent grassland and
permanent pasture, hereafter called simply permanent grassland, are types of ‘land used to grow grasses
or other herbaceous forage naturally (self-seeded) or though cultivation (sown) and that has not been
included in the crop rotation of the holding for five years or more’ (EC, 2013). Permanent grassland
differs from temporary grassland of less than five years of age included in the rotation. Both types of
grassland may benefit from decoupled and coupled direct aids of the first pillar of the CAP. Before the
EC defined permanent grassland and temporary grassland, first in 2004 (EC, 2004) and more precisely
in 2013 (EC, 2013), both types of grassland were defined in rather vague terms (Reheul et al., 2004).
However, the EC definition is not without drawbacks, including from a public policy perspective, since it
does not distinguish grassland categories according to the non-provisioning ecosystem services that they
provide, particularly as these non-provisioning services should be the basis of climatic and environmental
measures of the CAP. The problem is exacerbated by the fact that other classifications of grassland have
been developed that rely on other environmental criteria, for example, on high nature value grassland vs
seeded grassland (Baltic Environmental Forum, 2017).

Approximately 50% of European land (4.1 million square km in 2018) is farmed, and approximately
one-third of this farmed area is covered by permanent grassland, with substantial differences between the
various Member States (MS). According to the EC (2021), the 2018 share of permanent grassland in the
total agricultural area was equal to 57.7% in Ireland, 34.2% in the Netherlands, 32.9% in Luxembourgand
28.2% in Belgium, but only to 5.5% in Sweden and 5.7% in Finland. In a general way, this share is lower in
regions where climatic conditions are harsh, notably in northern Europe (EC, 2021). In Mediterranean
Europe, permanent pastures are also a very important land use, for example 31.5% of the total agricultural
area in Portugal. There is even an increasing trend in this land use in less favourable regions because of
extensification and the decline in crop production. In mountainous areas, there is a decline in the total
area of extensive permanent grazing. However, this still does not compensate for the increase resulting
from extensification in the more marginal areas. These figures are subject to uncertainty, some estimates
suggesting more important shares of permanent grassland (Peyraud ez 4/, 2012).

Permanent grassland areas and their shares of total agricultural area have declined since the early
1970s. They continued to decrease after 2000 with differences according to countries and sub-periods.
Furthermore, where their importance increased, it was not because of a ‘positive’ investment choice
in extensive livestock production but more because of a decline of crop production systems and
extensification on the more peripheral and less productive soils. Permanent grassland areas increased
between 2015 and 2018 in most MS, notably in northern, central and eastern countries, as well as in the
United Kingdom; it was stable in western countries and declined in southern Europe of Greece, Italy, and
the South of Spain (Mosquera-Losada ez 4/. (2019). This last sub-period shows that the third greening
measure of the CAP, that applies from 2015 and obliges maintaining the ratio of permanent grassland
in total utilized agricultural arca (UAA), is not a success in all regions. Since a large part of grassland is
permanent grassland, permanent and total grassland areas evolve similarly. In contrast with permanent
and total grassland evolutions, temporary grassland has either been maintained or has increased since the
early 2000s (Mosquera-Losada ez 4/, 2019). In part, this is due to the replacement of decreased permanent
grassland by increased temporary grassland. In southern Europe, the registered increase in permanent
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pastures is often associated with a declining productivity of soils and related abandonment of former
farm systems (annual crops and/or temporary grassland), and seldom with an investment in permanent
pastures valorising the ecosystem services they provide and their fundamental climatic mitigation role.

The diversity of grassland also derives from the variability of grassland management intensity that relates
to three main factors: mowing frequency, fertilization, and grazing pressure and management (Bliithgen
et al., 2012). From that perspective, Estel ez a/. (2018) combined maps of mowing frequency, livestock
distribution and grassland management frequency to define six clusters of similar grassland management
intensity (‘Table 1). They summarized their work by highlighting three main results: first, ‘highest grassland
intensity [in clusters 1 and 2] occurs in regions with the highest grassland productivity’; second, Tower
grassland management [in clusters 3 and 4] was often found in socio-economically marginal regions facing
rural depopulation and abandonment’; third, the lowest intensity clusters 5 and 6 separate West Europe
from East Europe with, in addition, a link to long fallow periods or land abandonment. This kind of work
could be used to regionalize farm policy measures aimed at supporting incomes of cattle producers or
encouraging the provision of environmental services by grassland. This would require combining the map
of grassland management intensity with maps of income distribution and environmental services. Both
are likely to vary in function of grassland management intensity.

European grasslands should be supported on the basis of the non-provisioning
ecosystem services they provide

Strengths and weaknesses of European livestock

Livestock production in the European Union (EU) is increasingly criticised because of climatic,
environmental, health and animal welfare arguments (Buckwell and Nadeu, 2018; Guyomard ez 4/,
2021). Criticisms relate notably to emissions of greenhouse gases (GHG), ammonia, nitrogen oxides and
volatile organic compounds. According to the European Environment Agency (EEA), agricultural GHG
emissions represented 11% of EU-28 emissions in 2018 under the form of three gases: methane (55%)
linked to farm animal digestion (enteric fermentation) and manure digestion, nitrous oxide (43%) linked
mainly to nitrogen fertilization, and carbon dioxide (2%). While European GHG emissions declined
by one quarter between 1990 and 2013 (because of the herd decline in Eastern European countries
after the fall of communist regimes, increased feed efficiencies and improved fertilization practices), they
have been slightly increasing since 2013. As a result, an extension of the short-term trend until 2030
shows that EU agriculture is not on the right track to contribute to the Green Deal objective of zero

Table 1. The six grassland clusters defined by Estel et al. (2018).

Grassland management Determinants of grassland

Cluster intensity management intensity’ Main locations
1 2 3
1 High ++ - - Northern and southern Germany, the Netherlands, Ireland, United Kingdom
2 High ++ + + North-West Europe, notably in Ireland, Wales, the Netherlands, northern France
3 Medium + - + Ireland, northern and central France, United Kingdom, northern and central Spain, Greece
4 Medium + - - The Alps and the Pyrenees
5 Low -- - -- Northern Ireland, United Kingdom, the Netherlands, Germany, Hungary

Northern and southern Germany, United Kingdom, the Extremadura, mountainous areas
6 Low - - - (e.g. Carpathians, central France), eastern Poland, Latvia

" Mowing frequency (determinant 1), livestock density (determinant 2), grassland management frequency (determinant 3); the deviation from the global mean of each determinant
can be greater than 1 (++), between 0 and 1 (+), between -1and 0 (-), and lower than -1 (--).
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GHG net emissions by 2050 (Figure 1). Furthermore, inventoried agricultural GHG emissions do not
include fossil fuel consumption in equipment and buildings, and fossil energy used for the synthesis of
mineral fertilizers. Critics also extend to the land consumption associated with livestock production, as
livestock agriculture requires more land than crops to provide the same level of output, if expressed in just
terms of calories or protein. They also include health considerations related to the impact of the use of
antibiotics in livestock on antimicrobial resistance, zoonosis risks, and adverse health effects linked to an
excessive consumption of animal products, notably red and processed meats. Finally, animal production
is increasingly questioned because of animal welfare considerations.

Specifically, cattle livestock systems relying on intensive grazing practices have negative effects on many
ecosystem services, notably on biodiversity of plants (Herrero-Jauregui and Oesterheld, 2018; Olff and
Ritchie, 1998), insects (Takagi and Miyashita, 2014; Van Klink ¢z 4/, 2015) and other animal species
(we do not address here the question of intensive monogastric systems). Such cattle livestock systems
are often linked to strong decline in vegetation biomass, and many plant species cannot tolerate the very
intensive biomass removal, in particular in unproductive environments where plant regrowth is slow
(OIff and Ritchie, 1998). Trampling by grazing animals and associated soil compaction can decrease
plant biodiversity (Olff and Ritchie, 1998). In addition to antimicrobial resistance issues associated with
the over-use of antibiotic medicine, use of parasiticide medicine in livestock also has negative effects on
biodiversity, especially on arthropod populations (Floate ez 4/, 2005).

However, too often, critics forget the other side of the coin. The economic, social and cultural importance
of EU livestock production can be illustrated by three figures: around 40% of European agricultural
production is provided by animal production, more than 50% of agricultural holdings have farmed
animals, and European livestock farms account for several million direct jobs — 4 million in 2010
according to the Animal Task Force (2017). Some livestock systems, notably grassland-based extensive
systems, provide environmental benefits by sequestering carbon, improving water and soil quality,
preserving biodiversity and maintaining diversified open landscapes (Dumont ez /. (2019). Many of
them are classified as High Nature Value (HNV) farming systems, for example the extensive grazing
under open tree cover in the sylvo-pastoral systems in Iberia (Bugalho ez 4/, 2018; Pinto-Correia ez 4l
2018). As HNV, these grassland-based systems provide a series of ecosystem services far beyond climatic
and environmental benefits. Farmed animals recycle biomass and protein that cannot directly be used as
human food (Mottet ez al., 2017). In particular, ruminants use grasslands or other lands that cannot be
cultivated and hence cannot be directly used to produce food for human consumption. Meat products

GHG emissions of EU-27 agriculture
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Figure 1. EU-27 Agricultural GHG emissions in million tons of carbon dioxide equivalent (MtC0,eq), evolution 2000-2018 and projections to
2030 (Guyomard et al., 2020 from EEA data).
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consumed in accordance with nutritional recommendations provide proteins of high nutritional quality
(containing the nine essential amino acids), micronutrients and bioactive components. Likewise, dairy
products provide calcium, iron and magnesium that are crucial for bone development.

Why support grasslands?

Many of the positive and negative impacts of animal production and consumption are public goods or
public bads (i.e. positive and negative externalities) that are not — or only very partially — taken into
account by private markets. It follows that there is very likely an under-provision of public goods and
an excessive provision of public bads. These market failures open the door for public policies in order to
reduce the damage and increase the benefits linked to animal production and consumption.

From that perspective, Guyomard ez 4/. (2021) recommend an enhanced application of the polluter-pays
principle (PPP) targeted on negative climatic, environmental and nutritional externalities. This could be
achieved by taxing the latter, which would send the right price signal to all actors in the food chain, from
producers to final consumers, in a context where current prices highlight inadequate pricing of animal
products (Pieper ez al., 2020). They point out that it will be very difficult to obtain a political agreement
on a European taxation scheme. They then show that the same climatic and environmental outcome on
the supply side could achieved by a second-best policy relying on the current instrumentation of the CAP,
more specifically by effectively reinforcing climatic and environmental requirements that a producer
should respect to receive CAP subsidies (for more details on CAP conditionality, see the section below).
This policy of penalizing negative externalities in accordance with the PPP would increase the legitimacy
of its counterpart, the provider-gets principle (PGP), which will aim at increasing the provision of
amenities, in particular those linked to grassland-based systems. It is because grassland systems may
provide non-provisioning services — by sequestering carbon, saving natural resources and improving their
quality, protecting biodiversity and maintaining diversified open landscapes that are more resilient to
extreme weather events such as wildfires — that they could and should be supported by public policies.
However, this may create tensions between different policy tools (Pinto-Correia and Azeda, 2017). A
direct consequence of the PGP is that corresponding incentive payments should be proportionate to
provided amenities: the greater the services, the higher the payments. This means that it is time to shift
from a logic of cost compensation based on an obligation of practices to a logic of payments for climatic
and environmental services based on an obligation of results/impacts (Herzon ez 4/, 2018). There are at
least two problems with this approach. First, it requires the measurement of climatic and environmental
services that vary according to grassland systems. It also requires reliable results-based indicators. Second,
strict proportionality to services that are provided may lead, because of the CAP budget constraint, to
insufficient payments per hectare in regions where viable alternatives to grassland-based systems do exist
and where it is very important to maintain the latter from a climatic and environmental point of view.

Before explaining how grassland could be efficiently supported through the CAP, it is necessary to
explain how the current CAP supports — or not — grassland in the general framework of regulations
applied to animal production.

Support to European grasslands through the CAP

A very brief bistory of the CAP

The CAP is 60 years old (Chatellier and Guyomard, 2022). The policy aimed at increasing agricultural
productivity thanks to technical progress and sectoral restructuring, increasing farm incomes,
stabilizing agricultural markets, and ensuring sufficient food availabilities and reasonable food prices
for European consumers. The instruments used to achieve these objectives were the guarantee of
production prices (thanks to public purchases) completed by trade instruments, more specifically
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variable import duties to limit imports from third countries and variable export subsidies to bring back
European export prices to world prices. During this first period, they were no explicit environmental
objectives and instruments.

This first CAP was an unquestionable success if the latter is measured against productive objectives,
allowing notably the EU to become a net exporter of agricultural and agri-food products despite
successive enlargements to countries that were often net importers. The first drawbacks appeared from
the mid-1970s and became more significant in the 1980s. They were linked to the downward trend
in real farm incomes, the increase of CAP budgetary expenditure, the uneven distribution of support
among products, producers and countries, and the first negative impacts of modernized, intensified,
simplified and specialized crop and livestock systems on natural resources and the environment. Specific
and sectoral measures were adopted during the 1980s to address these challenges, notably by introducing
milk quotas in 1984 and crop set-aside a few years later. However, it is mainly because of the external
pressure that the CAP was reformed in 1992, the EU being, rightfully, accused of competing unfairly on
international markets thanks to this policy.

The 1992 CAP reform has defined the path that we are still on today, 30 years later. The path chosen
was to progressively eliminate trade-distorting instruments by suppressing guaranteed prices and export
subsidies, and by disciplining import measures. These provisions allowed the EU to sign, two years later,
the Uruguay Round Agreement on Agriculture (URAA). The latter still governs world agricultural trade
in a context where the current round (Doha Round) has not yet been completed. However, bilateral
agreements are multiplying. Like the URAA, the latter do not include significant commitments aimed
at better protecting natural resources and reducing agricultural GHG emissions. Price tools (supported
by both the consumer and the taxpayer) were replaced by direct aids (supported by the taxpayer) that
were progressively disconnected from production choices and volumes. Although around 10% of direct
aids remain coupled to production, essentially in the sectors of small and large ruminants (notably for
suckler cows), the decoupling process of income support measures, initialised in 1992 and continued
in subsequent reforms in 1999 and 2003, is now achieved with European prices close to world prices
although generally higher thanks to tariff and non-tariff barriers on imports. However, CAP measures
adopted since 1992 have failed to significantly reduce agricultural GHG emissions and curb biodiversity
loss in agro-ecosystems. This raises the central question of the future of decoupled income support direct
aids (that still today represent the lion’s share of CAP budget, around 65% with disparities among MS),
in a context where the issue of unequal distribution of this budget has not been really resolved despite
several policy changes aimed to address this question (2008 (2013 and 2022) and in a context where
climate and environment issues are more and more important and urgent.

The progressive integration of environmental objectives and measures in the CAP

From 1992, the CAP has progressively included environmental objectives and measures focused first on
diffuse pollutions, and more recently on climate change and biodiversity. Until now, success was very
limited and mainly local (Dupraz and Guyomard, 2020).

CAP payments for Less Favoured Areas (LFA) were introduced in the 1970s. Their primary objective was
to support incomes of farmers located in these areas with, in addition, positive environmental benefits
linked to the maintenance of agricultural use of land and diversified landscapes. The payments have
benefitted cattle livestock producers who are proportionally more numerous in LFA.

Implementation of Agri-Environment Schemes (AES) became obligatory for MS from 1992. Very

quickly, the different MS have developed a large range of AES on a large spectrum of ecological objectives
(Uthes and Matzdorf, 2013). AES were renamed Agri-Environment and Climate Schemes (AECS) from
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2015 to reflect the addition of climate change as an explicit objective. AECs cover today around 25%
of European farmland. Defined at the level of each MS, they include (1) system measures at the farm
scale (for example, in France, measures targeted on grazing and pastoral systems that aim at maintaining
practices favourable to the environment: low stoking rate, no pesticide use on permanent grassland, no
ploughing of permanent grassland areas); (2) localized action measures at the scale of the parcel of a set
of parcels (measures targeted on the preservation of wetlands, the protection of biodiversity, the quality
of soils, water or landscapes); and (3) non-zoned measures targeted on the protection of bees, endangered
plant species and breeds, etc. AECS are voluntary instruments. Despite some well-documented drawbacks
(Cullen ez al., 2018), AECS can be efficient instruments. However, very often, farmers chose measures
that were less damaging from an economic point of view and that have low environmental benefits (Azeda
et al., 2021). A supplementary weakness is that AECS only compensate farmers for income forgone
linked to the use of more environmentally friendly practices or systems. Conversion subsidies to organic
farming are a specific example of AECS.

The second environmental tool of the CAP was introduced in 2003 and applied from 2005. From that
date, the granting of first-pillar income support direct subsidies is conditional on compliance with (1)
minimum Statutory Management Requirements (SMR) related to public, plant and animal health, food
safety, animal welfare, and environmental protection,; and (2) Good Agricultural and Environmental
Conditions (GAEC) corresponding to basic farmland management rules. Unlike AECS, cross-
compliance covers the whole agricultural area. Until now, cross-compliance was, however, not sufficiently
constraining to significantly reduce the negative environmental footprint of European agriculture.

The third environmental instrument was introduced in 2013. It conditions the granting of 30% of first-
pillar direct aids to the respect of three criteria relative to the maintenance of permanent grasslands,
minimal crop diversification and a minimal preservation (5%) of agroecological infrastructure such as
trees, hedges, wetlands, etc. More specifically, the ratio of permanent grassland to agricultural land should
not decrease in each MS, with a 5% margin of flexibility. The criterion can be applied at the regional level.
In addition, each MS must designate areas of environmentally sensitive permanent grassland that cannot
be ploughed or converted. These sensitive areas cover around 18% of permanent grassland, mainly (more
than 95%) within Natura 2000 areas since only six MS have designated such sensitive areas outside Natura
2000 areas. This third environmental instrument (called the greening payment) has been heavily criticised
for its low environmental efficiency. According to the European Court of Auditors (ECA), ‘greening as
currently implemented is unlikely to provide significant benefits for the environment and climate’ with
too weak requirements to significantly change practices and systems (ECA, 2017). In particular, the
Court shows that the ratio of permanent grassland on total farmland has slightly increased from 28.6%
in 2007-2014 to 30.1% in 2016. However, changes in the percentage value mask a decrease of 3 million
ha in permanent grassland between the two periods (from 47 to 44 million ha), the ratio increase being
linked to the more important decrease in the denominator (from 164 to 145 million ha). The Court
adds that the permanent grassland criterion must be better targeted and ‘should focus on parcels with
a high carbon content already accumulated in the soil, many of which are likely to be located outside
Natura 2000 areas’ (ECA, 2017). In the CAP that will apply from January 2023 over the five-year period
2023-2027, greening will be suppressed and corresponding requirements included in cross-compliance
renamed conditionality.

The green architecture of the 2023-2027 CAP

The green architecture of the 2023-2027 CAP is displayed in Figure 2, and compared with that of the
current CAP (Figure 2). It will continue to combine mandatory and voluntary measures. Mandatory
instruments correspond to conditionality that includes current cross-compliance and greening for
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Figure 2. The green architecture of the current (2014-2020) and future (2021-2027) CAP (Lotz et al,, 2019).

globally unchanged constraint levels. Voluntary instruments include Pillar 2 AECS with only marginal
changes with respect to today, and a new environmental instrument in Pillar 1 called eco-scheme.

Eco-schemes have several features in common with AECS. Both measures are targeted on the three
climatic and environmental specific objectives of the CAP. Both are granted per hectare. Both are
mandatory for countries but optional for beneficiaries. They differ by the fact that eco-schemes are an
instrument of the first pillar and thus are fully funded by the European budget, while AECS are co-funded
by national/regional authorities because they belong to the second pillar. Like AECS, eco-scheme aids
could be granted in compensation for extra costs incurred or income foregone induced by the adoption
of more environmentally friendly practices. However, although MS will very likely not use this possibility
in an important way, eco-scheme aids could also be designed as fixed top-payments to basic income
support aids. This alternative should be encouraged because it opens the door for the implementation of
climatic and environmental payments more explicitly linked to the provision of corresponding services.
Unfortunately, like conditionality and AECS, the first drafts of CAP National Strategic Plans (NSP) are
not very ambitious from a climatic and environmental point of view (Runge et al., 2002). In particular,
according the EEB (European Environmental Bureau) and BirdLife International (2022), ‘only two
countries (Czech Republic and Finland) score well on [the grassland protection] dimension, indicating
that most national CAP plans will lack strong enough measures and targets to protect and sustainably
manage grasslands. This is notably the case for Austria, France, Hungary, Ireland, Lithuania, Portugal
and Spain’

How to support European grasslands thanks to the CAP?

Grasslands and conditionality

It is of considerable concern that the conditionality requirements of the next CAP will be hardly more
demanding than cumulated commitments of cross-compliance and greening (Guyomard ez a/., 2020).

Grasslands are targeted through GAEC #1 which aims to maintain permanent grassland areas on the
basis of a ratio of permanent grassland on total agricultural area at national, regional, sub-regional
or holding level, with the tolerance of -5% relative to a base period that can be either 2015 or 2018
(at the choice of the MS). GAEC #1 replaces the eponymous greening measure of the current CAP
that has been heavily criticised (ECA, 2017). Grasslands are also targeted through GAEC #9, which
prohibits the ploughing of permanent grassland in protected sensitive areas. To date, the latter were,
with rare exceptions, restricted to permanent grassland areas in Natura 2000 zones. Preserving and
increasing permanent grassland play a key role in the maintenance and creation of carbon sinks.
Except in Natura 2000 areas, conditionality requirements will not prevent a permanent grassland
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area from being ploughed provided that an equivalent area is converted into permanent grassland,
with associated negative impacts for both carbon storage and biodiversity since the older permanent
grassland would be expected to have higher carbon storage and biomass diversity (Lotz ez al., 2019).
We thus recommend strengthening GAEC #1 by an application at the level of the holding with a
reduced tolerance of say -2% and using a reference period that is not updated (i.c. using 2015 as the
reference period). For GAEC #9, each MS should have a stronger ambition. This could be done by
starting from areas currently protected by this measure (following a no-backsliding principle) and by
gradually increasing the surfaces over the period 2023-2027 on the basis of an action plan that will be
defined, monitored and controlled in each NSP.

In addition, it is important that all farms and all farmland uses include non-productive areas and elements
dedicated to biodiversity preservation (Guyomard et 4/, 2020; Meredith and Kollenda, 2021). In the
framework of the 2023-2017 CAP, this requirement s restricted to arable farms and lands though GAEC
#8. The latter should be extended to all types of farms and farmland uses with adjustments of coefhicients
used to weight the different ecological focus areas in order to better coincide with biodiversity services
they provide (Peer et al., 2017).

Grasslands and incentives

Enhanced GAEC #1 would define the basis level below which the PPP would apply through
conditionality, and above which the PGP would apply through an eco-scheme specific measure targeted
on the remuneration of non-provisioning services provided by grasslands Ideally, the payment should
be proportional to services that cover carbon storage, biodiversity protection, water regulation and
quality, and soil quality. A simplified and immediately operational scheme would distinguish six types
of grasslands corresponding to increasing levels of services; more specifically: (1) temporary grassland
without legumes, (2) temporary grassland with legumes, (3) permanent grassland between 5 and 10 years
without legumes, (4) permanent grassland between 5 and 10 years with legumes, (5) permanent grassland
above 10 years without legumes, and (6) permanent grassland above 10 years with legumes (Figure 3).
Three payment levels will be proposed (blue bars) with a bonus (orange bars) for legumes.

The y-axis of Figure 3 corresponds to basic payment levels and bonuses for legumes, but is not detailed in
so far as where it depends on budgetary constraints. In addition, the scheme should take into account the
fact that it is likely to be more important to increase the climatic and environmental quality of grasslands
where the latter is threatened by grassland intensification and/or crop conversion, than to support the

Eco-scheme specific measure targeted on grassland

Payment level

TG without TG with legumes PG<10 without  PG<10 with  PG>10 without = PG>10 with
legumes legumes legumes legumes legumes

Types of grassland

Figure 3. Definition of an ecoscheme specific measure targeted on the supply of non-provisioning services by different types of grasslands.
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incomes of livestock producers relying on extensive management of grasslands in regions where there are
no or only very few alternatives to permanent grassland. The income support objective must be targeted
by CAP income support instruments, notably CAP payments for Less Favoured Areas (LFA) that were
introduced in the 1970s. Although the main objective of LFA payments is to offset additional costs
and/or lower incomes in these areas, they can also offer environmental benefits by limiting farmland
abandonment and maintaining an agricultural activity beneficial for the environment thanks to natural
constraints enforcing extensive management practices and systems, notably permanent grassland-based
systems.

The climatic and environmental urgency implies there is a need for better protection of grasslands and
for increased supply of the non-provisioning services they can provide. It is urgent to do so as quickly as
possible. Coupled with enhanced conditionality, the grassland eco-scheme measure proposed above aims
to respond to this urgency. Demonstrators whose objectives would be to enable better quantification of
the non-provisioning services that the different types of grassland provide should complete the measure.
This would make it possible to adjust the proposed grassland eco-scheme measure progressively (types of
grassland that should be taken into account, likely by differentiating them regionally, payment levels). This
would also make it possible to generalize payments for providing climatic and environmental outcomes
based on an obligation of results (impacts). This opens the door for such payments to be funded not only
by the taxpayer through the CAP, but also by the intermediate and final user through bilateral contracts
or ecological service markets.

Concluding remarks: How to manage trade-offs? Is grassland protection in line
with the Green Deal ambition and objectives?

Any CAP reform that would be (more) ambitious from a climatic and environmental point of view
should explicitly address the potential trade-offs that such an ambition could entail, notably a potential
trade-off between climatic and environmental objectives and economic impacts. This trade-off is too
often used as a pretext for not moving (the szatus quo) while many proponents of a strong climatic
and environmental CAP ignore the economic dimension of sustainability. Many action levers could
be used to alleviate the trade-off by playing on the length of the transition period, by exploiting all
productivity gain sources including precision farming and genetics, by increasing vertical (along food
chains) and horizontal (among actors within territories) solidarities, etc. In addition, new sources of
incomes based on the development of results-based payments for climatic and environmental services
and the use of pollution and health savings that would be generated by more environmentally-friendly
and healthier agricultural and food systems are promising avenues to explore. Pilot demonstrators
defined and implemented in various contexts, with clear ecological targets, validated result-based
indicators and dedicated budgets, are a promising avenue for progress, allowing for learning, notably
by experimenting and doing.

Are our recommendations for grassland protection and the remuneration of grassland services
compatible with the European GD? The latter sets ambitious quantitative targets implying significant
reductions in the use of pesticides (-50% by 2030), fertilizers (-20%) and antibiotics (-50%), and
large increases in agricultural land under organic farming (25%) and in high-diversity landscape
features (10%). European agriculture is not on the right track to meet these targets, and the 2023-
2027 CAP will very likely be insufficient to reverse unfavourable trends (Guyomard ez al., 2020).
Unlike the CAP, the GD is not restricted to farm aspects. It rightfully adopts a whole food-chain
approach by pointing out that an increasing proportion of the European population does not comply
with dietary recommendations. Policies that are much more ambitious are needed in this area with
health/nutrition and ecological benefits in the centre. This means that the GD ambition could not
been achieved without both supply and demand side policies. Many policy instruments relying on
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education, information campaigns, food labels and fiscal tools can be used to change inadequate
consumption patterns (Guyomard ez 4/, 2021). These demand side measures will aim to reduce the
excessive consumption of animal products, including red meat and dairy products. This means that
they will try to take into account public costs associated with inadequate food patterns (penalization
of negative externalities), in accordance with supply measures we propose for the remuneration of the
non-provisioning services that grasslands may provide (recognition of positive externalities).

At the time we were writing this paper (March 2022), the war in Ukraine was accelerating changes that
we could not have foreseen just some weeks previously. Against that dramatic framework, one may fear
that environmental and social objectives, budgets and instruments take a back seat. However, ‘it is only
backing up to better change’. The resilience of European food systems requires urgent and important
changes, including by addressing their direct and indirect (such as fertilizer cost) dependency on fossil
resources. In that perspective, grassland-based systems are also an opportunity that justifies public
support.
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Permanent grassland and ruminants are a key component
of the agroecological transition in Europe - findings from
the “Ten Years For Agroecology’ scenario
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Abstract

While the importance of permanent grasslands (PG) for the conservation of high nature value habitats
is often acknowledged, their role in most of the main sustainable food system scenarios published in the
last few years is not made explicit. In the best case, the place of permanent grassland in scenarios and the
policy agenda is their conservation; in the worst-case scenario, they are simply replaced by afforested
land or cropland, considered as a better option when focusing on greenhouse gas (GHG) emissions
only. In this paper, we defend the idea that several misinterpretations of the positive and negative
impacts of ruminants, the ‘natural’ users of PG, and explain why these latter are poorly addressed by
most scenarios. Based on the findings of an agroecological scenario for Europe — TYFA, standing for Ten
Years For Agroecology — in which extensive permanent grassland and ruminants play a prominent role
for biodiversity conservation, nitrogen cycle and climate change mitigation and adaptation altogether, we
call for a research agenda that would better inform the specific role of PG in the provision of ecosystem
services — and in particular those depending on nitrogen management.

Keywords: permanent grassland, scenario, agroecology, biodiversity, climate change, livestock, nitrogen

Introduction

Here we defined permanent grassland (PG) as herbaceous and non-herbaceous (ligneous) vegetation
used for grazing and/or mowing, provided that it has not been ploughed for 5 years or more. It thus
includes rangeland, such as garrigue, moorland, etc. This definition is consistent with the most recent
one in the Common Agricultural Policy. In Europe, these PG have an ambivalent position in the agri-
environmental debate. On the one hand, they are acknowledged as paramount for natural resource
conservation. Their role in sustainable water resource management — and, reciprocally, the impact of their
subsequent ploughing in releasing important quantities of nitrates and carbon - is well known (Strebel
et al., 1989). In addition, when extensively managed, with low stocking rates, their irreplaceable role for
biodiversity conservation in High Nature Value systems is also well understood (Veen ez al., 2009). The
list of services they provide puts PG at the centre of many reflections on multifunctional agriculture in
Europe (Ryschawy et al., 2017; Schils ez l., 2022). These attributes also explain why they are protected
through the CAP regulation for instance.

On the other hand, while the importance of permanent grassland is recognized, their ‘natural’ managers,
namely ruminants, are subject to strong criticism. They are blamed for several reasons, ranging from high
demand for water (through the amount of water needed to produce 1 kg of beef meat) to inefficient use
of feed and thus of land, compared with other grain-fed livestock, poultry and pigs (Herrero et al.,2013).
But the strongest case against herbivores probably concerns their methane emissions (Steinfeld ez 4l.,
2006). In short, permanent grasslands are praised for their biodiversity and the ecosystem services they
provide, most visible at a local scale, but ruminants fed by them are blamed for their impact on climate
change, generally when considered at a global scale (Garnett et al., 2017). A recent report issued from a
joint workshop between IPBES and IPCC (Pértner ez 4/., 2021) put it in a similar way: PG needs to be
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conserved and not converted to produce bioenergy; but beef and dairy consumption should be reduced
to a minimum. How PG will then be managed remains an open question in such a perspective.

This paper takes a broader perspective to further explore this tension and explore in particular the role
that PG and ruminants could play in the functioning of sustainable food systems. Our analysis is based on
a review of recent sustainable food system scenarios published in the EU over the last five years (Duru e#
al.,2021), and more particularly the TYFA scenario (Poux and Aubert, 2018). In the first part, we present
areview of how existing scenarios address the role of PG and ruminants and point out several limits. The
second part presents the conceptual framework underpinning the TYFA scenarios along with its key
results. Overall, we show under which conditions the apparent contradictions between PG (desirable)
and ruminants (undesirable) can be overcome. The conclusion identifies key science and policy areas to
further investigate for the design of fully sustainable food and agricultural systems, in which PG and
ruminants can play a determining role in the European context.

The role of PG in food system scenarios

An agenda dominated by climate change mitigation

In the EU, the agriculture-environment debate has become dominated by climate issues, even though
biodiversity conservation, and the role PG could play therein (Simoncini ez /., 2019), — is not at all
absent. As such, climate mitigation is, by large and far, considered as the top priority of most sustainable
food system scenarios published recently. On the contrary, biodiversity is considered as a ‘bonus’ that
is addressed only by a limited number of scenarios adopting a multifunctional perspective (Duru ez 4/,
2021).

The analysis of this set of scenarios has been extensively explained (Duru et 4/, 2021). It shows that to
reach their objectives, the vast majority of the scenarios rely on (a) a reduction of livestock - including
ruminants; (b) carbon sequestration through afforestation; (c) important land use changes through
simultaneous increases in yields and afforestation.

Except TYFA, which will be presented further in this paper, and Future Nordic Diet, the other scenarios
consider permanent grassland mostly as potential land to be taken for afforestation. Assumptions range
from nearly all PG being afforested (with a net C gain) to some PG being conserved for biodiversity
reasons — but with no key role in food production. This well illustrates the tensions between the need to
conserve PG; and the objective of reducing greatly the ruminant herd. In some case, ruminants are also
replaced by biogas in an expected win-win-win prospect (grassland + bioenergy + methane emission
reduction).

The limits of the prevailing approaches with regards to permanent grassland

A first type of scenario attributes a very limited role to PG, through to no role at all (#1,2, 4, 5, 8, 9, 10,
11 and 12 in Table 1), for two major reasons. The first reason is that ruminants are harmful for the climate
and for human health and can be easily substituted by other, more climate efficient, sources of food. The
second reason is that despite their potential biodiversity interest, permanent grassland afforestation is
considered as a no-regret option as it could store more carbon, provide renewable fuel (although thereisa
contradiction in terms between storing carbon and using it in renewable energy) and support biodiversity
conservation, assuming that forested areas are also good for biodiversity by nature, as distinct to that role
as provided by permanent grassland. This framing leads to a strong reduction of both ruminants and
permanent grassland — or even their total disappearance — even though such extreme assumptions are
not necessarily spelled out.
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Table 1. Scenarios analysed in (Duru et al.,, 2021) — Note that TYFA has been issued by the authors of the present paper and will be presented
further.

#  Name of the scenario Year of issue  Level of analysis Authors/sponsor(s)

1 Achieving net zero farming’s 2040 goal 2019 United Kingdom National Farmers Union

2 (limate neutrality in 2050 2017 Denmark Danish Food and Agricultural Council
3 Future Nordic Diet 2017 Denmark, Sweden, Norway, Finland Karlsson et al.

4 Achieving net zero 2020 Haut conseil pour le climat

5 Pathways to sustainable land-use and food systems 2019 17 territories of the EU FABLE Coalition/IIASA

6 Scenarios for an ecological transition for Walloon farming) 2019 Wallonia Université Catholique de Louvain
7 TYFA 2018/2019  European Union IDDRI, AScA

8  Net Zero emissions in agriculture 2019 European Union IEEP/ECF

9 Long term strategy for Europe 2018 European Union I1ASA (Globiom)

10  Vision 2050 2014 France ADEME

11 Global Warming of 1.5° IPCC Special report 2018 World IPCC (GIEC)

12 Afterres 2011/2016  France SOLAGRO

A second type of scenarios/models (#3, 6, 7 and 12) better recognizes the role of PG for biodiversity,
when extensively managed, i.c. (a) in the absence of mineral nitrogen fertilizer and (b) when stocking
densities are adapted to the natural primary productivity. Ruminants are also acknowledged as providers
of milk and meat, with a genuine important nutritional role in ensuring adequate calcium intake. The
issue is to find the right balance between their positive role and the need to limit their place in the food
system, both in diet and in methane emissions. Modelling assumptions help to set the maximum number
of hectares and livestock head to conserve an acceptable envelope of permanent grassland for landscape
and biodiversity while minimizing the share of ruminant-based food in the diet, for the sake of reducing
methane emissions.

A first conceptual limit in the first type of scenarios described is that they overlook the role of extensive
permanent grassland in biodiversity conservation, especially in the European context. When they intend
to care for biodiversity, they implicitly assume that a land use change from grassland to forest can bring
another type of biodiversity, different in nature from the one present in PG, but comparable in value.
While in some places, moving from intensively managed PG to forest will indeed improve the biodiversity,
this vision does not consider the fact that biodiversity value stands on the diversity of types of habitats.
It also ignores the long term processes that have made PG so important for biodiversity conservation in
Europe (Pirtel ez al., 2005), and the fact that just under 30% of all habitats the EU has set to conserve
as per the Biodiversity Convention are indeed dependent upon extensive livestock systems, and thus
PG (Halada et 4., 2011). In short, replacing most high nature value permanent grasslands with forests,
even forest with biodiversity interest, would decrease Europe’s overall biodiversity. More fundamentally,
this interpretation misses the fact that extensive PG also contribute to maintain biodiversity within
agroecosystems and thus provide fundamental ecosystem services, amongst which are pollination and
pest control (Dainese ef 4/., 2019). Last but not least, such a vision does not consider the important
cultural dimensions dealing with open landscapes, including well-being in open landscapes, and the
heritage associated with high quality products obtained from animals fed on extensive PG.

A second conceptual limit regarding how PG are considered lies with their role in nutrient cycles — both

N and C - and hence their role in climate change mitigation. In most scenarios, the claim for limitation
of the share of PG and ruminants in the food system rests on the following assumptions: that ruminants
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emit more methane than the Co, equivalent that can be stored in PG, whereas forests have a net positive

carbon balance (Garnett et 4l., 2017). This simplistic approach has at least two limitations:

e Most models do not account for the nitrogen (N) supply from permanent grassland while Eurostat
estimates that PG supply 2/3 of the overall proteins consumed by EU livestock (Eurostat, 2021). Yet
PG, when legumes are abundant, provides symbiotic nitrogen and the impact on the environment
is much lower than nitrogen from synthetic fertilizers; we therefore consider PG to be fundamental
N suppliers and that extensive mixed ruminant systems to be unique conveyors of such organic N to
arable land - the impact of which being, in temperate areas, considerably less important than that of
mineral fertilizers (Buendia ez 4., 2019) (see below). As such, most models tend to give a distorted
image of the impact of methane emissions against that of N,O (Lynch ez al., 2021).

e With regards to methane, most reasoning assimilates the impact on climate to the annual emission
level alone, calculated through the use of an ‘equivalent COZ’ impact over a period, generally 100
years. This simplification does not consider the short life of methane, the warming impact of which
is very strong but the effect does not last (a “flash’ effect), due to the fact that half of the molecules
decay into CO, + H,O after a period of 12 years. When the methane comes from a biogenic cycle
(i.e. a present cycle, as opposed to the release of fossil methane), which is the case in agriculture,
the decay of CH, into CO, at the end of the cycle is ‘compensated’ by the initial fixed CO, in the
cycle through photosynthesis. This peculiarity completely alters the understanding of the impact of
methane emissions on climate change: a stable level of emissions of biogenic methane from a sector
does not increase global temperature (livestock in our case, but the same applies to irrigated crops,
such as rice). Reciprocally, an increase or a decrease in emissions will respectively lead to higher
temperature (increase the powerful flash effect of CH 4) or, when decreasing, to a so-called ‘cooling
effect’ (Allen ez al., 2018b; Lynch ez al., 2021). Finer analysis taking into account the heating power of
the flash effect of methane on oceans results in a neutral impact of methane emissions being obtained
for changes of -10 to -15% in 12 years (Allen ez 4/., 2018a).

This rapid overview of existing scenarios shows that the links between the management of the carbon
cycle (and the understanding of its impact on climate change), the nitrogen cycle, yields and overall land
use change should be better analysed together. In particular, any gains arising from greatly reducing the
numbers of ruminants should be set against the nitrogen budget that they contribute to: when it comes to
replacing synthetic N by organic N from manure and the subsequent carry-over effect, there is a balance
with methane emissions to better factor in. This is what we propose to do in the next section.

TYFA: another outlook on biodiversity, livestock and permanent grassland

The conceptual basis of TYFA

Against this backdrop, the modelling underpinning the TYFA scenario (Poux and Aubert, 2018) was
developed to better take into account biodiversity conservation issues wizhin agricultural landscapes,
along with climate change. As such, it puts the emphasis on two central dimension of agroecosystem
management: the absolute level of synthetic inputs used (e.g. Geiger e al., 2010), and the level of
landscape heterogeneity (e.g. Fahrig ez 4/., 2011). Within this perspective, PG and ruminants are given
specific attention for their role in both N/C cycles and landscape structuration. This approach is rooted
particularly in the High Nature Value (HNV) conceptual framework (Lomba ef /., 2014; Strohbach
et al., 2015), whose contribution to a better understanding of the role of extensive livestock systems
and semi-natural vegetation as the backbone of biodiversity in European open landscapes has been
instrumental.

To explore how to resolve tensions between biodiversity and natural resources conservation, and climate
change mitigation, the TFYA scenario rests on a biomass-balance model (called TYFAm hereafter)
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organized around five compartments between which material and energy flow, and which are connected

systemically (Figure 1):

1.

Crop production, resulting from a certain European land use (distributed between arable land,
permanent crops, permanent grasslands and agro-ecological infrastructures: hedges, trees, ponds,
stony habitats, sunken paths) and the associated yields.

Livestock production, fed by a fraction of crop production, some of which may compete with human
food (for example cereals), while the rest does not (grasslands and co-products).

Demand for food, which is the result of individual eating habits and a given level of population
growth in Europe, and is covered by both European production and imported products.
Non-food/industrial demand for biomass (energy and biomaterials), which can once again be covered
by a mix of European production and imports.

Finally, the nitrogen flows associated with the functioning of and interactions between the first four
compartments largely determine the level of soil fertility. The analysis of N flows takes into account
the different types of inputs (synthetic nitrogen, animal feed imports, symbiotic fixation, transfers by
manure) and exports (livestock and crop production).

For each compartment, the TFYA scenario proposes detailed and quantitative assumptions (on yield,
crop rotation, input-output ratio, human diets...). This set of assumptions is outlined below (Figure 2
and detailed in Poux and Aubert, 2018). It aims at addressing the following key questions: within the
‘European farm), what level of production is compatible with the multiple objectives of biodiversity
conservation and climate mitigation? Is this level of production sufficient to feed Europeans or to
generate a surplus, and under which conditions in terms of their diets?

Export-import

Ty

Non-food uses

Plant production Human food
. Animal production
Animal feed
‘ Yields . I l 'l !' y
Crops )
b .
% ﬁ‘i ﬁy )#% ) g ’ Manure
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@ Animal production and associated feed requirements «p Nitrogen flows between compartments

Figure 1. Logical structure of the model underpinning the TFYA scenario.
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Figure 2. Key assumptions of the TYFA scenario.

The role of PG in TYFA: a key component for multifunctionality

PG play a central role in the overall TYFA scenario for both food production and the provision of
ecosystem services, under the assumption that they are extensively managed (see above). These conditions
are central for two reasons: the first is that mineral fertilization of PG is negatively correlated with the
number of flora and thus fauna species. This is all the more important as extensive PG are statistically the
most significant land use category under semi-natural vegetation, the importance of which for ecosystem
services provision in agro-systems is well acknowledged (Garibaldi ez 4/, 2020). The second reason is that
the absence of mineral N fertilization fosters spontaneous N fixation through free and symbiotic bacteria
in PG ecosystems, thus maximizing the natural inflow of this element in a large share of agro-ecosystems.

The capacity of PG to provide food and ecosystem services is determined by the balance between: (a)
the maximum amount of N such extensive PG can fix through symbiotic fixation — with an upper limit
determined by the share of legumes in the flora community and the overall yield, and (b) the subsequent
net N export from ruminants in the form of milk and meat, and mostly as manure.

Our calculations show that this balance is tight. TYFA modelling assumes a net export of around 90-100
kgN ha'l PG year'!, based on PG yields of, on average at the EU level, 5 tons of dry matter ha! and 2 30%
share of legumes in PG (following empirical results and a meta-analysis, presented respectively in Bignal
(2000) and Smit ez 4/. (2008)). On the other hand, current models suggest an N supply from symbiotic
fixation of around 70-80 kg ha'! (see below our assumption of net export). However, such models are
statistical and calibrated on data covering a wide variety of grasslands, amongst which some are fertilized
(as shown in Einarsson ez al., 2021) and thus do not reflect the specificity of truly semi-natural grassland.
More generally, analysis of N fluxes in extensive systems has been understudied and quantified and the
apparent shortage in N supply from symbiotic fixation can be covered by N aerial deposition and fixation
by free living bacteria (Roper and Gupta, 2016). Allin all, there is a need for further research in this field,
on most occasions extensive PG are conceptually considered as grasslands with a 0 value on a gradient
ranging from 0 to say 180 uN ha! or more. We defend the idea that a low-input PG ecosystem develops
an N-fixation mechanism that is functionally different from a PG with a high mineral-N legacy or input.

This analysis based on the N cycle helps to make more explicit the key ecosystem services that PG provide
in the TFYA scenario in addition to their existence value for biodiversity conservation purposes. At the
landscape level, low-input management of PG will go along with the provision of non-polluted water due
to the absence of pesticide use and the highly limited risks of N runoff under low-fertilized PG.

At the level of the whole agroecosystem, considered as a combination of PG and semi-natural components
with arable, typical of mixed systems, N provision under an organic form (through N fixation and its
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subsequent transfer to arable land in the form of animal manure) has a double benefit. Because the release
of mineral N (through mineralization of organic N) is slow and scarce, it first respects the soil ecosystem
functioning, provided adapted tillage (e.g. superficial ploughing or no-ploughing when possible), while
mineral-N fertilization will alter this latter. This, together with the assumption of pesticide-free cropping
system, in turn allows the conservation of soil life and avoids inhibiting nitrogen fixation in cropping
systems (Fox ez al., 2007), thus enhancing this function in rotations.

Another benefit of organic N fertilization is the reduction of volatilization, in the temperate context,
as mentioned above (IPCC, 2019). The 2.6 times less N,O emitted from organic fertilizers compared
with that from mineral fertilizers is highly significant for the primary GHG emitted by agriculture as a
whole. Note that underground N takeover after a legume in a crop rotation is considered to have hardly
no climate impact.

Allin all, the climate performance of TYFA relies on three levers: (1) the reduction of the ruminant herd
(dairy cows, cattle and small ruminants) by 18%; (2) an overall reduction in N application (from over
20 Mt of N under the form of synthetic N and manure in 2010 to 3.3 Mt or organic N in the form of
manure by 2050) due to the extensification of vegetal production and a greater Nitrogen use efficiency,
and (3) the integral shift from mineral fertilizers to organic N fertilizers.

The production constraint through the N reading

Despite the negative impacts of mineral N, one cannot envisage a (too) low level of this element in
absolute terms. In the context of temperate agriculture, this element is the main limiting factor in terms
of plant nutrition when water availability is not the limitation. Thus, a balance must be found between
minimizing the environmental impacts, or even better providing a bulk of positive environmental services
on the one hand, and providing enough food for the population on the other hand. The challenge is to
maximize the naturally fixed N flows entering the cropping system. In this perspective, there are two
major sources: the flows inside the cropping systems, through legumes in rotation — including N-fixing
cover-crops — and the flows from outside, namely through fertility transfers from semi-vegetation areas;
essentially PG when it comes to nitrogen. In modelling N flows at the EU scale, we found that the share of
N that could inflow from legumes in cropping systems was not sufficient to cover the needs calculated for
the provision of a sustainable diet (see next section). Indeed, there are three limits in the share of legumes
in the cropping systems: the needs for food supply (we do not grow pulses/legumes above that needed for
human and animal consumption), the possibility to set N-fixing cover-crops, depending on the share of
spring crops (no such cover-crops between two winter crops), and an agronomic limit, considering that
above 25-30% of legumes in a rotation would entail pathologies (fungal attack).

TYFA N balance (Figure 3) shows that N-supply from N-fixing crops in rotation (including intercropping
and temporary grasslands) can cover up to 70% of crop needs. This result is indirectly confirmed by
Barbieri ef 4/. (2021). While they indeed demonstrate that a fully organic agricultural system would
result in a N shortage of around 40% at the global level, they did not consider any supply of N from PG,
as illustrated in Figure 4.

The remaining 30% of N-needs are covered by manure (see Figure 3). Of this, 20% comes from
monogastric and 80% from ruminant systems — assuming a ratio of 60% of N in manure from ruminants
transferable to crops. The net N transfer of PG to cropland finally depends on the share of grass from PGs
in the overall feed ration. On that matter, TYFA’s assumptions are that, on average, PGs provide 70% of
the feed needed (in dry matter) for all ruminants (dairy systems, cattle, small ruminants). This means a
net N transfer from PG to cropland of just under 20% of N-crop needs.
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Figure 3. TYFA nitrogen balance.
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Figure 4. N flows representation in (Barbieri, 2021), amounts in TgN. Italics, arrows and dashed box are our addition. In this figure there is no
N fixation accounted for in PG, and thus no transfer to cropland, unlike TYFA.

As such, PG play a key role in closing the organic N cycle, with cascading positive consequences on
production, biodiversity, natural resources management and, as developed further, climate. This bulk of
key services largely stands on the sustainable N cycle induced by the complementarity between PG and
arable, which must then be taken together. A ‘function’ of arable is thus to value the exported N from
PG and - by the way — allow a maximum biodiversity in these latter. Here, it should be noted that this
approach implies a redistribution of PG at the EU level in order to generalize mixed livestock-cropping
systems. This means a ‘de-specialization’ in areas today dominated by PG but where crop production is
possible and had existed recently (typically in hill areas) on the one hand, and reintroduction of PG in
areas specialized in crop production today on the other hand. Many areas would remain under the main
use of PG (i.e. mountains, wetlands), but they are statistically of minor importance. Allin all, the scenario
relies on a strong assumption that would deserve further exploration: that the area of PG replaced by
crops (in today’s grassy arcas) equals the one of crops replaced by PG, with a net compensation of the C
and N released. This geographical shift implies more productive PG and less productive crops at the end.
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In this ecological functioning, ruminants are also important as they provide the service of N transfer, if one
can label it this way. In TYFA as compared with other scenarios, ruminants have three key characteristics
that make them genuinely interesting: (1) they transfer N without use of machinery, and thus of fuel, (2)
they provide organic N, the value of which has been extensively described previously, and (3) they provide
food produced from vegetation that is non-edible for humans.

The dietary dimension of PG and ruminants

The need to significantly reduce the intake of proteins from animal origin in OECD countries, in order
to address climate change mitigation at global level, is a widely acknowledged result (Clark ez 4Z., 2020).
The dietary discussion has thus become a key issue in scenarios dealing with this matter, and TYFA makes
no exception about this and assumes halving the intake of meat and dairy products. The issue then is the
best balance between ruminants and granivores in the meat supply.

Two main analyses can be found in this domain. The first fundamentally considers that ruminants
combine two major drawbacks: (1) they are the less efficient way of producing food from a climate
perspective (as measured in terms of CO, eq emissions/kcal), (2) and they can be replaced by other food
in the human diet. The EAT-Lancet report (Willett ef 4., 2019) can be identified as a flagship paper
in this stream, aligned with a series of climate-friendly scenarios based on the minimization of food
produced by ruminants. In this framing, there is no argument for producing any calorie of meat in general
and even less from ruminants, and the best diet for climate and for most other indicators is the vegan one.

TYFA takes place in another outlook on the analysis of sustainability of the food systems. It positions
itself in the stream of work considering that one major advantage of ruminants is their ability to feed
on non-edible vegetation, in other terms the PG at the core of this paper (as proposed in Van Zanten ez
al. (2016) and Van Zanten ez al. (2018)). In this perspective, while all agricultural land is not suitable
for arable production, meat and dairy food produced from PG is not an inefficient land use but, on the
contrary, represents the best one for non-arable land (see also Van Kernebeek ez 4/., 2016). In a wider
perspective, this complementary source of calories reduces the need to produce food on the scarce area
of arable land and thus reduces the need to intensify on this area. Indeed, when taking into account the
fundamental difference between feeding animals with grains vs non-edible feed, ruminants become the
most efficient land users, provided that they indeed are fed on PG (Mottet et /., 2017; Wilkinson, 2011).

This core of assumptions meets the findings of van Selm ez 4/. (2022). They propose, by factoring-in
this use of ‘non-edible’ land, alternative sustainable diets and land-use compared with the EAT-Lancet
one of Willett ez 2/ (2019). A balanced share of ruminants/PG leads to better performances, including
performance in terms of GHG emissions, compared to diets minimizing this ruminant share, e.g. the
reference EAT-Lancet diet.

The issue then is to design a diet valuing the optimal number of ruminants, based on the best use of existing
PG. In the case of TYFA, the ‘best use’ means their extensive management for the reasons described above
(i.c. maximization of N entry). Going beyond this threshold, meaning more ruminants fed by grains/
pulses or expanding PG at the expense of scarce arable land, would indeed decrease the efficiency of the
food system. In TYFA, it happens that conserving the overall envelope of PG and reducing their average
productivity to 4.5 tonnes of dry matter ha! on average (assuming that this corresponds to the productivity
of semi-natural no-input PG) leads to a reduction of dairy production of 34% and to the quasi-maintenance
of ruminants for meat due to the extensification of the dairy livestock, meaning more meat by-produced per
tonne of milk at the end (roughly: replacing one cow at 10,000 I milk year‘1 by two cows at 5,000 lyear’1
doubles the number of calves I'! milk produced). It should be noted that while the share of grass in the
ruminants’ diet increases, dairy cows are complemented by feed from crop systems and cakes.
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Allinall, the resulting diet increases the share of ruminants’ meat from 15% in 2010 to 35%, thus leaving the
majority of meat supply to pigs and poultry — both in absolute and relative terms: meat from monogastrics
still amount to 56 g person”! day™! in the scenario (vs 140 g today), which represents roughly 65% (vs 80%
today). Monogastric are indeed key to ‘transform’ pulses in rotation into organic N - in short: replacing
the imported soya by EU-grown legumes — thus contributing to symbiotic N fixation in the arable share
of EU agricultural land. As such, TYFA’s diet, and other diets in similar modelling, is not vegan but
‘flexitarian; with a relatively high share of red meat as compared with other healthy diets (Figure 5).

Conclusion: a revision of the role of PG and ruminants in the sustainability
agenda and the needs to further analysis on the science and policy agenda

Permanent grasslands, as used by ruminants, are currently seen more as a problem to deal with than any
sort of solution. In the best case, they are restricted to areas where they are the only possible land use,
where a certain density of ruminants can be accepted for the list of services they provide. In the worst-case
scenario, they are replaced by forests or energy crops. We have discussed the conceptual limitations of
such approaches and proposed a scenario based on an alternative framing of issues, combining an original
biodiversity/PG/ruminants/climate change nexus. Using the biomass model developed in TYFA, we
have factored in a scenario for the EU that leads to positive outcomes for a healthy diet, for biodiversity,
natural resources and climate (Figure 6). We insist on the need to adopt a healthier diet, halving the
intakes of meat and dairy products to achieve this.

The role of PG and ruminants in this model should not be understood for their only sake, but also
for what they bring to the crop systems. A key idea is, in a sense, that the semi-natural functioning of
PG provides a series of services (nitrogen fixation, organic matter, biological auxiliaries) that can be
transferred in some ways to the cropping systems by ruminants. We have also discussed how the impact
of ruminants on climate change should be revised and put in a wider analysis in which the trade-off with
N management should be accounted for.

On this basis, we argue for a complete change in the European policies orientation and design. Firstly,

there is a need to rebalance the agenda in favour of biodiversity conservation linked to farming and
livestock rearing. More precisely, the targets should go beyond existing HNV areas — which nevertheless
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Figure 5. TYFA's assumptions on diets compared to 2010 (EU averages).
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are a goal in themselves — and hedges and other linear and punctual landscape features meant to address
biodiversity conservation in policy schemes such as the CAP cross-compliance. Voluntary and well-
funded policies should support the development of extensive PG and associated extensive ruminants
livestock, included — and to some extent in priority — in areas where such types of livestock systems have
disappeared or are on the way to doing so. Through the fertility transfer allowed in such mixed systems,
we identify a path for more autonomous and resilient systems. As these lines are written (in March 2022,
at the start of the Russo-Ukrainian war), we strongly argue that this orientation is probably the most
resilient one to lower the dependence of the whole agriculture on fossil energy, and that fostering natural
N fixation in PG is a major issue for EU food sovereignty, meeting the biodiversity and climate agendas.

Paving the way for policies in this direction opens up different research perspectives. We organize them

with regards to the level of organization they are dealing with:

o The farming system (grassland management, livestock management and breeding, integrated mixed
farming...), with focus on a better understanding of what takes place in the soil in terms of carbon,
N cycle and fixation (as a matter of fact, this is poorly addressed in the literature when it comes to
extensive grassland).

o The landscape and the territory, with design of cooperation at this level reflecting integrated land
use, meeting environmental and economic goals. This level includes social sciences (participatory
science for instance).

e The food chain, and notably its capacity to fully value the assets resulting from integrated PG/crops
systems, which is not from far the case today.

o The wider policy design, which is currently neglecting the case for PG despite the fact that it could
meet most of the goals assigned to a sustainable food system. In this field, there is a need to better value
the methodological frames showing the biodiversity, climate and health performances of integrated
mixed systems against those based on reductionist metrics. Making such methodologies influential
for policy decision-making needs to link them in a sound socio-economic analysis, revealing the

overall benefits for the EU and the rest of the World.
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Other stakeholders than farmers contribute to diversify the
management of (peri-)urban grasslands

Martel G., Bulot A., Beaujouan V., Moinardeau C. and Daniel H.
INRAE, Institut Agro, ESA Angers, UMR 0980 BAGAP, S5 rue Rabelais, 49000 Angers, France

Abstract

Peri-urban and urban grasslands can be managed by farmers but also by public structures or service
companies that specialize in the maintenance of these areas. Each manager has specific objectives but faced
with the biodiversity crisis, these practices are changing. This study explores the diversity of management
practices on grassland areas in urban and peri-urban areas according to the type of stakeholder involved.
We surveyed 26 stakeholders (11 farmers, 7 public structures and 8 private actors outside agriculture)
managing grassland areas in and around the city of Angers, France. The survey explores mainly grazingand
mowing practices. A multiple correspondence analysis and a hierarchical ascending classification defined
cight groups of management of (peri-)urban grasslands: three groups of mown-only grasslands, two
groups that were grazed exclusively, two groups with both grazing and mowing, and finally, unmanaged
grassland. The different types of managers have preferential management practices: public structures
prefer summer mowing; farmers often have a mixed use of grasslands and do not often have grazing
all year round, unlike private non-agricultural companies. However, all the stakeholders implement a
diversity of management methods for their plots and the diversity of grassland management is higher
when considering stakeholders other than farmers. The next step is to evaluate how this diversity of
management could influence the floristic biodiversity of (peri-)urban grasslands.

Keywords: peri-urban, grasslands, management, typology

Introduction

As a result of the strong dynamics of urban expansion, agricultural areas are more in contact with urban
and peri-urban areas. Grassland areas managed by breeders stand alongside those managed by public
structures or specialized service companies. All of these grasslands in urban and peri-urban areas represent
biodiversity hotspots (Cochard ef 4/, 2017) and, faced with the biodiversity crisis (IPBES, 2019),
managers are changing their practices (cessation of pesticides, differentiated management, etc.). As each
manager has different constraints and objectives (forage production, management of green spaces for
recreational purposes, decrease of labour time ...), this study seeks to assess the link between the type of
manager and the management practices of the grassland of urban and peri-urban areas.

Materials and methods

We surveyed 26 stakeholders managing grassland areas in and around the commune of Angers, Loire
Valley, France: 11 farmers, 7 public structures and 8 private actors outside of agriculture. We conducted
a semi-directive survey with each of them, exploring all the grassland management they use and we
excluded all intensive management (over 6 cuts a year), which results in 110 managements to analyse.
We described grazing practices (type of animals, grazing method, period of presence of the animals ...),
mowing practices (number and periods, usage of the cut, height before and after mowing ...) as well
as fertilization practices and other amendments. Each stakeholder may use the same management in
several grassland areas but they did not have time to describe all the plots they have to manage, so it was
impossible to analyse the relation between plot characteristics and management. The survey data were
analysed using a multiple correspondence analysis. Different management practices were then grouped
using a hierarchical ascending classification. These analyses were performed using the FactoMineR
module for R (L ez 4l., 2008). For the management categories representing more than 10% of the sample
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(n211), we looked for the existence of a link with the type of stakeholder implementing them via a Chi?
test with the Yates correction.

Results and discussion

The results for the types of management are based on the two first axes of the multiple correspondence
analysis. These explain 31 and 13% of the variability, respectively. The first axis is mainly driven by
the dichotomy between mown and grazed grasslands. Grazed grasslands on this axis are managed
with unproductive animals or small ruminants, and under continuous grazing. On the second axis
managements with grazing and mowing are separated, and grazing is done with dairy cows or cattle and
the grasslands are fertilized.

According to the classification, we identify 8 management groups for urban and peri-urban grasslands.
Three groups correspond to mown-only grasslands: several annual non-exported mowings (n=8), one
summer hay mowing (n=33), and one autumn mowingleft in place (n=5). Two groups of exclusive grazing
management are identified and distinguish between plots grazed year-round (including winter) often by
sheep or goats (n=11), and plots grazed freely by heifers, dry cows or horses from spring to autumn
(n=22). Two groups concern plots with both grazing and mowing (mixed management), differentiating
between areas where the first use is mowing in summer and then free grazing in autumn (n=17), and
those where the first use is rotational grazing in spring and hay mowing in late spring or refusals in autumn
(n=10). Finally, the last management is left to nature without human intervention (n=4).

The management practices identified can be interpreted in terms of intensity of use. Within each of the
major categories, we can distinguish management with more or less resource extraction: muitiple mowing
vs single mowing with or without export, grazing all year round or only during the period of grass growth,
first use in the spring or starting only in the summer. And each stakeholder combines these different
intensities of use to meet his objectives. This is in line with the results obtained by Roche e# 4/. (2010) or
Martel et al. (2013) on grassland management methods in Brittany and in the Jura.

Table 1 shows the cross-tabulations between type of manager and management category with numbers
greater or equal to 11. The corrected Chi-square test shows a significantly different distribution of
practices between stakeholders (X?=20.95, P<0.001). The communities prefer summer mowing and
are not very active in the management of grazing with heifers or dry cows. Farmers often have mixed use
and do not often graze all year round, unlike the ‘green space’ companies. However, all the stakeholders
implement a diversity of management methods for their plots.

The link between management categories and the type of manager can be explained fairly well by the
constraints and objectives assigned to the grasslands managed by these different stakeholders. Indeed,
farmers aim to feed their herds and need to build up stocks while feeding productive and unproductive
animals. Local authorities are often obliged to provide only one mowing in order to limit workload and

Table 1. Cross-tabulations between type of manager and management category with numbers greater than or equal to 11.

Management Farmers Private actors outside farmers Local authorities
Summer mowing 18 6 9
Mixed management 17 0 0
Grazing by cows 17 5 0
Grazing 12 months a year 2 6 3
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realize it before the summer season to allow the use of the grasslands by the city inhabitants (Daniel ez
al., 2021). Finally, the private companies surveyed were mainly companies that use eco-grazing and tend
to mobilize small animals that are more robust and easier to transport than cattle (Eychenne et 4/., 2020).

Other objectives were also expressed during the interview, like biodiversity or aestheticism, but we were
not able to relate these objectives to management classes because the objective was given to too many
(biodiversity) or too few (aestheticism) numbers of managements. It would be also important to include
the general characteristics (area, form, soil, slope ...) of the managed plots to explain the management.

Asall the stakeholders have preferences in management, the global diversity of management of peri-urban
grasslands is increased when we consider all the type of managers of grasslands. This diversity contribute
to the increase of the landscape complexity with is related to a better resilience of ecosystems ( Tscharnke
etal.,2012).

Conclusions

This work confirms that dairy and cattle farmers have specific grassland management. Other stakeholders
involved in (peri)-urban grassland management have practices rarely operated by farmers. These practices
can be important for resilience of ecosystems. Future work will aim at evaluating the floristic biodiversity
of grasslands under each of these managements in order to help stakeholders to include this objective in
the choice of the practices.
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Abstract

Grasslands are effective for carbon sequestration as they store carbon mostly underground, compared
to forest carbon storage which is mostly in woody biomass and leaves. Grasslands are also key for
socioeconomic development in EU rural areas. As part of the Horizon 2020 GO-GRASS project,
this study aims to provide an analysis of the CAP 2014-2020 and offer recommendations to promote
grasslands within the different EU strategies and policies. Permanent grassland is outstanding as a key
type of land to be funded; grazing activities are beneficial, enhancing biodiversity and favouring water
protection, and under-grazing could lead to problems related to inadequate biomass management.
Mowing is highlighted as an option linked to bioeconomy activities like those proposed by GO-GRASS
on grass-based businesses. However, only Measure 16 supports valued products from grassland and it is
implemented in only a few RDPs. Concerning the lack of measures and policies supporting permanent
grasslands, it is recommended to: (1) boost knowledge transfer through demonstration fields and
extension services; (2) establish measures promoting cooperation and adequate land management; and
(3) turning arable land into grassland to take advantage of its environmental benefits.

Keywords: CAP, permanent grassland, rural development, green deal, sustainability

Introduction

The European Commission has acknowledged that climate change and environmental degradation are as
major threats. In this context, grasslands stand out as effective for promoting carbon sequestration through
their substantial underground carbon storage (Dass ez 4/, 2018). In addition, grasslands are basic for the
rural economy and have a role in addressing depopulation in EU rural areas, a problem that EU and national
governments are having to deal with. The European Green Deal and related strategies intend to build an
EU economy based on sustainability and competitiveness. The Common Agricultural Policy (CAP) is
the main driver of agricultural policy in the EU, funding the different types of land and also livestock by
means of the coupled measures. The CAP is based on conditionality, Pillar I and Pillar II, requiring a set
of norms that need to be fulfilled by a farmer to access funding. Payments linked to Pillar I are funded
by the European Agricultural Guarantee Fund, while payments linked to Pillar II are partly funded by
national governments with a 50-85% range depending on the country (Mosquera-Losada ez 4., 2016).
Pillar I entails the highest amount of allocated budget managed through payment rights linked to arable
crops, permanent grassland (PG) (defined as grasslands over S-years old) and permanent crops as land-
use categories. In addition to direct payments, the ‘Payment for agricultural practices beneficial for the
climate and the environment’ (Greening) represents 30% of the payments for the Member States (MS). On
the other hand, Pillar IT is related to rural development and involves different measures promoted by MS.
Considering the aforementioned, grasslands are supported by CAP in both Pillars I and II. The aim of this
study is to analyse the current CAP measures that foster grasslands at the different international-EU levels,
including socioeconomic aspects influencing the implementation of future policies.
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Materials and methods

To develop this study, an in-deep review of EUROSTAT data was performed to draw a picture of the
current social situation of farms in Europe. These data included information at the NUTS 2 level on
permanent pasture and permanent grassland (PG), livestock on farms, young and female farm holders,
and holders’ tenant evolution for different years ranging from 2000-2016. In addition, metadata analysis
was carried out through CAP Pillar II mainly, since Pillar I application presents no significant differences
among countries and information is more easily accesible. For the analysis of Pillar II, an evaluation of
the different rural development programmes (RDPs) was developed by employing deeple translation
tool and a set of keywords associated with grasslands, allowing us to identify the most relevant practices
linked to the measures developed in the current 118 RDPs. Nine RDPs correspond to general frames of
some MS with more than one RDP region (France, Germany, Italy and Spain) and five for the overseas
regions of France. The present study is focused on the remaining 104 regional RDPs of the continental
EU and surrounding islands.

Results and discussion

Pillar 1

Considering the differences existing between countries on land eligibility for direct payments, both arable
land (with temporary grassland) and PG/permanent pasture could be linked to grassland use according
to their definition in the Regulation (EU) 1307/2013. The declaration of the PG area as cligible relies
on the MS that can adapt a pro-rata system based on the recognition of annual-herbaceous species (self-
seeded) and woody dominated grassland vegetation through its recognition as traditional practices
and habitat conservation. In addition, as a consequence of the midterm review of the current CAP, the
OMNIBUS regulation (2018) acknowledges shrubs/trees producing animal feed (Table 1).

For greening payments, crop diversification affects farms with large cropland areas. The presence
of permanent grassland or crops linked to grasses or other herbaceous forage on a farm makes crop
diversification already fulfilled. Greening is not compulsory on those holdings: (1) where more than 75%
of the arable land is used for the production of grasses or other herbaceous forage selected by the MS; (2)
more than 75% of the eligible agricultural area is permanent grassland, used for the production of grass
or other herbaceous forage; (3) more than 50% of the arcas of arable land declared were not declared
by the farmer in his aid application of the previous year; and (4) that are situated in areas north of 62°N
latitude or certain adjacent areas. Attending to this, farms with high share of permanent grasslands fulfil
the greening requirements. Member States shall ensure the ratio of PG to the total agricultural area
declared by farmers will not decrease by more than 5% compared to a reference ratio established by MS.

Pillar II

The 2014-2020 RDPs are composed of 16 measures, common to all MS, consisting of sub measures also
common for the MS that are specified through operations, that are designed by each RDP in order to be

Table 1. Member states that extended the definition of Permanent grasslands (PG) as established local practices arguing traditional practices,
conservation of habitats and through the OMNIBUS regulation.

Reason — Countries &Y DE EL E FR IE IT PT SE UK BG HR LT SK
Traditional practices X X X X X X X X X X

Habitat conservation X X X X

OMNIBUS = if ploughed non-PG X X X X X X X X X
OMNIBUS — PG may include shrub/trees X X X X

for animal feed if herbaceous remain

Grassland Science in Europe, Vol. 27 — Grassland at the heart of circular and sustainable food systems 33



more precise. The whole analysis of the RDPs shows that 1,518 operations within the 16 measures were
developed for the 28 EU countries (Figure 1).
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Figure 1. Number of operations per RDP Measure.

Measure 10 is the most employed measure of the RDP, aiming at the enhancement of ecosystem services
(biodiversity, erosion ...) but also at improved management. All regions except the Balearic Islands and
Hesse used this measure to promote grasslands. Measures 11 ( promoting grazing systems within organic
farming) and 13 (animal welfare in extensive farming) follow Measure 10 on operations promoting
grasslands. Only eight RDPs activate Measures 1 and 2 as part of the knowledge transfer improvement
linked to grasslands in Europe. Measure 4 is related to the restoration of grasslands from under- and
over-grazing. Measures 5 and 6 are used to promote grassland by a few RDPs, while Measure 7 pursues
enhanced energy saving to reorient pasture management and enhance cultural and natural heritage of
pastures and meadows, including silvopasture, mountain and summer pasture to promote biodiversity.
Measure 8 associates grazing and grassland promotion in forest areas, of which Measure 8.2 is the most
popular linked to silvopasture, an agroforestry practice, to reduce forest fires. Measure 15 promotes
silvopastoralism in forest areas. Finally, Measure 16 is unique in linking grasslands to bioeconomy
through cooperation, where products are valorised when linked to grasslands.

Socioeconomy of grassland farms

The share of PG on different EU farms showed clear decreases until 2007, with a progressive increase since
2016, mainly in UK, Sweden, NW Spain and France, which is indicative of high availability of grasslands
for alternative uses linked to the bioeconomy. The owner’s age is high, a consequence of the ageing farming
population, while numbers of female holders, though increasing in recent years, remain low.

Conclusions

Permanent grassland is one of the most important types of land to be funded by the EU due to the large
surface it occupies and the multiple ecosystem services it provides, such as carbon sequestration. Measure
16 relates the promotion of valued products from grassland, in contrast with the EU acknowledgement
of grazing activities being key to maintain and enhance biodiversity and protect water. Considering
the policies and socioeconomic analysis, three recommendations can be listed: (1) to boost knowledge
transfer through demonstration fields and extension services; (2) to establish measures promoting
cooperativism and adequate land management; and (3) turning arable land into grassland to exploit its
environmental benefits.
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Abstract

The relevance of permanent grasslands (PG) for a large share of European farms is high, and yet
understudied. We used single-farm records from the FADN (Farm Accountancy Data Network) database
2017, which included 41,926 farms-with-PG to characterize PG-based farming systems. Each farm was
assigned to one class in terms of: (1) main livestock species/category; (2) stocking rate on total farmland;
(3) PG share; (4) biogeographic region (BGR). We carried out a Multi Correspondence Analysis (MCA)
on the resulting classification, which explained 20% of the variance. The five BGR separated well in the
first two MCA dimensions. Alpine farms were predominantly related to beef cattle, with relatively low
stocking rates, and intermediate to high PG shares. Atlantic farms also revealed high PG shares, but were
linked to higher stocking rates and ‘Mixed bovine” and ‘Dairy cow’ farming. The dominance of farms
without livestock in the Boreal BGR resulted in generally very low stocking rates and showed a limited
importance of PG. Continental farms were not clearly related to one specific livestock category or a
stocking rate, but consistently showed a share of 10-30% PG per farm. Finally, the Mediterranean BGR
separated from the others, being dominated by sheep and goat farming.

Keywords: Europe, farming system, grassland management, livestock species, meadow, pasture, stocking
rate

Introduction

Farming systems (FS) are the result of environmental conditions, historic and cultural factors, policies,
and management practices. Based on these regional differences, the ability of different FS to deliver
ecosystem services (ES) can vary widely (Ribeiro ez 4/, 2021). Therefore, it is important to recognise
which factors differentiate FS from each other, to address further actions to improve productivity and
sustainability, create resilience, optimize farm profitability, and deliver ES for the society (Santos ez
al., 2021). Permanent grasslands (PG) provide high-quality fodder and are able to deliver a variety of
important ES (Roy and Potschin, 2018). A first attempt to implement a FS typology considering the role
of PG within farms was provided by Hercule ez 4/. (2017), but based only on grassland share within farms
and animal stocking density. To overcome these limitations, we implemented a new ES typology within
the H2020 project ‘SUPER-G’ (Developing SUstainable PERmanent Grassland systems and policies),
aiming to identify the main FS that rely on PG, with a view to assessing the extent to which different
FS deliver multiple ES. Livestock species, stocking rate, PG share, and the biogeographic region (BGR)
were selected as discriminating factors, and their role in differentiating European FS is discussed here.
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Materials and methods

A dataset containing single farm records was retrieved from the 2017 Farm Accountancy Data Network
(FADN) and used as a representative sample of European farms. The main advantage of working with
FADN data, is the A subset of records including only farms with PG was selected, which included 41,926
farms located in 1063 NUTS3 regions belonging to 28 European countries. Each farm was assigned to
a class according to four descriptors (i.c. qualitative variables). The first variable was the main livestock
species/category, i.e. the species or category accounting for more than 75% of livestock units (LU) on
the farm, selected among: beef cattle; milking cows; mixed bovines (i.e. farms with both beef cattle and
milking cows); sheep and goats; mixed ruminants (i.e. farms with bovines - either beef cattle, or milking
cows, or both - and sheep or goats); mixed and others (i.e. farms with other livestock species such as
horses or pigs together or not with bovines, sheep, or goats). The second variable was the stocking rate
on total utilised agricultural area (UAA) of a farm, calculated as the ratio between LU of main domestic
herbivores (i.c. bovines, sheep, goats, and equines) and the UAA, which resulted in four classes (<0.5; 0.5-
1;1-2;>2 LU ha‘l). The third variable was the PG share of the UAA, divided into five classes (<10; 10-
30; 30-50; 50-70; >70%), and the fourth variable was the BGR where the farm was located (i.e. Alpine,
Atlantic, Boreal, Continental, or Mediterranean). The resulting dataset containing the four qualitative
variables was used to perform a multiple correspondence analysis (MCA). The analysis was carried out
in R (v. 4.0.3, R Core Team 2020), using ‘FactoMineR’ package (Husson ¢z al., 2016).

Results and discussion

The FADN database proved to be effective to explore farm variability throughout Europe, due to the vast
amount of available data covering all regions of EU-28. The first two dimensions of the MCA explained
12.6 and 9.1% of the total variance, respectively (Figure 1). The five BGR scparated quite well in the
first two MCA dimensions. More specifically, the typical FS of the Alpine BGR was mainly related
to beef cattle, relatively low stocking rates, and intermediate to high PG share per farm in line with
Sturaro ez al. (2009), highlighting the extensiveness of FS. The Atlantic BGR also showed high PG shares
but, compared to the Alpine BGR with higher stocking rates and more ‘Dairy cow’ farms as shown by
Stypinski (2011), indicating more intensive FS. Farms without or with mixed livestock dominated in
the Boreal BGR and were associated with very low stocking rates and a very low PG share per farm.
This is likely determined on the one hand by agricultural intensification, leading to spread of temporary
grasslands at the cost of PG, and on the other hand by abandonment of extensive PG (Aune ez 4/.,2018).
The majority of the continental farms were mostly related to 10-30% PG share class but not clearly to a
specific livestock category or stocking rate, which is probably due to the high variability of environmental
and socio-economic conditions of this BGR. Finally, the Mediterranean BGR, in the upper part of the
plot, clearly separated from the other BGRs, being strongly related to the presence of small ruminants
on farm. Indeed, sheep and goats are the species mostly kept in the Mediterranean area (Porqueddu ez
al., 2017), due to their ability to exploit low quality forage.

Conclusions

The FS typology developed for this study provides a selection of factors that can be used to distinguish
farm types that rely on PG according to their level of management intensity, and the delivery of associated
ES. Such a typology helps understand the variability of farming systems across BGR of Europe and the
role of PG in supporting each of them. The typology could also be important for grading farms according
to their ability to deliver ES to the society, while promoting the development of sustainable management
practices and agri-environment schemes. Future research should also consider the variability in distinct
types of PG, between and within BGR, as a key factor shaping ES delivery of FS at farm level.
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Figure 1. Relationships between variable classes in the first two MCA-dimensions performed on the FADN database. The variance explained by
each dimension is reported in brackets. LU, livestock units, PG, permanent grasslands.
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Abstract

Ruminant diets require rations rich in energy and protein. Maize silage forms the basis of many rations in
western France but it has a low content of digestible protein and must be combined with feedstuffs rich in
protein. Concentrate costs have a direct impact on farm profitability. Therefore, farmers seck to produce
more feed resources on their farms to be more independent of increasing world market prices. Two
programs, called OPTIALIBIO on organic production and 4AGEPROD on both conventional and
organic production, have been implemented. Increasing protein self-sufficiency has been tested at farm
scale for both dairy and beef cattle. Compared with perennial ryegrass-white clover swards, multispecies
swards including tall fescue and red clover for grazing produced higher yields of dry matter (+2.5 ¢
DM ha'! year!) and protein (1.5 t crude protein ha'l year?). For silage or hay, the best mixtures were
composed of red clover and grasses. The research for improving protein self-sufficiency in both dairy and
beef cattle, by including alternative forages is a real opportunity for farmers in western France. Economic
simulations underline a risk associated with increased self-sufficiency as costs usually increase as a result
of switching towards multispecies swards.

Keywords: dairy cow, beef cattle, protein, feed, self-sufficiency

Introduction

Ruminant nutrition is mainly based on energy and protein. Roughages represent the biggest share of
the average daily intake of a dairy cow. Maize silage is the most important one in Western France dairy
systems. Nevertheless, maize has alow content in digestible protein and must be combined with feedstuffs
rich in protein, very often rapeseed meal or imported soybean meal. Thus, given the fact that profitability
of cattle production is proportionally linked to the concentrate costs, farmers seck to produce as much
as possible their feed resources on their farms (Brocard ez 4/, 2015). Therefore, through two programs
called 4AGEPROD and OPTIALIBIO, increasing protein self-sufficiency has been tested for both dairy
and beef cattle.

Materials and methods

Four experimental farms in western France have been involved in this work over 4 years: two for dairy
cows (2x79 cows over 4 winters for conventional production, and 2x29 cows over 2 winters for organic
production) and two for beef production (4x14 young bulls over 2 periods (in Etabli¢res 2x16 young
bulls, and 2x16 heifers over 2 periods in Mauron). OPTIALIBIO focused on different pasture mixtures
in a 100% pasture management for dairy production to improve feeding self-sufficiency in organic
farms (Madeline ez 4/, 2016). Six mixtures (M1 to M6) were tested in comparison with two controls
(Figure 1). Modalities were repeated three times within the plot. For 5 years, and for each cycle, data on
available biomass, floristic composition by blends and the food values were collected. In 4AGEPROD
the valorisation of harvested grass on farm was studied for both conventional and organic production.
Two modalities were compared: late or classic cut versus early cut. For these modalities, trials were
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Figure 1. Average yields of pasture mixtures over 5 years (T1: ryegrass + white clover; T2: hybrid ryegrass + white clover; M1: ryegrass +
white clover + hybrid clover; M2: ryegrass + fescue + white clover + hybrid clover; M3: ryegrass + fescue + white clover + red clover; M4:
ryegrass + 2 types of fescue + white clover + hybrid clover; M5: ryegrass + white clover + chicory; M6: ryegrass + white clover + plantain).

implemented with groups of animals, cither dairy (Brocard ez 4/., 2019, 2020) or beef cattle. For each
trial, comparison was realized between a control group with a low level of dietary self-sufficiency versus
an experimental group with a higher self-sufficiency. Economic simulations were made to compare the
modalities. The complementarity of the programs implemented makes it possible to study different types
of forage (pasture, hay, wrapped bales, silage), different plant species (alfalfa, perennial ryegrass, hybrid
ryegrass, white clover, red clover, crimson clover, plantain) and different types of animals (dairy cows,
young bulls, heifers, cull cows) from various breeds (Holstein, Limousin, Charolais).

Results and discussion

For OPTIALIBIO, the addition of a new forage species to perennial ryegrass-white clover showed no
increased yield over the 5 years. Despite slightly lower measured digestibility for multispecies grasslands,
the differences in feed values were not significant. There was a difference between T1 and T2 as T2
produced 21% more DM than T1. Diversification of the types of clover, especially by the addition of red
clover, made it possible to improve both yield and proportion of legumes relative to white clover. The
yield of multi-species meadows was higher than the yield of perennial ryegrass-white clover, except for
one modality (M1). These mixtures produced an average of +2.5 t DM ha'! year'! over T1 (Figure 1).
These results are in line with the conclusions of previous trials in less favourable areas for the growth of
grass, and in particular for perennial ryegrass (Roca Fernandez ez 4/., 2014). These three mixtures (M2,
M3, and M4) produced on average between 1.47 and 1.65 t of CP ha'l, or +270 to +440 kg, over the

perennial ryegrass.

In dairy production, alfalfa silage and grass silage were tested in the 4AGEPROD program. Results
showed no statistical differences in milk, fat content and protein content as long as the share of alfalfa
silage in the diet did not exceed 20%. When using 40%, milk production significantly dropped by 10%.
However, the soybean meal requirements can be reduced by 50%. The use of alfalfa silage decreased
feeding costs by a maximum of 5 € 1000 litres™! of milk. This impacts on the final income over feed costs,
which represent € 2,500 per year for a farm producing 500,000 litres per year.

For grass silage in conventional agriculture, the early harvest system led to 5 cuts per year with a reduced
yield per ha in two years out of four (average -1.5 t DM ha'l), compared to the late cut. Important
variations between years were noticed. However, the early harvested forage always offered higher nutritive
values both in energy and protein. Thus, the yields of net energy and protein per ha were globally
improved, reaching 9,392 UFL and 1.64 t CP ha'! (respectively +18% and +32% compared to late
cut). Farm incomes over feed costs were slightly affected (-2 € 1000 litres!) in a bad year but increased
+11 € 1000 litres! in a good year. However, this technique does not involve a change of system and can
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therefore be implemented quickly and simply but with more work required when harvesting (2 h day!).
In organic production, the search for better fodder quality has significantly improved milk performance
(raw milk +3.3 kg cow! day™!). This has repercussions on the income over feed cost (+14 € 1000 licres ).

In beef production, results on young bulls and heifers for fattening indicate that it is possible to reach total
autonomy by replacing up to 100% of the protein-rich concentrate by wrapped alfalfa while maintaining
equivalent growths and also improving the margin over feed cost (+38 € head™!). Due to high variability
of harvested grass, some trials also found a significant decrease in performance for bulls fed on alfalfa.
The margin on feed costs is then reduced (8%). Growth performance is sometimes negatively impacted,
especially when the energy density of the ration is reduced due to the introduction of legume silages
(as shown by Bastien ez al., 2016). Further work is necessary to get new and more conclusive insights
regarding the economic aspects for consideration in this investigation.

Conclusions

In organic production, chicory and plantain did not show any interesting effect on yields or feed values
compared to ryegrass-white clover. All multi-species pastures showed increased annual yields in this
study, compared to a classic ryegrass-white clover pasture. An average gain of +2.2 t DM ha! year! was
observed. Energy and protein production per hectare were higher for all multi-species pastures. These
results show that multi-species pastures are convincing and can be considered as a solution to improve
self-sufficiency of dairy farms. In addition, improving farm protein self-sufficiency in dairy and beef cattle
production farms by including alternative harvested forages is a real opportunity for farms in western
France. Whether from grass silage or alfalfa in different forms, the gain of protein autonomy is possible,
going from 39 to 72% with alfalfa silage and 67 to 73% for grass silage. This reaches 100% on organic
production.
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Abstract

Rural depopulation demands that there is clear support from authorities to revitalize the rural economy. The
H2020 GO-GRASS project aims to create new business opportunities in rural EU by boosting knowledge
and analysing the potential for replication of business models. In order to achieve the general objectives,
this study seeks to provide an analysis of the current situation for permanent and temporary grassland
in Europe. The methodology employed was the creation of maps based on all data and years available in
the databases of Corine Land Cover (CLC) and LUCAS. According to CLC, northern and southern
countries of Europe increased the proportion of grassland. However, in recent years, most of eastern and
northern countries increased their grassland proportion, while in southern and western countries it was
reduced. On the other hand, LUCAS reflects a clear reduction of permanent grasslands in western Europe,
but an increase in some eastern and northern countries with a low percentage of permanent grasslands.
The central countries, as evidenced by both databases, show cleatly reduced proportions of grasslands. In
contrast, temporary grassland has increased all over Europe. Finally, grazed and silvopasture areas were
maintained, and livestock presence appears to be clearly specialized, with larger animals more associated
with northern and central countries and the smaller animals with the South.

Keywords: bioeconomy, grass, rural development, Green Deal, sustainability, land use

Introduction

Permanent and temporary grassland are defined in the EC regulation 1307/2013 of the Common
Agricultural Policy (CAP). Grasslands can receive payments from the CAP linked to ‘arable crops’
with temporary grasslands, or as ‘permanent grassland/pasture’ (Mosquera-Losada ez al., 2016). The
new definition of permanent grassland recognizes all types of permanent grasslands across European
biogeographic regions including the possibility of recognizing ‘self-seeded’ (annual herbaceous species)
and ‘grasses and other herbaceous forage’ linked to southern summer drought conditions.

Materials and methods

To develop this study, data were gathered and maps were created based on the years available in the
databases of Corine land cover (CLC) and Land Use/Cover Area frame Survey (LUCAS) following the
methodology of Mosquera-Losada ez al. (2016) to calculate changes.

The CLC database is based on polygons. The minimum surface mapping unit is 25 ha, while the linear
elements collected are those with a width of at least 100 m when silvopasture areas were considered. The
CLC includes permanent grasslands but also the concept of Natural grasslands (areas with herbaceous
vegetation covering >50% surface). LUCAS corresponds to a Eurostat Survey checking 1,100,000 points
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separated 2 km north-south and east-west in EU countries with photo interpretation techniques. After
a selection was visited 77 sizu by the LUCAS surveyors (about 330,000 points the last survey in 2018).
LUCAS show two cover and two uses. In addition, there are other observations as Land Management,
informing if there are signs of grazing or not. LUCAS points do not have a minimum unit to be mapped,
the only condition is on the selected coordinates. Grassland corresponds to LUCAS B55 (temporary
grassland — artificial pastures — crop rotation <5 years) and E classes (included permanent grassland - no
crop rotation 5 years).

Data mapping

CLC was used in raster format with a 1 ha pixel! resolution (biogeographical issue). With the open
application QGIS, Version 3.10.1-A Corufia, the zonal stats were acquired in the shapefile with the EU
NUTS2 areas. LUCAS data are points in CSV format. GIS software was employed to join attributes
by location and after Excel filtering to select points with the main or secondary cover as grassland and
cluster in NUTS2 regions.

Results and discussion

When analysing the evolution of grassland in Europe in the last decades we have two different perspectives
on data source and time frame (Figure 1). LUCAS includes data from 2009-2018 indicating that in most
of western Europe the area percentage of grasslands had reduced while in the eastern part of Europe it was
maintained or increased. On the other hand, CLC covers a longer period from 1990-2018 offering not so
clear patterns but reflecting that in most of Spain, Germany, Ireland, Estonia, Rumania, Ukraine, part of
Denmark and Poland the proportion of grasslands in their areas had increased, whereas in France, Italy,
Greece and most of the Eastern countries it had reduced. If splitting is based on shorter time frames, it is
observed that from 1990 to 2000 grassland area generally decreased while from 2012 to 2018 it increased.
This may be explained partly by the fact that CAP payments are linked to land use and not to production
but also to the fact that from 2013 the CAP regulations asked countries not to reduce their permanent
grassland area by more than 5%.

Analysis of the permanent grassland evolution in Europe in the 9 years to 2018 (Figure 2) reveals that
most of the zones in the western part of Europe saw a decrease in the proportion of permanent grasslands
while in the eastern and northern parts of Europe the situation is more contrasted. During 2006-2009
there was a clear reduction of permanent grassland in Europe, even more marked for the period 2012-
2015, but during the period 2015-2018 most of the areas were either maintained or increased, probably as
a consequence of the 5% maintenance of the permanent grassland promoted by the Greening of the CAP
for this type of land use. This increase occurred in the northern countries where permanent grassland
extent rates were low.

e
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Figure 1. LUCAS and CLC grassland evolution in percentage. LUCAS comprises the 2009-2018 period and CLC 1990-2018 with red for the loss of
grassland; yellow for a neutral situation and blue for the increase in grassland surface. LUCAS ranges from -5% (loss) to 5% (increase) while

CLC ranges from -2.5 t0 2.5%.
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Figure 2. Permanent grassland evolution in the 2009-2018 period, with red for the loss; yellow for neutral and blue for increase, being Neutral
situation -2.5 t0 2.5%.

When dealing with temporary grassland, the situation is the opposite. Temporary grassland shows a
generalized increase all over Europe (Figure 3), with the exception of the 2012-2015 period. Nevertheless,
it is important to highlight that the extent of temporary grassland is very low.

Figure 3. Temporary grassland evolution in the 2009-2018 period, with red for the loss; yellow for neutral and blue for increase, Neutral situation
being -0.5 t0 0.5%.

In Europe, grasslands can be grazed or harvested. Permanent grasslands are mainly grazed and harvested
when possible, whereas temporary grasslands are more usually harvested or cut and grazed.

According to the LUCAS data on sites with grazing evidence, grazing seems to be more associated with
the western part of Europe whereas grazing is scarce in the eastern or northern parts of Europe. This
could be related to the low proportion of permanent grassland in North-western Europe. As a general
pattern, grazed areas were maintained and even increased between 2009 and 2018. In addition, the areas
of unmanaged natural grasslands have increased in most parts of Europe, probably as a consequence of
population ageing and land abandonment.

Conclusions

Based on data analysis from 1990 to 2018, the total grassland proportion in northern and southern
areas of Europe has increased while in the central areas of Europe it has reduced. Nevertheless, when
considering the timeframe 2009 to 2018, linked to the LUCAS dataset, most of the eastern and northern
countries of Europe have increased their proportion of grassland while those in southern and western
Europe have reduced it. Permanent grasslands are so far the most important type of grasslands in Europe,
with a higher presence than temporary grassland. Permanent grasslands were clearly reduced in the
western part of Europe, while increasing in some eastern and northern EU countries that have a low
percentage of permanent grasslands. In contrast to the situation for permanent grassland, a generalized
increase of the area of temporary grassland was found all over Europe.
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Abstract

Permanent grassland (PG) landscapes offer an important mix of ecosystem services (ES) which include
habitat provision, carbon sequestration, water quality protection, food production and cultural activities,
among others. In policies relevant to PG management, citizen and consumer demand for ES are less well
considered than the supply of ES. In order to develop sustainable grassland food systems, it is important
to understand attitudes of citizens and consumers to ensure sustainable management of PGs, and the
balance of ES they provide, in order to develop sustainable grassland food systems. This study focuses
on the work of researchers in the H2020 SUPER-G project (Sustainable Permanent Grassland Systems
and Policies) to identify priorities and preferences of citizens for ES provision from PG landscapes in
a comparison across five biogeographic zones in Europe. We present results of an international online
survey (n=3,184) conducted with a nationally representative sample of citizens in five European countries
(UK, Spain, Sweden, Czech Republic and Switzerland) in 2021. Structural equation modelling is used to
model the drivers of public attitudes to grassland landscapes, including understanding factors that predict
behavioural intentions to spend time in grasslands, and purchase products from grassland. We discuss the
results in the context of the processes required to co-develop sustainable policy options for PG, and the
role of citizen priorities in the development of agri-environment policy.

Keywords: ccosystem services (ES), permanent grassland (PG), citizens and consumer attitudes,
sustainable management, agri-environmental policy, quantitative analysis

Introduction

Permanent grasslands (PG) are multifunctional landscapes that produce multiple benefits for
environment and society through delivery of a variety of ecosystem services (ES). Management of PG is
often governed by policies that consider a narrow range of ES while not fully considering societal demand
for ES. However, as more holistic policies are to be implemented, including linking financial support for
farmers to production of public goods, there is a need for a greater coherence when considering public
attitudes to, and preferences for, ES from PG. This is to ensure that agricultural policy and farm practices
align with societal priorities and respond adequately to the development of citizens’ attitudes and values.
Attitudes are a ‘deeply held mental stance’ that connect to preferences for, and perceptions of land or
landscape, as well as the way that people attach meaning and value to it (Swanwick, 2009). Previous
studies have explored citizen attitudes to grassland landscapes in relation to landscape preference,
perceptions of cultural ES, and willingness to pay for ES, often in specific regions including mountains,
and marginal or protected landscapes. Multiple factors have been found to affect peoples’ perceptions
and attitudes, including age, gender and education, as well as rural-urban residency (Martin-Lépez et al.,
2012), and environmental interest (Schmitt ez 4/., 2021). However, there has been little consideration of
the drivers that underpin positive or negative attitudes to PG across different socio-economic contexts,
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and climatic regions in Europe, including influences on behavioural intentions associated with PG. In
this study, we aim to understand the drivers of citizen attitudes towards, and values associated with PG
in five European countries (Spain, UK, Switzerland, Czech Republic and Sweden), representing five
biogeographic regions, and a variety of PG types within each region, in order to make comparisons
between different geographical and demographic populations.

Materials and methods

A total of 3,184 participants from the 5 European countries were quota sampled based on age, gender
and socio-economic class, and rural versus urban residency. Participants were nationally representative
of the population for each country, with 620 citizens surveyed via a 30-minute, self-directed online
questionnaire, administered through a social research agency, in each country. We used a structured
questionnaire (translated and back translated into local languages), with closed ended questions. Five-
point agree-disagree Likert scales were used to measure attitudes and values towards: (1) threats to
the countryside; (2) personal benefits from the countryside; (3) social trust; (4) management of the
environment; (5) attitude to the environment (using the Environmental Attitude Inventory (EIA);
Milfont and Duckitt, 2010); and (6) consumer attitudes towards PG products. Likert scales using
priority measures were used to explore (7) attitudes towards ES, and the overall behavioural intention
of consumers; to (8) buy products from PG; and (9) spend time in grasslands and meadows. Nine
hypotheses (Figure 1) outlining the relationship between influential socio-economic factors, attitudes
to PG, and behavioural intentions from a citizen and consumer perspective were tested by applying
factor analysis, principal component analysis, followed by structural equation modelling (SEM) based
on partial least squares approach (SEM-PLS).

Results and discussion

The full results of the SEM process (analysing the drivers of citizens’ attitudes) will be reported in the
final paper. Here we discuss some preliminary results. Across the whole survey, we found that there
were significant differences between the responses of citizens in each country, indicating that there are
different perceptions and attitudes to PG across Europe. Across the five countries the highest proportion
of respondents indicated that they visit the countryside for recreation and leisure, with up to a quarter of
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Figure 1. Conceptual model and hypotheses testing. H, — Perceived risk of losing PG will influence the attitudes of consumers and citizens
towards PG. H, — More perceived benefits of PG will positively influence the attitudes of consumers and citizens towards PG. H; — Increased
trust in institutions and government will positively influence attitudes to PG H, — More positive attitudes towards the management of the
environment will positively influence attitudes to PG. H; — More positive attitudes to the environment will positively influence attitudes to PG.
H, — More positive attitudes towards different ES will positively influence attitudes to PG. H, — More positive consumer attitudes towards PG
products will positively influence their attitudes towards PG. Hg — A positive attitude towards PG will lead to positive behavioural intention
to buy products from PG. H, — A positive attitude towards PG will lead to a positive behavioural intention to spend time in grasslands and
meadows.
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respondents in each country saying they lived/ worked in the countryside (highest in Czech Republic,
26%), and between one-fifth and a quarter of respondents never visiting the countryside (except Spain,
37%). Respondents in the UK rated affective responses to grasslands linked to ‘beauty’ and ‘enjoyableness’
higher (more positive) than respondents from other countries. Czech respondents rated ‘pleasantness’
and ‘goodness” higher than other countries, and Swedish respondents rated ‘value’ and ‘interest” higher.
Overall, we can infer that the majority of the respondents viewed grasslands and meadows as pleasant,
good, valuable, interesting, beautiful and enjoyable. When asked about their intention to visit meadows
and grassland, the majority of the respondents noted that they intend to spend time in grassland and
think it is easy to spend time there. In terms of sustainability of food, respondents from Spain and Sweden
noted that it is easy for them to identify sustainably produced food in general. However, they noted that
it is less easy for them to buy sustainably produced food, and indeed is not a food purchasing priority.
In general, the majority of respondents from all countries mentioned that trees were an important part
of visiting the countryside (average 85% of respondents), followed by feeling happy, having a fascinating
landscape, and a sense of peacefulness, and plenty to discover. The presence of meadows and pastures
and open landscape were important when visiting the countryside for a slightly lower proportion of
respondents (average 76 and 75%); however, varied landscapes were also seen as important (average
78% of respondents). The most likely problems in the countryside were attributed to bad behaviour by
visitors (highest in the UK, 74%), lack of young farmers taking over farming (highest in Spain, 72%),
and misuse of chemical fertilizers (highest in UK, 70%). Conversion of pasture or meadows to forest
or woodland, and too many livestock causing damage to the land were of least concern (on average less
than 35% agree they are a problem). The level of agreement differed between countries investigated but
the greatest concern in terms of perceived risk was common across five countries. Our results so far show
that affective responses of citizens are linked to non-monetary ES associated with PG. In our forthcoming
analysis we will use 2 SEM to assess the relationships between drivers of attitudes, and attitudes, as well
as behavioural intentions, for: (1) citizen attitudes towards ES associated with PG; and (2) consumer
attitudes to the products of PG.

Conclusions

This study gives an insight into the drivers behind citizen and consumer attitudes to PG, including in
relation to behavioural intentions to spend time in, and buy products from PG. Results will be relevant
for using value and perceptions of PG as a basis for current and future public policy and practice design.
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Abstract

Grassland management crucially influences the delivery of ecosystem services from permanent grasslands.
Variability in management practices is often described along a gradient from ‘low intensity’ to ‘high
intensity’ These terms are likely to carry different meanings across European regions that differ in
environmental and socio-economic conditions as well as between different groups of stakeholders.
We conducted an online survey among grassland stakeholders asking them to characterise what they
consider as low’, ‘intermediate’ and ‘high’-intensity management in terms of cutting frequency, grazing
intensity, and nitrogen fertilization. The answers of the 125 respondents revealed high variability in
the thresholds between management intensity levels. Professional background (‘agriculture’ vs ‘ecology/
conservation’) explained only a small percentage of the variability. The biogeographical region on
which the respondents’ expertise was based also influenced the evaluation of management practices.
Our survey exposed the hidden problem of communicating about grassland management across regions
and professional backgrounds, and identifies a need for a common terminology when making general
recommendations for sustainable grassland management.

Keywords: biogeographical regions, management intensity, permanent grassland

Introduction

European permanent grasslands differ greatly in their contribution to agricultural production,
biodiversity conservation and other ecosystem services. This variability is strongly related to differences
in management, often described as a gradient from ‘low intensity’ to ‘high intensity. While these terms
are widely used as a shorthand when communicating about permanent grasslands, they are likely to
carry different meanings across biogeographical regions differing in environmental or socio-economic
conditions as well as between different groups of stakeholders. To quantify the agreement or disagreement
in interpreting management intensity levels, we surveyed stakeholders, asking them to characterize
their understanding of ‘low} ‘intermediate” and ‘high’ management intensity of European permanent
grasslands. We expected answers to show high variability and to be influenced by the professional and

geographic background of the stakeholders.

Materials and methods

We conducted an online survey from June — December 2019, recruiting respondents through the
professional networks of partners within the European Union (EU) H2020 project ‘SUPER-G..
Respondents characterized what they considered typical of low’, ‘intermediate’ and ‘high’ management
intensity of permanent grasslands by providing lower and upper thresholds for three management
practices: (1) cutting frequency in grassland that is exclusively mown, not grazed (numbers of cuts
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per year); (2) grazing intensity in grassland that is exclusively grazed, not mown (livestock-unit (LU)
grazing days per hectare and year, one LU corresponding to 500 kg live weight); and (3) rate of total
nitrogen (N) fertilizer application, including mineral or organic fertilizers and animal excreta during
grazing. As ranges were allowed to overlap, we calculated two threshold values for each respondent and
management practice as the means of the given ranges: one between low and intermediate and one
between intermediate and high management intensity.

Respondents were also asked to specify the country or countries on which their expertise in grassland
management was based and whether their professional background was in ‘agriculture] ‘ecology/
conservation’ or in both. For each management practice and threshold, we used a linear regression model
to test the effect of professional background, parameterised as a factor with three levels. Furthermore, we
assigned respondents’ countries of expertise to one or more of six biogeographical regions and calculated
means and standard deviations for the six management intensity thresholds separately for each region
represented.

Results and discussion

A total of 125 respondents from 26 countries answered the survey, with the numbers of answers differing
among cutting frequency (n=123), grazing intensity (n=84) and nitrogen fertilization (n=82). Of the
respondents, 67 specified their background as ‘agriculture} 36 as ‘ecology/conservation’ and 16 as both.
The mean thresholds between ‘low” and ‘intermediate’ management intensities were 1.9 annual cuts,
238 LU grazing days ha! y!and 63 kg N ha'l total N fertilization. The corresponding mean thresholds
between ‘intermediate’ and ‘high’ management intensities were 3.2 cuts, 467 LU grazing days ha'ly!
and 149 kg ha'! total N fertilization. In all cases, individual answers varied widely around these means
(Figure 1).

A professional background in ‘agriculture’ vs ‘ecology/conservation’ significantly influenced both
thresholds for cutting frequency and the low/intermediate threshold for N fertilization, with a background
in ‘ecology/conservation’ being associated with slightly lower thresholds than one in ‘agriculture’ (Figure
1). This background, however, explained no more than 13.4% of the variance observed. Geographical
background also appeared to influence responses (Figure 2). Mean thresholds were generally lowest for
respondents from the Mediterranean, Pannonian, and Boreal biogeographical regions, where summer
drought or long winters restrict vegetation season length and productivity. Standardizing management
intensity categories by growing conditions might address this source of variability but holds its own
methodological challenges.
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Figure 1. Thresholds between low and intermediate (threshold 1) and between intermediate and high (threshold 2) management intensity of
permanent grassland, depending on respondents’ background (A:‘agriculture’ and/or E: ‘ecology/conservation’).
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Continental, MED: Mediterranean, PAN: Pannonian.

Few alternatives for characterizing agriculturally managed grasslands across Europe exist, besides attempts
to calculate continuous gradients in land-use intensity (Bliithgen ez a/., 2012). Terms such as ‘semi-natural’
or ‘unimproved’ versus ‘improved’ grasslands have sometimes been defined more stringently (e.g. Pecters
et al., 2014), but still suffer from similar ambiguities in meaning and thresholds. The EU EUNIS habitat
classification (EEA, 2021), which is based on phytosociological classification, distinguishes only two
subclasses (‘dry or moist” and ‘wet’ within the class of ‘Agriculturally improved grasslands’ (Code V31),
which represents most agriculturally managed permanent grasslands in Europe.

Conclusions

Our survey revealed that the terms low-intensity” and ‘high-intensity’ grassland management carried
widely differing meanings among European stakeholders, making them insufficient for communicating
across regions and stakeholder groups. It is thus important to acknowledge this difficulty when
communicating about European permanent grasslands. Concerted actions to refine existing terminologies
could facilitate knowledge transfer about permanent grassland among European stakeholders.
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Abstract

Circular agriculture is a solution to the depletion of soil, water and raw materials and the increasing global
temperatures. The objective of this study was to generate insight into the influence of circular agriculture
on the financial performance of dairy farms. This insight can guide dairy farm management. Data from
238 Dutch dairy farmers were analysed with a linear regression, t-test and MANOVA. Circular farms had
a higher margin than non-circular farms. Livestock sales, concentrate costs and transport costs were the
main influencing factors. For all farms, a positive relationship was found between grazing and the margin,
and between protein autonomy and the margin. A negative relationship was found between CO, emissions
and the margin. Circular agriculture combines environmental and financial benefits by practising grazing,
by optimizing the amount of concentrates fed as well as optimizing N and P-use efficiency at farm level.

Keywords: costs, circular dairy farming, financial performance, margin, sustainable agriculture

Introduction

In 2018, the Dutch Ministry of Agriculture, Nature and Food Quality (LNV), published a vision,
‘Valuable and Connected; on transition to circular agriculture under the expectation that this transition
would instigate more sustainable use of raw materials and meet society’s desire for sustainable dairy
farming. Stuiver and Verhoeven (2010) defined circular agriculture as the optimization of production
with selective use of external inputs, long-term income generation and respect for natural systems. The
transition to circular agriculture is hampered by legislation and regulations and an unclear revenue
model (Maij e 4/., 2019). Successful transition is expected to have a positive impact on the environment
and society, but is it is important for farmers to know whether it is financially sound to proceed with
the transition to circular agriculture. In addition, understanding which factors influence the financial
performance can help improve farm management. The objective of this study is to generate insight into
the influence of circular agriculture on the financial performance of dairy farms.

Materials and methods

This study used data from 238 anonymous Dutch dairy farms, all of which are clients of Dirksen
Management Support (DMS) and mainly located in the centre of the Netherlands. The dataset
contained the annual accountancy report and the Annual Nutrient Cycle Assessment (ANCA, Dutch:
Kringloopwijzer) for 2019. The Life Cycle Analysis (LCA) regulations and the Product Environmental
Foodprint Category Rules (PEFCR) apply to all calculations of the ANCA (Van Dijk ez 4/, 2019). This
study defined circular agriculture based on the vision statement of the Ministry of Nature, Agriculture
and Food Quality (2018), operationalized with values of the Milieukeur Foundation (SMK) (2020).
SMK is a certification institute that develops, manages and tests sustainability criteria. The farms were
divided into a circular and non-circular group based on the criteria of Table 1 that can be found in the
ANCA. Only farms that complied with all the requirements of Table 1 were selected as circular farms.

The data were analysed with the programme RStudio version 3.6.2. Before the analysis, the data were
checked for appropriateness given the type of analysis. A multiple linear regression provided insight into the
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Table 1. Technical aspects defining circular farms.!

Technical aspects of circular farms

Grazing Yes
Protein autonomy (%) >50
€0, emission (g kg of milk ") <1199
N soil surplus (kg ha™") <150
Permanent grassland (% of farm area) >40
Renewable energy Yes
Natural vegetation (% of farm area) >5
NH, emission (kg ha™!) <80

T All technical aspects have been adopted from the vision statement of the Ministry of Nature, Agriculture and Food Quality (2018) and the Milieukeur Foundation (2020).

Table 2. Fifteen independent financial parameters defining the financial performance of the farms.!

Financial parameters (€ 100 kg™ FPCM)

Milk sales (Hire of) machinery
Livestock sales Transport (fuel) costs
Other revenues Livestock costs
Silage costs Labour costs
Concentrate costs Other costs

Fertilizer costs Overhead

Crop protection costs Margin

Purchased seed

"The financial parameters are derived from Chen and Holden (2018) and March et al. (2017).

relationship between the margin and the technical aspects; for this analysis no division was made between
circular and non-circular farms. After the multiple linear regression, the farms were divided into two groups.
Farmers do not always correctly fill in the proportion of natural vegetation in the ANCA, as it is difficult to
register and has little added value for farmers. The other parameters are considered to be reliable. As natural
vegetation was therefore unlikely to be a reliable selection criterion, a population Y1 (of which circular farms
n=9, non-circular farms n=229) with natural vegetation selection, and a population Y2 (of which circular
farms n=39, non-circular farms n=199) without natural vegetation selection were made. A t-test provided
insight into whether there was a difference between the margins of circular farms and non-circular farms
for both populations. A Wilcoxon rank sum test with continuity correction was performed to reduce the
effect of outliers. To substantiate any differences in the margins between circular and non-circular farms, a
MANOVA was carried out with the parameters described in Table 2.

Results and discussion

The relationships between the margin and the technical aspects presented in Table 2 are shown in Table 3.
Y1 showed no difference in the margin between circular and non-circular farms. When natural vegetation
was not included as a selection criterion (Y2), there was a difference between the margin of circular and
non-circular farms (P=0.006, Wilcoxon rank-sum test is performed). A MANOVA provided insight into
which financial parameters contributed to the difference in the margin. For Y2, livestock sales (P=0.05),
concentrate costs (£=0.003) and transport costs (P=0.05) contributed to differences in the margin. The
study of Ma ez al. (2022) also showed that lower feed costs and young livestock costs contribute to higher
net profits in cooperative crop-livestock systems.

In this study, it is expected that feeding less concentrate contributes to the correlation between lower
CO, emissions and a higher margin, since the amount of concentrate fed contributes largely to the
amount of CO, emissions in the calculation methodology of the ANCA (Van Dijk ez al. (2019). Circular
farms showed management with a high milk production (>10,000 kg fat and protein corrected milk
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Table 3. Multiple linear regression analysis between the margin and the technical aspects.'

Variable Estimate T-value P-value
Intercept 1.002 0.261 0.794
Margin and grazing 0.013 2.554 0.011*
Margin and protein autonomy (%) 0.058 2,018 0.045*
Margin and €0, emissions (g kg milk) -0.006 -2.380 0.018*
Margin and N soil surplus (kg ha™") 0.002 0.340 0.735
Margin and permanent grassland (%) -0.007 -0.554 0.580
Margin and renewable energy 0.007 0.895 0372
Margin and natural vegetation (%) 0.009 0.169 0.866
Margin and NH, emission (kg ha') 0.022 0.821 0.412

" Multiple R?=0.072, Adjusted R%=0.040. * = (P<0.05).

(FPCM)) and higher N- and P-use efficiency at farm level than non-circular farms. This study analysed
the data based on the definition of circular agriculture given by the Dutch government. The results are
influenced by these selection criteria and the corrections that were carried out for (non-)circular farms.
The results of this study apply to the Dutch definition of circular agriculture only. The research showed
no difference in the margins when natural vegetation was included as a selection criterion. It should be
noted that the size of the population of Y1 (n=9) made it more difficult to demonstrate effects. Many
studies assume that farmers strive for maximum profit. However, they may be motivated by other aspects,
for example the recognition of other farmers or animal welfare (Kristensen and Jakobsen, 2011).

Conclusions

Circular agriculture combines environmental and financial benefits by practising grazing, by optimizing
the amount of concentrates fed, optimizing N- and P-use efficiency at farm level, as well as increasing farm
efficiency (maximum output with optimal input and minimum waste). Circular agriculture results in a
higher margin (selection on natural vegetation not taken into account) and contributes to the financial
performance of Dutch dairy farms.
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Abstract

Although grasslands have an extensive global coverage and are important contributors to fodder
production, they have received less attention as providers of multiple ecosystem services (ES). In this
paper, we investigate the utility of the ES framework for grassland management in Europe. We focus
on semi-natural grasslands (SNG) and improved grasslands (IG); both are widespread in European
agriculture. We present an overview of the ES delivered by these two grassland types and their potential
synergies, trade-offs and bundles. We show that SNG are able to generate a wider range of ES than IG,
and that trade-offs between ES exist in both grassland types. For example, SNG are good in providing
habitat for biodiversity, pollination, biological control and cultural services, but are poorer in biomass
production and for increasing water infiltration, whereas IG produce higher quantities of biomass for
fodder but contribute less to cultural services. Both IG and SNG are likely needed for the long-term
sustainability of food production, but a larger effort towards landscape-scale management is needed to
balance the provision of ES. Applying the ES concept to grasslands in farming systems could be valuable if
used in an informed way, leveraging ecologically and economically grassland management for sustainable
livestock farming systems in Europe.

Keywords: biodiversity, multifunctionality, stakeholders, supply and demand, sustainable farming

Introduction

Grasslands cover about 40% of the Earth’s terrestrial surface and represent about 65% of the world’s
agricultural land area (Dengler e 4., 2020). Compared to forests, for example, grasslands have received
much less attention in the multiple ecosystem service (ES) framework (Bargett ez al., 2021; Diaz ez al.,
2015). This is unfortunate, as grasslands are important for food production and extensively managed
grasslands also contribute to the maintenance of high biodiversity and key ecological processes (e.g.
pollination or water regulation) at local and landscape scales (Dengler ez 4/, 2020). They also have
outstanding cultural values, e.g. as legacies of ancient land use systems, their beauty (Plieninger ¢z 4Z.,
2015), and they are classified as ‘high natural value habitats’ by the EU.

As recently as just 100 years ago most European livestock still grazed semi-natural grassland within
multifunctional and high natural and cultural value pasture systems (Hartel ez 4/, 2018, Velado-Alonso ez
al.,2020), whereas currently a large part of the livestock production occurs on technologically improved,
monofunctional grasslands or croplands (Naylor e 4/, 2005). As a consequence, European grasslands
went through a sharp decline during the last century (Bargett et al., 2021). On the other hand, the lack
of management and abandonment of grasslands that are still left may pose a major threat to people
worldwide, especially those societies which rely directly on the multiple ES of grasslands such as food,
fuel, fibre and medicinal products, as well as their multiple cultural values (Bengtsson ez al., 2019).
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Three main types of grasslands can be differentiated within agricultural production systems: natural, semi-
natural, and agronomically improved grasslands (Bengtsson ez al., 2019; Bullock ez al., 2011; Lemaire ez
al.,2011; Pecters et al., 2014). Natural grasslands form the grassland biomes and are natural arcas mainly
created by processes related to fire and wildlife grazing (Bengtsson ez al., 2019), but are also used by
livestock. Semi-natural grasslands (SN'G) are pastures with along-term history of traditional management
(Dengler ez al., 2020). In Europe, SNG represent an important component of the cultural and natural
heritage. Within the EU's Common Agricultural Policy they are recognized as High Nature Value
farmlands and are listed as Annex I habitats in the Habitats Directive. SNG typically require livestock
grazing as well as a certain degree of direct human management (e.g. scrub control, mowing) for their
maintenance and will generally be encroached by shrubs and trees if abandoned (Queiroz ez al., 2014).
Improved grasslands (IG) are pastures resulting from ploughing, i.e. former arable fields, and sowing
agricultural varieties or non-native grasses with high production potential. The term ‘improved’ refers
to modern, technological capital-intensive management, including artificial fertilization, monoculture
and/or high density of livestock (Pilgrim ¢ 4/., 2010). There is no clear threshold between SNG and
IG, and with time an IG may become a SNG depending on, e.g. nutrient status, humidity, availability of
typical grassland species in the seed bank or in the surrounding landscape, and management (Dengler
et al., 2020). Due to the great variety of grassland types and their environmental, ecological, historical,
technological and socio-cultural contexts within which they evolved, identifying universal ES supply
and ES demand patterns is important and challenging, yet still largely unaddressed (e.g. Bengtsson ez aZ.,
2019; Hartel et 4., 2018; Herzon et 4l., 2022).

The aim of this paper is to show the utility of the ES framework for sustainable grassland management in
Europe. We start by presenting the ES framework related to farmland management. Then we present an
overview of the individual or bundles of ES delivered by European grasslands. We focus on semi-natural
grasslands (SNG) and improved grasslands (IG), which are the two major contributors to European
(Figure 1). Through a literature survey, as well as our own research experience, we selected the most
common ES related to grassland and analysed the synergies, trade-offs and bundles in the SNG and IG
types. We end by suggesting future research directions and how managing ES in an informed way may
increase the sustainability of future livestock farming systems in Europe.

The ecosystem service framework

Ecosystem services are the goods and the direct and indirect benefits people obtain from ecosystems
(Haines-Youngand Potschin, 2018; MA,2005). The concept of ES, nonetheless, still generates controversy
in the research community (Richter ez /., 2021), and the frameworks adopted, e.g. MA (2005) or CICES
(see Haines-Youngand Potschin, 2018) and/or the assessment approaches can differ among users (Richter
etal.,2021). Despite these fundamental discussions, the scientific community has intensively delved into
the associations between different ES and the ecosystem features such as biodiversity, ecosystem functions

Figure 1. Illustration of an (A) semi-natural grassland (SNG) in Sweden, and (B) an improved grassland (IG) in Spain.
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and structures, but also in society as a tool to inform decision-making for sustainable management
(Saidi and Spray, 2018). Many studies have focused on the assessment of individual ES, on trade-offs
(antagonistic relationship between two or several ES) and synergies (synergetic relationship between two
or several ES) across ES, or on identifying and analysing associations among multiple services, referred to
as bundles of ES. A bundle of services is understood as a set of services that occur together across space
and time. Bundles of services are often sought for in decision-making, because they could improve the
management actions to favour as many ES as possible (e.g. Raudsepp-Hearne ez 4/., 2010).

The association among services may, however, vary depending on the ecosystem type and its use. In
intensively managed agricultural systems, the increase of provisioning services (food and meat production,
timber production) often occurs at the cost of regulating services (e.g. water cycle regulation, soil fertility,
carbon sequestration, biological control) and supporting services (biodiversity) (Foley ez al., 2005;
MA, 2005). Both spatial and temporal aspects are crucial for understanding ES generation. This scale
dependence will hence affect the trade-offs, synergies and bundles of services as they are generated at
different scales (Kleijn ez a/., 2011). Although it is clear that the flow of ES is not static, this has gained
little attention, both in science and in practice (Rau ez 4/, 2020).

To understand the ES value of grasslands both the supply (the capacity of an ecosystem to produce
a service) and demand (the amount and type of services demanded by people, but also considering
the potential future demands) should be acknowledged (Lamarque ez 4., 2011). Still, most studies of
ES do not distinguish between the ES supply and demand (Yahdjian ez 4/, 2015), nor aim to address
ES mismatches. The benefits (welfare gains) of a particular ecosystem service largely depends on how
different actors in society perceive or attach value to that ecosystem service, which could originate
conflicts between stakeholders with different interests.

Grasslands can generate a wide diversity of ES (e.g. D’Ottavio ¢t al., 2016; Bengtsson ez al., 2019;
Sollenberger ¢z al., 2019; Zhao et al., 2020), of which we selected the twelve most relevant for IG and
SNG to be included in the literature survey. The selection of ES was based on the following criteria: (1)
to capture key examples of provisioning, regulating and cultural ES categories, and (2) to represent the
different biocultural regions of Europe. Supporting services have often been excluded from ES assessments
(Khan, 2020; Haines-Young and Potschin, 2018; Price, 2014) and were therefore not considered in this
paper. Additionally, biodiversity is discussed in relation to the regulating service habitat provision.

ES generated from semi-natural and improved grasslands

There was a clear difference in provision of ES between SNG and IG, where SNG showed a higher
potential to generate most of the services at relatively high levels, compared to IG (Table 1). Some ES,
like water-related ES and carbon storage and sequestration, have been frequently studied, especially for
IG, but not much within the ES framework (Sollenberger ez a/., 2019). Information about the generation
of pollination and biological control was especially poor for IG. It was clear that ES generation depends
on size of grassland, scale of analysis and the landscape context in which the grassland is located.

Most of the indicators within the ES framework assessed in this literature overview concerned regulating
services and less among cultural and provisioning services (Table 1). Biomass production was found to
be higher in IG than in SNG, although differences occurred depending on location (Sollenberger ez 4f.,
2019). Grassland productivity is generally increased by technological innovations, such as irrigation and
fertilization, and is linked to the intensity of use like frequency of cuts and livestock unit per area. Since
IG often are former arable fields, biomass production is generally much higher due to fertilization. The
ability for SNG to act as habitat providers, especially to support high biodiversity, is well documented,
although differences occur depending on local biophysical conditions (Dengler e /., 2020 Kok et 4.,
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Table 1. Most important ecosystem services generated from improved (IG) and semi-natural grasslands (SNG).!

Ecosystem services Confidence term Comments Reference

Plant biomass production (Fodder WE Generally higher production in IGthanin SNG  Zisenis et al., 2011
production)

Wild products El SNG are better providers than |G, mostly due to Sucholas et al., 2017; Torralba et al., 2018;

historical ecological knowledge and values Variet al., 2020

Habitat provision (maintaining nursery ~ WE, IC SNG are better providers, but few studiesare  Dengler et al., 2020; Wilson et al., 2012
population and habitats) conducted in 1G

Pollination (pollination of crops and WE, IC Few studies directly relate SNGand IGto crop ~ Werling et al., 2014; Taki et al., 2010

wildflowers)

production. SNG important for pollination in

the landscape

Biological control (pest control for increase El Few studies directly relate SNG and IG to crop  Jonsson et al., 2014
crop production) production
Carbon capture (carbon sequestration IC, UR Carbon capture is generally higherin IG, but  Sollenberger et al., 2019; Chang et al., 2021
through photosynthesis) results are inconclusive and site dependent
Carbon storage (Carbon sink in the soil) ~ WE Carbon storage is higher in SNG Dlamini et al., 2016; Sollenberger et al,, 2019
Erosion control (reducing run-off and IC Long-term permanent vegetation in SNGmay  Pligrim et al., 2010; Fu et al., 2011
stabilizing soil) prevent run-off and stabilization of soils, in
contrast to 1G
Water quantity (infiltration and storage ~ UR Potentially important but site dependent Sollenberger et al., 2019; Posthumus et al.,
capacity) 2010; Guo et al., 2020
Water quality (cleaning water through El,1C Potentially provided by SNG but could be Cadman et al., 2013; Sollenberger et al.,
infiltration) decreased in 1G 2019
Tourism/recreation (possibilities for El,IC Clearly linked to high levels of biodiversity Honigova et al., 2012; Martino and
recreation) and multifunctionality of SNG, but less clear ~ Muenzel, 2018
with 1G
Cultural heritage (historical activities, WE Cultural heritage is highly related to SNG but  Fischer et al., 2008; Lindborg et al., 2008;
legacies and biological values) notto IG Bullock et al., 2011

" Provisioning services (grey), regulating services (light grey) and cultural services (white). The confidence terms listed are based on the four-box model for qualitative communication
according to IPBES procedure (IPBES, 2018). WE = well established; El = established but incomplete; UR = unresolved; IC = inconclusive.

2020a). They are also important sources for maintaining and dispersing organisms at the landscape scale
(Dengler e 4l., 2020). Improved grasslands, having higher nutrient levels and high yielding varieties,
do not reach the same high level of biodiversity. That may, however, change with time if IG soils lose
nutrients as they become permanent (Sexton and Emery, 2020). Sowing of specific forbs or legumes
(often occurring in SNG) could also increase biodiversity significantly without jeopardizing forage
quality or ruminant heath (Hamacher ez 4/., 2021).

Pollination and biological control generated in SNG may have a direct positive effect on the overall
richness of insects and also on agricultural production adjacent to the grassland (Jonsson ez al., 2014;
Taki ez al., 2010; Werling ez al., 2014). Some studies show a positive effect of SNG in the landscape on
the number of pollinators, and in contrast, a decline in plants that rely on them may occur if pollinator
populations decline (Potts ez 4/., 2010). However, Wood ef /. (2013) showed that although abundance of
flowering plants was similar between legumes and forbs, the abundance and diversity of pollinator groups
were greater in legumes than in forbs. It should be noted that rare pollinator species were nonetheless
found in the wildflower habitat only.
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The role of grasslands for climate change mitigation is frequently discussed, especially carbon storage in
permanent grassland, as they may store large amounts in the soil (Lal, 2004; Smith, 2014; Susanna ez 4/.,
2010). Although, carbon sequestration increases by increased nutrient inputs (e.g. Kitterer et al., 2012;
Sollenberger ez al., 2019; but see Skinner, 2013), carbon capture and storage in grassland soils is reduced
by intensive grazing (Dlamini ez 4/., 2016). Natural grasslands converted into improved sown grasslands
may increase the organic C sequestration, whereas conversion into silvopasture increased the mineral-
associated C fraction (Adewopo ¢z al., 2015). This suggests that management intensification promotes
soil C sequestration, and integration of trees improves soil C stability. Hence, carbon storage is concluded
to be higher in SNG than in IG, whereas carbon capture capacity can be higher in IG. However, if IG are
ploughed, large amounts of C are released. While storage capacity is high after conversion of arable land
to grasslands (Franzluebbers and Stuedemann, 2009), that capacity is limited in time until soil reaches a
saturation limit (Smith, 2014). One way to increase the C stock in IG grassland soils is to reduce grazing
pressure as the reduction of carbon by grazing is only partly compensated for by addition by mineral
fertilizers (Eze et al., 2018). This will also reduce greenhouse gas emissions generated from livestock
grazing in grassland (Manzana and White, 2019).

The water-related ES is currently of minor importance in European grasslands, but this has a potential to
increase (Lamarque ez 4/, 2011). In general, water quality is negatively affected by fertilizers (increased
N and P) and high stocking rates increasing the nutrient load in runoff (Sollenberger ez 4l., 2019).
This suggests that IG, with high amounts of nutrients in the soil and high stocking rates, will have a
negative impact on water quality. The water quality in SNG is generally thought to be better and could
be improved in certain locations where water capture and increased infiltration could mitigate negative
effects from heavy rains (Cadman ¢z 4/, 2013). Floodplain meadows and coastal grasslands, although
both are becoming increasingly rare SNG types in Europe, are highly relevant in regulating floods and
mitigating the negative impacts by rivers and sea. Coastal grasslands mitigate the impacts of sea-level rise
and buffer against intensified coastal erosion processes (Posthumus ez 4., 2010). Permanent grasslands
also contribute greatly in mitigating erosion (Pligrim e 4/., 2010), especially in comparison with cropland
(Cerdan ef al., 2010). Since permanent vegetation is very efficient in preventing run-off and stabilizing
soils, SNG are, in general, more efficient in erosion control than IG with a shorter history of vegetation
establishment.

Although many SNG are protected for their high cultural and biological values, recreational activities are
often related to the broader landscape, making it difficult to separate the role of semi-natural grasslands
from that of improved grassland (Bullock ez 4/, 2011) and the overall heterogeneity of the landscape.
In contrast to IG, SNG are appreciated for their cultural heritage linked to extensive use and traditional
management (Fischer ez 4/, 2008; Lindborg ez al., 2008). Many are located on ancient sacred places
such as burial mounds and have been kept open by livestock for thousands of years (Lindborg ez 4f.,
2008). Traditional management of grasslands in terms of hay-making has played an important role in
social cohesion among villagers and still does (Stenseke 2009). Wild products (e.g. mushrooms, berries,
medicinal plants, fruits from shrubs and trees) from SNG were highly appreciated in the past across
Europe (Vari ez al., 2020). Nowadays, the importance of wild products is declining, partly due to formal
regulations of SNG, and partly due to changes in society, culture and values, resulting in less of these
products on the market.

Trade-offs and synergies between ES and bundles of ES

Clear trade-offs and synergies could be detected in both SNG and IG (Figure 2). For example, SNG
are good in providing wild food, habitat for biodiversity, pollination, biological control and cultural
services, but are relatively poor in capturing carbon and improving water quantity and quality (Figure 2).
In comparison, IG produce higher quantities of biomass and contribute less to pollination and carbon
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capture. The trade-off between biomass production and natural habitat provision (enhancing biodiversity)
is established as a fundamental trade-off (Foley e 4/., 2005, Kok ez 4/., 202 1b). Experimental studies have
shown that an increased number of plants may increase primary production. In an experiment including
herbaceous grassland species richness it was found that annual soil C storage increased as the number
of species increased (Tilman e /., 2006). However, such experiments are difficult to translate into real-
world systems as they only include a relatively low number of species (1-16 species), whereas species
richness in SNG can be as high as 60 plant species in one square meter (Wilson ez 4/., 2012). In general,
the relationship between species richness and soil C accumulation was inconsistent in the published
literature, although greater biodiversity increases resistance to disturbance by stabilizing grassland
productivity and productivity-dependent ES (Isbell ef 4/., 2015).

Bundles of ES from SNG were analysed by Bengtsson ez al., (2019) who detected three bundles: one
dominated by water ES and also including plant biomass production, a second comprised of a number
of cultural ES connected to livestock production, and a third bundle consisted of the regulating services
pollination and biological control, indirectly linked to biodiversity. This shows that bundles are formed
across the classical categories by MA (2005), and are related to physical geography of the SNG, the
indicators representing and the ecological functions underpinning the ES. Although not statistically
analysed, somewhat similar trends were also noted in our overview, where habitat provision, pollination,
biocontrol, cultural heritage and soil storage in SNG could form a bundle, as a result of historical
management (e.g. Herzogez al., 2022). Potential bundles for IG were not equally clear, although biomass
production and carbon capture are clearly linked. The ES found within each bundle are likely to be
suitable to be managed together.

Supply and demand of ecosystem services

Research has shown that the extent to which ES translates into social wellbeing depends on the policies,
formal and informal institutions, and power relationships within the local community (determines
the access to ES), as well as individually held values (Horcea-Milcu et 4/, 2016). Several tensions and
conflicts around ES at the level of the society and management-induced changes can be associated
with the above-mentioned factors (Bernues ez 4/., 2016). For example, in Romania social tensions arise

Improved grassland Semi-natural grassland

' (

. Biomass production . Pollination Carbon storage Water quality
Ecosystem . . i . : i
Seriias Wild foods Biological control Erosion control Tourism/recreation
Habitat provision . Carbon capture . Water quantity Cultural heritage

Figure 2. Most important ecosystem services (ES) generated from improved grasslands and semi-natural grasslands, see definition Table 1.
The ES estimates are partly based on existing literature (Table 1) and partly on the authors’ knowledge (for those ES where the confidence
term is low, Table 1).
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around the overgrazing of pastures and the illegal access of shepherds to SNG used as hay fields. In
Sweden, stone walls are important cultural components of SNG that are perceived as barriers towards
increasing the farming economy, mitigating intensification (Stenscke ez 4/., 2009). Furthermore, the loss
of wood-pasture systems across Europe is related to policy misfit, change of value systems at the level of
the society related to ES, and the spatial dynamic of human population and infrastructure (Plieninger
et al.,2015).

Differences in the knowledge and perception of ES may also generate conflicts among stakeholders
regarding preference for ES (Bernués ez al., 2016, Dingkuhn ez 4l.,2020) and those discrepancies may exist
between the demands and actual supply of ES (Dingkuhn ez al., 2020). For instance, Bernués ez a/. (2016)
showed that farmers have a greater knowledge about ES than non-farmers (particularly for regulating
services), as well as on the multiple relationships between agricultural practices (e.g. diversifying crops,
no pesticide use, optimal stocking rate) and multiple regulating/cultural services (e.g. water quality, soil
fertility, landscape quality) and biodiversity. They intuitively understood that an intermediate intensity of
management (SNG grasslands, rather than IG) could improve the delivery of multiple ES. Non-farmers,
in contrast, attached greater importance to cultural ES that were discussed in bundles, such as recreation
and tourism, aesthetic value of the landscape and spiritual, educational and cultural values. Divergent
views were also observed around the relationships between farming and conservation policies (Bernués
et al., 2016; Kok ez al., 2020b; Pascual ez al., 2021), where farmers are usually sceptical of conflicting
species (predators in particular). Another ES where discrepancies often appear is the aesthetic quality of
agricultural landscapes, where local people prefer higher levels of human intervention and agricultural
activity, whereas the general population prefer more ‘natural’ landscapes (Bernués et al., 2014, 2015;
Faccioni ez al., 2019). Consensus does, however, exist between herders and scientists, agreeing that sparse
trees and shrubs are beneficial for the grassland environment, biodiversity and for livestock (Molnar ez
al.,2020).

Stakeholders groups are usually presented as homogenous, but diversity can be great within those groups
in terms of socio-economic and psychographic characteristics (Rodriguez-Ortega et 4l., 2019; Spash
et al., 2009). The subjective perceptions and interests of stakeholders for ES can vary across regions,
socio-economic and policy contexts, and cultural backgrounds (Randall, 2002). However, more general
patterns were also found across three mountain agroecosystems in Europe (Bernués ez al. (2019): (1) the
willingness to pay for the provision of ES exceeded in all cases the real level of public support, (2) further
abandonment and intensification of agriculture were clearly rejected by the public, and (3) increasing
the provision of biodiversity and specially regulating ES (prevention of forest fires, maintenance of water
quality and soil fertility) always produced welfare gains for society. However, the optimal level of delivery
was context dependent and people perceived trade-offs between ES across policy scenarios (e.g. provision
of quality food products and regulating services).

Many ES constitute public goods that do not have a market price, and therefore farmers do not have
economic incentives to produce them. SNG grasslands are appreciated due to the aesthetic and recreational
value, but while farmers maintain these landscapes, the profit goes to others, e.g. the tourism industry.
IG do not deliver those aesthetic and recreational services, but IG do give higher revenues from higher
productivity levels. Hence, a transition to IG becomes attractive from an economic viewpoint. That
becomes a market failure that needs to be addressed with adequate policies and support for grasslands
that underpin the delivery of ES, i.e. SNG. In order to make the concept of ES operational and useful
for land management, the current agro-environmental policies should be replaced by more specific and
targeted policies, such as Payments for Ecosystem Services (PES). PES should be based on concrete
biodiversity objectives or on the agricultural practices at farm level that provide these biodiversity
objectives or more generally, bundles of ES directly favouring ES, like e.g. habitat provision, pollination
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and biological control (Rodriguez Ortega ¢t 4/., 2016). These authors designed a PES system based on the
relationships between agricultural practices and ES and showed that maintaining grasslands and applying
grazing management practices delivered higher bundles of ES.

Another way to incentivize farmers is by transferring social demands into farmers” economies through
proper value chains (i.c. food products and services linked to grassland territories) and support
from financial institutions (Ripoll-Bosch and Schoenmaker, 2021). Consumers, and society at large,
increasingly hold ‘ethical’ concerns about the model of agriculture and the food chain. For example, the
concerns for animal welfare and the environment constitute two of the main future trends with regard
to meat consumption and aligns with the call to cat less but better’ meat (Sahlin ez 4/, 2020) This
opens up an opportunity to move from the standard bulk production to differentiated and value-added
products, to develop novel value chains and quality labels valuing ‘extrinsic quality attributes’ (i.e. quality
attributes based on production system) and to add to consumer well-being. To do so, it is necessary to
expand the farm-to-fork frame to a wider one ‘landscape-to-fork’, which incorporates the structure and
functioning of natural and SNG into the value chain (Bernués et a/., 2016). This expanded framework
would mean that value chains become more circular, helping to close nutrient and energy cycles. The
lower the dependence on external inputs (i.c. higher dependence on solar energy), the more circular the
production system.

Conclusions

Grasslands are highly valuable ecosystems providing ES relevant for long-term sustainability of food
production, farming systems and for general well-being of communities across the world. However,
management of grasslands strongly determines their capacity to deliver multiple ES. Improved grasslands
(IG) are ‘designed’ to maximize food production and other ES have not been traditionally considered
in high-intensity management systems. Conversely, semi-natural grasslands (SNG) are characterized
by more balanced provision of different ES. This was well reflected in our literature overview, where
significant trade-offs emerged between biomass production and provision of other services in IG.

Both IG and SNG are likely to be needed for long-term sustainability of food production, but
significantly more effort must be put into landscape-scale spatial configuration of farming systems to
ensure a more balanced provision of ES. Given the significant decrease in the area of SNG over the past
century in Europe, it is highly relevant that remaining SNG are valued and maintained, and that degraded
or destroyed SNG are restored in farming landscapes. In addition, IG management should be steered
towards a more balanced provision of ES. For that, ES bundles — associations among multiple services
— can provide information about necessary shifts in management practices of IG. For example, trade-
offs related to high livestock intensity could be reduced if the density is kept below carrying capacity,
resulting in improved water quality, carbon storage, erosion prevention and enhance pollinator diversity,
and improve cultural ES.

The scale at which ES are provided is important. Trade-offs and synergies may vary when scale changes,
as the provision is highly dependent on the underpinning ecological functions which operate at different
spatial scales. When managing population-based ecosystem services, like pollination, as well as water
regulation and erosion control, synergies become more prominent when interventions are implemented at
larger landscape scales. Hence, local conditions, as well as the wider landscape context and configuration,
are highly important to be considered in order to avoid trade-offs and to promote synergies. Further, a
clear focus on bundles of services, e.g. ‘water-biomass production-erosion control’ or ‘habitat provision-
pollination-biological control, could increase multiple ES supply and facilitate management of both
SNG and IG grasslands. Approaches based on bundles of ES can allow us to describe the performance of
grasslands concerning the evolution of trade-offs and synergies, and to evaluate their biological, technical,
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cultural and economic determinants. This knowledge can help to inform decision-making concerning the
payment of non-market services, like agro-environmental schemes. We stress that the application of the
ES concept to grasslands in farming systems should be used in an informed way. ES is certainly crucial
for leveraging ecologically and economically sustainable grassland management but its effectiveness as a
conceptual tool will depend on local biophysical conditions, a wide range of social features and dynamics
as well as the knowledge and the intent of its user.
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Abstract

Throughout the world, livestock grazing systems (LGS) include and provide livelihoods for many rural
populations. These LGS are represented in a wide variety of agroecological contexts and offer a huge
variety of system organization. They contribute to sustainable food systems by providing multiple products
including low-cost edible proteins and energy, draft power, outputs (carbon and soil nutrient regulation,
landscape and biodiversity maintenance), roles (local development support in harsh environments,
contribution to the circular economy) and benefits to population (revenue, employment and cultural
assets). These multiple functions can be described through a multifunctional conceptual model
specified for LGS. Applied to cases in Africa, Asia, Latin America and Europe, the framework enables
the assessment of these systems in a holistic manner that includes four dimensions: production, social,
environmental and local development. These dimensions and associated local indicators demonstrate
the potential important contribution LSG makes to sustainable food systems. Management of trade-offs
between these functions may be improved using, such a model in a multi-stakeholder approach. Some of
the functions and balance between them might have been overlooked in the consideration of European
food systems.

Keywords: livestock grazing systems, multifunctionality, diversity, sustainable food systems

Introduction

Livestock grazing systems (LGS) are where 90% of ruminant diets are composed of forage grazed
from natural or cultivated grasslands, according to FAO and ILRI (Robinson ez 4/., 2011). LGS play a
significant role in livestock production, accounting for 39% of global domestic ruminant numbers and
30% of animal derived proteins (Mottet ez al.,, 2017, 2018). One and a half billion hectares of land usually
unsuitable for cropping due to poor rainfall, soil fertility and topography are utilized by LGS, as is 54% of
the total terrestrial landscape. Much of this (28M km?) is in desert or marginal xeric shrubland areas (ILRI
et al., 2021). Many of these systems are dependent on both the mobility of livestock and people (socio-
ecological systems) as they take advantage of the spatial and temporal variability in forage production
throughout the year. These mobile systems rely on natural resources and processes, e.g. existing forage,
water source, manure from livestock and associated high human capital input. The large land footprint
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of LGS and associated management of livestock results in impacts on the ecosystem dynamics which
result in a diversity of functions for both the environment and human well-being at different scales and
dimensions (production, economics, cultural, environmental, local development, etc.). These functions
are not always considered when assessing the impact of LGS although attempts to take a whole-of-system
approach have been undertaken using the ‘Ecosystem Services’ framework focused at the ecosystem scale
(Huang ez al., 2015). The prolific debates that occurred during the 2021 UN Food Systems Summit
have led to several so-called ‘Coalitions’ that have to be implemented by states and civil society, many
of them dealing with livestock issues. They have confirmed that Food Systems are now a global issue
and that industrialized countries cannot represent a model for the rest of the world, but also have a
lot to learn from the Global South and its diversity of farming systems, particularly about herbivore
breeding. In this paper, we shall consider LGS, tackled here in a larger definition than FAO, within the
context of a multifunctionality framework that makes transparent the many functions derived from
LGS, and we document the results of its application through global case studies. The hypothesis is that
the multiple functions of LGS, demonstrated in a diversity of global contexts, will inform the description
and identify pathways for sustainable food system development potentially overlooked in past agriculture
simplification within Europe.

Why apply the multifunctionality concept to livestock grazing systems?

Current methods of assessing the different functions of LGS oversimplify and underestimate the impact.
We hypothesize that the use of the concept of ‘Multifunctionality of agriculture; which was developed
during the 1990s (Caron ez 4l., 2008; Hervicu ef al., 2002a,b; Huang ¢z al., 2015; UNCED, 1992) is a
better way for developing a more exhaustive assessment of the different functions of LGS. Through this
multifunctionality (MF) methodological approach, we seck to show that LGS have an important role to
play in Sustainable Food System development worldwide. The MF considers the diversity of functions
needed to assess the real impact of agriculture at local, regional and international levels including
production outputs, economic (employment, infrastructure and services development, financial fluxes,
etc.), environmental (landscape management, GHG emissions, soil fertility, biodiversity and nutrient
fluxes, etc.). Due to their large terrestrial footprint from local to global scale, LGS have significant impacts
on ecosystem dynamics (biodiversity, nutrient cycling, land degradation, etc.) and climate change (GHG
emissions, carbon sequestration) (Steinfeld ez 4/, 2006). LGS also support massive amounts of social
groups and populations throughout the world (ILRI ¢z 4/, 2020), providing revenues, livelihoods, social
and cultural assets. In this regard, the MF framework has been adopted by Action Network 2 ‘Restoring
value to grassland’ within the Global Agenda for Sustainable Livestock (GASL), as the relevant approach
to use with multiple stakeholders to describe, evaluate and discuss the different functions provided by
LGS. This MF framework fits well with the global framework on Sustainable Development Goals (SDG)
proposed by the UN 2030 program as the multiple functions of LGS relate to at least 8 SDGs out of
the existing 17 (1: no poverty, 2: zero hunger, 5: gender equality, 6: clean water, 8: decent work and
economic growth, 12: responsible consumption and production, 13: climate action, 15: life on land).
Finally, considering the contribution of LGS to the emergent concern of sustainable food systems (SFS)
debated during the September 2021 UN conference, the MF framework will allow the identification of
crucial functions that might inform the main principles supporting SFS: environmentally friendly, easy
access, availability, food security, food quality.

Building a multifunctionality conceptual model to support local livestock
grazing systems dynamics

A multi-stakeholder participative modelling approach was developed to ensure that a broad diversity
of contexts and worldviews informed a common framework applicable to the diversity of LGS global
contexts. Participants included researchers from a range of disciplines related to LGS from seven different
countries (Argentina, Brazil, France, Mongolia, Senegal, New Zealand, Vietnam), agribusiness, farmers
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and policy makers. An iterative approach was applied to ensure the robustness of the framework which
consisted of: (1) a literature review that created the base platform for conceptual model construction at
the first workshop (May 2016) followed by (2) interviews with ten French farmers, and later with local
stakeholders at sites of five of the different countries, and (3) two further workshops (July 2016, December
2017) with several rangeland experts focused on clarifying definitions, discussions on the structure of the
conceptual model and testing its robustness with respect to a set of indicators defined to assess the impact
of livestock from a variety of perspectives. The resulting multifunctionality of LGS conceptual model
(CM) consists of four dimensions (productive, social, local development and environmental) within
which entities (farmers, livestock, pastures, products, atmosphere, water, infrastructures, organizations,
etc.) and processes (trading, feeding, producing, consuming, building, carning, etc.) have been identified,
chosen and described in the UML language with their associated indicators (Figure 1 and indicators in
the Case study descriptions). From 2017 onwards, the CM has been applied to a variety of case studies,
documented below, from which iterative improvement and enrichment of the CM has occurred via
practical experience.

Case studies from South America, Asia, Africa and Europe

The cases documented below illustrate how the multifunctionality framework has been applied with
different tools and methodology to a diversity of contexts and issues regarding sustainable development

of LGS throughout the world.

Improving holistic comprehension of multifunctional goods and services provided by pastoral ecosystems:
Puna de Jujuy, Argentina

Context. The Puna (3,500 m a.s.L.) is a high plateau located in a dry area (100 to 300 mm year! rainfall),
very windy with high daily and annual temperature fluctuations. The vegetation is sparse, mainly shrubby
steppe and archipelagos of very productive but sparsely distributed wetlands. In these harsh environments
there are limited possibilities for agriculture (Quiroga Mendiola and Cladera, 2018). The aim of this
work is to promote the values of this high altitude pastoral system as it is a producer of multiple goods
and services. We organized the case study into the four dimensions of the MF framework (productive,
social, local development and environmental) through a multidisciplinary team approach to facilitate a
holistic analysis of the whole system.

Material and methods. A domestic unit (DU) analysis scale was chosen as it is the first economic step
of natural grasslands management and knowledge transmission, and because relevant indicators and
measures already existed at this scale for use in the approach. Four dimensions were addressed: (1)
productive dimension: the main local product is meat (llama, sheep or goat) sold in the local market
(formal and informal); indicators are: (a) $ kg'! of meat produced year!; (b) kg meat sold year'; (c)
livestock diversity: number of animal species/flock; and (d) number of strategies against drought. (2)
Social dimension: we assessed (a) the number of family members living and working in the houschold
(productive unit persistence and knowledge transmission); and (b) number of local organizations in
which the DU participates. (3) Local development dimension: (a) annual income (US$ of meat) and (b)
the number and diversity of marketing channels for the meat produced. (4) Environmental dimension:
kg DM ha'! year! (carbon capture and forage provision), vegetation cover (water and temperature
regulation), plant diversity and richness (biodiversity maintenance).

Results. The meat production ranged from 487 to 2,272 kg meat™! year! DU, of which 50% was for
self-consumption and 50% for sale (Echenique e /., 2015; Paz et al., 2011). The herds have two animal
species and 3 to 5 diverse strategies were applied to face drought (changing grazing sites, changing
flock composition, reducing flock size, buying fodder from outside the area, and finding new ways
of agreement between herder’s families) (Quiroga Mendiola, 2015a). This demonstrates the family’s
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capacity to produce meat for self-consumption and for other consumers, and also the different knowledge
and strategies for various animal species per flock and diverse landscape management. Concerning the
social dimension, the stability or fragility of the family was demonstrated as they are made up of 1 to 5
members that remain in the production unit and are linked to 1 to 4 local market organizations. These
networks provide diverse and flexible opportunities such as negotiation capacities, improving selling
prices, information access, etc. (Alcoba ez 4., 2018). The local development dimension generates annual
income of US$1,194 to US$6,289 (local and country wealth generation) and access to diverse marketing
channels (actions of the cooperative to sell the meat outside the territory, selling most of the meat for
Christmas, Easter or social events, selling some animals to an intermediary or local trader, sale or exchange
of meat with neighbouring families or other members of the community) showing the generation of
wealth and family and community resilience (Alcoba ez 4/, 2018). The environmental dimension shows
a forage production of 300 kg DM halyear!, with 65 to 73% vegetation cover and genetic richness and
plant diversity conservation in a sustainable way (Molina, 2011; Quiroga Mendiola ez 4/., 2010, 2015b).

Conclusions. The multifunctional goods and services that the pastoralist agroecosystem provides were
acknowledged and analysed, and were better captured by a multidisciplinary team to provide a more
comprehensive understanding of the system complexity. The application of the MF approach allowed
us to measure and integrate several indicators in the four different dimensions, analyse diverse herder
strategies to cope with this kind of environment and be more resilient to shocks, and to make transparent
and place a value on the system’s multifunctionality.

Improving grassland system multifunctionality by natural regeneration of native trees for the
implementation of a silvopastoral system for beef production in Brazil

Context. In Latin America, extensive systems are the most common management for cattle ranching, and
traditionally are based on monoculture forages and low stocking rates (Chara ez /., 2017). Deforestation
is part of the process applied to implement monoculture pastures in large areas and in different biomes
of tropical countries, including Brazil. This practice improves profits in the short-term, but after many
years the soil fertility, biodiversity and stocking rate capacity are reduced, and consequently also the
farmers’ income. Pasture degradation has taken place on approximately 100 million hectares all over
Brazil. Silvopastoral systems which incorporate trees and shrubs in pastures increase the amount of
biomass per unit of area and provide other ecosystem services. Silvopastoral systems aim to promote
sustainable intensification of land while also increasing the vegetation and animal biodiversity, water
use efficiency and biomass production, and respecting animal welfare, compared with systems based on
traditional monoculture forages (Mauricio ez al., 2019). The objective of this study is to demonstrate that
natural regeneration of native trees and bushes associated with grass forages is one sustainable option to
implement a multifunctional silvopastoral system (SPS) in Brazil.

Material and methods. Several seminars were organized where a demonstration farm (1,000 ha in
Maranhao State, Brazil) was used to illustrate and discuss the SPS practices (natural regeneration) with
farmers, ONG (Brazilian Centre for sustainable livestock — CBPS), local extension services, researchers
and students under the coordination of the Federal University of Sao Joao Del-Rei Brazil. The four
dimensions of the MF approach were applied to the SPS, as SPS deliver a range of functions including
high production (meat ha! year!), social improvements (jobs and financial stability), environment
(biodiversity, animal welfare) and local development (livestock business and sustainable practices).

Results. It was demonstrated that the profit from the SPS has steadily increased in comparison with
traditional monoculture systems based exclusively on Brachiaria. In addition, high biodiversity, fauna and
flora from silvopastoral practices has positively changed the farm landscape, which has been enhanced
through soil conservation, forage biomass and animal welfare. The seminars fostered discussions and
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clarified several technical points among stakeholders (farmers, technicians and students) which facilitated
the practical changes towards implementation of the SPS.

Conclusions. The multifunctionality and multi-stakeholder approach used in this case study (farmers,
researchers, extension services and students) increased the adoption of the system by other farmers (1000
visitors per year) and consequently improved the sustainability of livestock production in the region. It
is expected that the economic, social and environmental benefits of the SPS could be used for further
policies and payment for ecosystem services.

Multifunctionality of the Tibetan grassland system

Context. Known as the “Water Tower of Asia, the Qinghai-Tibetan Plateau is an irreplaceable source of
water for the billions of people living downstream. The Plateau is a vast plain at over 4,000 m above sea
level and surrounded by mountain ranges. Its unique geological history and high-elevation environment
makes it the centre of origin for a rich number of plants and animals. The world’s largest grazing system, i.e.
Kobresia grasslands, covers an extensive 450,000 km? of the Plateau and has been formed by pastoralism
over the past 8,000 years (Miche ¢ al., 2019). The dominant plant species, Kobresia pygmaea, is a sedge
less than 4 cm high, adapting well to the grazing of livestock (ibid.). Having a thick turf layer and a
dense root mat, Kobresia grasslands are resistant to yak trampling and have high water retention capacity.
Due to steady population growth and production-orientated agricultural policies during the ‘people’s
commune’ time, there was a substantial increase of livestock numbers from the 1950s to 1980s. Although
overgrazing posed threats to the provisioning of ecosystem services of the Kobresia grasslands, the total
number of livestock has declined continuously following a series of grassland protection and restoration
policies launched during the past two decades. In the Kobresia grasslands of Qinghai, the stocking
rate from 2003-2012 was 15.41 million sheep units, showing a drop of 21.3% compared with 1988-
2002 (Zhang et al., 2014). Further decline of livestock numbers is projected to take place responding
to intensifying urbanization and subsidized land-use extensification. Previous studies on Tibetan avian
assemblages (Liet al., 2018) have found that small-farming pastoralism can keep the grassland landscape,
slow down the encroachment of shrubs, e.g. Potentilla fruticosa, and create habitats for open-grassland
specialists. In the regional development planning of Qinghai Province (2021), the main function of
Kobresia grasslands is water and biodiversity conservation. However, more than 80% of the population in
this region are still subsistence pastoralists (National Development and Reform Commission, 2013) and
for local pastoral communities, the provisioning service of the grasslands remains prominent. Prioritizing
Kobresia grasslands” environmental functions in the national policies often leads to the question: in which
conditions can the grasslands’ environmental and economic functions be realized in synergy?

Material and methods. Using the MF framework, we examined the impact of yak grazing on biodiversity
and landscape structure in Nyanpo Yutse of the eastern Qinghai-Tibetan Plateau. Using Unmanned
Aerial Vehicles, we obtained high-resolution (15-cm level) landscape imageries of 45 km? and calculated
landscape heterogeneity indices (Fritz ez al., 2018). We conducted two breeding-season bird surveys in 140
sample plots. To measure yak grazing intensity, we first conducted participatory mapping of the pasture
boundaries, and then counted herd size grazed on each of the 140 sample plots. Finally, we developed
statistical models to test the threshold of grazing intensity that can best sustain the multifunctionality of
the livestock grazing system.

Results. Our study found no significant correlation between livestock grazing intensity with bird
diversity, while the landscape mosaic created by yak grazing had a positive impact on bird species richness.
Particularly, human built structures, including Tibetan prayer flags, increased the vertical complexity
of the landscape, and formed a keystone structure (Tews ez al., 2004) to sustain high-diversity bird
assemblages. Among pastures where livestock grazing intensity is lower than 1 sheep unit ha'l, there
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was pronounced species replacement among sample sites, indicating that species having varied habitat
requirements could coexist in the landscape where extensive pastoralism was practised.

Conclusions. Our study demonstrated that extensive pastoralism will benefit the Plateau’s biodiversity
conservation through maintaining the heterogenous structure of the landscape. The multifunctionality
of the Tibetan grassland system should be acknowledged and supported: the Kobresia grasslands are not
only a wilderness region that matters for biodiversity and water conservation, but also a precious cultural
landscape where tangible and intangible values of nature and society intertwine.

Community-based conservation provides a platform for maintaining multifunctional use of Mongolian
mountain-forest steppe ecosystems

Context. Mongolian rangelands account for 73% of the country’s territory that directly support
the livelihood of over 300,000 pastoralists, around 10% of the population (NSO, 2020). Half of all
Mongolians benefit from the economic activity generated from pastoralism. The most common livestock
types include sheep, cows, yaks, goats and horses. Mongolia’s rangelands encompass three major ecological
zones: mountain-forest-steppe, steppe, and desert-steppe (Hilbig, 1995). Khoid Mogoin Gol Teel Local
Protected Area (KMG-T LPA) in Bulgan soum (district), Arkhangai aimag (province), occupies 137,000
ha of mountain forest-steppe. One-third of the LPA is covered by forests (44,830 ha) that host rich
biodiversity including globally endangered species such as musk deer, saker falcon, steppe eagle, red deer,
and Mongolian marmot (Marshall-Stochmal ez 4/, 2020). As of 2020, the LPA provided forage for over
34,000 livestock reared by over 200 herder households residing within the KMG-T. Due to its proximity
to the Arkhangai centre and the central road to the western region, KMG-T LPA has been affected by
illegal logging, poaching, forest fires and overgrazing. Therefore, the Bulgan Soum Government took
KMG-T under local protection in 2017, and the Zoological Society of London (ZSL) facilitated the
management of the LPA from 2018.

Methods and methods. Multiple stakeholders, including the Bulgan Soum Government, the Union of
Conservation Communities (UCC) uniting 15 herder organizations, Aimag Environment & Tourism
Department (ETD), Aimag Forestry Unit (FU), Aimag Ecological Police (EP) and the ZSL have been co-
managing KMG-T LPA. Their differing roles in the use of rangelands and partnerships for maintaining
ecosystems were analysed using the multifunctionality framework and associated indicators.

Results. Concerning the social dimension, over 270 herders (162 houscholds) joined the UCC with
increased participation in natural resource management and positive attitudes towards nature engaging
in conservation activities. Poverty rates decreased (from 0.115 to 0.084) with increased access to financial
services through Village Saving and Loan Associations (VSLAs) and a rise in the average houschold
income (553,837 MNT to 963,224) (IRIM, 2021). Concerning the environment, thanks to 17 volunteer
rangers conducting SMART patrolling in their areas, KMG-T became a zero-poaching area with a
substantial reduction in illegal logging. The UCC reintroduced marmots, whose population increased
36% over three years, and the population of musk deer and red deer remained stable (IRIM, 2021).
UCC members fenced 8.3 ha of forest areas supporting natural regeneration and reforested 3 ha areas.
For local development, the UCC’s conservation inspired other communities in Bulgan Soum and the
Government leading to the establishment of five more herder groups (ZSL, 2021). Most of the tree
planting and waste cleaning activities in Bulgan are being handled by UCC members. Environment and
Forestry units collaborated with UCC herders to clean forests in over 30 ha and firewood was supplied to
Aimag residents, raising around 60 million MNT over three years (ZSL,2021). Concerning production,
with increased income the livestock production in KMG-T was slightly increased (8%), including cattle
(20%), horses (7%), sheep (2%) and goats (3%) (IRIM, 2021). Besides livestock production, UCC
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members diversified their incomes by introducing new businesses such as tourism, haymaking, vegetable
growing and briquette-making (ZSL, 2021).

Conclusions. The case study confirmed the applicability of selected indicators across four dimensions
of the multifunctionality framework in the complex Mongolian livestock system (LS). Specifics to
Mongolia included additional new indicators proposed by herders that reflect their perspectives shaped
by the nature of extensive LS and pastoral cultures. Social and environmental dimensions were a more
pronounced feature for Mongolian LS compared to local development and production dimensions.
The government partners and CBOs found the multifunctionality concept and the indicators useful for
M&E and Planning for rangeland management specifically measuring progress towards SDG 1, 3, 5, 6,
8,13,15,and 17.

Dairy-oriented agropastoral system in northern Senegal: thinking multifunctionality of milk production in
a semi-arid environment

Context. Milk production in Senegal is mainly from pastoral systems (Corniaux et 4l., 2012). However,
this production is too seasonal and dispersed to provide a significant supply to dairy industries and
therefore very poorly collected by local industries, most of which prefer to use imported milk powder,
mainly because of the lack of competitiveness of local milk, which is still very expensive as a raw material.
In northern Senegal, the department of Dagana is experiencing a dynamic in the local milk sector due
to the development, since 2007, of an industrial dairy that uses local milk (Bourguoin ez 4/, 2018). This
company is faced with seasonal hazards and strong variability in production from year to year. The Dagana
milk innovation platform (PIL), created at the end of 2014, brings together all the stakeholders involved
in the local milk value chain (breeders, farmers, collectors, processors, NGOs, public institutions) to
work on scenarios for the sector’s development. Since 2018, a reflection has been carried out on the
means to ecologically intensify milk production by relying on local agricultural and natural resources.
The objective is to better understand the local milk production potential by adopting a perspective on
the multifunctionality of this sector in the Sahelian pastoral system.

Material and methods. Starting from the MF conceptual model, this work consisted of co-constructing
a computer simulator with PIL stakeholders that is capable of modelling zootechnical, ecological,
agricultural, socioeconomic and geographical parameters (Delay et al., 2021). This model reproduces
the production conditions of livestock farmers in the Sahelian strip living in the vicinity (50-60 km
radius) of a river that irrigates intensive agriculture on its banks. Workshops enabled the stakeholders
to put forward various hypotheses on the organization of the sector and to discuss the constraints of
each type of stakeholder. A first workshop for the general public focused on the role of biomass flows
in the sustainability of pastoral dairy systems. A second workshop focused on the organization of the
milk collection system with local stakeholders in order to achieve greater efficiency and social inclusion.

Resulrs. The milk potential of the Richard-Toll dairy basin was estimated at between 2,000 and 10,000
litres day’1 according to different seasons and three levels of productivity: pure pastoral, intensified
pastoral and intensified pastoral with stabling (Cesaro ez 4l., 2020). During the workshop discussions, the
stakeholders considered that these estimated potentials were credible because they were sufficiently close
to the reality on the ground (collection varying between 3,500 and 9,500 litres day™! between 2018 and
2021), accounting for local fodder resources. To this end, the objective of exploiting the milk potential
efficiently and sustainably requires cooperation between actors in several sectors (rice, sugarcane and
milk). Nevertheless, rules of access to agricultural areas by livestock farmers must be discussed between
actors to allow the circulation of biomass on a territorial scale. Maximum scenario estimates the material
flow at 4,000 tonnes of dry fodder (rice and sugar cane) and 2,000 tonnes of agriculture by-products (rice
bran). Moreover, dairy intensification may also induce equity in the allocation of natural and economic
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resources between groups of herders and have social (concentration of resources) and environmental
(concentration of herds) consequences. Intensive pastoral farms produce 3 to 4 times more milk than
a traditional pastoral system but need 8 times more inputs. Cattle prolificacy is also 3 times higher in
intensive pastoral farms than traditional ones. This new distribution may increase the differentiation
between herders living near agricultural areas and those living in sylvopastoral areas.

Conclusions. The use of the concept of multifunctionality (Ickowicz e al., 2018) during the simulation
workshops allowed the stakeholders to see what levels of interdependence should be considered to
achieve sustainable dairy intensification scenarios and to better comprehend and understand the points
of view of the other stakeholders in the territory and the compromises to be sought.

Grazing livestock system in mountainous north-west Vietnam as a sustainable option for local development

Context. In the mountains of north-western Vietnam, smallholder livestock farms rely heavily on natural
pastures for animal feed (cattle, buffalo). However, livestock grazing systems are considered insufficiently
intensive to meet the national increase in meat consumption and reduce import dependency, and to
provide sufficient income to value chain stakeholders to contribute to poverty reduction. Livestock
farming is in competition for space and resources with other economic activities (fruit and forestry
plantations), or environmental protection (forest protection). These systems therefore remain weakly
supported by local government, and are not considered in the livestock development strategies.
Reconsidering the multiple functions of mountainous grazing systems at landscape level might change
the assessment of their role in local development strategies.

Material and methods. This study has quantified the multiple contributions of the grazing systems to
the sustainable development of farms and territories using the example of livestock farms in Quai Nua
commune in Dien Bien Province. In this mountainous commune, extensive grazing systems coexist with
livestock systems in the process of intensification with trough feeding, forage production and fattening
systems. The approach was to identify indicators from the multifunctionality framework on the four
dimensions covering the herd: the farm, the community and the landscape and the services and value
chain scales. The indicators were used in discussions on the contribution of livestock grazing systems to
sustainable development with a diversity of local stakeholders (livestock farmers, agricultural extension
staff, representatives of the livestock cooperative, stakeholders of the beef value chain).

Results. This study produced references on the contribution of livestock grazing systems to sustainable
development in the study Quai Nua Commune. Concerning the production dimension, livestock
grazing systems produce about 49% of the beef production and about 48% of the meat integrated into
the beef value chain (fresh meat, meal and dried meat typical of this region). For the environmental
dimension, livestock grazing systems support soil organic fertility and production of the cropping systems
through about 18% of the manure produced at communal level. Permanently stalled livestock provide
the remainder. The contribution of these systems to landscape management has not been assessed.
The livestock grazing systems contribute to local development with 11% of the profits of actors in the
beef value chain (collector, slaughter man, restaurant, and processor). Other profits come from more
intensive livestock systems and monogastric livestock. In total, 66% of farm workers are directly linked
to these systems. However, although consumers show a preference for meat from grazing systems, the
products from these systems have not been differentially marketed. Using the MF framework allowed the
identification of different points of view. Livestock farmers attach importance to income and low input
production. They also emphasize the importance of the social links that exist between farmers who graze
(through sharing time to supervise animals at pasture). Finally, in addition to the function of bank savings
(to cover accidents, planned events), these herds also provide for needs during social events (weddings,
funerals, etc.). Agricultural extension officers explain that livestock grazing systems contribute to the
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livelihoods and standard of living of the population, providing an opportunity for work in a region that
lacks it. Although these systems contribute cleatly to poverty alleviation, the other actors of the beef value
chain still focus on the functions of meat production and quality products.

Conclusions. These discussions highlight the full complementarities of the contributions of livestock
grazing systems to production and economy, but also to the social dimension and to local development
in the Province. Grasslands, essential for animal feed, contribute significantly to meat production, job
creation, income and profits along the beef value chain. It seems necessary to ensure a visible, logical and
sustainable approach to the management of grasslands to support animal production and the sustainable
development of territories where livestock grazing systems are part.

What is at stake about assessment of multi-functionality of grazing systems in French Mediterranean
mountains?

Context. Landscapes of most of the mountain regions of the Mediterranean area in Europe have been
strongly shaped by pastoral farming, while this activity also contributes to the cultural identity of these
areas. Livestock farming in these regions relies on grazing and it co-exists with the dynamics of livestock
farming that relies on intensification and the associated increasing contribution of industrial feed. These
regions also face deep socio-economic changes in the move from rural to residential and the tourism
economy (Garde ¢ al., 2014). As a consequence, public lands, a main component of grazed areas in the
Mediterranean, support multiple uses that livestock farmers have to deal with. Meanwhile, environmental
management of so called ‘semi-natural areas’ and the contribution of grazing to biodiversity has become
of concern while these constitute a reservoir for endangered species like wolves. The Agri-environmental
scheme promoted by the European common agricultural policy has amplified this concern and put
emphasis on grazing practices. Concern related to the future of livestock grazing goes beyond the
environmental dimension alone and also addresses considerations for contributing to cultural identity,
maintaining landscape (two dimensions strongly related to tourism activity) as well as delivering food
products rooted in the local economy. Social concerns include how to enhance the interaction between
residents and the promotion of inclusiveness. These dynamics indicate the complexity of the social-
ecological system and to explore the future of the livestock grazing system within this dynamic requires
dialogue with all stakeholders involved across scale from the sector to the territory (Zahm, 2008).

Material and methods. Our hypothesis is that applying a multifunctionality approach of LGS will support
discussions between stakeholders in their dialogue on a sustainable future for livestock farming activities
in territories. We interviewed stakeholders involved in livestock activities in the Provence-Alpes-
Cote-d’Azur region, e.g. livestock farmers and their representative, farm and pastoralism advisers, food
chains operators, local elected persons, representatives of nature protection associations, protected area
managers, local development associations, etc. These interviews included considerations on the diversity
of livestock farming, the main recent changes, difficulties with ensuring the future of farm activities or
interacting with other land users. We then organized three focus groups to deliberate on this future.
Short videos of the interviews, where the different points of view of stakeholders were captured, helped
to organize the dialogue around the dimensions making it easier for participants to express their views.

Results. Among actors closely related to farming activities (farmers, pastoral advisers, meat-sector
operators and protected arca managers) the main questions regarding multifunctionality dealt with
the trade-off between the abilities to use the LSG system for the preservation of forage resources, as a
marketing advantage for specific pastoral products, and advocacy for the usefulness of pastoral systems
to foster biodiversity of natural grazed areas (i.c. justifying strong public support as claborated within
the second pillar of the European CAP). In a wider arena of discussion, involving actors of the local
community, questions dealing with protection of remarkable or endangered species related to pastoral
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ecosystems were embedded within a wider spectrum of questions including the maintenance of local
identity, high value tourism economic operations, as well as contributing in designing and reinforcing
social interactions at local level. Reinforcing diversity of participation is required, especially the inclusion
of citizen associations and consumers. It appears also that putting emphasis on short supply chains is
a lever to reinforce the perception of livestock activities within the territory as it helps to maintain
dialogues and interaction between local society and farmers while allowing farmers to keep control on
maintaining consistencies for their systems and the meanings of their jobs (Lasseur and Dupré, 2018).

Conclusions. Using the multifunctionality approach enabled the reduction of misunderstanding between
stakeholders about what could be the future of LGS. The MF approach also enabled the participation
and dialogue that underlines the positive outcomes and interactions of embedding a large spectrum
of stakeholders when dealing with reinforcement of territorial sustainability with the contribution of
livestock farming activities.

Transversal analysis of multifunctionality

The opportunity to apply the multifunctionality common framework to a global range of contexts has
demonstrated the power of the approach. Table 1 summarizes the indicators used in the case studies and
the results of multifunctionality-based local debates and analysis.

Creating a space and process for multi-stakebolders to bear, respond and decide

In all cases the MF framework provided a common language and forum to make transparent the world
views of the participating stakeholders, and through this for them to come to a common understanding
of management, policy and adoption of management practice. This was aided by the defining of local
indicators ascribed to each of the four dimensions of the framework to account for the context and the
diverse world views of stakeholders. The choice of indicators and the inclusion of the stakeholders in
the process ensured that the process was relevant for the context. To populate the diversity of indicators
requires a range of qualitative and quantitative methods, to gain a baseline and then to test the impact
of policy and management options. Gaining data is not always easy and requires the use of a range of
expertise to populate and analyse the information.

Multifunctionality LGS conceptual model applicable to a variety of contexts

The cases show (Table 2) that the MF framework is operational and relevant to a diversity of contexts
and issues. Nevertheless, the processes and tools developed and designed may be as diverse as workshops,
brainstorming, surveys, participatory films, action research processes, participatory simulation models to
analyse and identify the four dimensions, their entities and processes and their indicators. The heuristic
significance of our approach relies in maintaining a consistency between its relevance for each case study
as well as its contribution to global debates on livestock farming facing climate change, biodiversity
erosion, food security and poverty and alleviation of inequities. In Europe, where past development of
livestock systems was mainly driven by economic and some main environmental concerns (pollution,
climate change), rethinking livestock development through its contribution within territories to
social interactions and solidarity, cultural life, biodiversity conservation, economic networks and
infrastructures would be facilitated using this MF framework. Following the monogastric model, many
herbivore-farming systems have been unplugged from the local resources as a result of using industrial
livestock feed often supplied by components coming from abroad and assessed by only its economic
efficiency. These livestock systems have thus lost their links with their social and ecological environment
and are more and more criticised by their neighbours as well as by environmental or animal activists. Such
communities have lost the link with domestic animals, which is part of the Western culture, considering
their environment as wild and forgetting that most of the European landscapes have been produced
by centuries of livestock husbandry and cannot be maintained without it! Our purpose, by using the
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Table 1. A summary of the indicators used in the case studies and the results of the application of the multifunctional approach.

Case Social indicators

Argentina; the Puna household members;

high altitude, dry ~ number of local

pastoralism organisations in

supply chain

Brazil; Maranhao,
silvo-pastoral
systems

Senegal; Ferlo, social inclusion;

rangeland collaboration
based dairy milk between forage
platform producers

Mongolia; Bulgan  household income;

forest steppes, participating
conservation families; diverse
coexisting with employment
livestock systems

Vietnam; Dien household income;

Bien, mountain social networks;

beef systems insurance;
development cultural activities;
employment
China; Qinghai tibetan buddhism
plateau, cultural
conservation with  relationship with
livestock systems ~ nature
France; PACA, agro  still to be defined,

pastoral systems using the

in Mediterranean simulation model,
mountain area ininteracting
loops between

local stakeholders

Environmental

indicators

biodiversity; plant
cover; dry matter
production

employment; profit  biodiversity; animal kg meat ha”' year™

welfare

biomass production

increased numbers
of existing species;
reintroduction of

species

soil organic matter
and fertility

landscape
heterogeneity
indices; bird
biodiversity

same

Strategies for resilience based on social
networks and diversity of livestock
species related to the local supply chain
and household participants linked to
local wealth generation. The grazing
system maintains vegetation condition
and diversity with cover regulating soil
temperature and water.

Greater profit achieved compared with
monoculture, with potential for further
gain with payments for additional
ecosystem services provided, i.e.
increased biodiversity of flora and fauna,
and enhanced soil conservation. Animal
welfare was enhanced.

Exploration of three scenarios of dairy
intensification identified the trade-offs

Production Local development Results
indicators indicators
kg meat sold; annual income;
diversity of number and
livestock; drought  diversity of
strategies marketing
channels
number of
businesses
biomass flows; networks of
efficiency of milk ~ biomass supply;
collection; litresof ~ milk income;

milk day™ milk value chain
development
livestock production new business

opportunities

percentage of beef

supplied inputs in the value chain

yak grazing intensity

same same

between outputs and inputs and social
and environmental consequences and
assisted in sector strategy development.
The positive uptake by herder households
of conservation related employment
alleviated poverty and improved
environmental outcomes while not

diminishing existing livestock systems.

profit going to actors Results showed the contribution that

extensive beef production brings to
the household, community, and local
development in comparison to other
livestock systems and cropping activities.
The landscape mosaic created by yak
grazing had a positive impact on bird
species richness. Extensive pastoralism
and related culture coexist with
improved environmental outcomes.
Identifying relevant actors and activities
LGS have to interact with to foster
sustainability of socio ecological system;
identify processes and properties of LGS
putted into questions and identification
of levers of public actions to be settled.
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Multifunctionality framework, aims to formulate scientific evidence about the other dimensions linked to
livestock grazing systems in the diverse faces of their environment. The diversity of cases above show how
this Western story is at work in many other parts of the world, generating tensions between increasing the
production, specializing the workers, changing the breed, seeking for markets and the traditional place
animals have in the family or the community (like in Senegal or Vietnam). The Argentinian, Tibetan
and Mongolian cases illustrate the importance of these links on which the social dimension is based and
that only slight and cautious changes are introduced. On the other hand, when changes have already
happened, as in Brazil and France, people are secking new arrangements between livestock farming
and their human and ecological environments. The Multifunctional framework allows in this way to
understand the complexity of each situation and what makes it able to change, by mobilizing the same
levers but differently. It allows us to overcome the fact that each situation is different; yes, they are, but
following a common framework which represents the essence of livestock farming all over this world.

Supporting sustainability through different scales

The MF framework has also shown its robustness when applied to different scales, household (Puna),
farm (Brazil), landscape (Tibet, France), local (Mongolia) and sector (Vietnam, Senegal) and different
socio-ecological contexts ranging from communal, migratory, individual and sedentary systems. In the
discussion processes among stakeholders, it appeared clearly that multiple scales must be managed and
represented to build a holistic and collective understanding of system and territorial sustainability.

MEF framework to articulate activities in territories

Our target was to build a strong common conceptual framework in order to overcome the singularities of
cach case study in order to demonstrate the role of LGS beyond the strict animal production. It confirms
that everywhere in such contrasted situations, LGS is not an isolated activity, as some other economic
activity could be: LGS, due to its large landscape footprint is closely linked to a specific area, which
provide its resources but which is also used by other stakeholders. Sustainable management of territories
needs articulating and facilitating synergies between activities and sectors in order to collectively design

Table 2. A summary of the utility of the multifunctional (MF) approach by case.

Case Utility of Multifunctional approach

Argentina, Puna  The resilience and adaptive capacity of the Puna herders at the household and community level was able to be explored through the
application of the four dimensions. Successful implementation of the approach required a multidisciplinary team which for this context
was not the norm, thus building the capacity to tackle such complex socio-ecological issues.

Brazil, Maranhao  Exposing a range of actors including students, farmers and agribusiness to the holistic analysis using the MF approach of the silvo-
pastoral system has had a positive impact on adoption of practices by farmers. Students have gained a greater understanding of the
complexity of the system and how it works.

Senegal, Ferlo Building and using a simulation model based on the MF approach contributed to a facilitated dialogue between stakeholders to find
solutions to share resources and find synergies between actors and biomass fluxes.

Mongolia, Bulgan  The development of local indicators was key in ensuring the MF approach was relevant. In this case, not all four dimensions were equal with
greater emphasis being on the social and environmental. The approach was appreciated by planners to assist in development of policy.

Vietnam, Dien Bien The MF framework facilitated dialogue between actors based on common indicators showing the complementarity of different
agricultural systems toward sustainable development of the territory and reaching the objective of food supply for the population

China, Tibet The MF approach demonstrated that the Kobresia grasslands are a cultural landscape where nature and society interact to the benefit of
the environment and the wellbeing of people.

France, PACA The MF approach allows to identify main relevant dimensions of LGS putted into questions by local actors to contribute to the
sustainability of local socio ecosystem and it promotes local device to settle dialogue and allow identification of levers to foster mid-
term co-evolution
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the future for which the Multifunctionality framework helps to organize discussions on priorities and
trade-offs.

Managing diverse points of views and trade-offs

The cases demonstrate the relationship between the dimensions and the dilemmas involved in attempting
to deliver a balanced outcome across the different dimensions. What is very clear is the multiple functions
LGS deliver and how this delivery is mediated through human intervention. No longer is it acceptable to
focus only on productivity or environment alone when considering these systems, but to acknowledge,
value and respect the interrelated multiple functions.

The multiple functions of LGS are still present but fragile

The diversity of cases analysed show that in most of the contexts where traditional LGS are in place, the
diversity of functions within the four dimensions are really operating (see list of indicators identified)
and support the viability and sustainability of the socio-ecosystems. But it appears also that faced with
economic and policy dynamics, some of these functions might be endangered calling into question the
sustainable future of an important part of the local society and even of the environment.

Conclusions

The MF framework applied to a diversity of livestock grazing systems has shown at the landscape level
the existence of strong and operational interactions between production, social, environmental and local
development impacts that support the sustainability of these socio-ecosystems. This interweaving of
functions has the opportunity to identify the policy and practice to be prioritized to ensure that all are
achieved simultaneously and equitably. Central to the delivery of these functions are people and their
wellbeing and associated institutions. As we address the issues related to food sovereignty and security,
we can take a holistic approach as demonstrated in these cases to align land governance, resource access,
cultural identity and rural livelihoods. This is a means to secure sustainable food systems (SFS), including
livestock grazing systems, well rooted in territories through multi-sectorial synergies, delivering local
goods and services but oriented toward larger value chains and trade.

This brief round-the-world trip illustrates as well the diversity of LGS in different geographical,
historical and political contexts also its consistency as a human ancestral activity based on our societies’
interactions with the natural world through the mediation of domestic animals. Considering herbivores,
this has generated a diversity of breeds, each of them well adapted to the environment in which their
breeders are living, allowing them through multiple interactions with their environment to adapt their
practices to the availability of resources, diversity and variability in space and time. However, in most
industrialized countries — but not only — we notice a strong homogenizing dynamic, particularly in cattle,
and standardization of breeding conditions considering only how to optimize meat or milk production
and forgetting the other livestock functions which start to be contested by several social movements.
Alternatives and new pathways are sought to overcome this industrialized vision of livestock farming,
but in a context that has changed and could generate new conflicts as the French case illustrates. Taking
advantage of what has been illustrated in other parts of the world about livestock farming thanks to our
common framework, we developed a very systemic and dynamic point of view. LGS is at the core of the
links between human societies and the natural world: it is still obvious when it is close to a traditional
situation like in Argentina, Tibet and Mongolia, it needs careful management when the process of change
is ongoing, like in Senegal and Vietnam, and it has to be rebuilt when the transformation has been done,
and is not considered as plenty satisfying, like in Brazil and France. Thus can we in Europe reverse this
global standardization starting from this only Western model and take advantage of the lessons from the
Global South, as illustrated in this paper, to reinvent and redesign multifunctional and sustainable LGS,
well integrated and adapted to the diversity of territories in our continent?
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Abstract

Biorefining forages can produce protein that can substitute, e.g. to replace imported soybean meal. Forage
crops can deliver high yields of biomass as well as protein with a well-balanced amino acid profile. In grass
from unfertilized permanent grassland, focus has to be on the fibre part of the grass due to a low protein
yield. Changing from annual crops to perennial grassland will decrease N-leaching and greenhouse gas
emissions. With current techniques, 40% of the forage protein can be recovered in a protein concentrate
with around 50% protein. In addition, a fibre fraction containing 15-18% protein can be produced and
used as ruminant feed, bioenergy, or further biorefined into chemical building blocks or bio-materials.
Experiments have shown that biorefined grassland protein can substitute for soybean meal for poultry
and pigs without negative effects on animal performance. The fibre fraction seems suitable for ruminant
feeding. The first industrial scale biorefineries on green biomass for feed and bioenergy are now established
in Denmark, while more research is needed to evaluate the protein quality for food applications, and
in addition a full EFSA approval. The green biorefinery concept opens new markets for grassland and
opportunities for increasing grassland area and achieve the connected ecosystem services.

Keywords: sustainability, perennial grasses and clover, biorefining, protein, fibre

Introduction

A fully developed bioeconomy will require a complete utilization of agricultural biomass, not only for
food and feed but also for chemical compounds, fibres and bioenergy. This will require both a larger total
biomass production and higher utilization of residues. However, in Europe, it may be difficult to increase
productivity in existing cropping systems without also increasing environmental impacts, and the concept
of ‘sustainable intensification (more with less)’ is contested in much recent literature. Van Grinsven ez 4.
(2015) proposed to focus on ‘sustainable extensification (less with less)” in Europe. In contrast, Jorgensen and
Lerke (2016) proposed a change in cropping systems for Northwestern Europe from annual crop rotations
into grassland, which holds the potential for increasing biomass yield, reducing environmental impact, and
a European production of protein to substitute the high current import of soy. This would support the EU
Protein Strategy that otherwise has a focus on increased protein seed production (EU Commission, 2018).

The idea of utilizing leaf-protein-concentrates as a protein source for animal or human consumption is
not new; it dates back to the early 20th century where pioneering efforts led to significant amounts of
research and pilot-scale development (Pirie, 1942). Throughout the 20t century and well into the 21
there have been multiple attempts and supporting research to facilitate commercial success of green
biorefineries in Denmark (Pedersen et 4/., 1979) and internationally (Chiesa and Gnansounou, 2011;
Houseman and Connell, 1976; Nisi and Kiiskinen, 1985; Pirie, 1978; Pisulewska ez 4l., 1991). However,
these early evaluations did not value the environmental benefits by changing cropping systems, utilizing
surplus grasslands and substituting imports of soy products from other continents with high carbon
footprints. Such environmental effects have attained much higher political focus over the last decades
and national and EU legislation, such as the Water Framework Directive, Nitrate Directive and recent
climate policies, stipulates the needs for improvements.
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The combination of the techno-economic and environmental potential of producing high carbon
capture in grasslands with the recent developments in biorefinery techniques is the novelty of the
concept of ‘Green Biorefinery. Our aim is to develop and document win-win solutions with positive
business economy, environmental benefits, no or negative iLUC, and improved self-sufficiency of protein
concentrates, as a novel opportunity to solve several of our grand challenges in a sustainable way.

The development of new crop production systems combined with green biorefineries is not just about
technical development of the production circle. It is also important to discuss the total land-use in
relation to societal demands for environment, climate, recreation and biodiversity. This discussion
has been supported by several land-use and technology scenarios (Gylling ez al., 2016; Larsen et 4l.,
2017; Mortensen and Jorgensen, 2022). They show that the bioeconomy may contribute significantly
to additional reductions in nitrate leaching and greenhouse gas emissions but the scale of reductions
depends a lot on the way agriculture is combined with the biobased energy and material sector. The
development of the land-use towards either sustainable intensification or extensification and a higher
share of nature has shown important determinants for the potential size of the bioeconomy and for
emission reductions.

Grassland crops are the most sustainable agricultural crops, however,
with a limited market

Compared with annual grain and seed crops, the production of perennial grassland crops reduces
significantly the losses of nutrients, the need for pesticides, and it supports soil carbon build-up (Cadoux
et al., 2014; Chen et al., 2022; Manevski ez al., 2018; Pugesgaard ez 4/., 2015). Even though water quality
will be improved by perennial cropping systems with longer growing season, water quantity (surplus for
ground water and river discharge) may be reduced due to a higher annual evapotranspiration than from
annual crops. However, there is an increased water infiltration capacity in perennial compared with annual
crops due to more macropores (Franzluebbers ez 4/., 2014), which can reduce the loss by water run-off. The
potential for securing a water supply for a long growing period is highest in humid Northwestern Europe.
Here, grasses and legumes can capture solar radiation more efficiently than annual grain and seed crops, in
which a considerable part of the growing season is used for crop ripening, harvest, soil tillage and sowing
(Cadoux ez al., 2014; Dohleman and Long 2009; Pugesgaard er al., 2015). Accordingly, Manevski ez al.
(2017) measured an interception of approx. double the amount of Photosynthetically Active Radiation in
perennial grassland compared with in annual cropping systems, which translated into approx. double the
amount of crop harvest in the grasses (Figure 1). Tall fescue and Festulolium varieties seem to be the most
productive grasses at Northwestern European latitudes (Becker e 4/., 2020; Cougnon et 4l., 2017).

It is not new knowledge that grasslands are environmentally and climate friendly. However, the problem
has been (1) that these ecosystem benefits are not economically valorised, and (2) that market outlets
for increased grassland areas were almost limited to the ruminant sector. There is some use of grass for
biogas production (Pechme ez al., 2017) but to avoid severe indirect land-use-change effects there is a
need for envisaging also new food products from grasslands in order to harvest more of the ecosystem
services associated with them. The extraction of protein to feed monogastric animals or for direct human
consumption will open a market for more grassland, which will increase carbon sequestration per land
unit and lower environmental impacts.

Perennial grass and legume crops on intensive avable land

Intensive grass production on arable land can be managed to optimize protein concentration and quality
for extraction in a biorefinery. Numerous factors influence protein content, extractability and yield per
ha. Some of the most important are plant species, harvest time, fertilization, and leaf/stem ratio. Research
at Aarhus University has investigated the quality of protein with regard to its availability to animals using
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Figure 1. Interception of photosynthetically active radiation (IPAR) in annual (orange shade) and perennial (green shade) crops during 2013-
2015 on two soil types at AU (Manevski et al., 2017).

the Cornell Net Carbohydrate and Protein System (CNCPS) (Solati et al., 2017; Thers et al., 2021).
With regards to plant species, total protein recovery into concentrate was highest for the legumes ('Thers
et al., 2021) but this may depend on grass fertilization optimization. Solati ¢z a/. (2017) found that the

estimated extractable protein (gkg! dry matter (DM)), defined as the sum of the easily available protein

fractions B1+B2, was significantly highest in white clover and alfalfa (Figure 2C). However, if in addition
the more cell wall attached protein fraction B3 can be extracted, white clover had the highest extractable

protein content amongst all species (Figure 2D). Due to the higher biomass productivity of red clover,

it showed the highest productivity of protein per ha.
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Figure 2. Extractable protein around the first cut in spring defined as easily available (B1+B2) (A, C, E) and potentially extractable
(B1+B2+B3) (B, D, F) in legume and grass species (Solati et al., 2017).

Grassland Science in Europe, Vol. 27 — Grassland at the heart of circular and sustainable food systems

85



The chemical composition, and in particular the protein content, depends on N fertilization. In grass-
clover mixtures, N fertilization does not influence total protein yield much, while the yield of protein
in pure ryegrass increases significantly with increased N-fertilization (Jorgensen ez 4/, 2021). Thus, the
protein to carbohydrate ratio is high in grasses that are cut frequently and supplemented with N fertilizer,
while protein content in grass-clover only varies a little depending on N fertilization.

Perennial grassland in an extensive production system

If long-term grasslands are not fertilized, only a very moderate DM yield of 2-4 t ha'! year'! can be
expected after a few years of harvest (Nielsen, 2012). In addition, grass from unfertilized meadows
usually has low nitrogen and protein concentrations and is therefore not suitable for protein extraction.
Alternatively, the use of the grass biomass for biogas production can be considered, and this may present
positive LCA-results, if there is no alternative use of the grassland, e.g. animal grazing (Pehme et al.,
2017). Another option supporting the bioeconomy is to use the fibres from grasses with low protein
content for paper, packaging, animal bedding, biochar, etc. (www.go-grass.eu).

The attainable yield of permanent grassland on organic soils depends on type of species and cultivars,
sward age, annual harvest frequency and fertilization rates (Nielsen, 2021). On well-drained areas,
fertilized permanent grassland is expected to produce the same yield as grass in rotation for several years
after establishment. However, if not well-drained, the typical DM production is estimated to be between
70 and 80% of grass in rotation (Nielsen, 2012). The cultivation of flood-tolerant species, e.g. reed canary
grass, Festulolium and tall fescue on wet or temporarily flooded organic soils, also known as paludiculture,
has documented high annual yields of up to 10-19 t DM ha'! (Jorgensen ez 4/., 2021; Kandel ez /., 2013,
2016; Nielsen ez al., 2021b). This is comparable to productivity of grass in rotation on drained soils under
similar fertilization rates of 160 — 240 kg N ha'! year'l,

For biorefining, the protein content in grass biomass depends on nitrogen availability, frequency and
timing of cutting, similar to the systems on intensive arable land. Recent research has found crude protein
contents of up to 2.9-3.4 t ha'! year'!, and precipitated protein concentrates of up to 1.2-2.2 t ha'! year
L for reed canary grass and tall fescue, cultivated on wet organic soils (Nielsen ez al., 2021a). Optimal
timing of harvest seems to remain the most critical factor for biomass and protein yields.

Green biorefining and its main products

Green Biorefining is a fundamental concept that ‘represents the sustainable processing of green bio-mass
into a spectrum of marketable products and energy’ (McEniry and O’Kiely, 2014). In other words, Green
Biorefining is a technology platform that integrates a variety of different sustainable solutions in order to
produce everything from food and feed to biomaterials, biofuels and bioenergy. The Green Biorefining
has an inherent focus on products containing proteins or amino acids, which is due to the high protein
productivity of green crops.

In order to utilize the high protein content of green biomass for monogastric animal feed, an efficient
separation process platform is needed. Several unit operations and steps are involved in the processing of
fresh green biomass, before the desired protein concentrate can be separated. The major steps involved
are shredding/maceration, fractionation, precipitation and separation. An overview of these process steps
and the protein separation platform is presented in Figure 3.

The yields and mass distribution between the different processing streams depends on a long list of
parameters and can vary to a large extent. Figure 4 shows the typical ranges of DM and crude protein
yields following a Green Biorefining separation process like the one in Figure 3. Depending on the
processing conditions, the extractability of the protein in the green biomass and the efficiency at the
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Figure 3. The green biorefinery protein separation platform. Unit operations and process steps involved in separation of protein from green
biomass in the green Biorefining platform (Source: Jacobsen, 2020)

biorefinery, 30-50% of the biomass DM and up to 40-60% of protein will be pressed out in the juice
fraction, leaving the remaining fractions.

From the juices fraction, 10-20% of the original DM and 20-60% of the original protein can be
precipitated and end in the precipitated protein-rich fraction, and the rest goes to the residual juice
(Damborg et 4l., 2020; and also unpublished results from L. Stedkilde). These ranges of mass and protein
distribution are not ultimate but illustrate the possibilities for optimization of the process according to
what the desired outcome is with respect to protein yield and process cost.

The development in Denmark during recent years has been focused around the processing of fresh green
biomass, as opposed to processing of silage grass. The main products in focus have been a protein-rich
concentrate that can substitute soybean meal in feed mixtures for monogastric animals, a press cake fibre-
rich product for ruminant feed and/or biogas production, and a residual juice for biogas and nutrient
recycling.

Protein

The protein fraction is considered the most valuable of the three main products, and much focus has
been on increasing the amount of protein isolated and on the concentration and nutritional quality of
this protein. Protein concentration in the green protein concentrates that were initially around 35% of

Whole plant Wet Fractionation Fibre press cake
DM =100% (maceration and pressing) DM = 50-70%
CP = 100% CP = 40-60%

Green juice
DM = 30-50%
CP = 40-60%

Protein precipitation Eoieone

Residue juice. g
DM = 10-25% & separation DM = 5-20%

CP = 0-20% fedtionpHishit CP = 20-60%
+ Centrifugation

Figure 4. Schematic overview and typical dry matter (DM) and crude protein (CP) yields in the fractionation of green biomass into the three
process streams of fibre press cake, residual juice and protein concentrate. The numbers are mass balance % (weight per weight in input
material) (M. Ambye-Jensen and estimates from Damborg et al., 2020).
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DM has now been improved to more than 60% protein, and the nutritional quality of the protein has
increased concurrently (Stedkilde ez 4/, 2021). Table 1 shows the chemical composition of green protein
concentrates with 46 and 56% protein in DM (Stedkilde ez 4/, 2021).

The amino acid composition in both green protein batches in Table 1 are similar to the amino acid
composition in soybean meal, while the lipid content is highest in the green protein. It is worth noting
that roughly 50% of the fatty acids in the green protein consist of alpha-linolenic acid (C18:13n3). In
addition, the fibre content is high in the green protein. In agreement with previous rat studies, where it
was shown that the digestibility increased with increasing protein content in the green protein (Stedkilde
et al.,2019), the in vitro digestibility (EDOMIi) was higher in the green protein with the highest protein
content, but still lower than in soybean meal.

Regarding the nutritional value of the protein as feed for pig and poultry, the first Danish feeding
experiment was performed with organic broilers fed with a relative low crude protein diet containing
concentrate (36% CP). With this protein concentrate it was possible to substitute 8% of the diet,
primarily soy press cake, (13% of the CP) with protein concentrate extracted from organic grass-clover,
without affecting growth performance (Stedkilde ez /., 2020). However, larger inclusions challenged
feed intake and growth rate due to the low protein content and the correspondingly high content of
insoluble dietary fibres in the protein extract, which to a large extent are indigestible.

In addition, two feeding experiments have been performed with growing-finishing pigs with a protein
concentrate containing 46 and 56% protein (Table 1), respectively. Both protein concentrates showed
a well-balanced amino acid composition, slightly lower in lysine than soybean but higher in most other
essential amino acids. With these concentrates, pigs performed equally, irrespective of inclusion rate
(Stedkilde er 4/, 2021). The highest inclusion rate of 15% of the traditional feed (up to 41% of the
crude protein) with grass-clover protein still secured a feed intake, growth and feed utilization similar to
a control group with soybean meal as the dominating protein source. In both experiments, daily weight
gains above 1000 g were achieved.

In both of the broiler experiments the n3 fatty acids increased from 6.7 to 11.8% of total fatty acids
in breast meat, and in the pig experiment the increase was from 1.17 to 3.12% of total fatty acids in

Longissimus dorsi (Stedkilde ez al., 2020, 2021).

Table 1. Chemical composition of green protein with 46 and 56% protein respectively, and dehulled soybean meal.

On DM basis Protein, 46% Protein, 56% Soybean meal
DM, % 97.4 92.32 87.2
Crude protein, % 458 56.2 524
Lipids, % 10.6 138 29
Ash, % 121 8.30 8.14
Total dietary fibre, % 29.7 na. na.
Amino acids, g/16 g N
Lys 5.76 5.75 6.29
Met 2.27 2.03 136
Met + (ys 273 272 2.79
Thr 5.02 4.60 4.06
Trp 242 2.2 138
EDOMiZ, % 67.9 72.8 77.8

"n.a. = not analysed.
2 EDOMi = enzyme digestibility of organic matter at the ileum.
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Regarding the possibilities for using the protein in human food, a recent review concluded that high
quality leaf protein may be incorporated into food for humans (Meller ez 4/, 2021). RuBisCO and alfalfa
protein show the most promising functional properties with respect to solubility and foaming properties,
making it a potential substitute for animal protein ingredients. Thus far, when considering leaf protein for
food the focus has been on proteins from alfalfa and sugar beet leaves. However, the RuBisCO protein
is very well preserved among different plant species in terms of protein sequence and structure, which
is why RuBisCO obtained from leafy plants, such as grasses and clovers, may have similar functional
properties. At the same time, RuBisCO shows relatively low allergenicity, so a purified RuBisCO product
may serve as a potential source for highly challenged multi-allergenic population. However, it is unclear
whether proteins other than RuBisCO present in different green biomass have allergenic properties,
and this needs to be resolved. Today, alfalfa protein is approved in food applications, but only based on
alimited daily intake. There is still some way to go to describe the full matrix, both for alfalfa and other
green biomass. Different anti-nutritional factors are present in different plant species and they need to
be quantified in each specific case as they may concentrate in the protein fraction and affect nutrient
bioavailability. Any new protein product produced from either alfalfa, clover or grass needs an EFSA
approval before the protein can be used in food products (Meller et 4/., 2021).

Fibre press cake

Around half of the plant crude protein will distribute to the fibre press cake (pulp), and the composition
of amino acids in this fraction is similar to the composition in the whole plant (Damborg ez a/., 2018). As
a considerable proportion of the protein retained in the pulp is fibre-associated, the pulp is expected to be
suitable for ruminants. Chemical analysis of the pulp revealed a fraction with a higher DM concentration
than in the whole crop (plant), similar crude protein concentration and lower crude ash concentration
(Table 2). I vitro ruminant digestibility tended to be lower for the pulp, as expected due to a large
proportion of soluble organic matter removed upon juice extraction. When expressed as digestible
organic matter (DOM) as a proportion of DM, the difference disappeared for white clover and perennial
ryegrass because the ash content is also reduced during the extraction step.

Regarding the nutritional value of the pulp as feed for ruminants, one feeding experiment with cows has
been published so far (Damborg ez 4l., 2018), and several ensiling experiments have been performed.
Despite the low residual sugar in the pulp, the pulp generally ensiles very well, probably because the
buffer capacity also is low due to the relatively low mineral content (Hansen ez 4/., 2020). Contrary to
the i vitro and in situ digestibility analyses of the pulp by Damborg ez /. (2018), the iz vivo digestibility
of CP and neutral detergent fibre was greater for pulp silage diets compared with grass-clover silage
diets. This observation can likely be explained by the physical processing of the pulp in the screw-press

Table 2. Chemical composition of red clover, perennial ryegrass, alfalfa and white clover plant and the resulting pulp (Damborg et al., 2018).)

Plant species Fraction DM, % Crude protein, % of DM Crude ash, % of DM  In vitro OM digestibility, % DOM, %
Red clover plant 16.6 20.5 9.06 65.4 59.4
pulp 835 19.8 6.63 579 54.0
Perennial ryegrass  plant 19.9 16.7 8.63 744 67.9
pulp 1.4 16.4 51 69.9 66.3
Alfalfa plant 19.6 205 8.86 61.9 56.4
pulp 39.9 19.8 5.80 56.6 532
White clover plant 15.8 26.7 10.4 714 69.4
pulp W) 26.8 1.3 743 68.9
P-value <0.001 0.44 <0.001 0.046 0.21

T All values are mean of three harvests (Nov 2013, Jun 2014, Sep 2014).
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during biorefining, which disintegrates the fibres and increases the accessibility for the rumen microbes,
thus increasing the degradability of the fibre and fibre-bound nutrients. This higher feed utilization was
reflected in a higher energy-corrected milk yield from cows fed pulp silage compared to grass clover silage
(Table 3). The results imply that extraction of protein from grassland plants can increase the digestibility
of the fibre part of grassland plants. A Finnish study investigated the effects of including pulp made from
silage that substituted up to 50% of the grass silage on feed intake, rumen fermentation, diet digestion
and milk production in dairy cows. In this study no effect on milk yield (37 kg energy corrected mild
yield) was detected (Savonen ez 4/, 2020).

The fibre pulp has numerous alternative applications than just ruminant feed, and the possibilities for
adding further biorefining technologies are many. This includes, e.g. bioenergy production through
anaerobic digestion to biogas or pyrolysis to synthesis gas, bio-oil and biochar, biomaterials or
biochemicals. In the project Grass Biochar, it is investigated how Green Biorefining can be integrated
with pyrolysis of the fibre pulp. The pyrolysis will produce renewable energy to supply the heat for
protein precipitation and drying of the protein concentrate, as well as a high-quality biochar. Large-scale
production of biochar from the grass fibre will open up significant potentials for creating bioenergy with
carbon capture and storage (BECCS) solutions in combination with green biorefineries.

Using the fibre pulp for fibre-based biomaterials is another valuable application. This approach is in
fact the main aim for all of the existing Green Biorefineries that process silage instead of fresh green
biomass. Biowert in Brensbach, Germany (www.biowert.de) produces grass-based insulation material
and grass fibre enforced bio-plastic, a biocomposite material suitable for injection moulding or extrusion
applications. Newfoss in Uden in the Netherlands (www.newfoss.com) produces insulation materials
and fibres for paper and packaging. The project SinProPack in DK has recently started the investigations
and development of producing biobased packaging for the takeaway market out of the fibre pulp from
green biorefineries and another project, Hosttek, has started developing sustainable fibreboards of the
fibre pulp.

Common to both fibre pulp utilization for bioenergy or biomaterials is that it is an advantage if the fibre
is depleted of its protein content. Thus, efficient extraction of protein at the green biorefineries poses no
negative impact on these applications. However, for the application where the fibre pulp is utilized for
ruminant animal feed, there is a lower limit of how little protein should be left in the pulp.

Table 3. Feeding experiment with pulp to dairy cattle compared with grass clover (Damborg et al., 2018).!

Feed Pulp silage Grass clover silage
DM, % 28 52
Crude protein, % 18 16
Ash, % 93 94
NDF, % 45 39
Invitro dig. OM, % 70 72
DM intake, kg/day 23.0 0.7
ECM, kg/day 37.0 33.5
Invivo digestibility

0M, % 73 70?

NDF, % 63 542

Protein, % 66 602

TECM = energy corrected milk yield; OM = organic matter; DM = dry matter; NDF = neutral detergent fibre.
ZSignificant different from pulp silage.
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Residual juice fraction

The residual juice remaining after the protein precipitation from the green juice is characterized by a low
DM content (5-8%), a variable but high content of soluble carbohydrates and minerals, while the crude
protein (10-20% of DM) only contains half the amount expressed as true protein, the other half being
various non-protein nitrogen compounds (NPN) (Damborg ¢z al., 2020). The specific composition of
the residual juice depends on a number of factors including both the processing steps involved in the
Green Biorefining separation platform, especially the precipitation method, as well as type-, maturity-
and growth conditions of the green biomass input.

The application for anaerobic digestion of the residual juice is a straightforward opportunity, especially
in Denmark, which has a significant biogas industry. Many of the biogas plants in Denmark could
benefit from an extra substrate with a low, but easily digested, solids concentration in order to co-digest
with fibrous agricultural residues such as deep litter, cow manure and straw from cereal grain and grass
seed production. This is for example the case at Ausumgaard, the first commercial green biorefinery in
Denmark (https://ausumgaard.dk/baeredygtig-energi/graesprotein/), which has a large biogas facility
where both the residual juice and the fibrous pulp from the biorefinery can be digested. The use of residual
juice for anaerobic digestion has been evaluated in terms of technical, economic and environmental
sustainability (Corona et al., 2018; Djomo et al., 2020; Feng et al., 2021; Jensen and Gylling, 2018;
Santamaria-Fernandez ez al., 2018). If the residual juice cannot be co-digested in an existing anaerobic
digestion plant, it is a much cheaper and more efficient solution to install a packed bed reactor, as shown
by Feng er al. (2021). Here residual juice was efficiently digested as a sole substrate at low retention
time (5.5 days) and therefore a much smaller reactor size and capital investment is needed. An obvious
advantage for anaerobic digestion of the residual juice from green biorefineries is that the inorganic
nutrients will be led directly into an existing recirculation of nutrients, as the digestate from anaerobic
digestion is spread on agricultural land as fertilizer, already in the current system.

The residual juice could potentially be used for much more than bioenergy, before nutrients are
recirculated to the crop production. (1) Historically, the valuable products from residual juice/brown
juice from green biomass processing has been focused around amino acids and lactic acid. Several studies
and commercial activities have looked into the production of amino acid concentrates (Ecker et 4/,
2012) or specific amino acids such as L-lysine (Andersen and Kiel, 2000; Thomsen ez 4/., 2015). (2)
In the few existing green biorefineries that are processing silage grass, the juice is used for bioenergy
through biogas production (Biowert) or its amino acid, organic acids and inorganic nutrient content are
used primarily as fertilizer products, concentrated through membrane filtration technology. (3) When
processed in the Danish base case setup (Figure 4) the residual juice will be high in carbohydrates and
inorganic nutrients. This combination has high potential as a substrate for fermentation applications
in the biotech industry, producing products such as building block biochemicals, single cell protein or
high value secondary metabolites. In order to achieve a good fermentation substrate, it is an advantage to
reduce the volume and increase the concentration of the carbohydrates as well as other macronutrients
present in the residual juice. This is experimented in the current refinery platform by membrane filtration.

Future perspectives

The perspectives of simultaneously securing farmers licence to produce and creating a new biobased
industry that can supply local products for the green transition are supporting the development of green
biorefining in Denmark. In the recent financial bill, a significant budget was set aside for both R&D and
for the support of new commercial activities. Several EU projects are supporting the development on a
broader scale. There is still much to optimize in order to be able to produce the preferred raw material
for a biorefinery, in contrast to the earlier single focus on feed quality for ruminants. Such issues include:
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e plant breeding for optimal protein extractability and quality;

e development of efficient harvest planning and logistics to continuously deliver good quality green
biomass to the biorefineries;

e process development and optimization at the biorefineries to achieve constant high yields of protein
concentrates with constant high digestibility and nutritional value;

¢ value creation of the press cake fibre and the residual juice to achieve a better overall business case for
the green biorefinery;

¢ technology integration for cascade utilization of side streams and residues;

o development of flexible biorefinery solutions, where input biomass and output products can change
according to seasonal variation and market conditions, in order to achieve efficient use of production
facilities all year round;

e valorisation of the benefits from grassland production on climate and environment.
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The influence of nitrogen fertilization and legume species on the
forage quality of multicomponent sown meadows

Adamovics A. and Gutmane L.
Latvia University of Life Sciences and Technologies, Liela iela 2, Jelgava 3001, Latvia

Abstract

Field trials were carried out with the aim to investigate forage yield quality of sown legume-grass swards
under three nitrogen fertilization rates: N0, N60 and N120. Mixtures were composed of 50% legumes
and 50% grasses (G). The use of multicomponent grass-legume mixtures containing red clover T7ifolium
pratense (Tp) and lucerne Medicago sativa (Ms) is a traditional practice in Latvia, but fodder galega
Galega orientalis (Go) is grown for a relatively short period. Dry matter (DM) yield was analysed for
the following quality indices and mineral contents: crude protein (CP), neutral detergent fibre (NDF),
acid detergent fibre (ADF), phosphorus (P), potassium (K) and calcium (Ca). The legume species used
in swards determined the quality and the mineral content of DM yield. The mixtures containing lucerne
(Ms+G) and galega (Go+G) had a higher CP content, the red clover mixture (Tp+G) had a lower
ADF content, and lucerne-containing mixture (Ms+QG) achieved a higher Ca content. A significant N
fertilization effect on the phosphorus and potassium content was established.

Keywords: herbage quality, mineral content, grass—legume mixture, nitrogen fertilization

Introduction

Legumes allow improved sustainability and stability of agroecosystems, and provide the cheapest source
of nitrogen (Wilkins and Vidrih, 2000). Although nitrogen (N) fertilization contributes to increased
dry matter (DM) yield, it also has a negative effect on the content of legumes in the sward (Soegaard
and Nielsen, 2012). Crude protein content is closely connected with the proportion of legumes in the
sward. Using different grass-legume mixtures, the protein content could be more affected by the type of
seed mixture than by the N level applied (De Vliegher and Carlier, 2008; Meripold ¢z 4., 2016). Some
researchers have found no significant effect of species or mixtures on the nutritive value of herbage, while
increasing the rates of N fertilization can cause a significant increase in crude protein (CP) (Moloney
et al., 2016). The objective of this research was to determine the influence of N fertilization and legume
species on the crude protein, fibre and mineral element content in herbage of multicomponent grass-
legume mixtures.

Materials and methods

Field trials were conducted at three experimental sites in Latvia. At each site (with same experimental
design and condition) the same mixtures were sown in June 2014: without a cover crop, in three
replications. Plot size was 10 m?. The following grass combinations were used in mixtures: Festuca
arundinacea, xFestulolium loliaceum, and Loliumxboucheanum in equal parts (G). Mixtures were
composed of Trifolium pratense 50% and grasses 50% (Tp+G); Medicago sativa 50% and grasses 50%
(Ms+G); and Galega orientalis 50% and grasses 50% (Go+G). The following fertilization treatments
were used for all mixture types (MT): P78, and K90, and three N fertilization levels: N0, N60 (30+30)
N120 40, 60) kg hal. Swards were cut three times during the vegetation season. The CP content of DM
yield was determmed by modified Kjeldahl method; neutral detergent fibre (NDF) and acid detergent
fibre (ADF) were determined by the van Soest method, and mineral elements P, K and Ca were analysed

ancl

by atomic absorption spectrometry. Data were analysed with two-way analysis of variance; differences
between means were detected by LSD at P<0.05 (MS Excel for Windows, 2003).
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Results and discussion

Significant differences in the content of CP, Ca and ADF in the harvested DM were found between
mixture types (Table 1). Galega is reported to be a highly valuable legume, providing fodder rich in
protein and bio-active substances (BaleZentiene, 2008). The CP content determined in our trials (121.0
g kg’l, average for three fertilization rates) for galega-containing mixture was not very high, due to the
large grass proportion in swards (especially in the first year of sward use). The mixtures containing lucerne
(Ms+G) and galega (Go+G) had significantly higher CP content in comparison with the red clover
mixture (Tp+G).

Legumes accumulated more Ca than grasses, and Ca content in mixture DM is closely connected with
legume content (Adamovics and Gutmane, 2018). A significantly higher Ca content in DM yield was
found for the mixture containing lucerne. There were no significant NDF content differences between
the mixtures and N fertilization rates. No significant N fertilization effect was found on the CP, Ca and
ADF content in the DM, but a significant N fertilization effect on the P and K content was established.
Increasing N fertilizer application rate from 0 to 120 kg ha'! contributed to a significant increase in P
content for all mixtures.

The proportion of legumes in swards had a significant positive correlation with the content of CP and
Cain the DM yield (Figure 1). A significant (P<0.01) negative correlation was established between the
proportion of legumes in swards and NDF (r=-0.46). The CP content in DM yield had a significant
(P<0.01) positive correlation with the content of P and Ca in DM yield (Figure 2). The NDF content
had a significant (<0.01) negative correlation with the content of K (r=-0.47), Ca (r=-0.58) and CP
(r=-0.39) in DM yield. A significant (<0.01) positive correlation (r=0.42) was established between the
fibre fractions NDF and ADE.

Table 1. Quality of grass-lequme swards on average for three production years.'

Mixture type (MT)  Nrate, kgha' (N)  Contentin DM, gkg!

(e NDF ADF (€] P K

Tp+G NO 94.8 512.2 3239 1.7 2.52 23.45

N60 103.3 538.5 343.0 6.7 273 25.65

N120 106.3 544.6 326.1 8.0 273 22.25
Mean Tp+G 101.545.0 531.8+10.8 331+6.0 7.5+0.50 2.6610.07 23.78+0.60
Ms+G NO 131.0 517.0 359.0 1.5 272 23.60

N60 1159 561.4 364.4 8.4 277 2475

N120 1327 543.6 3755 1.7 2.88 23.55
Mean Ms+G 126.5£5.5 540.6+9.8 366.3+5.4 10.5+£0.70 2.7940.05 23.97+0.37
Go+G NO 1213 536.4 360.6 7.2 2.55 23.10

N60 107.1 567.2 363.6 6.1 2.67 23.98

N120 1344 5709 360.7 75 293 2330
Mean Go+G 121471 558.147.3 361.615.0 6.910.44 2.7140.08 23.461+0.28
LSDg g5 N ns. ns. ns. ns. 0.20 1.02
LSDg o5 MT 17.14 ns. 16.07 1.57 ns. n.s.
LSDy o5 N/MT ns. ns. ns. ns. ns. n.s.

"n.s. = not significant.
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Figure 1. Relationship (P<0.01) between (A) CP content in herbage DM and the proportion of legumes in the sward, and (B) Ca content in
herbage DM and the proportion of legumes in the sward.
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Figure 2. Relationship (P<0.01) between (A) Ca content, (B) P content and CP content in the herbage DM.

Conclusions

Significant differences in the content of CP, ADF and Ca in DM yields were found between mixture
types. No significant N fertilization effect on the CP, NDF, ADF and Ca contents were found.
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Abstract

Two species of cool season grasses — tall fescue, cv. ‘Fawn’ and orchardgrass cv. “Tekapo’) — were
tested under arid zone condition. Both were sown in the experimental fields of Qassim University,
Saudi Arabia, and subjected to four levels of water supply: 25, 60, 75 and 100% of the calculated crop
evapotranspiration, respectively. Growth parameters, such as plant height, fresh matter yield and dry
matter yield were measured, and the water use efficiency was calculated. Subsequent analyses revealed
that water stress had an adverse impact on plant growth, whereby water use efficiency was maximized
when water supply corresponded to 75% of evapotranspiration. Moreover, tall fescue was better able to
withstand the water stress, as its water use efficiency remained unchanged irrespective of the water supply.

Keywords: tall fescue, orchardgrass, water deficit, irrigation

Introduction

Most of the fresh water around the globe is used for food production and is projected to increase even
further to maximize the crop yield (Davis ef al., 2017). Forage crops are particularly significant water
consumers, as they may remain in the field for several years and require ample irrigation, which may be
problematic in arid regions. Thus, extensive research has been conducted to identify cultivars that can
thrive under arid conditions. Empirical evidence indicates that tall fescue cv. ‘Fawn’ is one of the cool
scason forage cultivars that can grow in soils with up to 8,000 ppm of NaCl (Al-Ghumaiz, 2013; Al-
Ghumaiz and Motawei, 2011; Al-Ghumaiz ez /., 2017; Motawei and Al-Ghumaiz, 2012). However, its
response to deficit irrigation under arid conditions is not sufficiently explored. In this work, tall fescue
and orchardgrass cv. “Tekapo’ are compared in terms of their ability to withstand different levels of water

deficit.

Material and methods

Tall fescue (Festuca arundinacea, cv. ‘Fawn’) and orchardgrass (Dactylis glomerata, cv. “Tekapo’) were
sown in the experimental fields of College of Agricultural and Veterinary Medicine, Qassim University,
Saudi Arabia (26°17°S1.5'N; 43°45’54.9°E). For each variety, seeding rate was 20 kg ha'l, and plots were
subdivided into 1 m? experimental subunits (1 m apart) to apply four irrigation levels. In accordance
with the randomized complete block experimental design, each combination was replicated three times.
After calculating crop evapotranspiration using the FAO Penman Monteith method (Allen, 1998),
four levels of water supply were determined as follows: control (C) with 100% of the calculated crop
evapotranspiration, and three treatments, with 25% (SD), 60% (AD), and 75% (MD) of the calculated
crop evapotranspiration. To meet the study aims, plant height (H), fresh weight (FMY), and dry weight
(DMY) were measured and the water use efficiency (WUE) was calculated (Geerts and Raes, 2009).
Significance of the studied factors was tested using the ANOVA and their means were compared using
the least significant differences (LSD) method.
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Results and discussion

The analyses revealed that water deficit levels exerted adverse influence on the measured growth
parameters for both species. However, the ANOVA results show this effect was significant only for plant
height (Table 1) as control samples from both cultivars were significantly taller than those that received
suboptimal irrigation. When different treatments were compared using the LSD test, no statistically
significant differences in H emerged between C and MD, as well as AD and SD (Table 1). Similar trends
were noted for both FMY and DMY, whereby none of the treatments yielded significant differences.
However, closer examination of DMY values revealed that, when water supply was not drastically reduced
(MD and AD treatments) even though the plant water content decreased, growth remained relatively
unaffected, which was not the case in the SD treatment. These observations are in line with the results
reported by Asay e a/. (2001). Water use efficiency (WUE) also revealed different trends, whereby it was
the highest in controls, followed by the MD, SD, and finally AD treatment (but none of the differences
were statistically significant).

The ANOVA results further indicated that the interaction between the plant species and the deficit level
was significant, suggesting a variation in the response of the two cultivars to the imposed water deficits.
Moreover, although “Tekapo’ plants in the C and MD group had a higher WUE, the values declined
sharply as the water supply was reduced further. Conversely, WUE calculated for ‘Fawn’ was relatively
constant irrespective of the water supply, as shown in Table 2.

Table 1. Statistical analysis of the effects of the different water deficit treatments.'

Treatment Plant height FMY (kg ha™!) DMY (kg ha™!) WUE (kg m3)
Plant species (Sp)
Fawn 15.42a 1,467.5° 512.9° 0.092
Tekapo 11.85° 1,324.0° 468.3° 0.0872
Significance ns. n.s. ns. ns.
Water deficit level (WD)
C 17.50? 2,558.32 875.2° 0.10720
MD 15.33% 1,736.7° 541.8° 01142
AD 1267° 823.¢ 362.20¢ 0.0629°
SD 11.83 465¢ 183.3¢ 0.0761°
Significance ** *rx *rE *
Spx WD *x * *xx *x

"n.s. = not significant; * P<0.05; ** P< 0.01 *** P<0.001.

Table 2. The effect of interaction of the two factors.

C MD AD D
WUE (kg m3) Tekapo 0127 0.1352 0.032¢ 0.056¢
Fawn 0.087 0.092b 0.093P 0.097
H (cm) Tekapo 17.3b 16.0b 11.0¢ 9.74
Fawn 20.0° 15.7° 13.3¢ 12.7¢
DMY (kg ha™) Tekapo 971.32 742,00 186.0¢ 149.3¢
Fawn 776.0° 569.4¢ 323.44 217.34
FMY (kg ha™") Tekapo 3,040.02 2,066.7° 423.3¢ 340,01
Fawn 2,076.70 1,406.7¢ 619.34 590.04
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Conclusions

Two species of cool season grasses were tested under arid conditions in the experimental fields of Qassim
University, Qassim, KSA, by subjecting the plants to different levels of water stress (25, 60, and 75%
of the calculated crop evapotranspiration) and comparing their key growth parameters and water use
efficiency with controls (irrigated at 100% of the calculated crop evapotranspiration level). The results
showed that, while both cultivars were adversely affected by insufficient irrigation, Festuca arundinacea,
cv. ‘Fawn’ was better able to withstand arid conditions than Dactylis glomerata cv. “Tekapo.
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Long-term changes in carbon content and chemical properties
of soil in grassland plots fertilized with cattle slurry and mineral
fertilizer
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Abstract

The objective of this long-term study (16 years) was to determine the effects of repeated inputs of
different types of fertilizer on a grassland in the Atlantic coastal region of Galicia (NW Spain). The
study included the following fertilization treatments: mineral fertilizer (calcium ammonium nitrate),
cattle slurry applied in bands (on the soil surface), cattle slurry injected at a depth of 3-5 cm, and a control
treatment without nitrogen (N). Soil parameters were monitored during several consecutive years in
order to determine the changes in the total carbon (C), organic matter (OM) and total N contents,
as well as in other fertility-related parameters. The inputs of cattle slurry applied by both techniques
(banding and injection) led to a gradual increase in the OM, C and N contents in the surface layer of
the soil throughout the study period. The increases were greater than those yielded by mineral fertilizer.
Eleven years after the start of the study, the OM and C contents had increased significantly, by 17 and
21%, relative to those yielded by the mineral fertilizer; after 16 years the increases were smaller, at 8 and
7%, respectively. The slurry inputs also increased the soil pH and effective exchange capacity significantly
and decreased the acid saturation in the exchange complex.

Keywords: cow slurry, calcium ammonium nitrate, slurry application method

Introduction

The application of livestock slurry to grassland is a common agricultural practice in the study area (Galicia,
NW Spain). Slurry is applied to farmland as a source of plant nutrients and also as a means of recycling
organic waste produced on farms. The application of organic manure to land alters the chemical properties
of soil, with different effects on plant nutrient supply and nutrient loss. Grassland soils are capable of
sequestering atmospheric CO,, but C sequestration is regulated by complex biogeochemical processes,
which are, in turn, affected by management practices (e.g. nutrient fertilization) and environmental
factors. The main objective of this study was to determine whether long-term (16 years) application of
dairy cattle slurry to grassland in which grass forage is harvested in consecutive years affects the chemical
properties and C-fixing capacity of the soil.

Materials and methods

The study was carried out between 2005 and 2020 at the CIAM Research Centre (NW Spain), on a silt
loam soil classified as Humic Cambisol. The climate of the study area is classified as humid-temperate.
In October 2004, a ryegrass-clover sward was established on the site. The trial was conducted using a
completely randomized block design with three replicates of each of four treatments: no nitrogen (N)
fertilizer (control, C), mineral fertilizer (calcium ammonium nitrate, CAN) and slurry application, by
cither surface banding (BS) or injection (3-5 cm depth, 15 cm between lines, IS). Between 2005 and 2020,
the fertilizers were applied in spring and/or autumn 32 times, with a mean dose for the slurry of 53 m?
ha!year!. Each dose of mineral fertilizer was adjusted to supply the same amount of total N as the slurry.
Grass forage was cut in consecutive years to simulate grassland harvesting. Soil samples were collected
in the first year of the study (09/2005) and in various different years thereafter (03/2008, 12/2010,
04/2014, 10/2018). The soil samples were analysed to determine the OM, total C and total N contents,
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pH, available elements, P (Olsen), K (extracted with IN ammonium acetate, pH 7), exchangeable cations
(Ca, Mg, Na, K) and exchangeable acidity (EA). Samples obtained in October 2020 from the upper
layer (0-10 cm) and deeper layers (0-30, 30-60 and 60-90 cm) were analysed to determine the apparent
density in order to estimate the C stocks. Analysis of variance was used to compare the effects of the
different treatments and was applied using SPSS software, version 21. Any differences between means
were determined using a post-hoc Duncan’s test at a significance level of P<0.05.

Results and discussion

The inputs of cattle slurry by both techniques (surface banding and injection) gradually increased the
OM, Cand N contents in the upper soil layer (0-10 cm) throughout the study period, to a greater extent
than yielded by the mineral fertilizer (Figure 1). Thus, 11 years after the start of the study, the OM and C
contents were respectively 17 and 21% higher than those yielded by the mineral fertilizer; after 14 years,
the increases were 20 and 28%, and at the end of the study (after 16 years), the differences were smaller,
at 8 and 7%, respectively. The N contents were also higher than those yielded by the mineral fertilizer,
with increases of 27, 24 and 9% after 11, 14 and 16 years, respectively. No differences in the parameters
were observed in relation to the method of application of the slurry.

Addition of slurry led to an increase in the soil pH (Table 1) and a decrease in the acid saturation in the
exchange complex. The Ca and Mg contents in the exchange complex increased after the application
of slurry over 16 years. The Ca/Mg and K/Mg ratios remained optimal after the application of slurry,
whereas they appeared imbalanced in the control and mineral fertilizer treatments. Regarding the
accumulation of Na in the slurry-treated plots, the low percentage of 2% in the exchange complex would
not be expected to cause any problems related to physical or chemical properties.

The estimated C stocks after 16 years are shown in Table 2. There were no significant differences in C
stocks between the different soil layers (0-30, 30-60 and 60-90 cm) in relation to the different fertilizer
treatments. However, for the C stocks in the 0-90 cm layer, the slurry yielded some increases (not
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Figure 1. Changes in organic matter (A), carbon (B), nitrogen (C) and pH (D) in the upper soil layer (0-10 cm).
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Table 1. Chemical properties at 0-10 cm soil depth at the start and end of the expetiment.!

Treatment  (Cation exchange

AE (cmol/kg) Ca?* Mg?* Na*+ K+ CEC Olsen P (mg/kg) K AS (g/100g)
26/09/2005  C 1.00 374 0.68 0.10¢ 0.69 6.19 34 27 16.1
CAN 0.95 373 0.73 0.07bc  0.77 6.29 35 299 15.4
BS 0.53 5.37 1.00 0.15ab  0.79 7.85 33 309 73
IS 0.70 5.09 0.94 0.16ab  0.82 7.70 33 320 9.3
Mean 0.80 4.48 0.84 0.10 0.77 7.01 34 300 120
P-value ns ns ns * ns ns ns ns ns
14/10/2020 (AN 1.15a 3.77h 0.61¢ 0.11b 0.84a 6.51b 483 328 18.16a
M 1.40a 4.00b 0.76b 0.12b 0.50b 6.76h 34b 197 20.51a
BS 0.13b 7.66a 1.54a 0.20a 0.69ab  10.20a 2% 269 1.26h
IS 0.13b 741a 147a 0.19% 0.74ab  9.94a 31b 292 1.32b
Mean 0.70 571 1.09 0.16 0.69 835 35 27 103
Pvalue *x *x *xx *x ns *x *x ns P

T AE = acid exchange; CEC = effective cation exchange capacity; AS = acid saturation. Different letters indicate significant differences between treatments. ns = not significant; **
P<0.01; *** P<0.001.

Table 2: Carbon stocks (Mg C ha™) at different soil depths.'

Cstocks

0-10cm 10-30 cm 0-30cm 30-60 cm 60-90 cm 0-90 cm
( 40.8 36.9¢ 71.7b 10.6 2.1 90.4
(AN 38.1 47.0a 85.1a 154 3.8 1043
BS 43.0 40.8bc 83.8a 243 1.8 119.8
1S 412 43.2ab 84.5a 229 1.0 1184
Mean 40.8 4.0 82.8 183 7.2 108.2
P-value ns * * ns ns ns

Tns = not significant; ** P<0.01; *** P<0.001.

statistically significant) relative to CAN fertilizer and control, particularly due to the accumulation of C
in the 30-60 and 60-90 cm layers. Therefore, in addition to the upper 0-10 cm layer, deeper layers (to 90
cm) should also be considered in calculating C stocks (Klumpp and Fornara, 2018).

Conclusions

Relative to fertilization with CAN, application of cattle slurry to grassland subjected to consecutive
forage harvesting improved some chemical properties of the soil, such as the OM content, N content
and exchangeable cations, reduced the need for soil amendments and favoured C fixation in the soil. No
differences were observed in relation to the method of application of the slurry. In conclusion, fertilization
of grassland with cattle slurry can yield ecological and environmental benefits.
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Abstract

Agricultural nitrous oxide (N,0) emissions account for 60% of the total N, O emissions. For sustainable
agriculture, it is essential to reduce the emissions of N,O from agricultural soils. Since decades, agricultural
soils are a substantial N,O source; however, there are emerging studies that also show there is uptake of
N,O by agricultural soils. These studies, showing the net uptake of atmospheric N,O by agricultural soils,
bring a series of research questions and scientific curiosity to the frontline. This is because they report
fluxes of N,O, which are in contrast with the traditional view that agricultural soils are always N,O
sources. In this abstract, we discuss the current knowledge of soil N, O uptake in general and its current
consensus with regard to agricultural ecosystems, the methodology to assess soil N,O uptake, and future
research needed to better understand the N, O flux dynamics in agricultural ecosystems.

Keywords: sustainable agriculture, nitrous oxide uptake, nitrogen cycle, denitrifiers

Introduction

Use of synthetic nitrogen (N) fertilizers in agriculture is expected to increase by 2 to 4 fold by 2050 to
meet the global food demand for the increasing human population (Tilman ez al., 2001). Besides increases
in food and forage production, addition of fertilizer N to agricultural soils also boosts nitrification and
denitrification, two major soil N transforming processes contributing to the emissions of nitrous oxide
(N,O) - a greenhouse gas ~300 times stronger than carbon dioxide (Firestone and Davidson, 1989).
Therefore, for sustainable agriculture, reduction of agricultural N, O emissions is paramount. To reduce
the agricultural N, O footprint, measures such as improving nitrogen use efficiency in animal and crop
production while maintaining their yield, reducing the N fertilizer use and promoting a suitable dietary
choice have been suggested (Reay er al., 2012). However, to meet the goal of reducing the agricultural
N, O footprint seems still a challenging job for science and for policymakers.

N, O uptake in agricultural ecosystems

In the biosphere, the only biological mechanism known to contribute to the soil N, O sink is N, O reduction
to dinitrogen (N,) via the nitrous oxide reductase enzyme, being encoded by the 70sZ gene (Hallin ez
al., 2018). The traditional understanding is that N, O reduction is carried out exclusively by denitrifiers
possessing the 70sZ gene (Firestone and Davidson, 1989), organisms that are defined as 70sZ clade I. This
view was recently challenged with the discovery of N,O reduction by non-denitrifiers, so called atypical
nosZ or nosZ clade II organisms (Jones e al., 2013; Sanford ez al., 2012). Compared to organisms of
nosZ clade I those of zosZ clade II show higher functional diversity, and besides catalyzing denitrification
and non-denitrifier respiration, they also represent electron sinks, and mediate detoxification processes
in soils (Shan ez 4/, 2021). The multifunctional ecological services and the substantial abundance of
organisms with 70sZ clade II genes in the terrestrial environment have led to the new paradigm that
highlights the soil’s potential to act as N, O sink (Jones ez a/., 2013). This has called scientific researchers
globally to work on constraining the understanding of the N,O sink capacity of agricultural soils, for
decades considered as N, O emission hotspots. A negative N, O flux, i.e. soil N, O uptake, in any type of
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agricultural soils sounds counterintuitive. One’s assumption would rather be that agricultural soils should
be net N, O emitters because of the amendment of N fertilizer — a primary substrate for microbial N,O
production. However, while constraining agricultural N,O emissions is a challenging task, there have
been an increasing number of studies showing uptake of atmospheric N, O by agricultural soils (Figure
1). These studies therefore contrast the traditional view (i.c. that all agricultural soils are N, O sources)
and indicate that N,O flux dynamics of agricultural soils require further investigation, especially caused
by the new paradigm regarding the functional diversity of organisms of the 70sZ clade II (Shan ez 4l,
2021). Soils represent a highly complex matrix, supporting tight interactions between N, O metabolizing
microbes (clade I and II) and nitrifiers, and soil properties such as soil pH, mineral N availability, soil
moisture and oxygen status, soil temperature, and, most importantly, the quality and quantity of soil
organic carbon — a primary substrate for N, O respiring microbes (Hallin ez 4/, 2018). All the above-
mentioned soil variables regulate the activities of N, O respiring microbes, thus defining the direction of
N, O flux between soils and the atmosphere (Hallin ez 4/., 2018).

From dry oxic soils (Flechard ez al., 2005; Wu ez al., 2013) to soils with high substrate availability (e.g.
mineral N) and enzymatic activities related to denitrification (Wen ez 4l., 2016), soil uptake of N,O
has been reported, indicating that not only wet soil conditions promote these organisms (Hallin ez 4/,
2018). Previously wet conditions with low oxygen and high soil organic carbon availability were thought
to support the soil N, O uptake. Moreover, recently a novel finding has shown that soyabean (Glycine
max L. Merr.) — a globally grown leguminous food crop, can substantially reduce atmospheric N,O to
N, via 70sZ gene (Itakura ez al., 2013), thus opening a new avenue to research for increasing agricultural
N, O emission mitigation with other leguminous types of crop species, such as alfalfa and clovers, which
are an important leguminous forage crops globally. Therefore, to better constrain our agricultural N,O
footprint, a thorough scientific investigation is clearly required to answer why (e.g. ecological benefits
or niche differentiation between N,O producers vs N,O reducers, see Hallin ez /. (2018)), how (e.g.
mechanistic pathways of clade I vs clade I microbes in tandem with soil variables), where (e.g. mineral vs
organic soils, croplands vs grasslands, bulk vs rhizosphere soils, legume vs non-legume crops, and roots vs
root nodules) and when (e.g. vegetative vs reproductive vs senescence phase, wet vs dry soils, and high vs
low mineral N) in agricultural ecosystems soil N,O uptake occurs in tandem with soil N,O emissions.

Methodologies to understand agricultural soil N, O uptake and future prospects

From laboratory to iz situ experiments using 1N labelled N, O, s0 called 15NZO pool dilution approaches
(Wen ez al., 2016; Yang ¢t al., 2011), from quantitative polymerase chain reactions (QPCR) to omics
techniques (e.g. metagenomics) (Jones ez al., 2013; Sanford ef al., 2012), and from static chamber to
eddy covariance techniques (Shurpali ez 4., 2016) have been applied to investigate N, O flux dynamics,
associated microbial communities, and pathways underlying N,O uptake in agricultural soils. These
techniques have been proven to be robust, and particularly the omics methods have been suggested to
be very useful, especially when applied together with flux measurement methods, as the omics methods
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Figure 1. Number of studies reporting N, uptake in agricultural soils.
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directly assess the soil microbes possessing 70sZ genes and can reveal relative contributions of different
functional groups (e.g. clade I vs clade II) involved in soil N,O reduction (Hallin ez 4/, 2018; Shan ez
al., 2021). One very important aspect to focus on in the future is to assess the role of other leguminous
food and forage crops in N, O reduction, as this process has been shown clearly for soybean (Itakura
et al., 2013). More importantly, future studies should consider combining 15NZO pool dilution
approaches (laboratory and iz situ) and omics methodologies, along with the assessment of important
soil physicochemical characteristics, in the presence and absence of crops of interest, while assessing
agricultural soils for net N,O uptake. Our ongoing research in Finland focuses on understanding the
N, O reduction capacity of a leguminous-grassland ecosystem cultivated with red clover (Trifolium
pratense L. cv. llte) and timothy (Phleum pratense L. cv. Nuutti), by using >N, O pool dilution assays in
laboratory and 77 sitzu conditions along with the omics approach.

Conclusions

To better constrain the global and regional N,O budget, we need to emphasize both emissions and
uptake of N, O in agricultural ecosystems, especially the latter, which is still neglected in current earth
system models of N, O fluxes. The cause and explanation behind any negative N,O flux at a given space
and time should be addressed by using relevant methodology. Only when a proper understanding of N,O
uptake in agricultural soil is established will we be able to better estimate the agricultural N,O footprint
and develop proper N, O mitigation strategies for agriculture.
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Abstract

Active protection of meadow communities in national parks is an important element of maintaining their
ecosystem functions. Field studies were carried out in Biebrza National Park in Poland (mid-June 2010-
2011). The aim of the research was to determine the effect of mowing and grazing on the vegetation of
meadow communities. The assessed area was divided into three parts: I — non-mown, I — mown every
2-4 years, III — mown once a year and grazed by Konik horses. Sward cover, species composition, yield
of fresh and dry mass, fodder-value score (FVS) and nutritional value of the sward were estimated. The
yields of fresh mass from non-mown and mown parts were similar, while that from the area grazed by
Konik horses was significantly lower. Floristic composition of non-mown and mown meadows differed
only in the proportion of some groups of species. Mo/inia caerulea and Juncus sp. had the highest cover in
the sward on the non-mown meadow. There were also communities with Salix sp. and Betula pubescens.
On the mown meadow Carex sp. dominated, while Salix sp. and M. caerulea achieved lower shares. There
were two communities on the part grazed by Konik horses, one was Carex sp. dominant, and one Agrostis
canina dominant. The sward of all parts of the meadow showed poor FVS and low nutritional value.
Although mowing is necessary to prevent succession, grazing even at a very low stocking rate additionally
contributes to diversifying the plant communities.

Keywords: biodiversity, cessation of grasslands utilization, feeding value, grazing, moving, national park
areas

Introduction

In the last 70 years, the grassland areas in Europe have gradually declined (European Commission, 2020).
Deterioration of a naturally valuable habitat occurs as a result of cither intensification or abandonment
of management practices (Térék ez al., 2018). The succession of invasive species is particularly visible in
areas where traditional extensive management (mowing and grazing) has ceased. This threatens, among
other things, fen meadows due to the low profitability of their usage and harsh environmental conditions
(e.g. high water level). Recent years have increasingly seen the introduction of free-range grazing in areas
of high natural value to preserve habitats and maintain or restore the open landscape. While the key role
in the protection of lowland grasslands in Europe is attributed to cattle, horses also have a great ability
to feed even on low-quality swards (Prache ez al., 1998). Among the primitive breeds, Polish primitive
horses (Koniks) are particularly predisposed for this (Chodkiewicz 2020). The need to use grazing as
a form of natural environment protection became a reason for the establishment in 2004 of Koniks
breeding reserve in Biebrza National Park (BNP, north-castern Poland). The aim of the research was
to determine the effect of mowing and grazing on the vegetation of meadow communities in Grzedy in

BNP.

Materials and methods

The study was conducted in Biebrza National Park (BNDP, situated in north-eastern Poland) in the
Central Basin North protected district in 2010-2011. The assessed area was divided into three parts:
I — non-mown (the last cutting was carried out seven years before the start of the research), Il — mown
every 2-4 years (the last mowing was carried out 4 years before the research), III - mown once a year and
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grazed by Konik horses (26 horses in the year, 0.55 LU ha'!) which began S years before the research.
Horses stayed on the pastures all year long. The vegetative season in the valley lasts 205 days on average.
The climate in this area is continental with features of hemi-boreal and is among the coldest in Poland.

During the field studies (mid-June), along transects (one in each part of the meadow) 12 patches of
vegetation every 100 m were separated. Within each patch, the sward cover (%) and the range of the main
plant height (cm) were estimated in duplicate. In order to investigate the effect of management on the
botanical composition of the sward, 500 g samples of fresh mass were taken, and the cover of individual
species in the sward was assessed (% in dry mass). The yield of fresh mass (DY) and dry mass (DM) were
evaluated according to the formula: mean height of sward (cm) x 0.6 (conversion factor for fresh mass)
x sward cover (%). The fodder value score (FVS) defined by Filipek (1973) and content of crude protein
(CP), crude fibre (CF), ash-free neutral detergent fibre (NDF), digestibility of organic and dry matter
(chemical analyses) were determined. Statistical analyses (one-way ANOVA) of the obtained data (sward
height, DY, DM) were performed for all managements.

Results and discussion

The vegetation of the investigated area was classified as Mo/inia meadow. The assessed parts of the meadow
clearly differed in terms of cover and height of sward (Figure 1). The sward cover of grass communities,
regardless of the method of utilization, was small and ranged from 51% on the grazed area to 62% on the
mown meadow. The sward was the highest on the non-mown part (average 70 cm) and the lowest on the
grazed arca (average 45 cm).

As a result, the available yields of fresh and dry mass in the summer period (June) from non-mown as
well as mown meadows were similar (approx. 20.0 Mg ha'! and 9.0 Mg ha! of DM, respectively). In
turn, the yields from the area grazed by Konik horses were significantly lower (11.0 Mg ha! of DY and
5.0 Mg ha'! of DM). Floristic composition of the patches of parts of the meadow I (non-mown) and I1
(mown every 2-4 years), was similar, but clearly differed in the proportion of some species or groups of
species (Table 1).

Molinia caerulea L. (approx. 33%) and Carex sp. (approx. 24%) had the highest cover values in the non-
mown sward (I). The occurrence of plant communities with the participation of Salix rosmarinifolia L.,
S. cinerea L., S. aurita L. and Betula pubescens Ehrh. (approx. 16%) was also noticeable, which proves
the initiated succession. Dicotyledonous plants had a large cover, among them were observed legally
protected orchids (Dactylorbiza incarnata (L.) Sod, Platanthera bifolia (L.) Rich.), while the least were
Phragmites australis (Cav.) Trin. Ex Steud and other grasses (Calamagrostis stricta (Timm) Koeler). On
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Figure 1. Height and cover of sward, disposable yield of fresh mass (DY) and dry mass yield (DM) of investigated parts of the meadow: | — non-
mown, Il — mown every 2-4 years, Il — mown once a year and grazed by Konik horses.
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Table 1. Botanical composition of sward on assessed parts of the meadow: | — non-mown, Il — mown every 2-4 years, Il — mown once a year
and grazed by Konik horses (%).

Object Salixsp. Betula Phragmites  Molinia Deschampsia Agrostis Other Carex sp. Juncussp.  Dicotyledonous
pubescens  australis caerulea caespitosa  canina grasses

| 144 14 48 326 0.0 0.0 47 26 0.0 18.5

I 84 0.0 28 105 0.0 0.0 0.1 63.0 0.0 15.2

1l 03 0.0 0.5 0.0 46 11.6 1.0 49.2 93 235

the other hand, Carex sp. dominated on the sporadically mown meadow (II) (over 60%), while the share
of Salix sp. was two times lower, and Molinia caerulea L. three times lower. On the part of the meadow
grazed by Konik horses (III) two communities were distinguished — with dominance of sedges (Carex
panicea L. and Carex flava L.) and Agrostis canina L. (Chodkiewicz 2020). According to Kotlarz ef al.
(2010) extensive meadow not fertilized and late mown gives hay with very high share of plants without,
low or moderate fodder value score. In our study the sward of mown and non-mown meadows showed a
poor utility value (FVS approx. 2), while on the grazed part it was slightly better (FVS 3-4), but still poor.
Regardless of the management, the sward of all grass communities was characterized by low nutritional
value. This was due to the high content of crude fibre (CF), ash-free neutral detergent fibre (NDF) and
low digestibility of organic and dry matter.

Conclusions

The management method significantly affected grassland vegetation and yields on the studied area. All
parts of the meadow clearly differed in cover and height of the sward. Regardless of the management, the
sward of all grass communities was of low nutritional value.
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Abstract

As part of the Horizon 2020 SUPER-G project, we carried out a survey of 50 grassland farmers in
Lorraine and Normandy to assess their understanding and knowledge of ecosystem services. Ecosystem
services define the goods and services that humans can derive from ecosystems, directly or indirectly, to
ensure human well-being (food, water quality, landscapes, etc.) (Tibi ez al., 2018). In general, livestock
farmers understood the importance of the production ecosystem service as well as the environmental
goods and services commonly mentioned in various communications and regulations, namely: carbon
storage, water quality, biodiversity, and water flow regulation (Van den Pol-van Dasselaar et 4/, 2019).
However, a main finding of the survey was that a significant proportion (88%) of the 50 farmers was not
aware of the term ‘ecosystem services.

Keywords: ecosystem services, permanent grassland, biodiversity, carbon storage, water quality

Introduction

It is generally accepted that the term ‘ecosystem services' is not well known within the farming
community. Nevertheless, many farmers recognize the multitude of (non-production) services that
permanent grassland (PG) provides, particularly biodiversity and carbon storage. This paper investigates
the main factors that encourage grassland livestock farmers to provide and enhance ecosystem services on
grassland, such as legislation, personal choice, traditional practice, and income diversification.

Materials and methods

Fifty farmers were included in a PG ecosystem services questionnaire survey in 2019: 30 in Lorraine and
20 in Normandy (northern France). 66% were dairy farmers and 33% beef farmers. The qualitative survey
was divided into nine sections: (1) farm information, (2) permanent grassland on your farm, (3) soil
management, (4) grass management, (5) sward management on improved PG, (6) sward management
on unimproved PG, (7) ecosystem services, (8) economics, and (9) innovation and knowledge exchange.
This paper focuses on the results from section 7 — ecosystem services. The aim of the survey was to gather
information from the farms within the networks regarding their PG management practices, business
profitability and their views on the delivery of ecosystem services.

Results and discussion

In general, the term ‘ecosystem services’ was not well known (Table 1). Nevertheless, the services
themselves are generally well understood by farmers who are aware of the importance of their pastures
and meadows for the environment, particularly for water and carbon cycles. Supporting biodiversity and
pollination were also recognized as important ecosystem services provided by PG. ‘Leisure and tourism’
services were rarely acknowledged by the farmers.

The farmers were questioned on their practices on permanent grasslands and what ecosystem services
would be provided by their practices. Moreover, we asked them about their main motivation to develop
this practice. The motivations reported were very diverse, ranging from purely regulatory (especially for
the impact on water quality, a service that is very much covered by public policies), to personal choice or
to tradition (often reported for providing an attractive landscape and/or biodiversity).
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Table 1. Perception of ecosystem services by 50 French farmers.

Lorraine (n=30) Normandy (n=20)

Knowledge of the term ‘ecosystem services’ Yes 13% 10%
No 87% 90%
For you, what is the level of your grassland’s contribution to these ecosystem services? ~ Forage production ~ 100% 100%
(Proportion of response ‘important and intermediate supply’ for each ecosystem Carbon storage 96% 100%
services on their farm. Other possible choice low-level supply or no supply) Water quality 88% 90%
Biodiversity 81% 100%
Soil erosion 77% 90%
Pollination 50% 80%
Leisure, tourism 35% 50%

Table 2. Motivation of ecosystem services by the farmers interviewed.

Practice Farms employing  Farms employing the Ecosystem Service Main reason to employ ~ Main reason to
the practice practice (Normandy, produced accordingto the practice (Lorraine)  employ the practice
(Lorraine,n=30) n=20) farmers perception (Normandy)
Manure plans 17 7 water quality legislation (100%) legislation (100%)
Avoiding manure spreading 13 4 water quality legislation (100%) legislation (50%)
at times of high risk
Maintaining hedges 27 19 biodiversity, carbon usual practices (63%), personal choice (68%),
storage, erosion control, personal choice (52%), usual practices (32%),
wind protection, use legislation (37%), tradition of the locally
of wood investment aid (11%) typical bocage landscape
Agroforestry 16 8 biodiversity, carbon usual practices (69%), personal choice (88%),
storage, erosion personal choice (38%), legislation (12%)

regulation, production,  legislation (13%),

leisure and tourism investment aid (13%)
Maintaining species-rich 16 4 biodiversity, carbon usual practices (88%), personal choice (100%),
permanent grasslands storage, erosion control, personal choice (19%), usual practices (25%)
production income diversification (6%)
Buffer strip along 22 4 biodiversity, carbon legislation (100%), legislation (50%),
watercourse storage, erosion control  usual practices (55%), personal choice (25%),
personal choice (9%) usual practices (25%)

Legislation is often the main reason for a change of practice. For example, buffer strips along watercourses
first appeared for regulatory reasons in 2005, but they are now accepted as ‘normal’ on 55% of farms and
claimed as a personal choice on 9% of farms. Among the widely adopted practices, maintaining hedges
and agroforestry in meadows were strongly linked to traditional practices in rural areas (63% for hedges,
69% for agroforestry) and were often associated with grazing practices and the need to provide shelter
for grazing animals. Regulations were rarely reported as a motivation for adopting or maintaining these
two practices (37% for hedges, 13% for agroforestry). Finally, we underline the existence of local funding
opportunities (region, department or county) that triggered tree replanting for around 10% of farmers,
which shows that this financial aid was important in the decision-making of farmers.
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Conclusions

Only 10% of the 50 farmers questioned knew the term ‘ecosystems services, but all farmers were aware

of the specific grassland services listed. Many farming practices already exist for supporting the services

related to securing water quality and reducing the farm’s carbon footprint. These following measures have
been identified to favour ecosystem services:

¢ Aid for adopting and maintaining sustainable farming practices: compensatory measures for the
sward renovation.

¢ Aid for investment for machinery supporting the maintenance of grassland areas and aid for planting
hedges.

¢ Aid for the ecological transition and reduction of GHG emissions, in particular through the sale of
carbon credits to companies in the strongly emitting sectors (Cantarel, 2011).

o Biodiversity is an issue that has historically been confined to specific land zoning, in particular Natura
2000 areas. Apart from these areas where compensatory measures existed, the biodiversity issue is
now increasingly considered in the territories. Since 2015 the region is in charge of the biodiversity
preservation. This is evidenced by the many ‘Blue and Green Network’ projects aimed at maintaining
or recreating ecological continuities (French Ministry for ecological transition, 2019).
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Abstract

Livestock farming systems (LFS) provide multiple services to people including cultural ecosystem
services (CES). It is assumed that LFS improve the cultural and recreational attractiveness of landscape
by maintaining grasslands that offer wide-open views. Recently, crowd-sourced data derived from social
media emerged as an important component in CES studies. They offer massive amounts of data covering
broad spatial and temporal scales. This study examines the level of recreational use of each type of land
cover across the Auvergne region in France, based on 5,568 geo-located trails from three social media
platforms (Flick, NaturaList, and Wikiloc). It quantitatively analysed the pattern of CES potential supply
(% of each land cover in Auvergne) and use (% of land cover in areas visited by users). Results show that
on average the use of grasslands within visitors’ trails is 7% higher than the potential supply, whereas the
use of agricultural land is 14% lower. It suggests a significant demand for grassland is high, and a low
demand for agricultural lands.

Keywords: cultural ecosystem services, social media, grasslands, livestock, recreation

Introduction

Ecosystem services (ES) are defined as ‘the contributions of ecosystem structure and function to human
well-being” (Costanza ez al., 2017). They include provisioning, regulating, and cultural services. In
Europe, most grassland ecosystems result from an interaction of natural and human processes, including
livestock grazing (Lemaire ez al., 2011). These ecosystems are valued for diverse reasons in response to
their benefits to people. They range from forage provision and climate regulation to recreation and leisure
activities (Le Clec’h ez al., 2019). Understanding interactions between public and grassland ecosystems,
and their benefits for well-being, can improve decision making about best practices to preserve them.
However, grasslands are generally under-appreciated in CES assessment compared to other habitats, such
as forests (Diaz et al., 2015).

Traditionally, the survey questionnaire is the most common tool used in CES studies. However, these
methods are tedious, cost and/or time consuming, and mostly used for local assessments (Cheng ez 4/,
2019). At a large scale, social media data are more consistent, geo-localized, and increasingly applied
(Ghermandi and Sinclair, 2019). Social media data have been applied to explore human-nature
interaction in several ecosystems ranging from marine ecosystems to urban parks. However, relatively
little research has been conducted in the quantification of CES related to grasslands and rural landscapes.
Therefore, this study aims at quantitatively analysing the importance of grasslands in outdoor activities
of three types of social media users (sportive, naturalist, and photographer). The case study concerns the
Auvergne region in France.
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Materials and methods

Data and study area

Crowd-sourced georeferenced data used in this study were retrieved from three distinct social media
platforms: Flickr, NaturaList,and Wikiloc. Flickr is popular with amateur and professional photographers,
Wikiloc is the most popular and active outdoor activities platform in European Mediterranean countries
(hteps://www.wikiloc.com), and NaturaList is the largest platform for volunteers to record and share
their fauna and flora observations in France (faune-france.org). Flickr and Wikiloc data were retrieved
using Application Programming Interfaces (API), R and Python environments. NaturaList data are about
bird observations and they were obtained from LPO Auvergne (Ligue pour la Protection des Oiscaux).
We combined three diverse platforms in order to include a diversity of profiles in our study. To comply
with privacy policies all data were anonymised and any unnecessary data deleted.

The Auvergne region is located around 45°42' N and 3°18' E in the centre of France. The region has
an area of 26,132 km? and is currently home to around 1.3 million inhabitants. The mosaic of natural
ecosystems present in the area (geological features, grassland, forest...) together with rural livestock
farming, pastures landscape and related traditions (e.g. cheese making), makes it a pertinent study area.

Data analysis

To understand where social media users go on their trips, we used a new approach based on GPS-based
trails available in cach platform (one trail = one statistical individual). After a preliminary filtering and
climination of trails steps with atypical forms following Callau ez 4/, (2020), a total of 5,568 trails were
kept for the analysis. The majority are from NaturaList (n=5,188) uploaded by 462 users, followed by
Wikiloc (n=329) for 165 users and Flickr accounts for n=51 trails, uploaded by 29 users (Figure 1A).
We used ArcGIS 10.8 to extract the land cover surrounding each trail with a buffer of 100m based on
the data issued from the Corine land cover dataset of 2018 (Figure 1B).

Then, we quantitatively assessed the pattern of CES potential supply through the percentage of each land
cover in Auvergne. These percentages were weighted based on road and population density, to account for
potential differences of accessibility of the land cover types. We then compared the differences between
the potential supply and their use, and we considered that differences indicated a specific demand for a
given land cover type (i.c. the demand for grasslands is high if this type of land has higher percentages in
trails than in the potential supply).

2

Land cover

| Agriculture
Il Forests
| Grasslands

Figure 1. (A) Study area and Wikiloc trails of 2019, (B) example of % of land cover within in a trail.
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Results and discussion

Table 1 shows the comparison between land cover used by visitors of each platform and the potential
supply in Auvergne. Grasslands were attractive for users of diverse platforms (on average +7%), according
to platforms, the frequentation of grasslands increased significantly (value = +4, P<0.001) in NaturaList
trails compared to the potential supply, in Wikiloc trails (value= +6, P<0.001) and in Flickr trails
(value= +12, P<0.01). In contrast, agricultural lands were unattractive (on average -14%) compared to
the potential supply, this non-frequentation was found to be significant in the three platforms (2<0.001).
Wikiloc trails were made with more forest lands than NaturaList and Flickr trails, while NaturaList
trails include more agricultural land and water bodies than Flickr and Wikiloc. It should be mentioned
in addition that no land cover type is entirely avoided, which suggests that there are no accessibility
differences between them. This tends to validate our approach as accessibility differences may have caused
biases in visited areas.

Table 1. Comparison between land cover used by visitors of each social media platform and the potential supply in Auvergne.!

Social media (use %)

Land cover Flickr NaturaList Wikiloc Potential supply % Auvergne
Forests 2831 20.28*** 42.50%** 26.32

Grasslands 45.33** 37.43%** 39.79%** 33.66

Agricultural land 23.54%** 36.15%** 16.17%** 39.13

Rocks 0*** 0.08*** 0.10 0.002

Wetlands Qx** 0.48*** 0.04 0.009

Water bodies 2.82 5.58%** 1.405 0.88

" For each comparison social media vs potential supply, *** P<0.001, ** P<0.01, * P<0.05 (one-simple t-test).

Conclusions

With the advent of social media data, it is now possible to more easily quantify CES related to diverse
types of land cover. Our findings show that grasslands were visited more by social media users than
agriculture in their recreation activities. It suggests a high demand for grassland CES and a low demand
for agricultural lands. More investigation is needed to explain the motivation behind grasslands
frequentation, by integrating, for example, textual metadata in the analysis.
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Abstract

The intricacies of interactions between minerals at the soil, plant and animal level are complex. It has
been reported that the mineral content of both soil and herbage have decreased over the decades due to
changes in agricultural practice and increased herbage yields. The objective of this study was to investigate
the relationship between herbage nutritional quality and mineral content. Grass samples were collected
over two years and analysed for mineral content and herbage quality. Data were analysed using a Pearson’s
correlation. Despite fifty-one statistically significant (P<0.05) relationships being observed, only ten
were deemed of moderate importance. Moderate positive relations were observed between crude protein
and magnesium (Mg), sodium (Na), copper (Cu) and zinc (Zn). Moderate negative relationships were
observed between water soluble carbohydrates and Mg, calcium (Ca), Na, Cu, Zn and sulphur (S).

Keywords: herbage quality, mineral content, simulated grazing

Introduction

Grassland covers 90% of the agricultural land in Ireland and is the main feed source for ruminants.
Minerals are essential in animal nutrition to support optimal performance, reproduction and health.
It has been reported that the mineral content of both the soils and in crops have decreased over the
decades due to increases of yields and changes in agricultural practices (Ekholm ez 4/., 2007; Guyot ez al.,
2009). With grass being the sole feedstuff for many ruminants during the grazing season it is important
to know the mineral content of this herbage. Herbage quality throughout the grazing season changes so
it is important to determine if there is a relationship between herbage quality and mineral content. The
objective of this study was to investigate if there are relationships between the nutritional quality and
the mineral content of herbage.

Materials and methods

This study was undertaken at the Agri-Food and Biosciences Institute (AFBI), Hillsborough, Northern
Ireland. Grass samples were taken from experimental plots as described by Chesney ez /. (2020). These
were 2 X 3 m plots that were harvested based on a 21-day rotation to simulate the optimum grazing
interval. The plots were perennial ryegrass (Lolium perenne) dominated, as determined by four separate
botanical surveys undertaken throughout the year (April, June, August and October). Each sample
contained approximately 1 kg of fresh matter from a pooled sample from three plots that were cut to
a height of 4-5 cm using an Agria-mower. Herbage samples (n=168) were collected over from April to
October in 2018 and 2019 from plots at six different sites. Samples for mineral analysis were collected
monthly and analysed using an inductively coupled plasma optical emission spectroscopy (ICP-OES)
analysis for phosphorus (P), Mg, Ca, Na, potassium (K), chloride (Cl'), manganese (Mn), Cu, Zn,
selenium (Se), cobalt (Co), iron (Fe) aluminium (Al), molybdenum (Mo), S and lead (Pb) content,
whilst iodine was analysed using an inductively coupled plasma mass spectrometry (ICP-MS) analysis. A
replicate of the same sample was analysed for nutritional quality (dry matter (DM), CP, acid degradable
fibre (ADF), water soluble carbohydrates (WSC) and metabolizable energy (ME)) using near infra-red
spectrometry (NIRS). To establish if there were relationships a Pearson’s correlation was undertaken.
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Results and discussion

Of the potential 85 relationships examined, there were 51 that were deemed significant (P < 0.05) based
on a Pearson’s correlation (Table 1). A. Gordon (AFBI, pers. comm) classifies no relationship, a weak
relationship, a moderate relationship and strong relationship as havingan R value of 0.00-0.24, 0.25-0.49,
0.5-0.74 and 0.75-1.00, respectively. Therefore, there were only ten moderate and 26 weak relationships
identified. Moderate positive relations were observed between CP and Mg, Na, Cu and Zn. Moderate
negative relationships were observed between WSC and Mg, Ca, Na, Cu, Zn and S. Although the
relationships between mineral content and ADF or ME were weak or non-significant they were seen to
mirror each other (if ADF was positive, ME negative with a similar r value) for mineral parameters in the
majority of cases. Mg, Zn and Cu are all vital minerals in protein synthesis in the plant (Broadley et al.,
2007; Verbruggen and Hermans, 2013; Yruela, 2005). WSC was seen to have a negative correlation with
Zn, Mg and Cu, which can be related to the fact that WSC and CP of the grass plant are known to be
negatively correlated and carbohydrates are used for protein synthesis (Marschner, 2012). This therefore
means that as the sugar content in the leaf builds up the rate of photosynthesis reduces and therefore the
CP of the plant falls. The negative relationship between Ca and WSC can be related to the fact the Ca is
needed to transport WSC to other parts of the plant and is an important part of the cell wall, so as growth
increases there is a decrease in the WSC and the mobilization of Ca (Joham, 1957; Marschner, 2012).
This relationship between S and WSC, as when S is deficient, carbohydrates build up in plants as there
is no synthesis of amino acids or other materials needed for protein synthesis and therefore the WSC
cannot be used (Marschner, 2012). Sodium was seen to increase the uptake of nutrients and increases
protein content of the plants (Varga and Ducsay, 2003).

Table 1. Pearson’s correlation between mineral content and herbage quality factors.!

DM (%) CP (% DM) ADF (% DM) WSC (% DM) ME (MJ kg DM")
P(gkg™) R -0.34 0.31 0.29 -0.34 -0.28
Sig. <0.001 <0.001 <0.001 <0.001 <0.001
Mg(gkg) R 047 066 041 073 041
Sig. <0.001 <0.001 <0.001 <0.001 <0.001
Ggkg) R 042 043 038 059 038
Sig. <0.001 <0.001 <0.001 <0.001 <0.001
Na(gkg) R 027 0.59 0.15 053 N
Sig <0.001 <0.001 0.06 <0.001 0.07
K(gkg™) R -0.1 -0.06 -0.08 0.09 0.09
g NS NS NS NS NS
U (gkg™ R 0.45 -0.40 -0.27 0.48 0.27
Sig. <0.001 <0.001 <0.001 <0.001 <0.001
Mn(mgkg") R 0.07 0.12 022 0.03 021
Sig. NS NS NS NS NS
Qmgkg) R 039 0.60 020 -0.60 021
Sig <0.001 <0.001 0.01 <0.001 0.01
In(mgkg") R -0.38 0.54 0.22 -0.55 0.22
Sig. <0.001 <0.001 0.005 <0.001 0.004
Se(mgkg™) R -0.05 0.09 -0.01 -0.09 0.01
Sig. NS NS NS NS NS
Co(mgkg™) R -0.16 0.14 -0.01 -0.20 -0.02
Sig NS NS NS NS NS
lmgkg) R 0.06 0.09 0.8 0.14 0.17
Sig. NS NS NS NS NS
Fe(mgkg®) R 016 0.06 0.00 -0.08 002
Sig NS NS NS NS NS
M(mgkg) R 014 0.08 -0.04 0.1 001
Sig 0.07 NS NS NS NS
Mo (mgkg™") R 0.10 -0.18 -0.20 0.26 0.19
Sig. NS 0.02 0.01 <0.001 0.01
S(gkg™ R -0.32 0.28 0.47 -0.50 -0.47
Sig. <0.001 <0.001 <0.001 <0.001 <0.001
Pb(mgkg") R 0.5 022 0.01 027 -0.04
Sig 0.06 0.005 NS <0.001 NS

NS = not significant.

Grassland Science in Europe, Vol. 27 — Grassland at the heart of circular and sustainable food systems 117



Conclusions

In the analysis of this data set a number of relationships were seen between DM, CP, ADF, WSC and
ME and herbage mineral content, with the exception of K, Se and Al
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Fate of recently fixed C in plant-soil monoliths from permanent
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Abstract

Permanent grasslands are recognized for their ability to store C, but little is known about the role of
C rhizodeposition in the C storage, particularly for multispecies permanent grasslands. A study was
carried out on semi-natural grasslands located in French Natural Regional Parks (Normandie Maine
and Lorraine) to analyse the relationships between soil organic content (SOC), C rhizodeposition and
C storage. Monoliths from three low SOC and three high SOC fields were used to perform a 5-day
13COz—labeHing experiment to measure rhizodeposition and storage of photosynthetic-C. At the end
of the labelling period, the amount of labelled-C recovered in the soil was correlated to the amount of
C fixed by the monolith during the labelling period, showing the strong link between photosynthesis
and rhizodeposition. In addition, a high proportion of labelled-C, from 24 to 54% depending on the
grassland, was allocated to the soil compartment. Twelve weeks later, between 6 and 63% of the C fixed
during the labelling period was recovered in the soil. This proportion increased with the clay content
of the soil but a strong variation was observed between soils with high clay content, indicating that this
edaphic factor was not the only driver.

Keywords: C storage, rhizodeposition, 13C—labelling, soil organic matter, permanent grassland

Introduction

Grasslands are recognized as ecosystems with a high potential for mitigating increasing atmospheric
carbon dioxide (CO,) (Soussana and Lemaire, 2014). This C input is due to the transfer of atmospheric
C by plants into the soil, either as root and shoot litter after plant death or as C released by living roots
through rhizodeposition (Pausch and Kuzyakov, 2018). Rhizodeposition regulates a wide range of
ecological soil functions and produces dramatic changes in the biological, chemical and physical nature
of the rhizosphere (Nguyen, 2003). The review by Pausch and Kuzyakov (2018) showed that grasslands
allocate more C belowground (33%) than crops (20%). However, most studies concerning grasslands
have been performed for monospecific culture or young highly fertilized grasslands (Henneron ez 4/,
2020). The aims of this work were to quantify the C rhizodeposition by permanent grasslands and to
study its relationship with C storage and soil organic matter content (SOM). Moreover, we aimed to
determine the effect of soil traits (clay and SOC) on C input.

Materials and methods

The study was realized with monoliths taken from six mown grasslands, over 40 years old, located in
two Regional Natural Parks selected for the Ademe REACTIFF project ‘P2C’ (Morvan-Bertrand et 4.,
2019). Three grasslands (‘Low SOM’) were characterized by low SOM (5 to 10% in 0-10 cm topsoil)
and low clay content (15 to 25%). Three others (‘High SOM’) had high SOM (13.5 to 17.5%) and high
clay content (44 to 49%). For the labelling experiment, in each grassland, 12 monoliths (8 cm diameter
x 30 cm deep) were sampled along a line every 10 m with a corer. Monoliths were kept for 1 night at
5 °C, placed in PVC tubes (same size), transferred into the greenhouse and shoots were cut at 5 cm
height. Plants were grown for 6 to 8 weeks with additional artificial lighting providing 400 pmol m of
photosynthetically active radiation (PAR) at plant height with a photoperiod of 16 h and a temperature
0f22/18+2 °C (day/night). Six to cight weeks after the beginning of the acclimation period, 8 monoliths
from each field were introduced into a labelling chamber. Control monoliths were harvested for 13C

Grassland Science in Europe, Vol. 27 — Grassland at the heart of circular and sustainable food systems 119



natural abundance determination before the labelling procedure. Monolith labelling lasted for 5 d and
the procedure was similar to that used by Kante ez a/. (2021). At the end of the labelling period, 4
monoliths from each grassland were harvested immediately (T0) and the others were transferred into
the greenhouse for 12 weeks (T12). For each sampling point, plant shoots were cut and the litter was
harvested. Roots were carefully separated from the soil. Plant tissues and soil were dried at 60 °C until
constant mass and ball milled. C and N amounts and 13C enrichments in plant compartments (shoot,
litter, root) and soil were determined using an isotope ratio mass spectrometer (IRMS, Isoprime, GV
Instruments). The amount of labelled C recovered in the soil at the end of the labelling period was used
to estimate C rhizodeposition during the labelling period. The amount of labelled C in the soil recovered
in the soil 12 weeks after the end of the labelling period (T12) was used to estimate C storage capacity of
soil. Comparisons of amounts of labelled C between stations were performed using one-way ANOVAs
(R version 3.5.0).

Results and discussion

A strong effect of the original grassland of the monoliths on the total amount of labelled C recovered at
the end of the 5-d labelling was observed (£=5.05, P<0.01). This amount ranged from 9.33 gm™* (Low
SOM1) to0 21.61 g m (High SOM3) (Figure 1A). On average, 40% of the labelled C was recovered in
the shoots. Similar proportions are generally observed for temporary grasslands; this is lower than those
observed for crops (Pausch and Kuzyakov, 2018). Only 15% of this newly assimilated C was recovered
in the roots and 9% in the litter, and the differences between grasslands were not significant in any of
the plant compartments (shoot, root and litter). The proportion of labelled C recovered belowground
(root+soil, mean 51%) is high compared with previous studies (Pausch and Kuzyakov, 2018; Saggard
and Hedley, 2001). This result can be explained by the high root:shoot ratio in such old grasslands
(mean 2.20 compared with less than 1 in most of the studies) and the length of the labelling period (5
days compared with 1 day for most of the studies). At the end of the labelling period, the proportion of
newly assimilated C recovered in the soil varied strongly (F=7.4; <0.001) from 24 (Low SOM1) to 54%
(High SOM3) and the monoliths exhibiting the greater amounts of labelled C in the soil were also those
with the greater amounts of total labelled C (Figure 1A; Low SOM2 and High SOM3). Consequently, a
strong correlation was observed between the amount of C fixed per monolith and the amount of labelled
C recovered in the soil at the end of the labelling period (r=0.7873, P<0.001), showing the strong link
between photosynthesis and C rhizodeposition. However, the original SOM content had no significant
effect and does not appear to discriminate grasslands when focusing on C photosynthetic fixation and
thizodeposition.

mSoil  BLiter MRoots  OShoots mSoil BLitter MRoots OShoots
C

AB

ab

Low SOM High SOM Low SOM High SOM
SOM (% DM) 5.5 3.8 3.1 13.5 14.3 13.0 5.5 3.8 3.1 13.5 143  13.0
Clay (%DM) 15.9 21.2 243 44.0 46.3 48.7 15.9 21.2 243 44.0 46.3 487

Figure 1. Amounts of labelled C recovered at the end of the 5-day labelling period (T0, A) or 12 weeks after the end of the labelling period
(T12, B) in the various plant compartments and in soil for each grassland. The data represent the mean values (+ standard error, n=4). Average
SOM and clay content (% DM) for each grassland are given below the graphs. Means with similar letters (upper case letters for total amounts,
lower case letters for compartments) are not significantly different (P<0.05).
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The amounts of labelled C incorporated during the labelling period and recovered in each compartment
12 weeks later (T12) are shown in Figure 1B. As expected, these amounts decreased in shoots between
the two harvests, due to respiration and C transfer belowground. However, a significant amount of the
C fixed during the labelling period was still recovered in the shoots. This amount was also strikingly
high in roots (average 2.02 g m2). These results contrast with those obtained with most pulse labelling
studies showing the quick release of labelled C from plant organs (Kastovsk4 and Santrackova, 2007;
Pausch and Kuzyakov, 2018). It is likely that the length of the labelling period has allowed a significant
proportion of labelled C to be stored in long-term reserves and cell-wall compounds. The amount of
labelled C remaining in the soil varied strongly among grasslands, from 4.08 gm (Low SOM3) to 17.63
gm% (High SOM3) (Figure 1B). A correlation was observed between the amount of soil labelled C and
SOM (r=0.511, P<0.05) showing the strong link between C inputs in the soil of grasslands and their
original SOM. In line with numerous studies showing the major impact of clay on soil organic matter
stabilization (Paul, 2016), we observed a correlation between the amount of soil labelled C at the end
of the experiment and clay content (r=0.459, P<0.05). However, the strong variation observed between
soils with high clay content (Figure 1B, High SOM) indicates that this edaphic factor was not the only
driver.

Conclusions

This work shows that great amounts of C can be rhizodeposited and stored by permanent grasslands and
evidenced a strong link between photosynthesis and rhizodeposition. These amounts vary greatly from
one grassland to another depending not only on the soil texture but also on other drivers which remain
to be determined.
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Abstract

The diversity of microorganisms located at the leaf surface is largely unexplored in pastures whereas it
constitutes a source of microbial diversity for raw milk. Our objective was to investigate the microbial
diversity of the phyllosphere of three dominant plant species from permanent grassland managed by
cattle grazing. Leaf samples of Lolium perenne, Holcus lanatus and Trifolium repens were collected at three
different times of the year in two grasslands. Total bacterial DNA from the leaf surface (phylloplanc) was
extracted and a 16S-based metagenomic approach was performed. The localization of microorganisms
at the leaf surface was studied by scanning electron microscopy. Methylobacterium was the dominant
bacterial genus and its abundance varied among plant species. The structure of the bacterial community
was determined mainly by the identity of the host species and was related to the total water-soluble
carbohydrate and sucrose contents of the leaves. This work constitutes the first insight into the microbiota
of the phylloplane in relation to the biochemical composition of leaves of different grassland species.

Keywords: microbiota, phyllosphere, grassland, water-soluble carbohydrates, grazing

Introduction

The phyllosphere surface is estimated to represent over 10® km? over the globe (Lindow and Brandl, 2003).
Thus, leaves provide a very large microbial habitat, where bacteria are often found in numbers averaging
10% to 105 cells mm? of leaf surface (up to 108 cells g of leaf), outnumbering the cells of the plants
themselves (Lindow and Brandl, 2003; Penuelas and Terradas, 2014). Given the great plant diversity of
some grasslands, and in particular of permanent grasslands, their phyllosphere might constitute a huge
reservoir of microbial diversity. Its composition and the factors which influence its fluctuations are barely
known. The aim of the current study was to investigate the structure of the phyllosphere microbiota of
three pasture plant species.

Materials and methods

Sample collection was performed in two permanent grasslands of the INRAE Experimental Domain
of Le Pin-au-Haras (Normandy, France) that are managed by cattle grazing. In cach pasture, three 3
sampling zones were defined, and sampling campaigns took place in 2016 at three timepoints, in early
summer, late summer and autumn. A total of 54 samples (2 pastures X 3 zones X 3 plant species x 3
periods) were collected. For each sample, plant tissues 5 cm above ground were harvested from 3 plant
species (Holcus lanatus, Lolium perenne and Trifolium repens). Per sampled plant, 30 g of fresh plant
tissue were sampled for bacterial analysis and 5 g for biochemical analysis. To localise and observe the
microbial communities on leaf surfaces, microscopy analysis was conducted. Leaf tissues were harvested
at the same date and on the same plant species. For H. lanatus and L. perenne, a 1-cm long blade section
located at 1 cm above the ligule was harvested from the last mature leaf of a tiller. For 7. repens, the
central leaflet was harvested of the last mature leaf of a stolon. Leaves were fixed with 1% glutaraldehyde
in 0.1 M phosphate buffer pH 7.0 for one week at 4 °C. Samples were rinsed in 0.1 M phosphate buffer
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pH 7.0, and then dehydrated to critical point in 70-100% progressive ethanol bath (CPD 030 LEICA
Microsystem). The cells were pulverized with platinum and observed under a JEOL 6400F scanning
electron microscope (JEOL, Croissy sur Seine, France). For bacterial DNA analysis, 30 g of leaves were
immersed in 270 ml PBS buffer containing 0.1% Tween 20 in sterile stomacher bags. The bags were
shaken at 110 rpm for 5 min at room temperature before a sonication step of 30 s (2 s pulses at 40 W
and 1 s pause between pulses). The suspensions were centrifuged at 4,500 rpm for 5 min at 4 °C and the
pellet was washed once in 10 ml PBS buffer and centrifuged again at 4,500 rpm for 5 min at 4 °C. Total
DNA was extracted from the pellets using the PowerFood microbial DNA kit (Mobio). Amplification
of the V1-V3 region (~ 500 bases) of the 16S rRNA gene, amplicon libraries construction using the
InView™ Microbiome Profiling 2.0 service, and Illumina MiSeq paired-end sequencing (2x300 pb) were
performed at GATC Biotech (Konstanz, Germany). Sequence analysis was performed using the Galaxy-
supported pipeline FROGS (Escudic ez a/., 2018) and statistical analysis using Phyloseq R package
implemented in FROGS (FROGSSTAT). Statistical analysis of alpha diversity was performed using
the Wilcoxon test in R (3.5.4). The Bray-Curtis distance was used to obtain dissimilarity matrices and
the major gradient in bacterial community structure among samples was summarized with a nonmetric
multidimensional scaling ordination (NDMS) with an analysis of the correlation between the ordination
factors and water-soluble carbohydrate (WSC) and sucrose content. WSC extraction and analysis were
carried out as described in Volaire ez 4/. (2020).

Results and discussion

The scanning electron micrographs revealed a great epiphytic microbial diversity on the lower leaf
surface (Figure 1). Microorganisms are solitary or on aggregates. Many bacteria were present with a
large diversity of form and length of cells such as rod-shaped bacillus-like cells and other coccus-like
cells. The three plants also hosted fungal hyphae and spores, and yeasts. The 16S rRNA gene-based
metagenomics analysis exhibited similar trends in genera composition for L. perenne, H. lanatus, and
1. repens. Differences in microbial community structure among the three plant species appeared by
Principal Coordinates Analysis (PCoA) based on Bray-Curtis distances (Figure 2A). The phyllosphere
bacterial community composition varied among plant species whereas it did not vary according to the
pasture and to the collecting period. The phyllosphere bacterial communities of 7. repens samples were
dominated by Mezhylobacterium. Sphingomonas and Pedobacter were the second and third most abundant
genera in the 7. repens microbiome. The bacterial microbiota community composition of L. perenne and
H. [anatus were more closely related, with Hymenobacter, Methylobacterium and Pedobacter genera each
adding up 4 to 19% of the sequences depending on the sample. Observed species numbers based on
OTUs were significantly higher for H. lanatus than for the other two plants, indicating a more diverse
bacterial community on H. lanatus leaves. The L. perenne bacterial community was significantly the
least diverse of the three plant species. According to NMDS ordination (Figure 2B), when the plant
species were taken together, the structure of the microbiota was significantly driven by the levels of total
WSC (P=0.002; R?=25.6%; permutational multivariate ANOVA on Bray-Curtis distances) and sucrose
(P=0.023; R?2=14.2%).

Figure 1. Scanning electron microphotographs illustrating the diversity of microorganisms colonizing the lower leaf surface of Holcus lanatus
(A), Lolium perenne (B) and Trifolium repens (C).
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Figure 2. PCoA plots of the phyllosphere of the three plants (A) and nonmetric multidimensional scaling (NMDS) ordination of variation in
bacterial community structure based on Bray-Curtis distances in relation with total WSC and sucrose content (B).

Conclusions

Our results show that the microbiota composition of pasture plant leaf is mainly determined by
plant species identity as observed among tree species by Laforest-Lapointe ef al. (2017). Differences
in microbiota composition among plant species might depend on plant phenotypic traits, such as leaf
morphology. Another main driver of the bacterial community of the phylloplane of grassland was the
total water-soluble carbohydrate (WSC) and sucrose contents of the leaves. This result, together with the
known roles of soluble carbohydrates for microbe nutrition and plant immune responses, suggests that
microbial community of the phylloplane is correlated to soluble carbohydrate composition of the leaves.
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Abstract

Organic matter digestibility (OMd) of hay depends mainly on OMd of the corresponding fresh forage.
Relationship between OMd in fresh and conserved forages have been used to estimate the feed value of
conserved grass forages in INRAE Feed tables since 1989. During this period, evolution of machinery
in hay making as well as climate change may have modified the relationships. The aim of this work was to
revisit and refine the prediction of hay OMd from fresh forage assessment. Twenty plots of multi-species
grasslands were studied in three semi-mountain areas. The drying time (DT was recorded from cutting
to baling or entrance in the barn of the hay. Pepsin cellulase dry matter digestibility (PCDMD) was
measured on both fresh forages and hays to predict OMd. The OMd of hay was highly and positively
related to the corresponding OMd measured on fresh forage (R?=0.91; RMSE = 0.016). The addition of
DT in the prediction equation slightly improved its accuracy (R?=0.94; RMSE = 0.013). The coefficient
of DT in the prediction equation was negative consistently with the negative correlation of DT with
OMd of hay (R Spearman = -0.66; P<0.01). Finally, OMd of hay depends firstly on the OMd in the
corresponding fresh forage, in relation with maturity stage and botanical composition of the grassland,
and secondly on the drying time between cutting and hay baling.

Keywords: hay, fresh forage, digestibility, drying time

Introduction

Organic matter digestibility (OMd) is the major determinant of forage feed value. Its carly prediction at
harvesting of the forage allows farmers to know in advance the forage value when preparing conserved-
grass based diets fed to animals in winter. Relationship between OMd in fresh and conserved forages are
used to estimate the feed value of conserved grass forages in INRAE Feed tables (Baumont ez 4/, 2018;
Demarquilly ez /., 1989). Since the 1980s, climate and machinery in haymaking have evolved (Deroche
et al., 2020; Hartmann et a/., 2013; Savoie, 2001) and may have modified these relationships. The aim of
this work was to revisit and refine the prediction of hay OMd from fresh forage assessment.

Materials and methods

During 2017, twenty plots of multi-species grasslands, including four sown plots intensively and 16
permanent pasture plots extensively managed, were studied in three semi-mountainous areas: Friburg
foothills (Switzerland; n=4), Jura (France; n=8) and Massif Central (France, n=8). The plots were
studied during the 1** vegetation cycle except four of the eight plots in Massif Central that were studied
during the 2nd vegetation cycle. For each plot, representative samples of fresh forage were collected at
cutting and of the corresponding hay after drying and storage that lasted between 149 and 348 days
(261+79.6 days on average). The drying time (DT) was recorded for each plot between cutting and
baling for sun dried hays (n=16) or between cutting and the entrance in the barn for barn dried hays
(n=4). Dry matter (DM), ash, crude protein (CP), neutral detergent fibre (NDF), acid detergent fibre
(ADF), and pepsin cellulase dry matter digestibility (PCDMD) according to Aufrere ez al. (2007) were
measured on all fresh forage and hay samples. OMd was predicted from PCDMD on both hay and fresh
forage (Aufrére et al., 2007). Correlations between OMd of hay and chemical criteria of fresh forage
or DT were calculated using Spearman’s correlation. Stepwise linear regression procedure (SAS 5.1)
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was used to establish prediction equations of OMd of hay from chemical constituents of fresh forage

and DT.

Results and discussion

On average, the grasslands contained 75.9+10.9% of grass species (between 57.2 and 93.9%), 7.6+9.4%
of legumes (0.2-35.8%) and 16.5+9.1% of forbs (2.5-35.0%). The average stage of maturity at cutting was
heading (between stem elongation and flowering) and onset of stem elongation for 1% and 2" vegetation
cycle respectively.

As a result of partial consumption of soluble constituents of plants during the drying process, mean
NDF and ADF content increased, whereas CP content decreased between fresh forage and hay (Table
1). As a consequence, OMd of hays decreased compared to the corresponding fresh forage (Table 1) in
accordance with previous observations (Demarquilly e# 4/, 1989; Baumont ez 4/., 2018). The range of
variation of OMd in fresh forages and hays was high (8.5 points of digestibility) which makes necessary
to establish prediction equations (Table 1). Correlations of OMd of hay with OMd of fresh forage were
highly positive, and negative with NDF and ADF (Table 1), as found by Andueza ez 4/. (2019). The OMd
of hay was also negatively correlated with DT (R=-0.655; P<0.01).

Moreover, OMd of fresh forage explained a high part of variability of OMd of hay (R?=0.909; RMSE
=0.0163) (Table 2), which confirms the previous relationship established by Demarquilly ez 4/. (1989).
On this dataset the prediction of OMd of hay from the ADF content of the fresh forage is of similar
accuracy (Table 2). The introduction of hay DT improved significantly but only slightly the accuracy
of the prediction equation of hay OMd, whether from OMd or ADF of the corresponding fresh forage
(Table 2). This may be explained by the fact that (1) the accuracy of OMd prediction from single variable
is already high, and (2) the DT between cutting and harvesting hay was short in this study due to good
weather conditions (2.2440.497 and 1.70+0.320 days for 15 and 2" vegetation cycle, respectively).

Conclusions

Thisstudy confirms that OMd of hay depends firstly on the OMd and the fibre content of the corresponding
fresh forage measured at cutting, in relation with the maturity stage and botanical composition of the
grassland. When the drying time between cutting and hay baling is short (below 3 days), this criterion
improves only slightly the accuracy of the prediction of the OMd of the hay from the characteristics of
the fresh forage. A larger number of samples should allow to strengthen these relationships.

Table 1. Chemical composition and OMd of the fresh forages and the corresponding hays from multi-species grassland plots (n=20), and
Spearman’s correlation coefficients between OMd of hay and chemical constituents of fresh forages.'

Fresh forage Hay Correlation with OMd of hay
Mean SD Min Max Mean SD Min Max

DM (gkg™) 4 343 179 325 914 246 908 918 -0.666**

Ash(gkg'DM)  80.4 15.5 579 112 76.2 8.97 62.2 932 0.474%

(P (gkg™ DM) 116 19.0 93.8 152 107 17.9 81.2 138 0.627**

NDF (gkg'DM) 541 67.1 m 654 565 70.1 433 678 -0.958***

ADF (gkg'DM) 282 439 209 365 29 4338 28 376 -0.947%**

OMd (gg™) 0.710 0.0520  0.617 0.795 0.666 0.0528  0.571 0.751 0.910%**

15D = standard deviation; Min = minimum; Max = maximum; OMd = organic matter digestibility predicted by pepsin cellulase dry matter digestibility (Baumont et al., 2018).
Significance: *** P<0.001; ** P<0.01; * P<0.05.
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Table 2. Prediction models of OMd of hay (H) (g g'1) by OMd, chemical constituents measured on the corresponding fresh forage (FF) and hay
DT (n=20).!

Model components R? RMSE

OMd_H =-0.0223 4 0.970 < OMd_FF (g g'1) 0.909 0.0163
OMd_H =0.9907 - 0.00115 <ADF_FF (g kg'1 DM) 0.915 0.0158
OMd_H=10.1010 4+ 0.862 x OMd_FF (g g'1) —0.0219 < DT (days) 0.936 0.0133
OMd_H=1.0115-10.1006 < ADF_FF (g kg'1 DM) —2.823 x DT (days) 0.956 0.0111

T RMSE = root mean square error.
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Abstract

Soluble carbohydrates influence the forage feed value. Total water-soluble carbohydrates (WSC) content
and composition, particularly fructans, may change during grass drying after cutting. We aimed to
predice WSC and fructans contents in hay from their content measured in fresh forage and the time
of drying, which is known to induce a decrease in the content of soluble constituents. Twenty plots
of multi-species grasslands were studied in three semi-mountain areas. Biochemical components were
measured on fresh forage at cutting and the corresponding hay. The drying time (DT) was recorded
from cutting to baling or entrance to the hay barn. WSC content was 187+64.9 and 167+63.7 g kg'!
dry matter (DM), and fructans content was 1114+47.5 and 89.6+37.9 g kg'! DM, in fresh forage and
hay respectively, the decrease being non-significant. WSC and fructans content of hay can be predicted
by their content in fresh forage (R?=0.76 and 0.55; RMSE=32.4 and 26.2 gkg'! DM, respectively). DT
was negatively correlated with WSC and fructans content of hay and significantly improved the accuracy
of the prediction equations (R?=0.89 and 0.76; RMSE=21.5 and 18.7 g kg’l DM respectively). Finally,
soluble carbohydrate content of hay depends mainly on their content in the fresh forage and to a lesser
extent on the DT between cutting and hay baling.

Keywords: hay, fresh forage, water soluble carbohydrate, fructans, drying time

Introduction

Total water-soluble carbohydrates (WSC) influence positively grass digestibility (Humphreys, 1989), and
thus forage feed value. Fructans constitute the major part of WSC in temperate grasslands (Chatterton
et al., 1989). During drying, plants continue to breathe and a part of soluble carbohydrates (McGechan,
1989) are consumed modifying WSC content and their composition (Ould-Ahmed ez 4L, 2015; Peng ez
al., 2018). To date, no prediction model of WSC content in hay exists. We aimed to predict WSC and
fructans contents of hay from their content measured on fresh forage and considering the drying time

(DT).

Materials and methods

During 2017, twenty plots of multi-species grasslands, including four sown plots intensively and 16
permanent pasture plots extensively managed, were studied in three semi mountain areas: Friburg foothills
(Switzerland; n=4), Jura (France; n=8) and Massif Central (France, n=8). The plots were studied during
the 1% vegetation cycle except four of the eight plots in Massif Central that were studied during the 2nd
vegetation cycle. For each plot, representative samples of fresh forage were collected at cutting and of
the corresponding hay after drying and storage that lasted between 149 and 348 days (261+79.6 days
on average). DT was recorded for each plot between cutting and baling for sun dried hays (n=16) or
between cutting and the entrance in the barn for barn dried hays (n=4). Dry matter (DM), ash, crude
protein (CP), neutral detergent fibre (NDF), acid detergent fibre (ADF), WSC and fructans contents
were measured on all fresh forage and hay samples. Correlations between WSC or fructans contents of
hay and chemical criteria of fresh forage or DT were calculated using Spearman’s correlation. Stepwise
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linear regression procedure (SAS 5.1) was used to establish prediction equations of WSC and fructans
content of hay from chemical constituents of fresh forage and DT.

Results and discussion

On average, the grasslands contained 75.9410.9% of grass species (between 57.2 and 93.9%), 7.64+9.4%
of legumes (0.2-35.8%) and 16.5+9.1% of forbs (2.5-35.0%). The average stage of maturity at cutting was
heading (between stem elongation and flowering) and onset of stem elongation for 1°*and 2" vegetation
cycle, respectively.

Due to good weather conditions DT between cutting and harvesting hays were short (2.24+0.497 and
1.70+0.320 days for 1% and 274 vegetation cycle, respectively). The mean values of WSC, fructans and
CP content decreased between fresh forage and hay, whereas NDF and ADF content increased (Table 1),
in accordance with literature (Peng ez al., 2018). The decrease was not significant for WSC and fructans.
This may be due to the short DT since it has been shown that WSC and fructans content in grass forage
did not decrease during a 24-hour wilting period (Ould-Ahmed ez 4/, 2015). The range of variation
of chemical constituents’ contents were high, particularly for WSC and fructans contents that varied
in a ratio of more than 1 to 3 (Table 1). This high variability may be linked to the different botanical
composition, maturity stage and drying conditions between plots (temperature, light) which modify
the kinetics of evolution of soluble carbohydrate contents during drying (Ould-Ahmed ez 4/, 2015).
Spearman’s correlation analysis showed that the WSC and fructans contents of hay were highly negatively
correlated with the NDF and ADF contents and positively with the WSC and fructans contents of the
corresponding fresh forages (Table 1).

Stepwise linear regression showed that the WSC and fructans contents of hay were best predicted by their
contents measured on the corresponding fresh forage (Table 2). Accuracy of the prediction equations was
highly improved by the addition of DT (respectively +13.0% and +21.1%) having a negative coefhicient,
consistently with the negative correlation of DT with these criteria measured on hay (-0.640, P<0.01
and 0.713, P<0.001 for WSC and fructans respectively). Part of the variability remains unexplained and
could come from the storage period or the drying conditions (temperature, light).

Table 1. Chemical composition (in g kg™ DM, except in g kg™ for dry matter) of fresh forages and the corresponding hays from multi-species
grassland plots (n=20), and Spearman’s correlation coefficients between WSC and fructans contents in hay and chemical constituents of fresh
forages.!

Variables Fresh forage (FF) Hay WSC of hay Fructans of hay
Mean  SD Min Max Mean  SD Min Max Correlation with FF

DM M 343 179 325 914 246 908 918 -0.620%* -0.63**

Ash 80.4 15.5 579 12 76.2 8.97 62.2 93.2 0.4201 0.427t

P 116 19.0 93.8 152 107 17.9 81.2 138 0.469* 0.480%

NDF 541 67.1 m 654 565 70.1 433 678 -0.907%** -0.880%**

ADF 282 439 209 365 29 438 28 376 -0.866%** -0.824%**

WSC 187 64.9 100 323 167 63.7 108 308 0.735%** 0.710%**

Fructans 111 475 574 27 89.6 379 58.7 184 0.690%* 0.671%*

15D = standard deviation; Min = minimum; Max = maximum. Significance: *** P<0.001; ** P<0.01; * P<0.05; t P<0.10.
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Table 2. Prediction equations of WSC and fructans contents in hay (H) from WSC and fructans content in the corresponding fresh forage (FF)
and DT (n=20).!

Model components R? RMSE
WSC_H (gkg™ DM) 7.8 +0.854 x WSC_FF (g kg™ DM) 0.756 3235
165.2+0.701 X WSC_FF (g kg™ DM) - 59.1 x DT @ (days) 0.886 21.52
Fructans_H (gkg"DM)  23.9+0.590 X Fructans_FF (g kg™ DM) 0.547 26.24
112.8 4 0.501 x Fructans_FF (g kg'1 DM) - 37.09 x DT (days) 0.758 18.66

T RMSE = root mean square efror.

Conclusions

This study demonstrated that soluble carbohydrate content of hay depends mainly on their content in
the corresponding fresh forage and to a lesser extent on the drying time between cutting and hay baling.
Longer DT will induce higher decrease in soluble carbohydrate in the hay. The effect of storage period
and drying conditions should be studied to try to improve these predictions.
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Abstract

In three dairy grasslands on peat, minerals were added to manipulate the soil Ca:Mg ratio with or without
effect on pH. The responses of soil properties and grass N yield were measured. CaCOj application led
total and Ctotal’
and increased P availability. Grass N yield increased in the first year by 21 kg N ha'! whereas soil N,
decreased by 380 kg N ha~!in the same period. MgCO; reduced the Ca:Mg ratio, had little influence on
soil parameters and no effect on grass N yield. In contrast, CaSO; and MgSO, did not influence pH .,

to higher soil Ca:Mg ratio and pHyq compared to the untreated control, decreased N

but reduced grass N yield in most cases. We conclude that grass N yield was not linked with changes in
Ca:Mg ratio but with soil pH. To avoid potentially large soil losses of C and N, the current agricultural
advice on pH management in peat grasslands should be better adapted to local edaphic characteristics.

Keywords: grassland, lime, gypsum, kieserite, soil pH, N C

total’ total

Introduction

Reducing soil organic matter (SOM) decomposition while maintaining sufficient grass production for
dairy farming is a major challenge in drained peat soils. From a large data set in 20 dairy grasslands on
peat, including grass N uptake and the natural variation in soil properties, Deru ¢z 4l. (2019) concluded
that the Ca:Mg ratio in the topsoil was the best single soil parameter predicting the unfertilized grass
N yield (a proxy for soil N supply). Their results suggested that a higher Ca:Mg ratio may increase the
uptake of mineralized N by grassland due to improved soil structure, rooting and water availability, in
line with the work of Dontsova and Norton (2002), without increasing the N mineralization itself. This
raised the question whether the soil Ca:Mg ratio in peat grasslands can be manipulated to influence the
grass N uptake without affecting SOM decomposition.

Materials and methods

A study was carried out on three peat grasslands with different initial soil Ca:Mg ratios (6.9, 4.0, 2.9).
Four minerals were added to increase or decrease the Ca:Mg ratio: two with an expected effect on pH
(CaCO, and MgCO,) and two without such an effect (CaSO, and MgSO,). Amounts were based on
applications of 2,500 kg Ca ha'! and 760 kg Mg ha'l, resulting in higher CO; or SO applications in the
treatments with Ca compared to those with Mg. In each grassland, a randomized block experiment with
five treatments (including an untreated control) in four blocks was laid out. During the application year
(2014), the farmers continued their normal grassland management. In 2015 and 2016, the experiment
was not grazed and no fertilizer was applied, but grass was harvested four times per year, including
weighing and sampling for dry matter and total N. In February 2015, soil Ca:Mg ratio was measured. In
October 2015, soil pHy, C s
information on methods is given in Deru ez 4/, (2021).

N, ., and P availability (P ;) were measured in 0-10 cm. Additional

Results and discussion

Soil Ca:Mg ratio was influenced by treatments at the three grasslands as expected (increase with added
Caand decrease with added Mg; Table 1). Soil pHy was increased by added CO3 containing minerals,
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but not by SO, containing minerals. C | was reduced by CO; (equivalent to a loss of 2.8 Mg C ha™!)
but notby SO, N, and P,; were influenced only by CaCO; N

| negatively (equivalent to aloss of
380 kgN ha™!),and P, positively.

totaj

Unfertilized grass N yield was increased in the CaCOj; treatment with 21 kg N ha=! compared to
the control (yielding 203 kg N ha™!) during the first year following mineral addition, but not in the
subsequent year (Figure 1). Thus, the extra grass N yield after liming with CaCO, was only 6% of the
reduction in the previously mentioned soil N stock (N ). The minerals containing SO, reduced grass
N yield in both years. Regression analysis showed no correlation between Ca:Mg ratio and unfertilized

grass N yield, but grass N yield was positively correlated with pH.

Conclusions

Addition of Ca- and Mg-containing minerals in peat grasslands influenced the soil properties especially
for CaCO,, the treatment with the highest CO; input. Contrary to our hypothesis, grass N yield was
primarily linked with changes in soil pH and not with changes in Ca:Mg ratio. Grass N yield increased
(+21 kg N ha™!) one year after applying the CaCOj, mineral, but the coinciding strong decrease in the
soil N stock (-380 kg N ha™!) indicated low utilization of the (extra) mineralized N and a disproportional
environmental risk of increasing the pH of peat soils. The results of our experiment do not support
Ca:Mg ratio as a useful measure of soil quality for increased herbage production in peat grasslands
without extra losses of C and N. To avoid those losses, the agricultural pH advice for peat grasslands
should be better adapted to the local soil properties that influence SOM decomposition, such as initial
pH and P availability. Moreover, advice should be specific in terms of the type and quantity of mineral
to be used, based on the expected effect on pH and SOM mineralization.

Table 1. Treatment effects on soil chemical properties. Means with the same superscript are not significantly different (a=0.05).

Parameter P-value Control Caco, (aso, Mg(o, Mgso,
(a:Mg ratio <0.001 4.6 6.44 6.3 3.8 2.5
PHyq <0.001 478 6.1¢ 47 5.00 48
Coa (910097 0.008 2090 205 ARL 204 ARL
Nyyrs (9100g77) 0.006 1700 163 1.68° 167° 1.69°
P, (mgP,0,100g7") 0.002 45.18 50.0° 36 46.0° 45.18
130 0 e Control (100%)
—e— (aC03

=120 —+— CaSO4

2 - e - MgCO3

§ 110 -+ - Mgso4

3\:1 100

; 20

CE 80 [ I

70

3 2 3 4 1 2 3 4
Cut number in 2015 Cut number in 2016

Figure 1. Unfertilized grass N yield (kg N ha~") per cut in 2015 and 2016, expressed as a percentage of the control plots. Vertical bars on the
x-axis represent the LSD per cut in case of significant (P<0.05) treatment effect. Mean values of the control plots for each consecutive cut are
72,44,62and 40 kg Nha~"in 2015 and 76, 57, 45 and 43 kg N ha=" in 2016.
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Cattle slurry degradability influences soil organic carbon stock
dynamics

Doblas-Rodrigo A., Gallejones P. and Merino P.
Department of Conservation of Natural Resources, NEIKER, BRTA, Parque Cientifico y Tecnoldgico de
Bizkaia, P812, 48160 Derio, Spain

Abstract

In recent years, farmers have increasingly been using organic fertilizers instead of mineral fertilizers for
forage production. Organic fertilizers can contribute additional inputs of carbon to the soil. The objective
of this work was to measure the capacity of exogenous organic matter (EOM) to increase the rate of
soil organic carbon (SOC) over time. To this end, the percentage of decomposable EOM and resistant
EOM (DEOM and REOM) of different cattle slurries was analysed. RothC model was run considering
experimentally obtained DEOM and REOM values. Results showed that the degradability of slurry
could influence SOC dynamics. SOC after 36 years of simulation differed by 10 Mg C ha'! between
slurries. In conclusion, amendment degradability of EOM can affect the rate of SOC stock over time.

Keywords: grassland, RothC, soil organic carbon, slurry, DEOM, REOM

Introduction

Organic fertilizers have been identified as a strategy to mitigate climate change (Matsuura et 4l., 2021).
Organic manures that originate in livestock systems are highly variable in their composition and manure
handling methods. This variability can affect their decomposability and soil organic carbon (SOC)
dynamics over the years. A complex matrix of agents is involved in the transformation of exogenous
organic matter (EOM) in manure into SOC (Franzluebbers, 2005). Lashermes ez 4/. (2009) developed a
method to estimate the potential rate of incorporated carbon of EOM on soil (I ). Peltre ez al. (2012)
showed that Iy could be related to the degradability of farmyard manure in the Rothamsted Carbon
model (RothC, Microsoft Excel version). In the study presented here, we simulate how decomposable
EOM (DEOM) and resistant EOM (REOM) of cattle slurry added to the soil could determine the rate
at which C can be stored in soils.

Materials and methods

Degradability of amendments was determined by incubating soils mixed with EOM following Lashermes
et al. (2009). Soil used for the incubation experiments was sampled from permanent grassland at 30 cm
depth. Soil pH was 6.25, with a loam texture (25% clay), 2.2% total C and 0.17% total N content. Fresh
soil was sieved through a 2 mm grid. Slurries from four different cattle farms were used for the incubation
experiments. Slurries differed in physicochemical properties (Table 1), probably due to differences in
digestibility, slurry management, cleaning practices, etc. To characterize exogenous organic matters
(EOM), they were fractionated into soluble, hemicellulose-, cellulose- and lignin-like fractions (SOL,
HEM, CEL and LIC, respectively) using the Van Soest method (Van Soest and Wine, 1967). Mixtures
of soil and EOM were made by adding the same content of C in all treatments (0.2 g C kg!) to study C
mineralization of EOMs. Three replicated samples were measured after 3 days of incubation in sealed
jars at 28 °C (C,). The C-CO, was trapped in 10 ml of 0.5 M NaOH and determined by colourimetry
(AFNOR,2018). The percentage of organic carbon in samples was determined by dry combustion using
an elemental analyser (LECO TruSpec® CHN-S (AE:1457)). The SOL, CEL and LIC fractions and the
C3 4 were used to calculate which portion of the amendment would be stored as SOC along the time,
express as IROC indicator (Lashermes et al., 2009):
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Ipoc=44.5+0.5SOL + 0.2 CEL + 0.7 LIC - 23 C, (1)

The RothC model was used to simulate SOC dynamics. It is partitioned into five basic compartments:
inert organic matter (IOM), decomposable plant material (DPM), resistant plant material (RPM),
microbial biomass (BIO) and humified organic matter (HUM) (Coleman and Jenkinson, 1996).
Decomposable and resistant materials of farmyard manure (FYM) are referred to as DEOM and REOM
per Mondini et al. (2018). Thus, I was converted to DEOM and REOM following Peltre e 4.
(2012), which were introduced in RothC. The results were compared with the observed calibrated data
of previous studies for grassland soils with default FYM values using a coefficient of determination
(R2=0.7562, data not shown).

Results and discussion

Results showed significant differences in degradability between cattle slurries. A reference simulation was
included, resulting from RothC calculations using default values for FYM (49% of DEOM and 49% of
REOM). REOM fraction, which is susceptible to transformation to SOC, was in the range of 32-43%,
being significantly higher in Slurries 1 and 2 than slurries 3 and 4 (‘Table 1).

Figure 1 shows model outputs resulting from default and experimental degradability parameters used
for slurries from 1984 to 2020. Slurries 1 and 2 presented higher REOM values than slurries 3 and 4,
which contributed to increase SOC stock along the time in these treatments. Differences captured by
the model with respect to default value were observed from 1995. This deviation increased continuously,
reaching 6.05 Mg C ha'! by 2020. Simulations with slurries 3 and 4 showed a lower SOC stock content
than the reference. Additionally, the difference of SOC in relation to standard simulation was constant
from 1988, with an average of 2.23 Mg C ha'l. As expected, slurries with more resistant organic matter
content contributed to increased SOC stocks (Zimmermann et 4/., 2007). On the other hand, HUM
fraction represents an important part of the SOC stock (Xu et 4l., 2011). In fact, in RothC model,
the RPM fraction decomposes faster (0.3 year™!) than the HUM fraction (0.02 year™!) (Coleman and
Jenkinson, 1996). Thus, even if slurries 1 and 2 showed lower REOM values than those used for FYM
in RothC, SOC stock calculations were offset by a significantly higher HUM fraction. As a result, SOC
after 36 years of simulation differed in 10 Mg C ha™! between slurries.

Conclusions

In conclusion, cattle slurries could present differences in their decomposability that affect SOC stock
evolution. This is important to take into account for degradability parameters in order to produce better
estimates of SOC stock evolution.

Table 1. Characterization of decomposable exogenous organic matter (DEOM) and resistant exogenous organic matter (REOM) of slurries and
reference value of FYM in RothC.!

Treatment DM (%) T0C (% DM) DEOM (% TOC) REOM (% TOC) HUM (% TOC)
RothC 49 49 2
Slurry 1 7.08 41.8° 502 43 7
Slurry 2 1150 51.1b 502 42 8
Slurry 3 8.9 46.9¢ 63 33¢ 4
Slurry 4 9.2¢ 46.0¢ 63 326 5

" Dry matter (DM), total organic carbon (TOC) and compartment of humified organic matter (HUM). Newman-Keuls tests was done for multiple comparisons, same letter represent
that there is no significant differences between treatments (P=0.05).
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Figure 1. SOC evolution during 1983-2020 simulation of grassland soil. Different lines were simulated treatments with different DEOM and
REOM.
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Pre-grazing herbage mass and post-grazing sward height:
grass production and quality
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Abstract

Herbage production influences profitability in grass-based ruminant systems. This study aimed to
determine the effects of pre-grazing herbage mass (PGHM: 1,500 or 2,500 kg DM ha'!) and post-
grazing sward height (PGSH: 4 or 6 cm) on herbage production and nutritive quality. Charolais steers
rotationally grazed Lolium perenne-dominant swards (13.7 ha) for 222 days and herbage production was
measured via pre-grazing herbage mass (lawnmower cuts) and post-grazing sward height (platemeter)
on the grazing area. Concurrently, on a separate area, herbage production was measured for the same
treatments on cutting plots (5%2 m) (lawnmower; not grazed). There was no PGHM x PGSH
interaction for herbage production. Grazing rotation cycle length and herbage production (kg DM ha'!)
were greater for PGHM-2,500 than PGHM-1,500 (2<0.001), and for PGSH-4 than PGSH-6 (P<0.01).
Herbage production differences within PGHM and PGSH treatments were proportionately greater on
the cutting plots (0.17 and 0.12, respectively) than the grazing area (0.08 and 0.05, respectively). On the
grazing area, herbage organic matter digestibility was greater for PGHM-1,500 than PGHM-2,500 and
did not differ between PGSH treatments. In conclusion, grazing a higher pasture mass and a lower sward
residual increased herbage production.

Keywords: grazing, herbage accumulation, herbage nutritive quality, pasture growth, regrowth interval,
steers

Introduction

Increased herbage production and its nutritive quality can positively increase stocking capacity and
animal live-weight gain respectively. Increasing regrowth interval ( pre-grazing herbage mass, PGHM)
can increase herbage production and subsequently reduce fertilization costs (O’Riordan, 1997), but can
also reduce herbage nutritive quality, potentially reducing animal performance (McEvoy et 4l., 2009).
Many studies have independently investigated the effect of cither PGHM (McEvoy ez al., 2009) or post-
grazing sward height (PGSH) (Doyle ez 4l., 2021a) on herbage production and nutritive quality but few
experiments have examined the combined effect of PGHM and PGSH on these respective variables. The
objective of this study was to investigate the effect of PGHM and PGSH on herbage production and its
nutritive quality in a rotational stocking system.

Materials and methods

The grazing area comprised five adjacent land blocks totalling sixty permanent paddocks. Within land
block paddocks were assigned to one of twelve grazing area farmlets, balanced for initial herbage supply.
Each paddock was further sub-divided into three sub-paddocks. Farmlet (1.14 ha each) was randomly
assigned to a two (PGHM: 1,500 or 2,500 kg dry matter (DM) ha! above 4 cm) x two (PGSH: 4 or 6
cm compressed height) factorial arrangement of treatments. Twelve grazing groups of Charolais steers
were randomly assigned to farmlet and rotationally grazed Lolium perenne-dominant swards for 222
days. The difference between pre-grazing (lawnmower cuts at 4 cm; 5%0.53 m cutting strip) and post-
grazing (estimated via rising plate meter; (cm x 242) — 804) herbage mass were recorded at cach rotation
and were summed to calculate annual herbage production, as detailed in Doyle ez al. (2021a). Herbage in
excess of grazing requirements was removed as silage and its yield determined. Herbage production for
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each sub-paddock was further sub-divided into what was grazed, removed as silage, or herbage remaining
as a ‘closing cover’ at the end of the season. Herbage samples were obtained from every pre-grazing cut
(above the grazing horizon) for each grazing group and herbage organic matter digestibility (OMD) and
chemical composition was determined as described by Doyle ez 4/. (2021a). Concurrently, in a separate
area, herbage production was measured for the same treatments on designated cutting plots (5x2 m)
(not grazed). The grazing treatments were replicated four times in a fully randomized complete block
design. Herbage was cut (lawnmower) to the assigned PGSH (4 or 6 cm) when PGHM was equivalent
to the grazing study, and the quantity of herbage DM removed at each cut was recorded and summed to
calculate annual herbage production.

Herbage growth and nutritive data were statistically analysed using the MIXED procedure of SAS where
the experimental unit was sub-paddock (for herbage growth on the grazing area), cut plot, or grazing
group (herbage nutritive value on the grazing area), as appropriate. The model contained fixed effects
for PGHM, PGSH and their interactions. Data averaged per sub-paddock were weighted for frequency
of grazing (i.c. the number of times the sub-paddock was defoliated). Differences between means were
tested for significance using the PDIFF statement and adjusted by Tukey, as appropriate.

Results and discussion

On the grazing area mean PGHM was 1,687 and 2,683 kg DM ha'! (P<0.001) and mean PGSH was
4.1 and 6.0 cm (P<0.001). There were no PGHM x PGSH interactions for any herbage production
variables (Table 1). Grazing rotation cycle length (days) and herbage production (kg DM ha'!) were
greater for PGHM-2,500 than PGHM-1,500 (P<0.001) and for PGSH-4 than PGSH-6 (P<0.01).
Herbage production differences within PGHM and PGSH treatments were proportionately greater
on the cut plots (0.17 and 0.12, respectively) than the grazing area (0.08 and 0.05, respectively). It is
hypothesized that these differences are due to the prolonged grazing residency time for PGHM-2,500
than PGHM-1,500 (3.8 vs 2.2 days; £<0.001) and PGSH-4 than PGHS-6 (3.6 vs 2.4 days; <0.001),
which is suggested to reduce herbage regrowth due to the depletion of water-soluble carbohydrate
reserves under prolonged grazing (Fulkerson and Donaghy, 2001). On the grazing area, the quantity
of herbage consumed ha! did not differ within PGHM and PGSH treatments. The quantity of excess
herbage removed ha! as silage did not differ between PGHM treatments, but was greater (P<0.05)
for PGSH-4 than PGSH-6. Mean closing farmlet pasture supply was greater for PGHM-2,500 than
PGHM-1,500 (943 vs 716 kg DM ha’l, respectively) and for PGSH-4 than PGSH-6 (929 vs 731 kg
DM ha'l, respectively). This additional herbage can be used to increase the length of the grazing season
or herbage availability the following spring.

There were PGHM x PGSH interactions for herbage neutral detergent fibre (NDF) (2<0.05) and crude
protein (CP) concentration (Table 1). For NDF concentration, 2,500-4 was greater than 1,500-4, but
1,500-6 and 2,500-6 did not differ. For CP concentration, 2,500-6 was greater than 2,500-4, but 1,500-4
and 1,500-6 did not differ. Herbage OMD was lower (P<0.001) for PGHM-2,500 than PGHM-1,500;
consequently, PGHM-2,500 reduced animal live-weight gain at pasture (-0.06 kg day'!) (Doyle ez 4/,
2021b). Herbage OMD did not differ significantly between PGSH treatments, which is similar to Doyle
et al. (2021b). Despite this, PGSH-6 had a greater live-weight gain at pasture (+0.16 kg day™!) due to a
greater dry matter intake (+0.75 kg DM day™!) (Doyle ez al., 2021).

Conclusions

Grazing a higher pasture mass and a lower sward residual increased herbage production; differences
between treatments were greater on mechanically cut rather than grazed plots.
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Table 1. Effect of pre-grazing herbage mass (PGHM — 1,500 or 2,500 kg dry matter (DM) ha™) and post-grazing sward height (PGSH — 4 or 6
«m) on herbage production and chemical composition on the grazing area.

Variable PGHM 1,500 PGHM 2,500 SEM Significance
PGSH 4 PGSH 6 PGSH 4 PGSH 6 PGHM PGSH PGHMxPGSH
Grazing area
Number of grazing rotation cycles 6.2 7.6 3.8 47 0.11 *rx e NS
Regrowth interval (days) 31.7 26.5 52.1 448 0.84 il i NS
Average growth rate? 49.3 45.8 55.2 533 1.07 *rx * NS
Total herbage production 11,506 10,688 12,095 11,861 179.8 il ** NS
of which grazed 8,421 8,254 8,751 8,748 4614 NS NS NS
of which removed as silage 2,633 1,608 2,487 1,926 338.0 NS * NS
Cutting plots
Number of rotation cycles 7 8 5 6
Regrowth interval (days) 28 24 42 36 . . . .
Average growth rate? 51.8 46.8 63.4 55.7 131 *rx xxx NS
Herbage production (kg DM ha') 12,228 10,672 14,148 12,643 299.8 i *x NS
Herbage nutritive value
OMD (g kg™") 8012 7932 765 7822b 59 o NS 0.06
(P (gkg' DM) 182 177 150¢ 159 2.1 oxx NS **
NDF (g kg™ DM) 400¢ 405b¢ 438 4200 46 e NS *
ADF (g kg™ DM) 260 225b 24020 253 38 e NS 0.07

"The pasture supply remaining in the pasture at the end of the year.

2 Expressed in kg DM ha™" day™"; OMD = in vitro organic matter digestibility, CP = crude protein, NDF = neutral detergent fibre, ADF = acid detergent fibre, WSC = water soluble
carbohydrates; Ash = crude ash; SEM = standard error of the mean for PGHM x PGSH; means within a row with different superscript letters differ (P<0.05); NS = non-significant, *
P<0.05, ** P<0.01, *** P<0.001.
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Abstract

This study aimed to determine the effects of pre-grazing herbage mass (PGHM: 1,500 or 2,500 kg DM
ha'!) and post-grazing sward height (PGSH: 4 or 6 cm) on the vertical distribution of the sward chemical
composition and digestibility in Lolium perenne-dominant swards rotationally grazed from mid-March
to late-October. Pre-grazing herbage samples were taken from ground level in May, June and September
and cut into layers, one below the grazing horizon (i.c. below 4 or 6 cm) and subsequent 4 cm layers above
the grazing horizon. Organic matter digestibility and crude protein concentration decreased and neutral
detergent fibre, acid detergent fibre and ash concentrations increased from the top to the base of the
plant at each sampling month (£<0.001). There was a PGSH X layer interaction for acid detergent fibre
(ADF) concentration in September, whereby PGSH-6 had a higher ADF concentration than PGSH-4
below the grazing horizon, but concentration did not differ between PGSH treatments above the grazing
horizon. In conclusion, chemical composition differed between layers. For a given chemical constituent,
the ranking between layers was unaffected by season, PGHM and PGSH.

Keywords: grazing horizon, nutritive value, perennial ryegrass, regrowth interval, sward horizons,
organic matter digestibility

Introduction

Herbage defoliation in rotational and strip-grazing systems occurs through removal of successive layers of
the sward (Wade, 1991). As the chemical composition of each layer in the sward can change throughout
the year due to grazing management (Delagarde ez 4l., 2000), this has a key impact on nutrient intake of
the grazing animal. The effect of pre-grazing herbage mass (PGHM) on the vertical distribution of sward
chemical composition is well documented (Delagarde ez 4/., 2000); however, few studies have investigated
the interactive effect of PGHM and post-grazing sward height (PGSH) on the vertical distribution of
sward chemical composition and digestibility throughout the grazing season. Therefore, the objective
of this experiment was to investigate the effect of PGHM and PGSH on the vertical distribution of the
sward chemical composition, and how it changes during the grazing season.

Materials and methods

Lolium perenne-dominant paddocks were assigned to atwo (PGHM >4 cm: 1,500 or 2,500 kg DM ha'!)
x two (PGSH: 4 or 6 cm compressed height) factorial arrangement of treatments, which were rotationally
stocked by 3 replicated grazing groups per treatment of suckler-bred Charolais steers from 21 March to
29 October (222 days). Paddocks received 150 kg chemical nitrogen ha'l. Pre-grazing herbage samples
were cut from ground level using a scalpel at 15 random areas throughout a paddock for each grazing
group in May (vegetative stage), June (reproductive stage) and September (post-reproductive stage).
Samples were composited in the laboratory while still maintaining their straight vertical distribution. A
500 g sub-sample was placed under a guillotine blade and cut from ground level to the grazing horizon (4
or 6 cm) and cut into 4 cm layers above the grazing horizon until the top of the canopy was reached; layer
1 represented the bottom of the plant. Accordingly, PGSH-6 was cut into layers of 0-6 cm (layer 1), 6-10
cm (layer 2), 10-14 cm (layer 3), 14-18 cm (layer 4), 18-22 cm (layer 5) etc. Each layer was dried at 40 °C
to a constant weight. The first five layers (from ground level) were individually ground, and the remaining
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layers were grouped together and ground (Wiley mill; 1 mm aperture; Arthur H. Thomas, Philadelphia,
PA, USA) in preparation for chemical analysis as described by Doyle ez a/. (2021). Data were statistically
analysed for each of the three-monthly measurement periods using the MIXED procedure of SAS, where
the experimental unit was grazing group. The model contained fixed effects for PGHM, PGSH, sward
horizon layer and their interactions. Differences between means were tested for significance using the
PDIFF statement and adjusted by Tukey, as appropriate.

Results and discussion

There were PGHM x PGSH interactions for herbage CP concentration in May (2<0.05), and NDF
and ADF concentrations in June (P<0.01) and September (2<0.001) (Table 1). There were no PGHM
x PGSH x layer or PGHM x layer interactions. However, there was very large variation in chemical
composition form the top to the base of the sward. Overall, organic matter digestibility (OMD) and
crude protein (CP) concentrations decreased (2<0.001) and neutral detergent fibre (NDF), acid
detergent fibre (ADF) and crude ash concentrations increased (£<0.001) from the top (layer 6) to the
base (layer 1) of the sward for each sampling month (Table 1), as observed previously, and likely reflects
the proportion of leaf, stem and dead tissues in these layers (Delagarde et al., 2000). There was a PGSH
x layer interaction for ADF concentration in September, whereby PGSH-6 had a greater (£<0.05) ADF
concentration than PGSH-4 below the grazing horizon (layer 1), but did not differ above the grazing
horizon (layer 2 to 6). This implies that fresh herbage regrows from the defoliation point and older dead
herbage had accumulated to the base of the sward. In practical terms this meansa PGSH of 6 vs 4 cm does
not negatively impact the nutrient value of consumed herbage, which agrees with Doyle ez a/. (2021).

Table 1. Effect of pre-grazing herbage mass (1,500 and 2,500 kg dry matter (DM) ha') and post-grazing sward height (4 or 6 cm) on the sward
vertical distribution of chemical composition and in vitro digestibility in May, June and September.!

Grazing treatment (PHM-PGSH) Layer Significance
1,500-4 1,500-6 2,500-4 2,500-6 SEM1 2 3 4 5 6 SEM PGHM PGSH Layer PGHM*PGSH

May
OMD (gkg™") 809 79 810 804 6.0 691 792 827 838 833 843 74 NS NS  ** NS
(P(gkg'OM) 146 160° 1250 17" 53 103 110 127 146 160 174 65 ¥ NS % ¥
NDF (g kg™ OM) 482 501 502 498 88 575 512 482 473 476 457 95 NS NS ** NS
ADF(gkgTOM) 236 253 257 268 42 317 275 255 242 231 200 51 @ wx xxo o EkxONS
Ash(gkgTOM) 102 102 97 102 51 171 100 89 88 8 75 62 NS NS  ** NS
June
OMD (gkg™") 784 m 762 768 6.5 669 757 778 800 809 812 7.9 006 NS  *** NS
(P(gkg'OM) 193 192 131 145 52 119 133 166 188 195 189 64  *** NS  *** NS
NDF (gkg ' OM) 466  565° 558  583b 129 628 595 555 530 493 458 158 wx  xmx wwx xx
ADF (gkg"OM) 265  309b  314%  326¢ 38 359 336 314 291 271 250 57  wx wex ek e
Ash(gkgTOM) 113 120 102 101 52 145 104 104 107 98 9 63 ** NS ** NS
September
OMD (gkg™") m 767 750 766 6.1 670 749 781 791 794 797 7.5 009 NS  *** NS
(P(gkg'OM) 162 174 162 165 52 121 129 155 180 198 212 66 NS NS  *** NS
NDF (gkg ' OM) 469  499® 5540 527 60 556 534 510 498 495 480 7.4  xxx  N§ v e
ADF (gkg " OM)2 2640 287 319 289> 40 308 305 297 297 272 260 50  ***x NS o wxx o wxx
Ash(gkgTOM) 125 15 113 m 52 18 116 103 101 97 93 64 NS NS  *** NS

TOMD = in vitro organic matter digestibility, CP = crude protein, NDF = neutral detergent fibre, ADF = acid detergent fibre, WSC = water soluble carbohydrates, Ash = crude ash; Layer
1= bottom of the plant, layer 6 = top of the plant, SEM = standard error of the mean. Means within a row with different superscript letters differ (P<0.05); NS = non-significant, *
P<0.05, ** P<0.01, ***P<0.001.

2pGSH x layer interaction (P<0.05): values of 298 vs 319, 303 vs 306, 298 vs 296, 308 vs 286, 280 vs 265 and 264 vs 257 for PGSH-4 vs PGSH-6 in layers 1, 2, 3,4, 5 and 6, respectively.
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Conclusions

Chemical constituents differed between layers. For a given chemical constituent, the ranking between
layers was unaffected by season, PGHM and PGSH. However, the ADF differences between PGSH
treatments did differ between horizon layers towards the end of the grazing season.
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Abstract

Profound socioeconomic changes in mountain areas, as evidenced by depopulation, rural abandonment
or modernization of farms, have promoted a decline in the number of domestic herbivores in upland
areas whose sustainable management promotes floristic communities of high diversity. In the western
Pyrences, the maintenance of open land has been complemented by the use of fire through pastoral
burnings. However, the decrease of biomass consumption by hervibores encourages a more frequent
use of fire in herbaceous areas where otherwise necromass is accumulating. These management regimes
favour the spread of the native tall-grass Brachypodium rupestre. The expansion of this unpalatable grass
generates degraded and low-diversity grasslands, decreasing the provisioning ecosystem service. This
research economically quantified the loss of the provisioning service of high-quality food for livestock,
implementing the substitution economic approach based on contrasted floristic inventories (high- vs low-
diversity grasslands) and detailed information to determine the number of feed rations lost in degraded
areas. Economic valuation of natural resources may be helpful in raising awareness among stakeholders
and to encourage environmental policies that prevent grassland degradation.

Keywords: high-mountain grasslands, ecosystem services, Brachypodium rupestre

Introduction

Many grasslands in Europearelocated in high-mountain areas and are characterized by seasonal production
concentrated in summer under an extensive farming system. Humans have managed these grasslands with
the main aim of providing food for domestic herbivores, but there are other goods that grasslands provide,
encompassed within the ecosystem service concept (MEA, 2005). The changes occurring in the primary
sector have led to a drastic decrease in the number of grazing animals, favouring the accumulation of
(dead) biomass and encouraging farmers to use burning to reduce fuel loads. The subsequent decoupling
of traditional fire and grazing regimes has a direct effect on the floristic composition. Specifically in the
Aezkoavalley (Spain), a significant loss of floristic diversity has been detected in relation to the expansion
of the tall-grass Brachypodium rupestre (Mugica et al., 2021).

Materials and methods

Our study was conducted in the Aezkoa valley, located in the western Spanish Pyrences. This valley
encompasses high-value grasslands, which grow between 800-1,400 m a.s.L,, and cover 2,147 ha. These
natural grasslands are included in the SAC Roncesvalles-Selva de Irati.

For the economic evaluation, we applied the substitution approach. This method provides an economic

value based on the replacement cost associated with the environmental resource lost, considering the
least costly alternative and requiring a deep knowledge of the evaluated resource. The method includes
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two types of analysis: replacement cost and resource equivalency. We adopted the latter, which considers
economic estimates to compensate farmers for the loss of the environmental resource. The quantity of
the lost resource was represented by number of feed rations for livestock (Champ et 4/., 2017; Chapman
et al., 2018). For this purpose, we used field floristic surveys done in high- (HD) and low-diversity (LD)
grasslands using the point quadrat method (8 transect lines per plot). The data collected allowed for the
estimation of the pastoral forage value (PFV) based on the assignment of an index of specific quality
(ISQ) of values between 0 and 5 considering the palatability (Jouglet, 1999) and the specific contribution
(SC) of each species present in cach inventory: [PFV = 0.2 The PFV is linked to the energy value (EV)
by applying a conversion coefficient (k) adjusted by regional specificities of altitude, in Aezkoa k ranging
from 50 to 60.

Based on a previous study (Ferrer and Canals, 2008), we created a map combining B. rupestre covers and
slopes in order to assess the viable surface for grazing, discarding steep slopes (>15°). In turn, intermediate
slopes (7-15°) and flat arcas (<7°) were assigned to grazing only with sheep or mixed flocks (sheep,
horses and cows), respectively. The difference between HD and LD grasslands allows estimation of the
energy loss caused by the expansion of B. rupestre. The balanced ration of food that animals would receive
cach day in a hypothetical indoor feeding (150 days with 2019 prices) was designed using the software
INRAtion-PrévAlim (INRA, 2017-2019). We used data on the current censuses of animals and their
reproductive stage (maintenance, pregnancy, etc.), for estimating the food intake (kg dry matter day™!)
and the energy supply (FU day™!) required to fulfil their needs. We complemented the valuation approach
by performing a sensitivity analysis, which focused on: (a) the variation in ISQ of B. rupestre (from 0 to
1), and (b) the rising of the ration quality (low vs high-cost ration).

Results and discussion

Eight hundred sampling points were inventoried in the study region. The average number of species in
HD (Br cover <50%) and LD (Br cover >50%) grasslands were 22 and 11 respectively, and the Shannon
index was 2.51 and 1.55, reflecting the loss of diversity caused by B. rupestre spreading. The difference
in energy lost between HD and LD grasslands was 413.6 FU ha'! (Figure 1A) and the total degraded
area with a potential for grazing was 200.05 ha out of 287.76 ha studied. The total daily cost per ration
and the number of lost rations were calculated for sheep and mixed flocks; therefore the total loss of the
provisioning value was 21,146 € (106 € ha'! year'!), when the replacement ration was the least costly and
the ISQ of B. rupestre was 0.5 (Figure 1B). The sensitivity analysis varied between 10,925 €, considering
ISQ=1 and the cheapest replacement ration, and 33,399 €, considering ISQ=0 and the more expensive
replacement ration (Figure 1C).

The disruption of traditional management regimes also causes damage to the local biodiversity due to the
expansion of species with strong competitive ability (clonal reproduction, tall height, clumped density,
ctc.). The recovery of degraded areas is associated with specific problems (slopes, altitude, accessibility,
ctc.) and therefore restoration measures are limited. Recurrent prescribed burnings of the steepest
areas without subsequent grazing generate controversy. In the particular situation of the loss of floristic
diversity in the Aezkoa grasslands, efforts on alocal scale should focus on the areas more likely to recover,
by supporting regular and guided grazing. Using external inputs instead of grazing may also increase the
competition for using lowlands as well as fluctuations of food prices, volatility of international markets,
the deterioration of animal health and quality products (Durin ez 4/., 2020).
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Figure 1. (A) Methodology followed to calculate the loss of energy value between HD and LD grasslands. (B) Results of crossed data of
Brachypodium rupestre covers and slopes, the energy value and prices of each type of flock and (C) the range of the sensitivity analysis given
different B. rupestre covers.

Conclusions

In natural grasslands where the loss of floristic diversity is related to a decrease in the palatability of the
plant community and its energy value, it is possible to evaluate the loss of the provisioning ecosystem
service by applying the economic substitution method, using floristic inventories and estimating the loss of
food rations that need to be substituted by external forage. This approach helps to economically evaluate
asevere environmental problem and could be an effective tool to raise awareness among stakeholders and

the population affected by this change.
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Abstract

Legume species are recognized as an important component for production of high-protein forage. In
Sweden, red clover (RC; Trifolium pratense L.) is the main legume species in mixed swards whereas
lucerne (LU; Medicago sativa L.) has been confined to drier regions with high soil pH. One constraint
of RC is the poor persistence originating from root rot caused by several soil-borne pathogens. The
objective was to identify strategies for sustainable legume cropping in production cycles. Persistence and
production of RC and LU grown in mixed swards with timothy (TL; Phleum pratense L.) were compared
at one field site where RC and LU were grown for two years, and thereafter re-established with RC or
LU as pre-crop; four combinations in total. We present data from three cuts of the first production
year of the second cycle (2019). The prevalence of root rot was assessed visually and the abundance of
Fusarium avenaceum, Phoma spp. and Cylindrocarpon destructans was estimated with molecular analyses.
Red clover showed high disease scores when grown after RC and LU, whereas LU also was infected but
at a significantly lower level. In conclusion, LU in mixture with TI can maintain competitive production
but propagates pathogenic fungi.

Keywords: discase severity index, lucerne, red clover, root rot

Introduction

Cultivation of domestic protein crops is of great importance for strengthening the competitiveness and
improving business management in animal production. Ruminants are able to use the nutrients in forage
through symbiosis with microbes in the rumen, hence the forage crop is the main source of protein and
fibre supply. However, the weak persistence of RC has for a long-time reduced mixed ley production
since the red clover plants have died during the winters of first and second harvest years. Likewise, legume
stands are an important part of the nitrogen supply in organic farming, which is based on biological
fixation of nitrogen from the air, and which mainly takes place through the symbiotic fixation in the root
nodules of the legume plant. The development, persistence and production capacity of the legume plants
are therefore crucial for organic farming. The aim of the project was to identify and develop strategies for
sustainable production of locally produced protein forage.

Materials and methods

A large-plot field trial, without replicates, was sown on 6 May 2015 at Ullberga farm northeast of
Nykoping (N 58° 50} E 16° 53’). 'The soil characteristics were: 19% clay, 1.8% soil carbon, pH 6.7 and
total soil nitrogen (0-30 cm) of 1.35 gkg L. The average temperature is 7.5 °C on a yearly basis, and average
annual precipitation is 674 mm (sv.climate-data.org). Five treatments with different ley species were sown
with oats as nurse crop and each treatment represents one crop rotation (Table 1). Two treatments were
red clover (RC; Trifolium pratense L. cv. SW Vicky) sown in mixture with timothy (TL; Phleum pratense
L cv. Lischka) and two were (LU; Medicago sativa L. cv. Power 4.2) sown in mixture with T (cv. Lischka).
The fifth treatment, farmer’s choice (FC), consisted of 20 ley species, included lucerne, birdsfoot trefoil,
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white clover, timothy, perennial ryegrass, red fescue, meadow fescue and herbs. The seed rate was 8 kg
halof RC, 17 kg halof LU and 8 kg ha'! of T1, while the seed rate of the farmer’s choice was 23 kg ha'l,
The seeds of LU were inoculated with the bacterium Sinorbizobium meliloti (Nitragen Gold) and seeds
of BFT were inoculated with Rhizobium loti. No plant nutrients were added. The nurse crop was oats
(180 kg ha!) and the size of each large plot was 7.2x50 m. After the harvest in 2017, the experimental
area was ploughed under, except for the plot with the farmer’s choice of ley mixture. New mixed swards
with legumes and timothy were sown in August 2017 with winter wheat as nurse crop.

Yield and dry matter content were determined by cutting the above-ground biomass in four 0.5 m?
squares in each plot at a hight of 5 cm and dried in 48 °C for 48 h. During the first harvest year of the
second cycle (2019), ten plants from each plot, including the FC (4™ year) were carefully uprooted,
washed, and split with a scalpel. External and internal damage (discoloration) was visually assessed
according to Rufelt (1986), where 0 is healthy roots and 4 represents all dark roots. External and internal
disease severity indices (DSI; and DSI;) and the proportion of roots with external and internal infection
(disease incidence, DI and DI;) were calculated for each treatment (Almquist ez a/., 2016).

A pooled sample for each treatment was analysed for the abundance of the three root rot pathogens
Fusarium avenaceum, Cylindrocarpon destructans and Phoma spp. (Almquist ez al., 2016). The abundance
of each pathogen is expressed as the number of gene copies per 106 copies of the plant cox gene.

Results and discussion

The forage yields of the first harvest year in the second cycle are presented here. First-cut yields were about
5 Mg dry matter (DM) for all treatments but the yield of LU + TT were significantly higher than that
of RC + T in the two other cuts (Table 2). The total yield of LU grown after RC was 12.5 Mg ha'l, the
yield of LU grown after LU was 13.6 Mg, the yield of RC grown after RC was 7.4 Mg ha! and the yield
of RC grown after LU was 8.6 Mg ha'l.

Lucerne was affected by root rot to the same extent when sown after both LU and RC (Table 3). Likewise,
RC was severely affected by root rot when sown after both LU and RC, showing that the fungi are present
in the soil, but LU is more tolerant than RC to the root rot fungi. Lucerne plants assessed from the plot of
FC (4th harvest year) was more affected by root rot than the LU plants sown in the second cycle, which
highlights the susceptibility of LU to root rot even though it is more tolerant than RC.

The RT-qPCR analyses also showed that there were higher amounts of Phoma spp. and smaller amounts
of C. destructans in LU than in RC, while . avenaceum were only present in the LU roots in the Farmer’s
choice treatment (Table 3).

Table 1. Experimental setup for the large plot field trial at Ullberga, Nykdping Sweden with five crop rotations established in 2015, with red
clover (RC) or lucerne (LU) grown in mixed swards with timothy (Tl) as well as farmer’s choice (FC) of grass species, lequmes, and herbs.!

Year  Crop rotation 1 Crop rotation 2 Crop rotation 3 Crop rotation 4 Crop rotation 5
2015 Oatsand LU+TI Oatsand LU +TI Oatsand RC+TI Oatsand RC+TI Oats and seeds of FC
2016 LU+TIHY1 LU+TI HY 1 RC+TI, HY 1 RC+TIHY 1 FG HY1

2017 LU+TI HY2 LU+TI, HY2 RC+TI, HY2 RC+TI, HY2 FC HY?2

2018  Winterwheatand LU+Tl  Winter wheatandRC+Tl  Winter wheatand RC+Tl  Winter wheatand LU +Tl ~ FC, HY3

2019 LU+TIHY1 RC+TI HY 1 RC+TI, HY 1 LU+TI, HY 1 FC HY 4

THY = harvest year.
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Table 2. Harvest yields and dry matter content (DM) from the first harvest year of the second cycle, 2019 at the large plot field trial at Ullberga,
Nykoping.!

Cut1 DM Cut 1 Cut2 DM Cut2 Cut3 DM Cut 3 Total yield Average DM
kgDMha' % kg DM ha™ % kgDMha' % kgDMha' %
LU after LU 5433 22.3a 4,240a 28.4a 2,873a 233 12,547a 24.7a
RC after LU 4,867 16.4b 2,273b 25.0b 1,467 22.7 8,607b 21.4a
RC after RC 4,500 17.0b 1,767b 26.6ab 1,100b 22.7 7,367b 22.1a
LU after RC 5,693 23.1a 4,893a 28.5a 3,047a 244 13,633a 25.4a
FC(LU) 4,847 23.1a 4,120a 26.5ab 2,907a 245 11,873a 24.7a
P-value ns <0.001 <0.001 0.007 <0.001 ns <0.001 0.044
Coeff.of variance 9.8 438 17.2 4.6 125 51 6.8 137

T Dates of cuts in 2019; cut 1: 8 June, cut 2: 29 July; cut 3: 21 September. RC= red clover, LU= lucerne, F(= Farmer’s choice (lucerne). ANOVA-procedure were used for the statistical
analyses. Different characters indicate significant differences according to Tukey’s HSD test (P<0.05).

Table 3. External (E) and internal (1) disease severity index (DSI), disease incidence (DI) and abundance of Fusarium avenaceum (F.a.), Phoma
spp. (Ph.) and Gylindrocarpon destructans (C.d.), at the large plot field trial at Ullberga, Nykdping, during the first harvest year of the second
cycle, 2019.12

Treatment Dsl; DsI, DI DI, Fa. Ph. Cd.
Lucerne after lucerne 35 15 90 60 0.0 3,674 328
Red clover after lucerne 70 38 100 90 0.0 Akl 2,480
Red clover after red clover 73 35 100 90 0.0 980 2,278
Lucerne after red clover 35 23 100 80 0.0 451 294
Farmer’s choice (lucerne) 53 25 100 80 19.0 10,056 4389

"The crop rotation of farmer’s choice was harvested for the fourth year, established in 2015.
2The abundance of each pathogen is expressed as the number of gene copies per 106 copies of the plant cox gene.

Conclusions

Lucerne in mixture with timothy can maintain competitive production during dry weather conditions,
whereas yields of red clover in mixture with timothy are lower than that of lucerne. The root rot fungi
Phoma spp. and C. destructans occur in the roots of both examined legume species, but lucerne seem to
be more tolerant to developing disease symptoms. However, lucerne maintains the pathogen inocula in
the soil for the next forage crop. Lucerne is an underestimated choice of legume forage species to include
in sustainable ley production in Sweden.
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Abstract

The aim of this study was to examine the N response over two years of slurry and mineral N fertilization
on clover dynamics, the quantitative N -fixation (qBNF) using the >N isotope dilution method, and
subsequent effect on nitrate leaching. Two- and four-species mixtures of grass-clover received increasing
rates of N fertilizer (0-480 kg available N ha'!) either of mineral N only or combined with application of
cattle slurry. Fertilization significantly reduced clover proportion and N -fixation. The gBNF representing
an input of 193-286 kg N ha'! in the unfertilized treatment declined to 16-163 kg N ha! in the swards
amended with 480 kg N ha'l. Due to organic N in slurry, the N surplus — N input minus output — was
significantly affected by fertilizer type and less by application rates. However, we did not find a convincing
correlation between N surplus and nitrate leaching, neither was nitrate leaching dependent of fertilizer
type. Nitrate leaching, ranging between10 and 105 kg N ha'!, was best described by a quadratic function.
We concluded that up to a fertilization rate of 240 kg N ha'l, low leaching levels could be achieved,
independently of the fertilizer type.

Keywords: red clover, white clover, temporal variation, nitrogen balance, surplus

Introduction

In dairy farming, cattle slurry is typically applied on grasslands as a basic dressing and any use of mineral
fertilizer would be in addition to that. In total, a rate of 300 kg N ha'l is often applied as standard in
Denmark, with no consideration for the clover content of grass-clover leys. When clover content is low,
this rate is too low, and when clover content is high, it is too high. Since, fertilizer N addition generally
decreases N,-fixation activity and quantities (Nesheim ez 4/., 1990), non-optimized fertilization may
have a negative impact on resource use, the herbage quality, the environment, and the economy in many
cases. The aim of this study was to examine response to N fertilizer application in clover dynamics, the
proportion of N derived from the atmosphere (%Ndfa), the quantitative N -fixation (qBNF) and nitrate
leaching under fertilized grass-clover leys.

Materials and methods

The experiments were conducted at two farmers’ fields (hereafter ‘SW” and ‘MW”) located on sandy soils
in the Western part of Denmark over two years in 2018 and 2019 (Kristensen ez a/., 2022). The leys were
composed of 10% white clover (T7ifolium repens L.) and 90% of different varieties of perennial ryegrass
(Lolium perenne L.) at the SW site, and a mixture of 11% red clover (T7ifolium pratense L.), 7% white
clover, 37% perennial ryegrass and 45% festulolium (Festulolium braunii, K.A.) at the MW site. At both
sites, ten treatments in four replicates were arranged in randomized plot design. Plots (12x3 m) were
fertilized with increasing N levels from 0 to 480 kg plant available N ha'l, either as mineral fertilizer (N-S
27-4, 13.5% ammonium-N, 13.5% nitrate-N) or combined with a basic application of acidified cattle
slurry (120 kg available N ha'!). These were applied in spring and after each cut (Table 1). In addition to
the N fertilizer, all plots received basic fertilization P, K, S, Mg in spring.

The %Ndfa of clovers in the ley mixtures was estimated using the >N isotope dilution method (Fried and
Middelboe, 1977). The botanical composition, yields and N uptake were determined at each cut, as well

Grassland Science in Europe, Vol. 27 — Grassland at the heart of circular and sustainable food systems 149



Table 1. Nitrogen application treatments distribution during the growth season in experiment with grass-clover leys.

AnnualNrate  Spring After 1t cut After2cut  After 3 cut
Slurry Mineral Slurry Mineral Mineral Mineral
kg inorganic N ha!
Control 0
Mineral N 60 60
120 80 40
240 120 80 40
360 150 120 60 30
480 150 120 120 90
Slurry + mineral N~ 120 60 60
240 60 60 60 20 40
360 60 90 60 60 60 30
480 60 90 60 60 120 90

(Fontaine et 4., unpublished data). An N balance was established based on inputs which corresponded to
the fertilizer amendment (mineral N and/or slurry available and organic N), N, fixation and atmospheric
deposition, and outputs which corresponded to the removed N fraction measured in the harvested
biomass. Nitrate leaching was measured from suction cups installed at 1 m depth in each plot during the
period September-March.

Results and discussion

Fertilization significantly increased the overall yields (£<0.001) and N uptakes (<0.001) of the leys. The
increase was generally the result of a significant rise in grass yield larger than a decrease in clover yield.
Two types of %Ndfa responses were observed with increasing N fertilization: (a) a relatively flat response
with high %Ndfa across N levels (>80% when the N level was below 200-300 kg available N ha'!), and
(b) a linear decrease with increasing N (at MW site in treatment with mineral N only application). The
gBNF of the harvested biomass in plots without fertilization was 193-286 kg N ha'! and reduced to
16-79 kg N ha'! after application of 480 kg N ha'l. A lower reduction related to the slurry application
in comparison to mineral N only was observed at MW site (<0.05), where gBNF were maintained

around 155-163 kg N ha'l.

The surplus (difference between inputs and output in the N balance) was in the range -11 to 51 kg N
hal in the control and similar in the treatments with mineral N only application. Surplus was, however,
much higher for treatments receiving slurry N, because of the organic N applied (slurry contained ca.
46% organic N that was added to the input of the balance).

Nitrate leaching varied between 3 and 117 kg N ha! (Figure 1). Leaching curves as a function of fertilizer
application had a slight decrease or slow start from 0 to 120-240 kg N ha'! and an increase afterwards.
This was confirmed by the fit of the quadratic equation (0.37<R?<0.86). Nitrate leaching was fertilizer
rate dependent (P<0.001) but independent of fertilizer type (P=0.242).

Although it is widely considered that N excess is a good predictor of N leaching under an annual crop,

particularly in sandy soils, this was not the case under a perennial grass-clover crop. A simple N balance
based on input and output could not predict nitrate leaching.
p P p 8
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Figure 1. Annual nitrate leaching at both sites and years as function of N fertilizer rate and fitted regression. Error bars show standard errors
(n=4). Different letters indicate significant differences between treatments, based on repeated measurements ANOVA.

Conclusions

Nitrogen fixation from clover represented an input of circa 200-300 kg N ha'l. However, moderate
fertilization of a grass—clover sward ensures the farmers have productive and stable grass yields, even
if the clover proportion reduces. A split N fertilization rate up to 200-300 kg available N ha'! was
therefore optimal for uptake by grass with minimal impact on legume N,-fixation (>80%Ndfa) and
nitrate leaching (<40 kg N ha'l). This was particularly true when slurry was added at modest N levels
(ie.at 120 kg available N ha'l).
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Modelling studies of beef and dairy farming in boreal environments:
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Abstract

Process-based simulation models are increasingly used in livestock agriculture as an adjunct to field
studies and are time and cost effective if properly validated with field data. In boreal grasslands, models
can effectively estimate biomass production but have been less successful in assessing soil organic carbon
(SOC) and greenhouse gas (GHG) emissions from soil and livestock. Given the potential role of model
simulations in management planning this situation needs addressing. We conducted a review of current
research, identifying the models most used in agricultural research including options for grassland,
livestock, and soil carbon flux simulations. Unvalidated simulations were filtered out, and validation
outcomes of the remainder were scored as ‘poor; ‘fair} ‘good’ or ‘excellent’. Research gaps and potential
model weaknesses were identified creating a basis for future model validation work for boreal grassland
agriculture.

Keywords: ecophysiological modelling, validation, boreal agriculture

Introduction

Boreal regions are expected to experience increasing climatic and land use changes in the coming decades
(Unc et al., 2021), the rapidity of which will make mistakes in adaptation costly. Ecosystem models are
a key tool in studying the complex interacting C and N processes in agricultural systems (Jones ¢z af.,
2016), permitting the integration and interpretation of multiple variables, and can be implemented more
quickly and at lower cost than field experiments. Models have been successfully implemented within
Europe, North America, Australia and elsewhere (Héglind ez 4/., 2020; Lugato ez al., 2015), and although
reviews of model performance have been carried out (Brilli ef 4/, 2017), few have focused on boreal
and similar grassland systems. Given this deficit, the structured selection, calibration, and validation of
models for simulating C and N exchange and related outcomes in boreal grasslands is being carried out
in conjunction with the Ministry of Agriculture and Forestry (MMM), Academy of Finland, and EU
regional funding agencies for carbon neutrality in the beef and dairy sectors, at Luke Maaninka (Natural
Resources Institute Finland). The data collected will be used to validate and calibrate existing models,
and assist tool selection for the soil type, management and required outputs. To guide these efforts, a
literature review was conducted and validation data for GHG, soil and production outputs in boreal
grassland systems was extracted and summarized.

Materials and methods

Literature searches were conducted using the Web of Science Database ® and Google Scholar between 4
May and 30 July 2021. Topic (grasslands, greenhouse gas emissions, soil carbon, methane, carbon dioxide,
nitrogen dioxide) and regional keywords (boreal, northern, Nordic, Scandinavia, Finland, Sweden,
Norway, Canada, Iccland, United Kingdom, Ireland) were used. Articles that reported field experiments
and model validation data were included, and of an initial 65 papers, ten contained validation data for seven
models (Table 1). An assessment method was adapted from Despotovic ez al. (2016), He et al. (2020) and
Moriasi ef /. (2015): model performance was graded as ‘poor; ‘fair’, ‘good’ or ‘excellent’ Validation results
from each article were extracted and scored from 1 to 4 on this scale (‘Table 2), and mean scores across
methods were calculated. A final score was calculated as the sum of the validation scores.
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Table 1. Summary of scores given for each model for variables validated.'

Variable BASGRA_N  CATIMO DNDC FASSET IFSM PaSim STICS
GHG NEE - - - - - fair -
(02 - - good - - - -
N20 - - good fair - - -
NO3 - - - fair - - -
Soil Cseq - - good - - - -
Mineral N - - - good - - -
N leaching - - poor - - - -
N uptake - - - - excellent - -
Crop Crop yield - - - - fair - -
DM good poor fair - good excellent fair
(a4 good - - - - - -
NDF - - - - fair - -
LAI - - - - - excellent -
Fertv DM poor poor - - - - fair
Number of studies 1 1 4 2 2 1 2
Overall model score 7 2 12 7 n 9 4

"Values represent the mean of scores given to each validation method where more than one was used to assess the variable. Data extracted from Abdalla et al, 2011; Berntsen et al.,
2006; Chatskikh et al., 2005; Congreves et al., 2016; He et al., 2020; Hoglind et al., 2020; Jégo et al., 2015; Korhonen et al., 2018; Rafique et al., 2011; Vuichard et al., 2007.

Table 2. Criteria for assessing results using the range of validation models used in the literature cited here.!

Validation method Poor Fair Good Excellent
Average relative error (ARE) >40% 39-21% 20-11% <10%
Mean absolute error (MAE) >4.0 3.0-3.9 2.0-29 <19
Mean error (ME) >20.0 10.0-19.9 4.0-9.9 <39
Normalized average relative error (NARE) >+15% <+11-15% <+2-10% +1%
Normalized mean error (N\ME) >20% 15-20% 11-15% <10%
Normalized root mean square error (NRMSE) >40% 39-21% 20-11% <10%
Nash-Sutcliffe efficiency (NSE) <0.50 0.51-0.70 0.71-0.80 >0.81
Pearson's correlation (R) <0.2 0.3-04 0.5-0.7 0.8-1.0
Coefficient of determination (R2) <0.2 0.3-04 0.5-0.7 0.8-1.0
Root mean square error (RMSE) >40 20-39 Nov-19 0-10
Relative Root mean square error (rRMSE) >0.30 0.21-0.30 0.11-0.20 <0.10
Willmott's d 0.1-0.3 0.4-0.5 0.6-0.9 1.0
Relative mean bias error (rMBE) >+0.3 +0.2 +0.1 +0.01

"Values were given a score: poor = 1, fair = 2, good = 3, and excellent = 4.

Results and discussion

Model validation results varied considerably. DNDC, IFSM and PaSim performed well, though for
DNDC this was partly due to the number of studies found and the inclusion of a Canadian soil-adapted
version of the model; v.Can, in Congreves ez al. (2016), although GHG emissions and C sequestration
performed better than other outcomes. IFSM’s performance was good for N uptake and reasonable for
biomass, and PaSim’s crop growth simulations stood out notably. Biomass production simulations from
BASGRA_N seem promising, and FASSET satisfactorily simulated N,O and NO;. STICS biomass
and fertilizer response simulations were satisfactory, but CATIMO performed poorly over all (Table 1).
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Conclusions

Evidence of model validation for grasslands in boreal climates is patchy and there remains a high degree
of uncertainty. The literature examined showed considerable gaps and lack of consistency in model
testing. Systematic testing and validation of key outcomes in current models can identify strengths and
weaknesses, allowing confident model selection for specific situations in boreal grassland ecosystems.
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Effects of management factors and additive treatments on grass
silage quality

Franco M., Huuskonen A., Manni K. and Rinne M.
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Abstract

The objective was to evaluate the fermentation quality, aerobic stability and microbial quality of grass
silages produced under different management factors. Timothy and meadow fescue grass were harvested
in two consecutive cuts and ensiled using five different silage additives. Additional management factors
included normal, loose or delayed compaction in the first cut and two distinct dry matter (DM) levels
in the second cut. Delayed compaction resulted in higher ensiling losses than normal, loose being
intermediate. Higher DM content restricted silage fermentation. All additives improved silage quality
similarly irrespective of compaction method, but the additive effects were in general greater in low than

in high DM silages.

Keywords: compaction, dry matter content, fermentation, Phleum pratense, wilting, Festuca pratensis

Introduction

Ensiling is a common way of preserving forage, and thereby provide green biomass for ruminants in
spite of the seasonality in grass growth. Preservation quality of grass silage greatly affects losses during
storage, aerobic stability during the feed-out period and voluntary feed intake of animals. Silage quality
in practice is still a concern, and this emphasizes the need to continuously develop it to ensure economic
performance and safety of the food chain based on ruminants. The development and use of various silage
additives aims at controlling or modulating fermentation pattern in silage to improve quality (Muck
and Kung, 1997). Apart from the effects of silage additives, silage quality and nutritional values are
influenced by the dry matter (DM) content, which can be manipulated by the extent of wilting modified
by prevailing weather conditions. Controlling silage DM content may become more challenging due to
more extreme weather events related to climate change. Another important management factor affecting
silage fermentation and subsequent quality is the packing density of the biomass (Kung ez /., 2018),
which is a result of the compaction process necessary to increase density and remove oxygen from the
interior of the silage. The needs for top quality silage are thus evident and the current study evaluated
the fermentation quality, acrobic stability and microbial quality of grass silages produced under different
management factors.

Materials and methods

A timothy (Phleum pratense) and meadow fescue (Festuca pratensis) sward was harvested in the first
and second cuts during summer 2020 in Jokioinen (60°48'N, 23°29°E), Finland. On both occasions,
the grass was cut, precision chopped using farm scale machinery and transported to the laboratory
without any additive. In the first cut, grass was wilted for 24 h before silage making. A factorial 3x5
design of experimental treatments was used, comprising three compactions: (1) normal compaction,
(2) loose compaction, (3) delayed compaction and covering, where silos were filled similarly as in
normal compaction, but left uncovered and then applying additional compaction and covering 24 h
later; and five additive treatments: (1) control (C), as a negative treatment without additive, (2) formic
acid based additive (FA; AIV Assi Na, Eastman Chemical Company, Oulu, Finland at 5 | tonnes™),
(3) homofermentative strains of the lactic acid bacteria (LAB) Lactobacillus plantarum and Pediococcus
pentosaceus (HO; Bonsilage, Schaumann Agri International GmbH, Pinneberg, Germany at 1 g
tonnes), (4) heterofermentative strains of the LAB Lactobacillus buchneri, Lactobacillus plantarum
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and Lactobacillus plantarum (HE; Feedtech Silage F600, DeLaval, Tumba, Sweden at 1 g tonnes™!) and
(5) salt based additive (SA; Safesil Pro, Salinity AB, Goteborg, Sweden at 5 | tonnes™). In the second
cut, silages were prepared with two distinct DM contents. For the lower DM, grass was ensiled 2 h after
harvesting, whereas for the higher DM, grass was artificially wilted in a forced-air open-circuit drier
using air temperature of 30 °C for 3 h. The same additives as in the first cut were used for both DM
levels. All silages were ensiled in cylindrical ca. 10 litre plastic silos using 3 replicates per treatment.
After a 3-month ensiling period, the silage samples were taken and analysed for chemical composition,
fermentation quality, aerobic stability and microbial quality. Data were analysed using a SAS MIXED
procedure with experimental treatment factors as fixed effects and replicates as a random effect separately
for first and second cut.

Results and discussion

The DM content in the first cut was 358 gkg'!, and in the second cut 223 and 517 g kg’l. Fermentation
coeflicients of the raw materials were 50, 39 and 74, respectively, for the first cut, and the low and high
DM contents in the second cut. Similar microbial quality patterns were found in both cuts, except for
mould content, which was slightly higher in the fresh forage of the second cut. Type of compaction did
not have significant effects on silage fermentation profile, but delayed compaction resulted in higher
ensiling losses than normal, with loose being intermediate (Table 1). Further, no interactions were
found between compaction types and additive treatments. Higher DM content clearly restricted silage
fermentation, and the additive effects were, in general, greater in low than in high DM silages (Table
2). All additives improved silage quality in both cuts. Fermentation was restricted by FA resulting in
greater amount of water-soluble carbohydrates and lower amount of lactic acid, while no differences were
found among other additive treatments for those parameters. Aerobic stability was higher for FA and SA,
followed by HE, while C and HO had the lowest aerobic stability, not differing from each other. No effect
of compaction or additive treatment was found for the microbial quality parameters. The most efficient
additives in lowering the pH of silages were both inoculants at both DM contents (Table 2), while higher
pH values were found for C, SA and FA in low DM, and SA and FA in high DM. FA application resulted
in silages with the lowest concentrations of ammonia N in both DM levels (similar to HO in high DM),
but the values for other additives were also moderate indicating that they were also well preserved.

Table 1. Chemical composition, fermentation quality, aerobic stability and ensiling losses of first cut mixed timothy and meadow fescue silage
treated with different silage and using normal, loose or delayed compaction.!

Compaction Normal Loose Delayed SEM  P-value
Additive C A HO  HE A C A HO  HE  SA C FA HO HE A Comp  Add
Dry matter (DM), gkg™! 373 378 383 409 374 368 364 399 407 356 399 390 413 396 384 181 0306 0.151
pH 4312 4338 4200 429%C 44t g6 4350 429bc 43pabc go3abc g ogabe 4343 43¢ 43030 49830 0024 0762 <0.001
Ammonia N, g kg''N 57abc 43abe gpab  gpabe  gpabe 59abc  49c gpabe  ggabe  gaab spbc  gobe g7abesmbc g 38 0781 <0001
Water soluble carbohydrates, g/kgDM 13° 632 14> b 140 P vL R (U A 51 e 8 13 59 0728 <0.001
Ethanol, g kg 'DM 94 13b 7 78 2 922 1b 69 772 32 812 13b 69 83 33" 058 0842 <0.001
Lactic acid, g kg DM 80 446" 807° 746 758 7600 436" 752* 763 71.0° 7870 4950 792* 743 705 342 0773 <0.001
Aceticacid, g kg 'DM 123 64 118 166 152 19 63 123 164 165 120 63 113b 156 167 054 0657 <0.001
Propionic acid, g kg 'DM 0.09° 268 008 0.09 0.09 0.09° 288 0.10° 0.09° 0.10¢ 009° 26> 008  0.10° 009 0053 0191 <0.001
Butyricacid, g kg™ DM 002 0 001 0 0 004 0 003 001 001 010 0 001 001 001 0023 0436 0.090
Aerobic stability (2 °C), hours 119 320 7129 2gebe 3602 93¢ 29320 1709 p57ebed 3602 1460 32220 1g43bed - pgadbc 3600 344 0230  <0.001
Ensiling losses, g kg initial DM 7.0 849 1810 1800 1109 1920 780 175 2260 1099 2222 1109 2200 238 143% 131 <0.001 <0.001
Density, kg m™ 5040 475 4g020 482 4gb  3gede  369e 3656 389l 4ppbcde  4egadcd 5ygr  gs3abede g7gabed g77bC 170 <0001 0.492

1= control; FA =formic + propionic acid; HO = homofermentative strains of lactic acid bacteria; HE = heterofermentative strains of lactic acid bacteria; SA = salt-based additive; SEM = standard error of the mean;

Comp = effect of compaction; Add = effect of additive; no interaction effect was found between Comp and Add. Values with different letter in a row are significantly different at 5% Tukey test.
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Table 2. Chemical composition, fermentation quality, aerobic stability, ensiling losses and microbial quality of second cut mixed timothy and
meadow fescue silage treated with different silage additives at different dry matter contents.'

Dry matter (DM) level Low High SEM  P-value

Additive C FA HO HE SA C FA HO HE SA DM Add  DMxAdd
DM, gkg™! 21b 228b 218 2230 226 5260 521 5120 5122 513 39  <0.001 0.104 0.231
pH 3969 3949 3.83¢ 3.81° 4009 4300 4.60° 416° 4.24% 430Y 0.020 <0.001 <0.001 <0.001
Ammonia N, g kg™ 572 288 41 s g2 gpd p7e 35de 43¢ 4gbc 16 <0.001 <0.001 <0.001
Water soluble carbohydrates, gkg'DM 29¢ 324 30¢ 3¢ 349 b 1722 90® 62 82 36 <0.001 <0.001 <0.001
Ethanol, g kg™'DM 450 722 4qbc 3bdqe e g7e gl pode q10¢ 042 <0.001 <0.001 <0.001
Lactic acid, g kg'DM 93.5b 5484 1140 97.0b 86.6> 5250 19.1¢ 68.7¢ 60.29 51.5¢ 249 <0.001 <0.001 0.245
Aceticacid, g kg 'DM 1534 222 126¢F 200b 17.1¢ 1079 637 8" 13.8% 11.8% 032 <0.001 <0.001 <0.001
Propionic acid, g kg 'DM 0.19¢ 3322 021° 0.25¢ 0.15¢  0.08° 1.98> 0.08¢ 0.08 0.10° 0.050 <0.001 <0.001 <0.001
Butyric acid, g kg"'DM 0.05 006 0.03" 003 0.01° 002 001% 0.022 002 002* 0010 0013 0398 0.180
Aerobic stability (2 °C), h 944 37bc sa4d 1124 3362 244bc 326%b 222¢ 3367 336 182 <0.001 <0.001 <0.001
Ensiling losses, g kg”"initial DM 93d 1p3bd g7d g5 ggd 1633 9gbed 147abc 1832 1682 132 <0.001 0.262 0.001
Density, kg ™3 6967 6807  670° 687% 6412 484> 442 4630 490P 442 224 <0.001 0211 0.890
Moulds, log cfu g”! 10% 10%b 1030 q0%b 1020 102 102 10 10% 102 102 0.001 0.080 0.136

1= control; FA = formic + propionic acid; HO = homofermentative strains of lactic acid bacteria; HE = heterofermentative strains of lactic acid bacteria; SA
= salt-based additive, SEM = standard error of the mean; cfu = colony-forming unit; Add = effect of additive; DM = effect of dry matter level; DM X Add =
interaction between dry matter level and additive effects. Values with different letter in a row are significantly different at 5% Tukey test.

Conclusions

Silage management factors, such as compaction and especially DM level, combined with the use of
additives, greatly affected the quality of grass silages. It is possible that the pilot scale silos were not able to
mimic the effects of compaction compared with practical situations where air ingress into the silos during
the in-silo fermentation and feed-out time would likely affect fermentation quality and acrobic stability
to a greater extent. In practical situations, operative guidelines of good silage production, including
proper compaction, should be followed although the effects in the current study were minor. Use of
additives improved the quality of grass silage, but different additives modified silage quality in different
ways. Increasing DM content and use of FA effectively restricted silage fermentation.
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Abstract

The use of herbs in mixtures with grasses and legumes is an innovative approach implemented in grassland-
based forage systems in some European countries. The aim of this study was to determine the effects of the
inclusion of chicory in grass-legume mixtures on the yield and herbage quality of sward leys, compared
with monocultures, at two sites of Wielkopolska region, Poland. The experiment was established in
2015 at Brody (Luvisol soil) and Szelejewo (Cambisol soil) on 10 m? plots in a simplex design to define
four monocultures and cight mixtures of the four species (Lolium perenne L., Trifolium pratense L.,
Trifolium repens L. and Cichorium intybus L.). During two study years (2016-2017) herbage biomass in
the whole plot was harvested three times per year to determine annual dry matter yield. Concentrations
of the protein, sugars, crude ash, calcium and magnesium in herbage were also determined. The above-
ground biomass of two- and four-species mixtures was significantly higher than that obtained from
monocultures. The herbage yield collected from leys with chicory in our study was higher on Luvisols
than on Cambisols.

Keywords: grass-legume mixture, chicory, ley farming, herbage quality

Introduction

Grass-legume mixtures such as ryegrass-clover swards are commonly used in temporary agricultural
grassland, because the herbage yield of a mixture can exceed that of its best-performing species when
grown in a pure stand (transgressive overyielding) (Finn e 4/, 2013). One innovative approach in the
composition of multi-species swards is the addition of herbs in grass-legume mixtures. Recent studies have
identified that chicory-containing mixtures improve productivity, which can be a promising strategy for
enhancing agricultural output and forage quality in European temporary grasslands (Cong ez 4/., 2018).
The productivity of the grass-legume mixtures is affected by environmental, biotic and management
factors. One of them is the soil type. The aim of this study was to determine the effects of inclusion of
chicory in grass-legume mixtures on leys productivity and herbage quality compared to monocultures
in conditions of two soil types.

Materials and methods

A study was carried out during 2016-2017 at two sites of the Wielkopolska region in Poland: at
Brody Experimental Station (52°43°24’N, 16°30°31’E) of the Poznan University of Life Sciences, and
Szelejewo Breeding Station (51°86°34'N, 17°15°18’E) of Danko Plant Breeding Ltd. The experiment
was established in early autumn 2015 on two soil types: (1) Luvisols (pHy ¢ 6.2, total N of 0.13%, P, O
0f29.4 mg 100 g'!, K,0 17.9 mg 100 g'!, Mg 5.8 mg 100 g'!) at Brody, and (2) Cambisols (pHy., 5.9,
total N 0.10%, P,O4 22.0 mg 100 g1, K,010.2mg 100 g, Mg 6.7 mg 100 g!) in Szelejewo on 10 m?
(1x10m) plotsin a simplex design (Ramseier ¢# 4/., 2005) to define four monocultures (Mono) and cight
mixtures consisting of varying proportions of the four species (Lolium perenne — Lp, Trifolium pratense
— Ip, Trifolium repens — Tr and Cichorium intybus — Ci). The 8 mixtures consisted of (1) four mixtures
dominated in turn by each species (Domi-66.7% of dominant and 11.1% of each of the other species),
and (2) three mixtures composed of two species (Bi-50% Ci and 50% Lp, T or Tp) and (3) the Centroid

community (25% of cach species). The monocultures and mixtures were sown according to seed rate in
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pure stands recommended in Poland (Lp-30, 7p-20, 7715, Ci-S kg ha'!). The sward was managed by
cutting three times each year. Fertilizer was applied each year at the rate of 90 kg N ha! (30 kg ha'! in
spring and 30 after 1°* and 2" regrowths), 60 kg P ha'l, and 90 kg K ha'l. The yearly mean temperature
and total precipitation for 2016 and 2017 at Brody were 9.7, 9.0 °C and 622, 764 mm, and at Szelejewo
10.0,9.2°C, and 721, 765 mm. For each plot, biomass of aboveground vegetation was measured at each
harvest. This was done by cutting the whole plot to a height of 5 cm and determining the fresh weight.
A subsample of this material was taken, its fresh weight was determined and the material was dried at
65 °C to constant weight to measure dry matter (DM). The samples collected for DM were ground to
pass through a sieve of 1 mm of mesh size and used for forage quality analysis. Crude protein (based
on total N content by Kjeldahl x 6.25), water soluble carbohydrates (WSC; colorimetric method by
Dubois), crude ash, calcium and magnesium in DM of herbage were analysed. Statistical analysis of the
total annual yield data was carried out according to simplex model (Finn ef 4/, 2013). The analysis of
evenness gradient was performed; this analysis is based on classifying the 12 mono/mixture plots into
3 groups: L — low (monocultures, 4 plots), M — medium (mixtures dominated by one species, 4 plots),
H - high (two species and Centroid mixtures, 4 plots). Differences in herbage quality between mono/
mixtures levels were tested using Tukey’s post boc test (R software).

Results and discussion

The mixtures generally had significantly higher annual yields than the monocultures at both study sites:
on Luvisols by 29.4% and on Cambisols by 31.6% (Table 1). The annual DM yield on Luvisols over the
two years was largest in Domi C7, Domi Zp and Domi 7p mixtures, 17,564, 15,138 and 15,119 kg ha,
while on Cambisols, Centroid and Bi 7p-Ci performed well, 13,385 and 12,975 kgha'l, respectively. The
soil type influenced the productivity of chicory-containing grass-legume mixtures. Higher DM yields
were obtained on Luvisols in comparison with Cambisols. On average for all Ci mixtures, in 2016 the
DM yield was 12,295 kg ha'! vs 7,460 kg ha'! and in 2017 it was 15,461 kg ha'! vs 15,216 kg ha'l.
The data in Table 1 show consistent positive effects of increasing plant evenness. In our study, the yield
of four- and two-species mixtures exceeded that expected from monoculture performances, either on
Luvisols (£<0.001) or Cambisols (2<0.01). This effect has been reported by several authors, e.g. Tilman
et al. (1996) and Finn ez 4l. (2013). There was also a highly significant effect of year for both soil types
(P<0.001), but no effect of evenness X year interaction.

Species composition affected the concentrations of protein, WSC, crude ash, calcium and magnesium
in herbage (Table 2). The protein content was higher in swards containing clovers, but only Mono 77
and Bi 77-Ci differed significantly between all treatments. In the Lp swards (Mono, Bi and Domi) a
higher WSC content in herbage was determined, opposite to that of clover-containing swards. Clover
and chicory mono/mixtures produced higher mineral concentrations (in total, Ca and Mg) than Lp. This
corroborates Pirhofer-Walzl ez 4l. (2011) who suggested that including forbs in ryegrass-clover mixtures

Table 1. Total annual dry matter (DM) yield (kg ha™") at three levels of evenness for two soil types (averaged over years 2016-2017).]

Item Luvisols Cambisols

Evenness L M H Mixed L M H Mixed
Mean 10,952 15,263 13,078 14,17 8,774 11,619 11,467 11543
Values for comparing means of evenness  Lvs M LvsH MvsH L vs Mixed LvsM LvsH MvsH L vs Mixed
SED 1,091 1,024 1,134 825 1,132 1,062 1,176 855
t-value 3.95 2,08 1.93 3.90 251 2.54 0.13 3.24
Pvalue P * ns - * * ns *x

TSED = standard error of a difference between two means. ns = non-significant, * P<0.05, ** P<0.01,*** P<0.01.
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Table 2. Concentration of selected elements in the herbage (g kg™ DM) depending on the species composition (averaged over years 2016-2017,
harvests and soil types).

Treatment Crude protein WSC Crude ash Calcium Magnesium
Mono Lp 151.3 abc 123.7b 78.8a 10.3a 21a
Mono Tp 169.4 bede 73.6a 78.7a 20.0e 28¢
Mono Tr 235.5f 64.3a 93.3abc 15.9 bede 23ab
Mono (i 135.2a 69.9a 125.5d 19.1de 2.8hc
BiLp-Gi 1347a 88.6a 100.1 bc 14.8 bed 2.4abc
Bi Tp-Gi 155.9 abc 60.9a 110.3 ¢d 18.8 cde 2.8 bc
Bi Tr-Ci 1945¢e 59.4a 124 17.4bcde 2.6 he
Centroid 163.4 abcd 71.2a 109.5 bed 13.6ab 2.4 abc
Domi Lp 139.2ab 84.3a 95.4 abc 13.8ab 2.3abc
Domi Tp 183.3 de 72.8a 89.6ab 13.5ab 2.5abc
Domi Tr 175.3 cde 63.3a 95.7 abc 15.6 bed 2.5abc
Domi Gi 147.7 abc 80.5a 95.9 abc 14.6 bc 2.4abc

T Means with different lowercase letters are significantly different (P<0.05) using Tukey’s post hoc test.

not only can enhance herbage production but also improve animal nutrition by providing sufficient
dietary mineral supply to ruminants.

Conclusions

The above-ground biomass of two and four-species mixtures containing chicory were significantly higher
than that obtained from monocultures. The herbage yield collected from leys with chicory in the sward
was higher on Luvisols than on Cambisols. The herbage quality was affected by species diversity. We
conclude that increasing species diversity by selecting appropriate grass-legume mixtures with inclusion
of chicory adapted to specific soils enhances DM yield and herbage quality of leys in comparison to
monocultures.
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Abstract

With the progressing intensification of agriculture and the subsequent vanishing of pollinating insects, the
importance of semi-natural grasslands as insect habitats is increasing. However, such grasslands are threatened
by succession following abandonment due to lack of economic profitability. Therefore, we investigated the
effect of stocking rate on pasture productivity in a long-term extensive grazing trial. We hypothesize that,
due to the closed nutrient cycle, no reduction in productivity occurs in extensively managed grasslands.
Stocking information and liveweights of Fleckvieh cows grazing in three different stocking rates based on a
target sward height (M=6 cm, L=12 cm, VL=18 cm), recorded from 2005 to 2020, were used to calculate
the metabolizable energy in GJ (ME__ ) provided by the pasture and the animal grazing days in livestock
units (LUGD, 1 LU = 500 kg), describing the stocking rate and annual grazing season duration. Linear
mixed-effects modelling was performed, to test the effect of experimental design and year on ME_ and
LUGD. The interaction of year and treatment significantly affected ME_ (F=12.81, df=30, P<0.0001)
and LUGD (F=16.85, df=30, P<0.0001). The decrease in ME _ ; and LUGD from 2005 to 2020 might
be caused by the redistribution of nutrients into less preferred grazing patches.

Keywords: sustainable extensification, extensive grassland, pasture productivity, grazing management,
stocking rate, Fleckvieh

Introduction

With the progressing intensification of agriculture and the subsequent vanishing of biodiversity, the
importance of extensively managed semi-natural grasslands as habitat is increasing. However, such
grasslands are threatened by succession following abandonment due to their lack of economic profitability
(Isselstein ez al., 2005). Nevertheless, extensively managed grasslands promote biodiversity targets and
require less labour and input than intensively managed grassland. Therefore, maintaining extensive
grasslands particularly for ruminant production could be a viable strategy to improve food security in the
long term - without trade-offs with crop production for human consumption (Van Zanten ez 4/., 2018).
However, few studies exist on the long-term effects of different stocking rates on livestock productivity on
extensively managed grasslands. This study investigates the hypothesis that in extensive grazing systems
pasture productivity in terms of livestock production remains constant in the long term.

Materials and methods

It is part of the long-term grazing experiment FORBIOBEN’ (Issclstein ez /., 2007) and comprises
the period from 2005 to 2020. The experimental setup is a one-factorial randomized block design with
three replications comparing three stocking treatments, i.c. moderate (M), lenient (L), and very lenient
(VL) stocking, on nine 1-ha paddocks. Paddocks were continuously stocked with Fleckvich beef cows
( pregnant, non—lactating) during the growing season from April to October, with a mid-summer resting
period of varying length. The treatments are defined by stocking rates based on a target compressed
sward height (CSH) of 6 cm for M, 12 ¢m for L, and 18 cm for VL. The CSH was measured biweekly
in 50 locations per paddock using a rising plate meter (30 cm disk diameter, 200 g disk weight). Animals
were removed from or added to a paddock when the mean CSH was below or exceeded the target,
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respectively (put-and-take system), and weighed regularly. A stocking minimum of two cows per paddock
was required to meet animal welfare guidelines. The pasture productivity was assessed as secondary
production in terms of livestock performance. Livestock unit grazing days (LUGD, where 1 LU = 500
kg LW) were calculated per paddock and year based on regular live weight (LW) measurements of the
cows. Subsequently, requirements in metabolizable energy for maintenance and production (ME )
in GJ ME ha'! y'! were calculated based on Baker (2004). Linear mixed-effects modeling was carried
out, with year, stocking treatment, and their interaction, as well as block considered as fixed factors, and
paddock as the random factor.

Results and discussion

The interaction of year and treatment significantly affected LUGD (F=16.85, df=30, P<0.0001).
Estimated means varied significantly between stocking treatments M and VL in all years but usually did
not vary significantly between M and L or L and VL (Figure 1A). As a general pattern, LUGD decreased
from the first 3 to the last 3 years by a factor of 0.50, 0.47, and 0.53 in M, L, and VL, respectively. But
no clear trend is visible. The ME__ , was significantly affected by the interaction of year and treatment
(F=12.81, df=30, P<0.0001) and decreased from the first 3 to the last 3 years by a factor of 0.48, 0.45,
and 0.48 in M, L, and VL, respectively (Figure 1B). But no clear trend is visible. ME,,in M was always
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Figure 1. (A) Estimated mean = SE of livestock unit grazing days (LUGD ha-1 y'1) and (B) total metabolizable energy (GJ ME ha'! y’1) supplied
by pastures in three stocking treatments moderate (M), lenient (L), and very lenient (VL) during 2005 to 2020.
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significantly greater than in VL, and significantly larger than in L in most years. The difference in ME, .
provided in L and VL was not significant in most years. With average stocking rates of 413, 238, and
164 LUGD hal y!in M, L, and VL, respectively, all treatments should be considered as extensive
grazing. However, as both ME__; and LUGD were mostly larger in M compared to L and VL, it can
be concluded that the most intensive stocking in the present study led to and maintained the highest
livestock productivity. Similarly, evaluations in the same experiment concluded that productivity and soil
potassium concentration as well as the proportion of short patches, which showed the highest biodiversity,
increased with stocking rate (Ebeling etal.,2020; Tonn et al.,2019). It is known that long-term extensive
grazing causes a shift in the vegetation and increases heterogeneity as a consequence of herbage selection,
creating patches with different vegetation. These patches differ in productivity (Ebeling ez /., 2020),
soil nutrient concentration, and phytodiversity (Tonn ez 4l., 2019). We based our initial hypothesis on
the assumption that grazed grasslands present closed nutrient cycles and, therefore, lead to maintained
productivity. However, we found no compelling support for this hypothesis in the present study. Reasons
to explain a decline in productivity, aside from climatic factors, could be the export of nutrients in the
body tissue of cattle and nutrient redistribution within the pasture.

Conclusions

This Study presents a unique investigation into animal performance in extensive grazing systems in
temperate climates with varying stocking rates over a course of 16 years. Pasture productivity, based on
livestock unit grazing days, and provision of metabolizable energy, varied throughout the study period
and between stocking treatments.
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Abstract

The concentrations of minerals (K, Ca, Mg, P, Zn and Cu) were analysed in the fractions whole plant,
pulp, green juice, green protein, and brown juice from biorefining of white clover, red clover, lucerne, and
perennial ryegrass. Forages collected in July, September, and November were separated by screw-pressing
and green protein was extracted from the green juice by heat precipitation. Following centrifugation,
all samples (n=52) were analysed for minerals. The concentrations of K, Mg, and Cu were lower in
pulp (10.0 g kg’l of DM, 1.16 g kg’1 DM, and 4.2 mg kg’l of DM, respectively) compared to the whole
plant (22.6 g kg’l of DM, 1.95 g kg’1 of DM, and 6.61 mg kg‘1 of DM, respectively), whereas Zn and
Cu in green protein (54.5 and 21.0 mg kg'! of DM, respectively) were more than double the whole
plant concentrations (25.9 and 6.61 mgkg! of DM, respectively). Especially green protein of perennial
ryegrass had five times higher concentration of Cu than that of whole plant. Concentrations of K, Mg
and P were higher in brown juice (48.9,4.14, and 6.02 gkg ! of DM, respectively) compared to the whole
plant (22.6, 1.95,and 3.28 gkg! of DM, respectively), whereas the concentrations in green protein were
similar to the whole plant.

Keywords: biorefining, mineral, pulp, green juice, green protein, brown juice

Introduction

From an environmental point of view, locally grown protein sources as alternatives to soybean meal are
highly desired. In northern Europe, green forages such as grass, lucerne and clover give high yields of
crude protein, but in order to utilize the protein efficiently in monogastric animals, soluble protein has to
be up-concentrated and separated from the fibre fraction. This is done during a biorefining process using,
e.g. a screw-press followed by protein precipitation and centrifugation of green juice to obtain a green
protein concentrate. The process leaves a side-stream of pulp and brown-juice. Other compounds such as
minerals might be recovered in each of the fractions depending on the solubility and binding properties
of the individual mineral to, e.g. protein and fibre. Surplus amounts of minerals (e.g. P) might have
negative environmental effects, whereas naturally occurring Zn in the green protein could be beneficial
for animal health. Knowledge, however, on mineral content in the biorefining fractions is very limited
and is needed in order to optimally utilize the different fractions. The aim of this study was to determine
the concentration of minerals in whole plant, pulp, green juice, green protein, and brown juice after
screw-pressing and protein precipitation of white clover, red clover, lucerne and perennial ryegrass.

Materials and methods

Forage samples, weighing 2-5 kg, of white clover (Z7ifolium repens L., var. Klondike and Silvester; WC),
red clover (T7ifolium pratense L., var. Rajah and ‘Suez’; RC), lucerne (Medicago sativa L., var. Creno;
LU), and perennial ryegrass (Lolium perenne L., var. Trocadero and Calvano 1; PR) were sampled (July,
September, and November) from the experimental farm at Aarhus University, Foulum, Denmark, and
immediately frozen at -20 °C until processing. Sampling and processingare described in detail in Damborg
et al. (2020). The plant material was thawed overnight at 5 °C before being processed at room temperature
in a lab-scale twin-screw press (82 rpm) without prior chopping. Pulp and green juice obtained from
processing were stored at -20 °C until further processing or analysis. Thawed green juice was heated in a
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two-step procedure to precipitate protein. First the green juice was heated to a targeted 60 °C in a water
bath and kept at that temperature for 20-30 seconds, after which it was cooled to 5 °C. The green juice
was centrifuged (1,950xg for 10 min) and the pellet was defined as the green protein. The supernatant
was heated again to 80 °C and kept at that temperature for 20-30 s before it was cooled to 5 °C and
centrifuged (1,950xg for 10 min). The supernatant was defined as the brown juice. The pellet was defined
as white protein, but the sample amount was too small for mineral analysis. The concentrations of K, Ca,
Mg, P, Zn, and Cu were analysed by ICP in the fractions whole plant, pulp, green juice, green protein, and
brown juice. The statistical analyses were conducted in R using a linear model, which included sampling
time (n=3), forage type (n=4), fraction (n=5), and the interaction between forage type and fraction as
fixed effects. Results are given as least square means and largest standard error of mean (SEM) is provided.
Pairwise comparison of means was made using Tukey’s test. Fractions of green protein and brown juice
from November were not available due to limited sample material.

Results and discussion

Sampling time had no effect on mineral concentrations. The mineral composition of the four different
forages (Table 1) reflected expected concentrations (NorFor, 2021). Across forages, K was higher (P<0.01
for both) in green and brown juice (48.5 and 48.9 gkg! DM, respectively) compared to the whole plant
(22.6 g kg’1 DM), whereas no difference was found between green protein and whole plant, reflecting
the high water solubility of this element. The concentration of Ca was more than twice as high (£<0.01)
in LU compared to PR (16.1 vs 6.76 gkg'! DM, respectively). The Ca is both fibre-bound and located in
enzymes, which could explain why the concentration of Ca in individual fractions differed less from the
whole plant compared to that of the other minerals. Mg is more water-soluble than Ca, which explains
the higher (P<0.01 for both) concentrations found in green and brown juice (3.46 and 4.14 gkg! DM)
relative to the whole plant across forages (1.95 gkg'! DM). Moreover, Mg concentration in brown juice,
especially for RC and PR, was 2.5 times higher (P<0.01 for both) than in the whole plant. In contrast,
Mg concentration was 40% lower (P<0.01) in pulp (1.16 gkg! DM) compared to the whole plant across
forages. Across forages, P is mainly present as cither inorganic PO, or in phospholipids. The inorganic
PO 43’ follows the liquid phase, which could explain why the P concentration in green and brown juice
(5.71and 6.02 gkg'! DM, respectively) was almost twice as high (P<0.01 for both) as in the whole plant
(3.28 g kg'1 DM). The P concentration in green protein, which has a reactive high lipid content, was
similar to that of the whole plant, probably because of the phospholipids found in the green protein. Zn
is often associated to proteins as part of many enzymes, and can explain the more than twice as high Zn
concentration (P < 0.01) in the green protein compared to the whole plant (54.5 vs 25.9 mgkg! DM).
Cu is also a part of many enzymes and can explain the three times higher (P<0.01) concentration of Cu
in green protein compared to the whole plant across species (21.0 vs 6.61 mg kg DM, respectively).
The exception was WC, where the Cu concentration in green protein was less different from that of the
whole plant. In green protein of PR, the Cu concentration was five times higher (2<0.01) than that of
the whole plant of PR (Table 1).

Conclusions

The investigation showed that biorefining of grass and legume forages resulted in differentiation in
mineral composition between the different fractions. On DM basis, the concentration of all minerals
analysed (K, Ca, Mg, P, Zn, and Cu) was either significantly or numerically lower in pulp compared to
the whole plant, and for Zn and Cu, the concentration was higher in green protein compared to the
whole plant. Brown juice had a lower concentration of Cu and a higher concentration of K, Mg, and P
compared to the whole plant. Concentration of Ca was more equally distributed between fractions than
the other minerals.
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Table 1. Concentration of minerals in white clover, red clover, lucerne, and perennial ryegrass, and in the five fractions; whole plant, pulp, green
juice, green protein, and brown juice, produced during the juice extraction and heat precipitation.'

Forage Fraction K (a Mg P In Cu
White clover Whole plant 259 116 2.00b 330 218 6.26"
Pulp 1.2 10.2 1.36b 220 174 411b
Green juice 51.6 134 317 5.49 30.7 11.0°
Green protein ~ 21.2 12.0 2282 2.87 36.1 13.12
Brown juice 410 126 3.442 512 246 5.99b
Red clover Whole plant 18.7 123 2244 2.78 30.9 8.43¢
Pulp 832 103 1.244 1.73 25.9 5.93d
Green juice 447 15.6 3.670 462 414 13.00
Green protein 17.2 12.5 2.44¢ 233 65.0 2.0°
Brown juice 57.6 174 5.432 5.62 482 3.38¢
Lucerne Whole plant 173 15.5 1.82d 3.07 243 6.37¢
Pulp 8.77 127 1.06¢ 213 18.7 3.89d
Green juice 408 07 3.782 521 374 129
Green protein ~ 20.8 16.2 2.26b¢ 417 64.6 2.2
Brown juice 31.1 134 3.16% 3.55 216 0.298¢
Perennial ryegrass ~ Whole plant 28.5 5.00 1.754 3.98 26.6 5.39¢
Pulp 17 3.74 0.988¢ 235 16.2 2.73¢
Green juice 56.8 6.96 323 7.52 344 11.00
Green protein ~ 31.2 9.05 2.78b¢ 5.69 522 26.62
Brown juice 65.8 9.06 4562 9.78 533 2.46¢
SEM? 742 1.985 0312 0.925 7.46 1.261
P-value Forage 0.02 <0.01 0.03 <0.01 0.01 0.02
Fraction <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Forage X Fraction 0.57 0.18 0.01 0.14 0.24 <0.01

"The values for K, Ca, Mg, and P are given as g kg™ DM, and the values for Zn and Cu are given as mq kg™ DM. Values within each column and forage with different subscript letters
differ (P<0.05).
2 Largest standard error of mean.
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Abstract

Nitrate losses from agricultural systems continue to be a significant issue in Europe, particularly on
ruminant grazing focused farms. Recently, studies have indicated that, compared to perennial ryegrass
(PRG, Lolium perenne L.), ribwort plantain (PL, Plantago lanceolata L.) can reduce the levels of nitrate
leached from soil horizons in established swards (>18 months), particularly during high rainfall seasons.
A lysimeter study was established in Ireland to investigate whether such effects are seen across differing
soil types within one year of sward establishment. Monoculture swards of PL and PRG were established
in fallow lysimeters in May 2020; 4 replicates of each were sown to both free-draining (FD) and poorly-
draining (PD) soil types. Urine collected from lactating dairy cows was applied to cach lysimeter in
October 2020. Leachate was collected from each lysimeter at two-week intervals until March 2021.
Data analysis was conducted using SAS 9.4. Leachate from the FD soil had a higher nitrate nitrogen
(P<0.001) concentration for both species over the collection period; no difference in leachate nitrate
nitrogen concentration was found between plant species within soil type. These results indicate little
influence of plant species on soil nitrate leaching in the establishment year.

Keywords: nitrate loss, reduction, soil type, Lolium perenne, Plantago lanceolata

Introduction

Nitrate (NO,) losses from agricultural systems are a significant issue in Europe, as they represent a
significant source of groundwater and waterway pollution. This is of particular importance in grazing-
focused grassland systems, where NO, leaching is problematic due to losses of soil nutrients from
the farm system. This includes the Irish dairy sector which, similar to New Zealand (NZ), places a
large emphasis on utilizing fresh pasture in the dairy cow’s diet. While such systems are shown to be
economically and environmentally efficient, they rely upon high nitrogen-(N) input perennial ryegrass
pastures (PRG, Lolium perenne L.) for a majority of the herbage supply. Furthermore, NO, losses from
dairy cow urine patches represent a significant point source of pollution with an N load of 500-1000
kg N ha'! (Cameron ef 4., 2013). Data on actual NO; losses from Irish grassland systems are limited
although it has been shown that soil water from grazing systems can often breach maximum allowable
concentrations of NO, (Ryan ez 4L, 2006); soil type can also influence the level of NO, in soil water
(Creamer and O’Sullivan, 2018). Agriculture has previously been shown to be responsible for 90% of
aquatic N loading in Ireland and, more recently, the intensification of Irish dairy grazing systems may
contribute to greater pollution pressure on Irish waterways (O’Boyle ez al., 2017). Studies from NZ have
shown swards of ribwort plantain (PL, Plantago lanceolata L.) to be an effective strategy in reducing
soil NOj losses with a reduction of up to 50% in leachate water NO, concentrations when compared
with PRG swards under similar conditions (Welten ez 4/., 2019). The objective of the current study is to
investigate the eftectiveness of PL to reduce NOj leaching from two different soil types over the winter
period in Ireland within one year post sowing.
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Materials and methods

A lysimeter study was established at Teagasc Moorepark (52°16'N, 8°26"W) in May 2020. Sixteen
lysimeters (0.07 m? diameter, 0.7 m depth) were sown with either PRG (cv. AberChoice) or PL (cv. Tonic)
monocultures. Of the sixteen total lysimeters cight were of a Cambisol (free draining; FD) soil type and
cight were of a Gleysol (poorly draining; PD) soil type. The species were distributed evenly between soil
types to give four replicates of a 2x2 factorial designed experiment. Chemical fertilizer (44.3 kg N ha'!)
was applied to all lysimeters post sowing to aid establishment in June and July of 2020 with no fertilizer
applied thereafter. Urine was collected from cows grazing PRG and white clover (Zrifolium repens L.)
pasture on 5 October and analysed for N content. In order to mimic a typical dairy cow urination event
0.7 1 of urine was applied to each lysimeter on 12 October, providing a total N loading of 4888 mg N/
lysimeter or 698 kg N ha'l. Background levels of NO; from soil leachate water were determined prior
to urine application and used as a control within the trial. Leachate was collected in 10 1 vessels and
volume was measured fortnightly until March 2021 when NO; concentrations returned to background
levels. Sub-samples of leachate were analysed for N contents within 48 h of collection; total oxidized
nitrogen (TON) and nitrite (NO,) concentrations of leachate were measured spectrophotometrically
and NO; levels were determined by subtracting NO, from TON. Total NO, leached and peak NO,
concentrations of leachate were analysed using a mixed model in SAS 9.4 where plant species, soil type
and associated interactions were included as fixed effects; repetition was a random variable.

Results and discussion

Total rainfall over the trial period was 671 mm, which was over 100 mm more than the 30-year average
(1981-2010) for the site. The volume of leachate drained (38.0 1 average) was similar across all treatments.
Soil type was associated with total NO, loss; when averaged across both plant species total NO, lost in
leachate from the PD and FD soil types was 148.3 and 290.0 mg, respectively; peak NO, concentration
in leachate from PD soil was 36% of that recorded from the FD soil type (Figure 1). Soil type can have
an impact on NO3 leaching and aerobic soils, such as Cambisol, are most susceptible to NO3 leaching
(Creamer and O’Sullivan, 2018). There was no association between plant species and NOj collected in
leachate. Such results disagree with those of Welten ez 4. (2019) who found large differences in NO,
concentrations of leachate collected from lysimeters containing either PL or PRG. However, the current
study involved plants established <1 year prior to urine application whereas previous trials generally used
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Figure 1. Nitrate concentration (mg/l) of leachate from free and poorly drained soil type and perennial ryegrass and plantain monoculture
lysimeters at 14-day intervals post urine application.
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swards >1.5 years old at time of urine application (Welten et 4., 2019, Carlton et 4l., 2019). Greater
rooting depth and increased winter growth are the mechanisms by which PL can utilize more N in soil
and hence reduce N losses; plant N uptake data are not available for the current analysis but lack of root
development within the shorter time period of the current study may have reduced the capacity of PL to
utilize N as it leached through the soil horizons. In agreement with the current work, a mesocosm study
on the effects of PL and PRG on soil and leachate NO, concentrations found no association between
PL and NO, up to day 148 post establishment (Pijlman e 4/, 2020). Such results pose an issue for the
use of PL as a nitrate leaching mitigation strategy in newly established swards, as there are persistency
issues with herbs, such as PL, in mixed-species sward grazing systems (Lee ez 4., 2015). The current study
will continue to analyse the effects of PL and soil type on NOj; leaching through subsequent seasons and
urine application events.

Conclusions

Within the first year post establishment PL was not associated with either total NOj; leached or the
peak NO, concentrations in leachate following a dairy cow urination event during a high rainfall season
in Ireland. This may be an issue if PL were to be deployed to mitigate NO; leaching as the first year
post establishment could represent a significant proportion of the lifetime of the plant within a sward.
Further work is required to determine lifetime persistence of PL under grazing and whether or not there
is a leaching mitigation potential for PL post the establishment year and the factors that influence such
mitigation.
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Abstract

Festulolium hybrid grasses are relatively new components of grassland management practices in Hungary
as well as in the whole of Europe. Due to scarcity of information concerning the nutritive value of these
hybrids, a substantially important parameter in the evaluation of grass species/varieties is lacking. To
address this issue, a study was embarked upon to compare the feeding value of F,-hybrids with that of
Italian ryegrass (Lolium multiflorum) and tall fescue (Festuca arundinacea). For assessing the nutritive
value index of the harvested grass, FT-NIR analyser was used. In light of our findings it can be stated
that the harvesting time and the varieties had a significant impact on the bulk of the analysed parameters
such as: dry matter (DM) yield, DM, crude protein, crude fibre, aNDFom, acid detergent fibre, acid
detergent lignin (ADL), dNDF__ ., content, DM yield and digestibility data (OMd, aNDF __,.c). The
interaction between harvesting time and varieties was found to have a statistically significant effect on
DM, ADL and aNDF__ ... Our findings may contribute to optimize the forage supply of ruminants in
the Central/Eastern-European region.

Keywords: Festulolium, harvesting time, nutrient content

Introduction

Viewed globally, Festulolium hybrids are being grown increasingly to supply ruminants with feed. These
hybrids are formed from crossing Lo/ium and Festuca species. They are characterized by palatability, higher
yields, improved drought tolerance and better digestibility. Festulolium hybrids possess excellent biotic
and abiotic stress tolerance and may therefore represent a good source for improving the performance of
prospective genetic stocks (Ghesquiere ¢z 4., 2010). Due to global climate change there is an increasing
need to base crop production on plants with higher drought tolerance so that superseding silage maize
and other fodder plants, which currently provide the basis for feeding ruminants, can become possible.
According to Ghesquitre (1996), in addition to their high productivity, these grasses have an excellent
forage value and highly acceptable. In ensuring grass-based forage supply, Festulolium species hybrids are
promising. During our experiments, the quality of the high-yield stages with respect to the preparation
of haylage was investigated.

Materials and methods

The site of the experiments was the Institute of Forage Production, HUALS (46°41°03°N; 18°11°00°).
The soil type of the experimental area is limestone chernozem. In the experiment an Italian ryegrass (IR;
Lolium multiflorum), a tall fescue (TF; Festuca arundinacea) and four different Festulolium hybrids (Fh)
were tested, two of which were Lolium type (Fh1 and Fh2) and the other two were Festuca type (Fh3 and
Fh4). The number of replicates was four. Following soil preparation and fertilization (300 kg ha! N:P:K
4:17:30; 150 kg ha'! CAN 27), the seeds were sown in 1.5-45 m blocks on 14 September 2017. The
plantation received CAN 27 fertilizer at a dose 0of 200 kg ha'l during the spring season on 12 March 2018.
The seed dose was adjusted to 40 kg ha'l, and the plants were not watered throughout the experiment.
The accumulated precipitation was 91.4 mm until harvest, which represented a relatively dry spring.
The dry matter yield was assessed to determine the optimal harvesting time. Sampling was performed
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with a 1 m?> dummy frame randomly placed at 4 replicates at each of 3 sampling times. Samplings were
effectuated on 26 April, 4 May and 11 May. Mowing times and phenological phases were as follows:
BBCH 34 (Node 4™ at least 2 cm above node 3'9), 26 April; BBCH 41 (Early boot stage: flagleaf sheath
extending), 04 May; BBCH 49 (First awns visible, in awned forms only, 05 May; BBCH 59 (End of
heading: inflorescence fully emerged). The range of the stubble height was 8 to 10 cm. Subsequently, for
the assessment of the nutritive value index of the harvested grass, a Q-Interline Quant FT-NIR analyser
was used (dataset developed by the BLGG AgroXpertus, Wageningen, the Netherlands). The parameters
examined were: dry matter (DM), crude protein (CP), crude fibre (CF), amylase treated ash corrected
neutral detergent fibre (aNDFom), acid detergent fibre (ADF), acid detergent lignin (ADL), digestible
organic matter (OMd,g), 48 h iz vitro digestibility of aNDFom (aNDFomd q) and determined digestible
aNDFom by 48 h iz vitro incubation (daNDFom,g). The results were evaluated by two-factorial variance
analysis. Variety effects and differences between variants at each sampling time point were determined
by one-way variance analysis.

Results and discussion

Based on the results of the two-factorial analysis of variance, the effect of cultivar/hybrid and mowing
time was significant for all presented nutritive parameters (P<0.001). This finding IS in accordance with
our previous results (Hoffmann ez 4/., 2020) which revealed the effect of hybrid and mowing time being
significant for the green and dry matter yield as well as the estimated silage yield (P<0.001). The combined
effect of cultivar and time (P<0.05) proved significant for the dry matter yield. Significant differences
were observed in DM yield at each mowing time (Table 1). Based on our results, the parameters examined
differed significantly at each cutting time (P<0.05) with the exception of NDF and ADF. Within cach
mowing time point, the Fh2 Lolium-type hybrid had the significantly lowest DM content and that of
the Festuca-type Fh4 was significantly the highest. These findings were observed at all three cutting times.
In terms of CP content, the Fh 3 Lofium-type hybrid had significantly higher CP content at the first
cutting as compared to the other treatments. Only that of tall fescue did not differ significantly. At
subsequent mowing times, the protein content decreased substantially, albeit Fh3 still had the highest
protein content. During the experiment, the CF content varied between 250-320 g kg’l. Fh4 had the
lowest crude fibre content in the first two cuts. The crude fibre content of IR changed little. The content
of IR NDF hardly changed as a function of cutting time. The increase was greater between the first and
second mowing times, while the difference between the 2nd and 3™ cuts was minimal. There was no
significant difference in NDF and ADF content between the different (harvest time). In the second and
third cutting, the difference between Fh4 and tall fescue was significant. Regarding ADL, similarly to TF,
Fh3 had the highest value in all three cuts, whereas IR and Lo/ium-type Fh1 had the lowest ADL values.
Festulolium hybrids showed the best OMd values, while TF possessed the weakest one. The aNDp_ .o,
and daNDy,_ .o were best for Festulolium and TF; IR was the weakest performing in this respect.

Conclusions

Based on our previous results (Hoffmann ez 4/, 2020), in addition to IR, the cultivation of Fh2 and
Fh3 Lolium-type hybrids seems the most promising due to their higher dry matter yield. TF cultivated
separately, but also combined with other species, is recommended for grass mixtures. The first cutting
time may be a good choice, especially based on the ADL values obtained, while the second and third
cutting times appear to be more suitable for IR Fh1 and Fh2 mixtures. It can be established that the
highest feeding value should be taken into account to determine the appropriate cutting time (Hoffmann
et al., 2020). Thus, the first mowing appears to be ideal from nutritional point of view, whereas if the
highest yield is to be attained, the third cutting seems expedient. Therefore, in view of satiating the
high nutritive value requirement of forage given to high-yielding milking dairy cows, the first cutting
is suggested while the second mowing is proposed for cows with lower milk production, beef or sheep,
leading to apparently a good compromise.
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Table 1. Dry matter yield, dry matter content and nutritive parameters of different grass varieties at different harvest dates.’

DM yield
Samplingdates Hp kgha' DMgkg' C(Pgkg? (CFgkg'! NDFgkg' ADFgkg' ADLgkg' OMd48% NDFd48% dNDF48gkg™

[talianryegrasslR 1 6.37a 161.9a 135.3a 264.7a 536.0a 285.0a 20.3a 79.2a 71.8a 385.0a
FestuloliumFh1 1 5.55b 145.4a 161.3ab  261.7a  5393a  286.0a 18.7a 81.8b 77.9hc 419.7bc
FestuloliumFh2 1 539 1253b  181.7bc  268.7a 555.3a 291.3a 19.0a 82.7b 78.2b 434.0b
FestuloliumFh3 1 4.44c 151.5a 223.0c 269.0a 564.3a 288.3a 253b 77.9a 75.6¢ 426.7b
FestuloliumFh4 1 2.38d 200.8¢ 128.0ad  256.5a 527.5a 283.5a 20.5ab 78.9a 74.0ac 390.5ac
Tall fescue -~ 1 5.30b 165.9a 190.7bc  268.0a 560.3a 302.0a 230ab  78.4a 76.2bc  427.3b

Standard error 0.2402 9.8877 19.612 9.2414 14.161 10.662 2.3671 1.0801 1.1467 12.528

Italian ryegrassIR 2 7.80a 193.1a 103.0a 2883ab  562.3ab  313.0ab  25.3a 73.6ab 60.4a 339.7a
Festulolium Fh1 2 7.31a 169.6b  127.7ab  289.3ab  5783ab  317.7ab  27.0ab  748ab  65.1b 376.3bd
FestuloliumFh2 2 6.98ab  150.3¢ 1480bc  283.0a  5757ab  310.7ab  243a 76.8a 68.2b 392.7bc
FestuloliumFh3 2 6.17b 185.2a 161.3¢ 2947ab  5943a  3147ab  317bc  73.1b 68.0b 404.3c
Festulolium Fh4 2 3.35¢ 2122d  16.0a  2773a  543.0b  298.0a  25.0a 751ab  67.0b 363.0d
Tall fescue TF- 2 5.56¢ 170.2b  170.0¢ 307.7b 5893a  3353b  283c 71.8b 65.3b 383.3b

Standard error 0.3813 6.4164 119567  11.1687  18.6805  15.5646  2.3333 1.6218 1.9857 8.1012

ltalianryegrassIR 3 6.68a 232.9a 85.0a 282.7a 554.7a 303.7a 28.7a 72.6ab 57.6a 319.7a
Festulolium Fh1 3 6.67a 188.0b  115.0b  301.7bc ~ 5853bc  3283bc  28.3a 71.7ac 59.7ac 349.3b
Festulolium Fh2 3 5.60b 168.8b  145.0c  291.3ab  587.0bed 314.7ab  29.3a 73.9b 63.0bd  370.0b
Festulolium Fh3 3 4.29¢ 24332 1503c  302.0bc  6063bd  331.0bc  36.0b 70.4¢ 61.1bc  370.0b
Festulolium Fh4 3 2.98d 228.5a 113.7ab  293.0ab  570.0ac  319.3ab  27.3a 73.8b 64.1d 365.7b
Tallfescue F- 3 5.13bc  222.2a 106.7ab  318.0c  609.3d  349.0c  34.0a 70.5b 59.7ac 364.0b
Standard error 0.4681 113563 132665 81377 107772  9.6282  1.8459  0.8041 13192 102523

" Hp = Harvesting period; Hp 11s 26 April; 2is 4 May; 3 is 11 May. Standard errors refer to the columns. Vialues within each column with different subscript letters differ (P<0.05).
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Abstract

Changes in grass quality during day and night can be relevant for both research and practice. In research
a representative sample of the provided grass is essential for reliable results, and for practice it can affect
management decisions. In a zero-grazing system, grass is brought to the barn two to three times a day
and afterwards fed in small portions which might lead to a decay of grass quality. In a pasture, fresh grass
quality can change during the day and night under the influence of sunlight and selection by the cows.
In a grazing trial on the Dairy Campus, it was examined how grass quality was affected over time. In
the zero-grazing system, a sample was taken on 7 occasions during a 24-h period to assess the quality. In
the 24-h grazing system, fresh grass samples were taken from the same plot around 8 am and 6 pm. The
samples were analysed on feed quality. It appeared that mowing fresh grass twice a day and providing it
in small portions over the day did not result in a significant change in feed quality. During grazing, it was
found that in the evening the sugar content was higher and the crude protein content lower. There was
no significant difference in the other components. These results show that time of sampling fresh grass
in pasture needs to be taken into account in grazing research.

Keywords: grass quality, nutrient value, fresh grass, daytime, grazing, zero grazing

Introduction

In an ongoing multi-annual trial at research innovation centre Dairy Campus (Lecuwarden, the
Netherlands), chemical composition of fresh grass over time was examined. Part of the experiment was
a comparison of two treatment groups: a 24-h grazing system and feeding 100% fresh grass in the stable
(zero grazing). The trial was carried out in three periods of two weeks (May, July and September). The
chemical composition of grass may change during the day (and night) as a result of grazing and the day-
night thythm (Abrahamse e 4l., 2009). Additionally, ina zero-grazing system grass quality might change
as a result of storing it on the feeding alley (Melvin and Simpson, 1963). The effects of day and night
grazing (selection) and zero-grazing on chemical composition were examined in this study.

Materials and method

The fresh grass samples were taken for the objects 100% grazing (W) and 100% fresh grass in the barn
(zero-grazing, Z) on 14 consecutive days and during three periods (May, July and September) in 2020 and
2021. In the object W, the cows grazed daily on a strip of fresh grass. Fresh grass samples were taken at 8
am and 6 pm from the field grazed at that day. For Z in the same period, fresh grass was mowed twice daily
(around 8 am and 4 pm) and unloaded into the feeding alley. From this grass stock, the roughage intake
control (RIC) bins were filled 8 times a day and fresh grass samples were taken every refill. All samples
were examined with the NIRS method for crude protein (CP), crude fibre (CF), crude ash, total sugar,
digestibility coefhicient organic matter (DC-OM) and neutral detergent fibre (NDF). The data from
object W were statistically analysed using ANOVA, with moment (morning or evening) and period as
explanatory variables, and day within a period as block effect. The data from object Z were analysed with
REML to estimate the period effect, with date as random factor and moment of mowing as explanatory
(fixed) factor. A distinction was made between the grass that was mowed in the morning and the grass
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that was mowed in the afternoon, because there may be a difference in the starting situation. A regression
analysis was used to estimate the trend over the morning and afternoon period separate.

Results

Table 1 shows that there was a significant effect of period when comparing the fresh grass samples
from 100% grazing (2<0.001), but not in the same way for all components. The digestibility and sugar
content were highest in spring, while NDF, CP and CF were the lowest. There was a significant difference
(P<0.001) between morning and afternoon samples for CP, sugar and NDF. In all periods NDF and CP
were the highest in the morning, while sugar was highest in the afternoon. Only sugar (2<0.001) and CP
(P=0.005) showed a significant interaction effect between period and moment; in July the differences
between morning and evening were the smallest (Table 1). For the Z-object, there was a significant period
effect (P<0.001) for all parameters examined. The nutritional value is dependent on time during the
grazing season. The regression analysis only showed a significant trend over time for sugar content, which
increased around the second mowing time (2=0.05). Figure 1 shows the development in sugar content
for the 8 feeding moments (time 4 or 5 afternoon mowing) and the three periods for the Z-object.

Discussion

For fresh grass in the pasture, the contents of sugar, CP and NDF appeared to differ between the
morning and the evening, which is in line with Smit and Elgersma (2004). This is probably caused by
two components that cannot be separated in this analysis: change in composition under the influence
of day-night rhythm and change due to selective grazing (not all of the allowed grass was taken up at the
end of the day). During the day, sunlight initiates photosynthesis, resulting in an increase in the sugar

Table 1. Differences in nutrient value of fresh grass between morning and evening samples.'

Period May July September Overall LSD
Moment am pm am pm am pm am pm
VC_OM 86.1 85.6 81.1 76.9 813 81.2 82.8ns 81.2ns 3.61
P 197 147 201 168 232 185 2100 1679 1476
(F 195 193 235 232 225 ) 219ns 215ns 9.86
Sugar 161 229 99 139 73 132 me™  1e70™ 17
NDF 508 466 572 538 571 528 55007 51197 1369
T Overall values with different subscript letters differ between pm and am. ns = not significant, *** P<0.001.
210.0
1900 |4 oo _Ve’er
170.0
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Figure 1. Effect of storage time on the feeding alley (M 1-8, P<0.001, LSD=3.99) on sugar content of fresh grass mown in two batches over
three periods (May/June, July and September, P<0.001, LSD=14.3). Closed dots mown at 8 a.m. open dots mown at 4 pm.

174 Grassland Science in Europe, Vol. 27 — Grassland at the heart of circular and sustainable food systems



content in the grass and a lower CP content. However, this is not expected to affect animal performance
(Gibbs ez al., 1998). No clear significant trend in change of feed value was observed during the storage
of grass in the feeding alley after it was mowed in the morning or in the afternoon, except for a slight
decrease in sugar content. Similar results were found in other drying experiments (Melvin and Simpson,
1963). With two moments of mowing a day and approximately 10 h of storage time there was no decline
in nutritional value.

Conclusions

A different feed quality can be obtained depending on the (starting) time of grazing (morning or
evening) and on the moment of sampling. This can be relevant for grazing experiments, for example to
explain the effect of grass quality on methane excretion, although the effect on animal performance is
not expected to be significant. Nevertheless, the moment of sampling needs to be taken into account in
order to collect representative grass samples. Results of this study indicate that the temporary storage of
grass after mowing has no negative consequences for the nutritional value if the storage time does not
exceed approximately 10 h.
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Abstract

An important motivation for farmers to renew grassland swards (by ploughing and reseeding) is to
introduce the most recent grass cultivars that give high yields and high forage quality. However, grassland
renewal may affect soil quality negatively due to ploughing. The aims of this study were (1) to compare
grass productivity and soil chemical quality of young and old grasslands, and (2) to investigate the relation
between soil chemical quality and grass productivity. On clay soil in the north of the Netherlands we
measured grass productivity and soil parameters of ‘young’ (5-15 years without grassland renewal) and
‘old’ (>15 years without grassland renewal) grasslands, located as pairs at ten different dairy farms. We
sclected grasslands with at least 70% desirable grasses (i.c. Lolium perenne and Phleum pratense). We
found a lower herbage nitrogen (N) yield in young grassland and no significant difference compared with
old grassland in terms of herbage dry matter yield and fertilizer N response. The soil of young grassland
contained less soil organic matter (SOM), carbon (C-total) and nitrogen (N-total) compared to the old
grassland soil. Grass productivity was positively correlated with SOM, N-total and C-total. The current
management practice of renewing grassland after 10 years without considering the botanical composition
is counter-productive.

Keywords: grass productivity, nitrogen, permanent grassland, soil organic matter

Introduction

On clay soils in the Netherlands, permanent grasslands are renewed (i.c. destroyed by herbicides, ploughed
and reseeded) on average once every 10 years (Russchen, 2005). An important motivation for grassland
renewal is to introduce the most recently developed perennial ryegrass varicties (Lolium perenne) to
increase feed production and quality. Plant breeding programmes have accomplished a yield increase
of 3% per decade plus enhanced digestibility, and many studies have shown that, with this increase,
reseeding is economically attractive for farmers (Chaves et al., 2009; Sampoux et 4/., 2011). However,
these studies are based on comparison of older grass varieties with new varieties sown at the same time on
the same field. Possible effects of loss of soil quality due to ploughing have not been taken into account.
The main objective of this study was to compare grass productivity and soil chemical quality of young
(5-15 years) with old (>15 years) permanent grassland on clay soil.

Materials and methods

The study was conducted in 2014 at ten conventional dairy farms on marine clay soil in the north of the
Netherlands. At each farm a young and an old grassland were selected based on the following criteria:
seeded with the most recently developed commercially available perennial ryegrass varieties at time of
renewal, no clover seeded, with no visual soil compaction, and at the time of sampling containing at least
70% desirable grasses (i.c. Lolium perenne and Phleum pratense). On each grassland, an experimental
plot of 15%9 m was laid out with three 10x3 m sub-plots fertilized with 0, 150 or 300 kg N ha'! yr'l.
The remaining 5x9 m sub-plot was not fertilized and was used to measure SOM, N-total and C-total
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in April 2014. Grass was harvested four times in 2014, weighed and sampled for dry matter (DM) and
total N analysis. See Iepema ez /. (2020) for details on the experimental lay-out, measurements and
statistical analyses.

Results and discussion

The N yield without N fertilization (NYy,) was significantly lower in the young grasslands compared to
the old grasslands. The other grassland productivity parameters, i.e. grassland dry matter yield without
nitrogen fertilization (DMY ), grassland dry matter yield response to nitrogen fertilization (DMY-res)
and grassland nitrogen response to nitrogen fertilization (NY-res) were not different between the young

and old grasslands (Table 1).

The average age difference between young and old grasslands was 16 years. Assumingan increase of 0.3%
per year in productivity by genetic improvement, the average increase in productivity in these 16 years
should theoretically be 4.8%. However, we found a (non-significant) decrease in DMY, of 9% of the
young compared to the old grasslands. This is the productivity without N fertilization. According to
Dutch legislation, farmers on a clay soil were allowed to fertilize their grasslands with 345 kg available N
ha! year! in 2014. At the N application rate of 345 kgN ha'l year!, we also did not find a difference in
the DMY (based on the DMY,, and DMY-res per field) of young (on average 16.2 Mg DM ha!) and
old grasslands (on average 16.3 Mg DM ha'!). This finding is in line with the study of Hopkins (1990)
who found higher productivity of Lolium perenne reseeds only at fertilizer-N rates of 450 and 900 kg N
ha'l year’l. Apparently, the genetic potential of the most recently developed varieties sown in the young
grasslands in our study was offset by the loss of soil quality.

The topsoil (0-10 cm) of the young grassland contained significantly lower soil organic matter, C-total
and N-total than the topsoil of old grassland (Table 1), indicating C and N losses in topsoil due to
ploughing. SOM and related soil parameters were strongly correlated with grass productivity parameters

(Table 2).

Conclusions

Our study confirms that when grassland contains at least 70% desirable grasses, grass productivity does
not increase after renewal on the long-term, most likely because of loss of SOM as a result of ploughing. In
the past, dairy farmers could compensate for this loss of soil quality through extra fertilization. However,
due to current legislative prescriptions, fertilization is limited and this makes such compensation less
feasible. Therefore, a strict recommendation to renew all grasslands after 10 years to improve productivity

Table 1. Grass productivity and soil parameters in the 0-10 cm depth of the young (n=10) and old (n=10) grasslands on marine clay soil."

Parameter Unit Young grassland 0ld grassland

mean SD mean SD P-value
Grass age years without cultivation 9 4 25 4 <0.001
DMY, Mg DM ha™! year”! 9.2 2 10.2 1 0.154
DMY-res kg DM kg N1 20 6 18 4 0.250
Yy, kg N ha'year’! 172 50 198 21 0.034
NY-res kgNkgN' 0.68 0.06 0.64 0.09 0.198
Soil organic matter g.100 g dry soil! 10.7 33 133 2.2 0.031
(-total g Ckg dry soil”! 452 18 61.0 12 0.002
N-total g N kg dry soil”! 482 1.7 6.28 1.2 <0.001

T Means, standard deviations and P-values are based on a paired T-test. DMY: grassland dry matter yield without nitrogen fertilization, DMY-res = grassland dry matter yield response
to nitrogen fertilization; NY,, = nitrogen yield without nitrogen fertilization; NY-res = grassland nitrogen response to nitrogen fertilisation; SD = standard deviation.
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Table 2. Pearson correlations between grass productivity parameters and topsoil parameters (measured in 0-10 cm soil layer).

Grass productivity parameter SOM N-total NSCt C-total
DMYy, 0.65** 0.70%* 0.71%* 0.67**
DMY-res -0.78 *** -0.79%** -0.81%** -0.77%**
NYyo 0.75 *** 0.80%** 0.87%** 0.77%**
NY-res -0.29 -0.28 -0.27 -0.30

TNSC* = nitrogen supply capacity calculated from N-total, corrected for grassland age according to the formulas of the Dutch grassland fertilization guideline. ** 0.001<P<0.01;
***P<0.001.

can be considered obsolete. When the introduction of high yielding grassland varieties is necessary, the
focus should be on oversowing (i.c. non-destructively adding grass seeds to the existing sward) rather than
renewing the grassland. Moreover, farm management should focus on minimizing the need for renewal
by good grassland management, e.g. maintaining desirable grasses by grazing, adequate fertilization,
irrigation and preventing soil compaction (De Boer ¢z al., 2018).
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Abstract

Permanent grassland soils can act as a sink for carbon and may therefore positively contribute to climate
change mitigation and adaptation. We compared young (5-15 years since latest grassland renewal) with
old (>15 years since latest grassland renewal) permanent grassland soils in terms of carbon stock, carbon
sequestration, drought tolerance and flood resistance. In old grassland soils we found a higher carbon
stock (62 Mg C ha'!) than in young grassland soils (51 Mg C ha'1). The carbon sequestration rate tended
to be higher (not statistically significant) in young (average 3.0 Mg C ha'! year!) than old (1.6 Mg C
ha'! year!) grassland soils. Regarding potential drought tolerance, we found larger soil moisture and
lower soil bulk density in old than in young grassland soils. Old grassland soils were also more resistant to
heavy rainfall. We conclude that by extending grassland age on clay soil, farmers can contribute to climate
change mitigation and adaptation ecosystem services.

Keywords: carbon sequestration, ecosystem services, permanent grassland, soil carbon stock, water
infiltration

Introduction

On clay soils in the Netherlands, permanent grasslands are renewed (i.e. destroyed by herbicides,
ploughed and resceded) on average once every 10 years (Russchen, 2005). Ploughing of grassland for
renewal significantly reduces soil carbon stocks (Linsler ez al., 2013; Necpalovd ez al., 2014). In addition
to climate change mitigation by preventing loss of carbon due to ploughing, permanent grassland can
potentially play a role in climate change adaptation by increased drought tolerance and flood resistance.
We tested the effect of permanent grassland age (young versus old grassland) on carbon stock and carbon
sequestration rate in the topsoil (0-10 cm soil layer) as this can contribute to climate change mitigation.
Additionally, we investigated the effect of permanent grassland age on soil parameters that can influence
the resistance to periods of drought and the resistance to excess rainfall. Resistance to excess rainfall and
periods of drought are both aspects of climate change adaptation.

Materials and methods

The study was conducted in 2014, at 10 dairy farms on marine clay soil in the north of the Netherlands.
At cach farm, ayoung (5-15 years since grassland renewal) and an old (> 15 years since grassland renewal)
grassland were selected. On each grassland, a non-fertilized plot of 5x9 m was used to determine soil
quality parameters in April 2014 and in December 2018 (only C-total). See Iepema ez al. (2021) for
details on the experimental lay-out, the measurements and the statistical analyses.

Results and discussion

By combining the observations from 2014 and 2018, we found a significant positive curvilinear
relationship between age of the sward and carbon stock in the 0-10 cm soil layer. In the first years after
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grassland renewal, carbon stock increased relatively fast and after approximately ten years the line curved
to a flatter response (Figure 1).

Potential drought resistance as indicated by soil moisture content, soil bulk density and soil structure, was
significantly higher for old than for young grassland topsoils (Table 1). Rooting, the fourth parameter
indicating potential drought resistance, was not significantly different between young and old grassland.
However, we measured in old grassland a greater percentage of root tips from the total number of root tips
at 10 cm (64%) in comparison with young grassland (57%). It might be that in old grassland, moisture
and nutrients are more concentrated in the 0-10 cm soil layer, causing a larger proportion of root tips at
10 cm, which also contributes to a better soil structure in this soil layer. The old grassland soils showed
the potential for greater resistance to heavy rainfall in comparison with the young grassland soils, as
indicated by the larger water infiltration rate and a higher number of macropores (statistically significant
only at 20 cm soil depth; Table 1). Macropores at this soil layer increase infiltration capacity under the
subsoil (Jarvis et al., 2017).

80
I

60
I

40

Soil carbon stock 0-10 cm (Mg C ha-1)

Age of the sward (years since renewal)
Figure 1. Carbon stock in the 0-10 cm soil layer (measured in 2014 and 2018) as a function of grassland age (years since renewal) with 95%
confidence interval (dotted lines). The black line shows the model y = 30.7 * x%7; R2 = 0.67.

Table 1. Characteristics of the topsoil (0-10 cm depth) related to climate change mitigation and adaptation of the young (n=10) and old (n=10)
grasslands on marine clay soil."

Parameter Unit Young grassland 0ld grassland P-value
mean SD mean SD

Grass age Yrs without cult. 9 4 25 4 <0.001
Soil carbon stock Mg Cha™! 51 16 62 9 0.013
Carbon sequestration rate? Mg Chayear! 3.0 2 1.6 1 0.145
Parameters indicating potential drought resistance

Soil moisture content volume % 28.6 3.2 317 28 0.007
Soil bulk density g’ 1.16 0.1 1.03 0.1 <0.001
Crumbs % of total weight  67.3 20 80.3 15 0.011
Angular blocky elements % of total weight  12.2 14 46 8 0.052
Root tip density at 10 cm Number dm™ 109 16 118 40 0.524
Root tip density at 20 cm Number dm™ 81 17 65 23 0.185
Proportion of root tips at 10 cm (from the total number of root tips) % 57 7 64 4 0.002
Parameters indicating potential excess rainfall resistance

Water infiltration rate mm min™! 37 6 1.1 13 0.033
Macropores at 10 cm number dm2 3.5 2 53 3 0.175
Macropores at 20 cm number dm2 15 1 34 2 0.013

" Means, standard deviations, P-values based on a paired T-test. SD = standard deviation; Yrs without cult. = years without cultivation.
2 Carbon sequestration rate was only measured on 6 young and 6 old grasslands.
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Conclusions

The carbon sequestration rate of young grassland topsoil was larger than that of old grasslands, yet carbon
is also still sequestered in the topsoil of grassland older than 30 years. Extending grassland age on clay
soils can positively contribute to climate change mitigation and adaptation, but by how much warrants
further study.

Acknowledgements

The data collection for this research was part of the projects ‘Graslandbeheer en biodiversiteit - Goud
van oud grasland op de Noordelijke zeeklei’ funded by the provinces Fryslan and Groningen, and LTO
Noord funds, and the project ‘Slim Landgebruik’ performed by Wageningen University and Research,
University of Applied Sciences Van Hall Larenstein and Louis Bolk Institute, and funded by the Ministry
of Agriculture, Nature and Food safety.

References

Iepema G., Deru].G.C., Bloem J., Hoekstra N., de Goede R., Brussaard L. and van Eckeren N. (2020) Productivity and topsoil quality
of young and old permanent grassland: an on-farm comparison. Sustainabiliry 12, 2600.

Iepema G., Hocekstra N.J., de Goede R., Bloem J., Brussaard L. and van Eckeren N. (2021) Extending grassland age for climate change
mitigation and adaptation on clay soils. Enropean Journal of Soil Science 73, e13134.

Jarvis N., Forkman J., Koestel J., Kitterer T., Larsbo M. and Taylor A. (2017) Long-term effects of grass-clover leys on the structure
of asilt loam soil in a cold climate. Agriculture, Ecosystems & Environment 247, 319-328.

Linsler D., Geisseler D., Loges R., Taube F. and Ludwig B. (2013) Temporal dynamics of soil organic matter composition and
aggregate distribution in permanent grassland after a single tillage event in a temperate climate. Soi/ and Tillage Research 126,
90-99.

Necpalovd M., Li D, Lanigan G., Casey LA., Burchill W. and Humphreys J. (2014) Changes in soil organic carbon in a clay loam
soil following ploughing and reseeding of permanent grassland under temperate moist climatic conditions. Grass and Forage
Science 69, 611-624.

Russchen H.J. (2005) Pasture Renovation: reseeding and crop rotation in practice (in Dutch). Plant Research International, Wageningen
UR, Wageningen, the Netherlands.

Grassland Science in Europe, Vol. 27 — Grassland at the heart of circular and sustainable food systems 181



Possibilities for estimating the yield and quality of forage
harvested from meadows of high natural value with non-
destructive methods

Janicka M.! and Pawluskiewicz B.?

IDepartment of Agronomy, Institute of Agriculture, Warsaw University of Life Sciences — SGGW,
Nowoursynowska 159, 02-776 Warsaw, Poland; *Department of Environmental Improvement, Institute
of Environmental Engineering, Warsaw University of Life Sciences — SGGW, Nowoursynowska 159, 02-
776 Warsaw, Poland

Abstract

Non-destructive methods and tools, such as the Rising Plate Meter (RPM), are increasingly being used
to measure the quantity and quality of grassland swards on European farms. The aim of our study was
to assess herbage yield and its quality in periodically excessively wet meadows, on a low, multi-species
sward with patches of protected plants, using non-destructive methods. The study was carried out in
2019-2021, in eleven extensive meadows located in the valley of Rzadza river (central Poland). Two
methods of yield evaluation were compared: (1) sward height and sward density measurement, and
yield calculation according to Kostuch, and (2) the RPM. Sward botanical composition was identified
by the Braun-Blanquet method and its quality using the fodder value score according to Filipek. We
discuss the problems with precise measurements of sward height due to sward heterogeneity. Although
non-destructive methods and tools can be used to assess the quantity and quality of yields in extensive
meadows of high nature value, use of the RPM needs further calibration.

Keywords: multi-species sward, permanent meadow, sward height, yield, feeding value score

Introduction

Non-destructive methods and tools for measuring the quantity and quality of pastures have recently
become more and more used on European farms, particularly those with intensive grazing systems
(McMurphy et 4l.,2021). In Poland, farmers estimate the yields of permanent grassland most often based
on the number of bales of hay or haylage harvested. One simple method for measurement of herbage yield
uses the Rising Plate Meter (RPM), sometimes known as the Grasshopper system (Hart ez 4/, 2019). It
is usually used in pastures to assess feed available for grazing. In Poland, the area of permanent pastures
is small, accounting for only 2.6% of total agricultural land, while permanent meadows comprise 19.1%.
Wet meadows with patches of protected species are especially valuable. Many of them are now highly
endangered, and the most important threat is abandonment of management. The aim of this study was
to evaluate the natural and productive value of these meadows and to assess the possibility of using some
non-destructive methods (including RPM) to estimate the quantity and quality of the yield from such
valuable meadows.

Materials and methods

The study was carried out in 2019-2021, in eleven extensive meadows located in the valley of the upper
section (over a length of 12 km) of the Rzadza river (Jakubéw commune, central Poland). The meadows
are periodically wet, as a result of groundwater rising to the surface, especially in spring and after periods
of heavy rainfall. The loamy sand soils are mainly acidic (pH; = 4.01-5.59), with a very low P (8.04-
21.79 mgkg'!) and K (24.04-62.72 mg kg!) content. The meadows have not been fertilized for several
years. They differed in the frequency of mowing: five meadows were cut once a year, three were cut twice
a year, one was cut every two years and two were fallow for 4 years. Vegetation was identified, based on
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an analysis of phytosociological relevés (Braun-Blanquet method) made in the first half of June each year.
Each reading represented an area of 100 m% Natural values of the meadows were determined with the
total number of species and their abundance. Shannon’s diversity index values (H’) were calculated. The
production value of the meadows was assessed on the basis of the first-cut yield and its fodder value. Two
methods of yield evaluation were compared: (1) the height of main sward mass and the degree of soil
coverage with plants (sward density) were determined with a ruler (1 cm = 1%) in more than 12 places.
Then the DM yields (Y) were calculated using the Kostuch (1982) formula: Y = (r - s) x 0.6 x (z/100)
x 0.2, where Y — DM yield [t ha'l], r - height of the main sward mass, s — cutting height, 0.6 — yield of
1 cm sward (green hay) per 1 ha [t] at 100% sward density, z — sward density [%], 0.2 — conversion of
green hay to DM (5 kg of green hay = 1 kg of DM), (2) using the rising plate meter (RPM) (in 2020-
2021), which measures the height of compressed sward and calculates the available DM ha'l using the
conversion equation. This method takes into account the grass density as well as height. The quality of
yield was determined using the fodder value score (FVS) according to Filipek (1973). The correlation
coeflicients were calculated to determine the strength of relationship between the results of sward height
and yielding obtained with the two methods.

Results and discussion

In the studied meadows, 111 vascular plant species were found, including three protected species: Iris
sibirica L. (VU) (in one patch), Dactylorhiza majalis (Rchb.) P.E. Hunt et Summerh. (NT), and D.
incarnata (L.) So6 (NT). Among the total number of species there were 21 grass species, 11 species from
Fabaceae, 60 non-legume forbs and 19 species from Cyperaceae, Juncaceae and Equisetaceae. A greater
number of species was found in 1-cut meadows as compared to 2-cut meadows or to meadows which were
fallow for 4 years (Table 1). Grasses and non-leguminous forbs made up most of the vegetation cover.
Species characterized by the highest (V) class of phytosociological constancy and cover coefficient (up
t0 25-50%) were: Holcus lanatus L., Ranunculus acris L., Lychnis flos-cuculi L., Anthoxanthum odoratum
L. Poa pratensis L., Festuca rubra L., Rumex acetosa L., Ranunculus repens L., Plantago lanceolata L.,
Festuca pratensis Huds. and Deschampsia caespitosa (L.) P. Beauv. The presence of A. odoratum L. and

Table 1. Differentiation of the share of plant groups, natural and production values depending on the frequency of mowing.

Group of plants [%] Frequency of mowing
Twice a year Once a year Every 2 years Fallow for 4 years
Grasses 445 40.1 49.6 454
Legumes 53 6.8 9.8 24
Sedges, rushes and horsetails 127 124 8.1 25
Non-legume forbs 375 40.7 325 49.7
Natural value
Number of species
Mean in patch 33 36 37 34
Range in patch 28-40 25-47 33-40 26-36
H'index 1.84-3.15 2.50-3.33 2.24-2.93 2.19-3.08
Production value
Sward height [cm] (ruler) 18.6-49.4 27.0-48.6 38.6-71.6 36.0-62.2
Sward density (%) 65-90 45-80 45-55 45
Yield [kg DM ha™'] (Kostuch) ~ 1,224.0-3,196.8 1,890.0-4,081.0 2,217.6-3,596.4 1,674.0-3,091.5
Sward height [cm] (RPM) 73-11.2 10.1-15.0 14.2-19.8 10.0-11.8
Yield [kg DM ha™'] (RPM) 2,456.8-3,440.0 3,164.5-4,380.4 4,196.5-5,582.4 3,126.6-3,586.3
FVS 3.22-5.14 2.02-5.18 5.12-6.3 4.69-5.50
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Luzula campestris (L.) DC. indicates a significant deterioration of the habitat, which was confirmed by
soil tests. The study showed that the vast majority of plants belonged to the Molinio-Arrhenatheretea
class, characteristic for semi-natural meadow communities, and to the Scheuchzerio-Caricetea nigrae
class, whose species were located in the lower terrain. The high values of the Shannon-Wiener diversity
index (2.5 - 3.33) indicate high biodiversity. Most of the meadows are characterized by low yields of
moderately quality (FVS 3-6), and a good value was obtained in one case only. The highest yields with
the best value were distinguished by the meadows with the highest share of grasses, located in the most
favourable water and soil conditions. It was found that both the sward heights and yields obtained using
both methods (RPM and the Kostuch) were positively correlated (r = 0.669 and r = 0.619 respectively).
When analysing the sward height, it was noticed that the RPM showed lower values than those measured
with a ruler, while the inverse relationship was found in relation to the yields. The RPM overestimated
the results, especially when the sward was high and the share of weeds with thick stems was greater (e.g.
Cirsium palustre (L.) Scop., Centaurea jacea L.). There was also a problem with uneven swards, empty
spaces and dense tufts of grasses, sedges or rushes. This is in line with the conclusions of Werner ez al.
(2021) who concluded that the application potential of the RPM might be limited and needs further
adaptation for use with heterogenous short-grass swards.

Conclusions

Wet meadows with patches of protected species located in the Rzadza River valley are characterized by
high floristic diversity and low yields of moderate quality. Both the sward height and yield values obtained
using both methods (RPM and Kostuch) were positively correlated. The RPM overestimated yields when
the sward was high and included species with thick stems. There was also a problem with uneven swards,
empty spaces and dense tufts of grasses, sedges or rushes. The use of RPM in such meadows needs further
calibration.

Acknowledgements

This work (the RPM) was funded by the European Union Horizon 2020 Research and Innovation
programme (Grant Agreement 774124. ‘Developing SUstainable PERmanent Grassland systems and
policies. SUPER-G).

References

Filipek J. (1973) Project of classification of meadow and pasture plants on the basis of numbers of utility value [in Polish]. Postgpy
Nauk Rolniczych 4, 59-68.

Hart L., Oudshoorn F, Latsch R. and Umstatter C. (2019) How accurate is the Grasshopper® system in measuring dry matter
quantity of Swiss and Danish grassland? In: gth European Conference on Precision Livestock Farming, Cork, Ireland, 26-29
August 2019, pp. 188-193.

Kostuch R. (1982) Estimating and measuring valuation of yields from meadows and pastures [in Polish]. Wiadomosci Melioracyjne
i Egkarskie 6,126-128.

Murphy D.J., Murphy M.D., O’Brien B. and O’Donovan M. (2021) A review of precision technologies for optimising pasture
measurement on Irish grassland. Agriculture 11, 600.

Werner J., Stumpe C., Hohn D., Bateki C. and Dickhafer U. (2021) Case study on monitoring sward height and available biomass

with a rising plate meter on pastures of dairy farms in Southwest Germany. Grassland Science in Europe 26, 98-100.

184 Grassland Science in Europe, Vol. 27 — Grassland at the heart of circular and sustainable food systems



Stress caused by extreme weather conditions reflects on the
nutritive value of grass
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Abstract

With climate change, extreme weather conditions are becoming more common causing challenges to grass
quality. The aim of our study was to measure effect of air temperature and soil moisture on nutritive value of
timothy and meadow fescue. In a greenhouse experiment, plants were exposed to three temperatures (cold,
optimum, hot) and for three soil moisture levels (dry, optimum, wet) for aftermath growth for 2 weeks
before cutting. Dry matter (DM) yield, nutritive value and mineral content of the grass were analysed.
Increases in temperature and soil moisture increased the amount of DM yield and decreased digestibility
in both species. In general, soil moisture had a larger effect on measured parameters than air temperature.
The largest effect of soil moisture was seen in reducing sugars and phosphorus (P). When soil moisture was
raised from optimum to wet, increase in P concentration was relatively larger than the increase in yield. The
concentration of sugars decreased with increasing air temperature and soil moisture, indicating reduced
stress level of the plants. The level of crude protein was adequate to support normal grass growth. Based on
the results, the biggest stressor was drought, although cold also limited yield formation.

Keywords: Phleum pratense, Festuca pratensis, drought, temperature, feed value

Introduction

With climate change, extreme weather conditions are becoming more common and presenting challenges
to grass growth and nutritional quality. Combinations of abiotic stresses, such as cold and drought, are
commonly believed to have an additive negative effect on crop physiology and dry matter (DM) yield
compared to situations when they occur separately, but they may also have an ameliorative effect on the
plant (Loka ez al, 2018). The physiological stress response of grass depends on grass survival strategy
in stressful environments, and this may vary between species (Okamoto et 4/, 2011). Thus, Loka ez a/.
(2018) suggested that it would be important to study the effects of combined stresses closely aligned to
real-field conditions. The aim of this study was to measure effects of air temperature and soil moisture and
their combinations on nutritive value of timothy (Phleum pratense) and meadow fescue (Festuca pratensis
Huds) ina greenhouse experiment.

Material and methods

The effect of soil moisture and air temperature on DM yield, nutritive value and mineral content in the
second cut of timothy and meadow fescue was studied in a greenhouse experiment. The soil (44% sand,
45% loam+clay) for the experiment was collected from the field, screened, limed and fertilized with
50 mg/kg P, 250 mg/kg N and 155 mg/kg K. Timothy and meadow fescue were sown as pure stands
in jars (4.4 kg, 18 cm @, height 15 cm, 20 seeds per jar, 36 jars of both grass). Grasses were grown in
the greenhouse for 2 months, cut, and vernalized at 10 °C degrees for 3 months. After vernalization the
grasses were cut to 7 cm and fertilized with 250 mg/kg N and 155 mg/kg K at each cut. Growing period
before the first cut lasted 30 days at 17/12 °C with 18/6 h diurnal light/dark cycle. After the first cut,
the jars were grown for 3 weeks at 17/12 °C, followed by stress treatments for two weeks. After stress
period the grasses were cut to 7 cm and DM vyield was measured, and samples sent for analysis. Stress
treatments included three temperature and soil moisture levels. Temperature levels were: +10/+2 °C
(cold), +18/412 °C (optimum) and +25/+17 °C (warm) in 16/8 h diurnal cycle. The temperature sum
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during the growing period was 269, 376 and 478 degrees under cold, optimum and warm respectively.
Soil moisture levels during the two-week stress period were: 40% (dry), 50-70% (optimum) and 100%
(wet) of the field capacity, respectively. Grass nutritive value was measured by near-infrared spectroscopy
(NIR) method (Valio Ltd.) and mineral content by inductively coupled plasma spectroscopy (ICP).
Results of the experiment were analyses using ANOVA (SAS 9.4., Glimmix-procedure).

Results and discussion

The effect of temperature on grass yield and quality was clear. The DM yield of grasses grown in cold
and wet conditions was on average 25% higher than in cold and dry conditions, but less than half that
produced in warm and wet growing conditions (Table 1). As is usual in greenhouse experiments, the
proportion of digestible organic matter (D-value) of the forage was high. Increasing temperature and
temperature sum lowered the D-value in both species, and the effect was greatest in wet soil conditions,
especially for timothy. Under cold conditions, soil moisture had no effect on the D-value.

Table 1. Dry matter yield (g DM m-2), crude protein (CP), reducing sugars (RS), neutral detergent fibre (NDF), D-value and P and K concentration,
g kg DM in forage harvested at the second cut of timothy and meadow fescue growth in cold, optimum and warm temperature (Temp) and
dry, optimum and wet soil moisture (Moist) level.!

Temp Moist DM g/m? (Pgkg RS/DM NDF D-value P K
(Sp) Timothy
Cold dry 386 187 197 409 744 1.99 343
optimum 495 192 223 398 734 215 27.6
wet 471 206 166 422 743 3.09 348
Optimun dry 456 174 257 389 742 1.58 247
optimum 628 189 199 47 738 1.92 26.8
wet 832 193 139 477 715 3.04 322
Warm dry 582 178 163 453 709 178 28.0
optimum 851 181 139 4an 695 2.13 323
wet 1143 192 66 537 662 321 36.3
(Sp) Meadow fescue
Cold dry 402 191 229 395 743 1.97 332
optimum 551 201 166 419 759 2.20 379
wet 512 201 176 432 742 3.03 338
Optimun dry 450 182 m 402 761 1.66 31.8
optimum 822 199 151 452 753 2.03 344
wet 779 195 120 484 738 2.56 35.0
Warm dry 480 189 13 458 m 2.01 35.8
optimum 975 194 88 505 705 251 39.2
wet 1182 194 59 528 696 2.82 39.2
Mean 667 191 159 448 728 231 332
SEM 70 7.1 126 7.8 6.5 0.124 1.72
Pvalues ) ns * > *x *xx ns *xx
Temp P ns * *x P ns ns
SpxTemp ns ns * ns ns ns ns
Moist *xx *% *xx *xx P *xx *%
SpxMoist ns ns *xX ** ns ** **
TempxMoist il il *rx * ns ns
SpxTempxMoist  ns ns * ns ns ns ns

TSignificance: *** P<0.001, ** P<0.01, * P<0.05, ns = non-significant; SEM = standard error of the mean.
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The CP concentration of the grass corresponded to the CP concentrations of field experiments ( Termonen
et al., 2020), i.c. the grass did not suffer from N deficiency. However, the effect of the limited N supply
can be seen in decreasing CP concentration when growth conditions are favourable for grass growth.
Based on the RS concentration describing the stress level of the grass, the biggest stressor was drought,
although cold temperature also limited grass yield and increased sugar content. This is also reflected in a
negative correlation between RS and NDF (r=-0.91, P<0.001). The amount of RS was at its highest at
optimum temperature when drought limited growth. In silage production low sugar content in herbage
presents a risk for successful silage conservation (Davies ez al., 1998).

Increasing soil moisture favoured the uptake of P by both species (‘Table 1). The P content, especially in
timothy, increased proportionally more than the DM yield from dry to wet soil moisture conditions.
Water is essential for the grass to have access to soil P. Furthermore, P cannot move in the soil over long
distances and therefore the root system must be adequate to provide a sufficient contact with the P on soil
particles. Temperature had no effect on P uptake, unlike, for example, barley, where in previous Finnish
experiments cold has made P uptake more difficult (Ylivainio and Peltovuori, 2018). There was also a
significant difference in K uptake between the species and soil moisture levels. Meadow fescue had high
concentrations of K in warm conditions, increasing with soil moisture level, which may be nutritionally
harmful (Rérat et 4/, 2009).

Conclusions

In general, soil moisture had a larger effect than air temperature on the forage parameters measured here.
The largest effect of soil moisture was seen in RS and P. Changes in RS concentrations caused by weather
conditions may present challenges for successful biological conservation of silage, and the risk of changes
in forage mineral concentrations must also be considered in relation to impacts on animal health.
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Soil carbon sequestration potential of grass-clover leys:
effect of grassland proportion and organic fertilizer

Jensen J.L. and Eriksen ]J.
Department of Agroecology, Aarhus University, Blichers Allé 20, 8830 Tjele, Denmark

Abstract

Grass-clover leys may contribute to mitigation of climate change by soil organic carbon (SOC)
sequestration, but quantitative documentation of this is extremely rare. This study aims to quantify the
effect of grassland proportion and fertilization on SOC storage in the topsoil layer (0-20 cm). For this
objective, we used a long-term field experiment including plots with contrasting grassland proportions (2
or 4 years of grass-clover in a six-course rotation) and cattle slurry input during 2005 to 2018. A multiple
regression model including grassland proportion (grass-clover 31%- 69%), slurry input (0 to 1.45 ¢ C
halyr!) and the initial SOC stock explained 47% of the variation in the SOC stock change from 2005
to 2018. The SOC stock based on equivalent soil mass (SOC stockp,,) increased 3.18 Mg C ha'! when
increasing grassland proportion by 25% during the 13 years. Applied slurry-C contributed with 11% to
soil C sequestration, while an annual slurry-N input corresponding to 150 kg total-N ha! or 1.5t C ha'!
increased SOC stockp,, by 2.16 Mg C ha'l. Our results may be used for climate change accounting at
an industry, regional or farm scale, in analysis of the climate impact of dairy products and for modelling
SOC sequestration.

Keywords: cattle slurry, grass-clover ley, soil carbon storage

Introduction

Soil C sequestration is an important climate change mitigation strategy and can play arole in offsetting
global fossil CO, emissions (Smith ez 4/., 2020). Increasing the grassland proportion in crop rotations
is among the most substantial climate mitigation measures in modern agriculture. However, an accurate
quantification of SOC sequestration potential of grass-clover leys is challenging as long-term experiments
with frequent soil sampling and crop rotations with varying grassland proportion are extremely rare. Here
we examine the effect of grassland proportion and cattle slurry input on SOC storage in the topsoil layer.

Materials and methods

The organic dairy crop rotation experiment was established in 1987 at Foulumgaard Experimental
Station, Aarhus University, Denmark (56°29°N, 09°34’E). The soil is a loamy sand with 7.7% clay. A six-
year rotation with two years of grass-clover was introduced in 1987 replacinga cereal-dominated rotation.
From 2006 the six-year rotation was split in two crop rotations differing in grassland proportions, being
1/3 under rotation 1 (2G; barley, two years of grass-clover, barley for wholecrop silage with Italian
ryegrass undersown, oat with ryegrass undersown and finally barley/pea), and 2/3 under rotation 2 (4G;
barley, four years of grass-clover and barley for wholecrop silage with Italian ryegrass undersown). Each of
the six fields in the two rotations was divided into two blocks, in which five treatments with varying cattle
slurry input were randomly allocated. Cattle slurry was applied in spring. Soil was sampled in the 0-20
cm soil layer in 1986, 1993,2005, 2009 and 2018, air-dried and then archived. Soils from 1986 and 1993
were no longer available, but had previously been analysed for SOC by high-temperature dry combustion.
Archived soil samples were crushed, sieved (<2 mm) and analysed for SOC by dry combustion at 950 °C
using a Vario Max Cube. The SOC content is expressed as g 100 g oven-dry soil (105 °C for 24 h). In
autumn 2020, three undisturbed soil cores (100 cm?) were extracted from the 6-10 ¢m soil layer in each
plot. This depth was chosen to best reflect the 0-20 cm ploughing depth. The soil cores were oven-dried
at 105 °C for 24 h and the calculated bulk density corrected for mass and volume of >2-mm particles. The
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>2-mm particles was determined after wet sieving and drying. The SOC stock was based on equivalent
soil mass (SOC stockp,,) as described in Smith ez 4/. (2020). Multiple regression was applied using the
R-project software package Version 3.4.0 (R Foundation for Statistical Computing).

Results and discussion

Figure 1 shows the SOC stockg, , in topsoil sampled during 1986 to 2018 from plots with either 2yr-grass-
clover in the 6 year crop rotation throughout the period or 2yr-grass-clover followed by 4yr-grass-clover
(2006-2018). As expected, no significant differences were observed between plots in 1986, 1993 and
2005 (i.e. 2yr-grass-clover in both rotations). Increasing the grassland age to 4yr-grass-clover increased
the SOC stockFM significantly as compared to continuing with 2yr-grass-clover (2009 and 2018, Figure
1). Under continuous 2yr-grass-clover, the SOC stockp, , increased with 2.56 Mg C ha'! (0.37 Mg C ha'!
yr'1) and 2.78 Mg C ha! (0.23 Mg C ha! yr'!) from 1986 to 1993 and 1993 to 2005, respectively. When
changing the grassland age from 2 to 4 years, the SOC stockp,, increased with 2.65 Mg C ha' (0.20
Mg C ha'! yr'!) (Figure 1). When the experiment was established in 1987 the initial SOC content was
1.61% C (42.5 Mg C ha'!) and the field had mainly been used for cereal cropping. At this initial SOC
content a change from cereal cropping to a crop rotation with 2yr-grass-clover hence increased the SOC
stockp, . Notably, the SOC accrual rate was highest in the initial years following the management change
similar to the findings of Smith (2014) for conversion of cropland to grassland. The crop rotation with
2yr-grass-clover throughout the period seemed to have reached steady-state conditions in 2005, whereas
SOC stocky,, with increased grassland proportion continued to increase linearly (Figure 1).

Grassland proportion, cattle slurry input and initial SOC content at plot level during 2006-2018 was
used to explain the change in SOC stocky,, from 2005 to 2018:

Change in SOC stocky, = 12.74 (P<0.001) x Grassland proportion + 0.11 (P<0.05) x Slurry-C input
- 0.09 (P=0.33) x SOC stockpy (... — 1.82 (P=0.66), R*=0.47 (1)

where grassland proportion is the amount of grass-clover in the crop rotation (0.00-1.00), slurry input
is the amount of soil C added in cattle slurry and SOC stockp,,; .., is the SOC stock in 2005. The
model explained 47% of the variation in the SOC stocky,, change from 2005 to 2018. Figure 2 shows
the effect of grassland proportion in the crop rotation and organic fertilization on the annual change in
SOC stockg,, from 2005 to 2018 based on the model parameters.
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Figure 1. Soil organic carbon (C) stock (0-20 cm) for the two crop rotations during 1986 to 2018. During 1987 to 2006, the 6 year crop rotation
comprised 2yr-grass-clover. From 2006 and onwards the experiment was split into two parts; one continued with 2yr-grass-clover, while the
grass-clover proportion was increased to 4 years in the other. The standard error of the mean is indicated (n=60). Within years, letters denote
statistical significance between crop rotations at P<0.05.
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Figure 2. Simulated annual changes in soil organic carbon (C) stocks (0-20 cm) for contrasting grassland proportions in the crop rotation and
different cattle slurry input at an average initial SOC stock. The simulation is based on Equation 1.

Conclusions

The SOC stockp, increased by 5.02 Mg C ha! (0.25 Mg C ha'! yr'!) when converting cereal cropping to
a crop rotation with 2yr-grass-clover in a 6 year rotation. The steady-state condition was reached after 20
years. Based on a multiple regression model for the period 2005 to 2018 the SOC stockp, increased by
3.18 Mg C ha'! (0.24 Mg C ha'! yr'!) when increasing grassland proportion by 25%. Slurry-C contributed
with 11% to soil C sequestration. An annual increase in slurry input equivalent to 150 kg total-N ha'!
(1.5t Cha'l) increased SOC stocky,, by 2.16 Mg C ha'! (0.17 Mg C ha' yr'!). These soil C sequestration
potentials may be used for climate change accounting.
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Changes in sugar concentration over the day and the season in
green forages
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Abstract

The aim was to investigate the variation in sugar concentration over the day in green forages in two
seasons. Plots with perennial ryegrass, timothy, tall fescue, meadow fescue, orchard grass and lucerne were
established in spring 2020, at Foulum, Denmark. First regrowth was sampled in August and the second
regrowth was sampled in October, three times over the day (morning, noon and evening) on three days.
All samples (n=126) were analysed for glucose, fructose, sucrose and fructans, and the sum were set as
total water soluble carbohydrates (WSC). Across species, WSC concentration was lower in October
than in August (74.3 vs 120 g kg™! of dry matter (DM)). Generally, lucerne and orchard grass had lowest
WSC concentrations, whereas perennial ryegrass had the highest. Increase in sucrose concentration was
the main driver for increase in aboveground plant WSC concentration over the day.

Keywords: grass, lucerne, water soluble carbohydrates, diurnal variation, animal nutrition

Introduction

All plants produce simple sugars during photosynthesis, a process activated by solar radiation. The
photosynthetic cells use a part of the sugar for respiration, but sugar in surplus is transported to parts
of the plants with high energy demand or for storage for later use. The transport of sugar in the plant is
primarily in the form of sucrose, which is not a reducing sugar. In many plant species, the excess energy
is stored as starch, but in cool-season C; grasses, energy is stored as fructans. As part of growth and
maturation of the plants, the sugars are also incorporated into structural carbohydrates, a process which is
accelerated by increased temperature. Therefore, many factors such as temperature, radiation, maturation,
day length and species affect the composition of carbohydrates in plants and will contribute to variation
over day and season. Sufficient sugar is essential for a good preservation when making silage for cows,
but within equine nutrition, sugars, especially fructans, in grass have been associated with an increased
incidence of laminitis (Van Eps and Pollitt, 2006). The aim of this study was therefore to investigate the
variation in water soluble carbohydrate (WSC) concentration in different green forages over the day in
two seasons under Danish conditions.

Materials and methods

As part of a larger study, 60 plots (effective plot size: 27 m?) with different grass and legume species
were established on 22 April 2020 at AU Foulum (56°29°N, 9°35’E), Tjele, Denmark. Seven of these
plots were selected for the current study, including perennial ryegrass (Lolium perenne L.) both a diploid
(var. ‘Bovini, DPR) and a tetraploid (var. ‘Sherlock’, TPR) variety, timothy (Phleum pratense L., var.
‘Radde’, TIM), tall fescue (Festuca arundinacea Schreb., var. ‘Ferguson), TF), meadow fescue (Festuca
pratensis Huds., var. ‘Schwetra, MF), orchard grass (Dactylis glomerata L., var. ‘Kobako, OG) and lucerne
(Medicago sativa L., var. ‘Cigale, LUC). The primary growth, except for LUC, was harvested and removed
on 19 June. Due to a poor and uneven establishment, the plots with TIM, MF and OG were reseeded
on 24 June. In August, at three days (6, 10 and 13 Aug.), samples (~500 g) from the plots were collected
manually with hand-held scissors to a stubble height of 7 cm at 06:00, 12:00 and 18:00 hour each day.
After the last sampling day in August, all plots were fully harvested, and the regrowth were sampled
at three days in October (1, 5 and 8 Oct.) at 08:00, 12:00 and 16:00 hour each day. Immediately after
aboveground plant sample collection, the samples were dried (60 °C, 48 h) after removal of any weed.
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Dried samples (n=126) were milled to 0.5 mm and analysed for glucose, fructose, sucrose and fructans
using a sequential enzymatic colorimetric method after extraction with a 0.1 M acetate buffer (Larsson
and Bengtsson, 1983). The sum of the four analytes were considered as total WSC. Statistical analyses
were performed in R (version 4.1.1) using a linear mixed model (/er) including species (n=7), period
(n=2), day (n=3) and time (n=3) as main effects as well as their two- and three-way interaction, except
species X period x day. The three samples taken at the same plot within day were considered as repeated
measurements with a compound symmetry covariance structure. P-values are presented in Table 1.

Results and discussion

Across species, WSC was lower in October than in August (Table 2; 74.3 vs 120 g kg! of DM across
species). In both periods, TPR had highest and LUC had lowest WSC concentration. For LUC, WSC
concentration did not differ between periods, whereas MF was the species that differed the most between
periods (149 and 62.2 g WSC kg! of DM in August and October, respectively). LUC did not contain
any fructans because legumes store excess energy as starch rather than fructans as is the case for the
grasses. For the grasses, OG had a lower concentration of fructans, both absolute and relative to WSC
(11% of WSC) compared to the others (>30% of WSC). In all species, sucrose concentration increased
as expected (Pelletier ez 4/., 2010) from morning to evening (Table 3) with highest increase in absolute
amount in TF (+24.1 gkg! of DM) and lowest increase in OG (+10.6 gkg! of DM). For TE, MF and
LUC, there was only a numeric increase in glucose concentration over day, but also only a minor increase
was observed for the other species. Even though the time between morning and evening was shorter in
October than in August (-4 h due to reduced day length), the increase in glucose, fructose and sucrose
over the day was higher in October than August (Table 4); no increase was observed for fructose in
August. In both periods, sucrose concentration was the main driver for increase in aboveground plant
WSC concentration over the day, as sucrose concentration increased by 58.7% in August (from 31.5 to
50.0 g kg! of DM) and by 90.6% in October (19.2 to 36.6 gkg! of DM). Additionally, concentration
of fructans decreased over the day in August, but stayed stable over the day in October. In both periods,
sampling day affected the increase in sucrose over the day (Pp, 1., <0.01, Table 1) due to differences in
solar radiation on the sampling days (Jorgensen, 2021).

Conclusions

The concentration of sugars in green forage depended on species and time of harvest, and was generally
higher in August than in October. Sucrose was the main sugar component driving the increase in WSC
concentration over the day, and sucrose increased more in October than in August from morning to
evening.

Table 1. P-values for the effect of the variables species, period, day and time and their interactions from the model analysing concentrations
of glucose, fructose, sucrose, fructans and total WSClin green forages.

P-values?

S P D T SxP SxD SXT PxD PxT DxT PXDxXT
Glucose <0.01 <0.01 0.04 <0.01 <0.01 0.59 0.10 0.89 0.07 <0.01 0.23
Fructose <0.01 <0.01 0.29 <0.01 0.35 0.86 0.39 0.88 <0.01 <0.01 0.27
Sucrose <0.01 <0.01 0.06 <0.01 <0.01 0.50 <0.01 0.02 0.05 <0.01 <0.01
Fructans <0.01 <0.01 0.03 0.38 <0.01 0.13 0.37 0.03 0.03 0.03 0.07
Total WSC <0.01 <0.01 0.16 <0.01 <0.01 0.21 0.57 0.27 0.02 <0.01 0.01

TWSC = sum of glucose, fructose, sucrose and fructans.
2§ = species, P = period, D = day, T = time. The remaining 3-way interactions were not significant.
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Table 2. Concentrations of glucose, sucrose, fructans and total WSC (g kg™ of dry matter) in regrowth above 7 cm of different species in August
and October across sampling day and sampling time.'2

Species

Analyte Period DPR TPR TIM TF MF 06 LUC SEM

Glucose August 17.49% 18.5¢% 27.44x 14,60 % 15.000x  12.6bx 5.66% 0.95
October 1230 1150y 9220y 9.24by .00y 8,00y 419%%

Sucrose August 43.3b0x 54.74% 35,620 49,94 446box 258 28.12% 1.99
October 24,92y 28.5bcy 25.9%0¢ Y 35.7%Y /540y 1749 27.7bex

Fructans August 71.5¢% 73.5¢% 65.2¢% 44,80 73.20% 7.14%% -2.38%% 3.08
October 52,64y 56.74Y 19.15¥ 40.2¢% 18.10Y 4,730 -2.312%

TotalWSC  August 153¢.x 1704% 141bex 1260 % 149bcd X 61.3%% 39.7%% 482
October 106V 1149y 62407 98.2¢Y 62.20Y 41.13by 36.0%

TWSC = sum of glucose, fructose, sucrose and fructans; DPR = diploid perennial ryegrass; TPR = tetraploid perennial ryegrass, TIM = timothy, TF =tall fescue, MF = meadow fescue;
0G = orchard grass; LUC = lucerne; SEM = standard error of the mean.
2Values within each row with different subscript letters (a-d) differ (P<0.05). Values within each column for each analyte with different subscript letters (x,y) differ (P<0.05).

Table 3. Concentrations of glucose and sucrose (g kg™ of dry matter) in regrowth above 7 cm of different species at different time points during
the day across sampling period and sampling day.

Species
Analyte Time DPR PR TIM TF MF 0G Luc SEM
Glucose Morning 13.0e X 13,50 16.0% ¥ 11,10 x 8.97b:x 9.15bc 3.87%% 0.85
Noon 15.20% 15441 17.9% 12,260 13.4b¢y 1100 5.07%
Evening 16.49Y 16.1¢Y 21.0%Y 12,500 1230y 10.80 % 5.83% %
Sucrose Morning 27.694.x 34.14% 22,8200 31.34x 26.2bcd X 16.5% % 18.9%. 1.75
Noon 32.9%¥ 38,00 x 27609 4174y 33106y 21.%Y 26.13Y
Evening 41802 52,64y 41.9b:2 55.542 45.7be 2 27.0%2 38,602

T See footnotes of Table 2.

Table 4. Concentrations of glucose, fructose, sucrose, fructans and total WSC (g kg‘1 of dry matter) in regrowth above 7 cm at different time
points in August and October across species and sampling day.'2

Time of day

Analyte Period Morning Noon Evening SEM

Glucose August 145 % 16.6" X 16.6" 0.45
October 7.04Y 9.190Y 10.6%Y

Fructose August 15.2%* 16.3%* 15.8%% 0.40
October 9.70% 11.9%Y 13.10Y

Sucrose August 31.5%% 39.4b 50.0¢ 0.94
October 19.4Y 23.6%Y 36.6%)

Fructans August 51.3b:% 46,33 45.02x 173
October 25.8%Y 26.73Y 28.5%Y

Total WSC August 1132 1192% 1280 % 247
October 62.12 717y 89.2¢Y

TWSC = sum of glucose, fructose, sucrose and fructans; SEM = standard error of the mean.
2Values within each row with different subscript letters (a-d) differ (P<0.05). Values within each column for each analyte with different subscript letters (x,y) differ (P<0.05).
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Abstract

Grassland research stations and experimental farms are essential for applied grassland science and
related outreach activities. A large proportion of the experiments conducted at these stations aims to
test methods to optimize the ecosystem services (ES) delivered by permanent grasslands. We used the
framework of the multi-actor research project SUPER-G to assess a selection of experiments recently
conducted, completed (since 2011), and planned at 31 European experimental research stations, farms,
or networks. We further provide an overview of the ES measured at these experiments. Results show
that on average two ES were assessed per experiment. The most frequent ES measured were production
(87% of all experiments), followed by the supporting ES biodiversity (59%) and climate regulation (33%).
Our overview on ES research at European research stations highlights that permanent grassland is a
multifunctional ecosystem that provides many benefits to society. Yet, research considering more than
two ES is still relatively rare and should thus be strengthened in the future.

Keywords: permanent grassland, ecosystem services, biodiversity, food production, climate change
adaptation, research communication

Introduction

Grassland can provide a wide range of essential ecosystem services (ES; Richter ez al., 2021). However,
permanent grassland (PG) and its ES are threatened by several factors such as abandonment, conversion
to arable, and drought (Schils ez 4/, 2020). Furthermore, management intensification changes ES
provisioning within PGs by favouring production-related ES over so-called public ES like recreation
and cultural values (Allan ez al., 2015). Thus, research initiatives all over Europe aim at optimizing the
(simultancous) delivery of (multiple) grassland ES. Rescarch stations such as experimental farms and
demonstration platforms are important for applied grassland science and related outreach activities. The
experiments conducted at these stations indicate emerging strategies to sustain and promote grassland ES
in Europe. Here, we aim to present an overview of current ES research on PGs across European research
stations and experimental farms.
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Materials and methods

We used the framework of the H2020 project SUPER-G ‘Developing Sustainable Permanent Grassland
Systems and Policies’ to assess grassland-focused experiments recently conducted, completed (since
2011), and planned at 31 experimental farms, networks, and demonstration platforms (referred to
as stations in what follows) across Europe. Thirteen survey partners from twelve countries (CH, CZ,
DE, ES, FR, HU, IT, ME, NL, PL, SL, UK) were asked to report details of their station(s) and the
associated experiments. Partners included agricultural and ecological research institutions, consultants
and extension services. Beside general information such as the grassland types involved in the research,
we assessed the main aim of each experiment and the ES measured therein. Main aims were grouped
into six categories: (1) risks and threats, i.c. the need to adapt PG to risks such as drought or flooding;
(2) biodiversity including biodiversity assessments, ecological restoration, reintroduction of grazing after
abandonment, etc.; (3) food production and PG management aiming at improving yields or quality and
optimizing PG management via e.g. productive multi-species swards and fertilizer trials; (4) innovative
methods testing and development such as the use of drones and satellites to estimate yields; (5) environment
focused on improving environmental performance of PG such as carbon sequestration, greenhouse gas
(GHG) mitigation, and erosion control; (6) ozher (c.g. animal welfare). Note, that experimental station
representatives were requested to select only one main aim for each experiment. Although this might
be difficult for highly interdisciplinary experiments, partners interviewed did not question or criticise
this approach, so the method seems to be appropriate and results robust. To translate measurements in
the experiments into final ES (Richter ez /., 2021), we associated each category with the following: (1)
production (grass, meat or milk yield); (2) habitat for biodiversity (assessments of any taxa); (3) climate
regulation (e.g. C sequestration, GHG mitigation); (4) water quality (e.g. nitrate leaching); (5) flood
control (e.g. rainwater infiltration and regulation); (6) erosion control (e.g. soil surface protection); (7)
recreation and aesthetics (various cultural values).

Results and discussion

In total, the survey encompassed 70 experiments from 31 stations in five biogeographic zones, i.e. Alpine,
Atlantic, Continental, Mediterranean and Pannonian. At each station, experiments were conducted on
an average of two (range 1-3) out of six distinct grassland types, classified using the system outlined in
Tonn ez al. (2020). The most frequently rescarched grassland types were low intensity PG (at 71% of
the stations), followed by intermediate intensity PG (48%), and high intensity PG (29%). In addition,
frequently renewed PG, unmanaged PG and PG with a high cover of woody species (according to Tonn
et al., 2020) were studied at a smaller proportion of sites (16% and less). Work in 77% of stations was
focused on conventional (as opposed to organic) PG, including both high and low input systems. At 13%
of the stations both conventional and organic PGs were studied, and 10% focused on organic PG. Of
the 70 experiments, 22 had been completed (since 2011), 49 were ongoing, and one was about to start.
The most frequent main aims of these experiments were production and management (47%), environment
(41%), and risks and threats to PG (13%; Figure 1). 29% of the experiments focused on one ES, while
the largest proportion (34%) assessed two ES. More ES, cither three or four, were measured in 23 and
10% of the experiments, respectively. The maximum of five ES, out of the maximum possible of seven,
were studied in only one experiment (1%). At 3% of the experiments, none of the inquired ES were
measured as these experiments were focusing on animal welfare. The most frequent ES measured were
production (87%), followed by biodiversity (59%), and climate regulation (33%). All other ES were only
rarcly assessed (Figure 2). Our results underline that grassland research stations do not only examine
production, but also consider other crucial ES of PG, which is in line with grassland being a highly
multifunctional ecosystem (Allan ef al., 2015; Richter e 4., 2021).
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Figure 1. Main aims of 70 grassland experiments at 31 research stations in Europe.
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Figure 2. Grassland ecosystem services measured in the 70 experiments.

Conclusions

Our assessment shows that in addition to production-related ES a diverse range of other ES derived from
PG are being studied at European research stations. However, only a small proportion of the experiments
included in this study were found to have more than two ES being evaluated simultaneously, and cultural
services were seldom assessed. Our work suggests that to truly research the multifunctional benefits of
management practices, simultaneous monitoring of a wider array of grassland ES should be considered.
This would also help assessing potential trade-offs among the many relevant grassland ES. Consequently,
despite the promising advancement regarding grassland ES research, we suggest to further strengthen
multidisciplinary research efforts on grassland ES multifunctionality.
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Abstract

We conducted a (non-representative) online survey in Switzerland to reveal professional stakeholders’
perceptions and attitudes towards ecosystem services (ES) provided by permanent grassland. According
to the 398 respondents, erosion control, soil fertility, feed production, habitat provision (for biodiversity),
and groundwater protection currently represent the most relevant grassland ES. Regarding the future,
stakeholders assumed particularly climate regulation (carbon storage), soil fertility, and groundwater
protection to increase in relevance. The majority (84%) of respondents stated that grassland ES are
insufficiently recognized by society. Almost three quarters of the stakeholders associated grassland
management intensification with a loss of ES multifunctionality, and 60% expected higher ES
multifunctionality of organic compared to conventional grassland. Our survey revealed that strategies
to ensure and to value grassland ES by society and by future agricultural policies might be welcome and
supported by stakeholders in Switzerland.

Keywords: agricultural policy, ecosystem service, intensification, multifunctionality, permanent grassland,
stakeholder questionnaire

Introduction

Ecosystem services (ES) comprise all goods and services ecosystems provide to humans. They are the basis
of our daily food supply and wellbeing. Due to continuing ecosystem degradation and biodiversity loss,
we must seck strategies how to sustain ES for future generations (Brondizio ez 4/., 2019). Particularly
in countries with a high share of permanent grassland, such as Switzerland, grassland ES play an
important role for economy and society. The simultaneous provision of different ES is referred to as
multifunctionality, and grasslands are considered particularly multifunctional (Bengtsson ez al., 2019).
Despite recent advances in grassland ES research (e.g. Allan ez 4/, 2015), there is still a lack of knowledge
on how management strategies and environmental changes affect grassland ES (Klaus ez 4/., 2020). Such
information is particularly important if agricultural policy aims at promoting ES and multifunctionality
in the future. Thus, research regarding the current and future relevance of grassland ES and on their main
drivers is urgently needed. For this reason, we launched a survey among professional stakeholders to
obtain their opinions on the relevance of ES, the societal recognition of grassland ES and the challenges
to maintaining multifunctionality.

Materials and methods

The German-language online questionnaire was sent to professional stakeholders with a link to
agriculture or environmental protection in Switzerland, i.e. participants of national agricultural meetings
and conferences. In total, 398 stakeholders answered the survey, but due to the unstructured invitation
we cannot assess the representativeness of the sample. Emails were sent out on January 15, 2020, and the
online link was available until March 16, 2020. The questionnaire consisted of several sections. First, a
brief definition of ES was given before stakeholders were asked to rate the overall (1) current and (2)
future importance of 14 ES of permanent grassland (Figure 1). This was followed by asking whether
ES of permanent grassland were (1) sufficiently recognized by society as a whole, and (2) sufficiently
considered in the current Swiss direct payment system. After defining multifunctionality, stakeholders
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were asked whether (1) intensification of grassland management reduces the multifunctionality of a
grassland stand, and whether (2) organically managed grassland has a higher multifunctionality than
conventionally managed grassland. Finally, stakcholders were asked about their place of work (counzry)
and their field of work (agriculture or nature conservation/ environmental protection or both or other).
To test for significant differences among fields of work, a Kruskal-Wallis test was used in combination
with a Dunn test with Benjamini-Hochberg correction. For this, Likert-scale responses were converted
into numerical data. All don’t know responses were excluded. Group differences are reported if both tests
yielded P<0.05. All analyses were done with R.

Results and discussion

Of the 398 participants, 93% worked in Switzerland, and 7% in Germany or Austria. About 66% of
the participants worked in the field of agriculture, 14% in nature conservation/ environmental protection
(10% in both, 10% in other). Of the 14 given ES, eleven were rated very important to rather important by
over 75% (Figure 1). Two soil functions, erosion control and soil fertility, were considered particularly
important, followed by feed production, habitat provision (biodiversity), and groundwater protection.
Regarding their future relevance, the six ES rated as currently most relevant were all considered to become
more important in the future (Figure 1), except feed production, for which the majority expected no
change in relevance. The conservative attitude of stakeholders to rate the future importance of ES
similarly to the current relevance was also observed in a previous ES study in the EU (Van del Pol-van
Deasselaar ez 4l.,2013). Over 80% of the participants answered that society does not sufficiently recognize
permanent grassland ES (42% o, 42% rather no, 12% rather yes, 3% yes, 1% don’t know). There was also
a tendency to disagree that ES are sufficiently considered by the current Swiss direct payment system
(only responses from people working in Switzerland considered; 16% 70, 33% rather no, 30% rather yes,
10% yes, 11% don’t know). Almost three quarters of the participants answered that the intensification of
grassland management would reduce its multifunctionality (34% yes, 40% rather yes, 13% rather no, 11%

Erosion Soil fertility Feed Habitat Groundwater Habitat for Nutrient
Current relevance control production  (biodiversity)  protection pollinators cycling
Very relevant 82 82 72 69 68 55 47
Rather relevant 14 14 22 26 27 37 42
Rather irrelevant 1 2 9 5] 3 4 7
Very irrelevant 1 1 1 1 2 1
Future relevance
Increasing 59 72 26 57 70 61 34
Same 38 25 57 41 28 36 60
Decreasing 1 2 16 1 1 1 4
Climate Biological Aesthetics  Recreation  Traditional Edible/ Non-feed
regulation  pest control and Tourism cultural medicinal biomass
Current relevance landscape plants

Very relevant 22 20 12 6
Rather relevant 34 32

Rather irrelevant 14 10 18 20 29

Very irrelevant 2 2 3 4 8 9 23

Future relevance

Increasing 73 55 32 33 10 15 16
Same 22 41 59 62 59 68 51
Decreasing 2 2 7 3 29 14 29

Figure 1. Current and future relevance of 14 ecosystem services (ES) in Switzerland, as seen by 398 professional stakeholders (in %). ES listed
from highest to lowest values for very refevant. Sum is <100% as don’t know responses are not shown. Grey shading from max (darkest) to
min (lowest).
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70, 3% don’t know). However, there were significant differences among stakeholder groups. Stakeholders
associated with nature conservation/ environmental protection, agriculture & nature conservation/
environmental protection and other answered with 94, 85 and 82% yes or rather yes, respectively, while
stakeholders associated with agriculture did so with 66%. In an ES study in Germany, however, Allan ez
al. (2015) found grassland intensification to have a clear negative effect on ES multifunctionality, which
is linked to a reduction in plant diversity. Most participants stated that organic grassland has a higher
multifunctionality than conventional grassland (24% yes, 36% rather yes, 16% rather no, 22% no, 3%
don’t know). There were again significant differences according to stakeholder groups. Those associated
with nature conservation/ environmental protection answered yes and rather yes to 92%, while 62% and
51% of the stakeholders associated with agriculture and nature conservation/ environmental protection
and agriculture agreed with this, respectively. As studies on the effects of organic grassland farming on
multifunctionality are lacking, it is important that this question is being addressed (Klaus ez 4Z., 2020).

Conclusions

Our survey revealed that almost all ES of Swiss permanent grassland were perceived as important,
underlining the need to protect grassland multifunctionality. We further conclude that despite some
differences among stakeholder groups, strategies to ensure, recognize and value grassland ES by society
and by future agricultural policies might be widely welcomed.
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Intense drainage improves N balance in a ley experiment
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Abstract

In Norway, the effect of drainage on grassland yields has received little attention for decades. Low levels of
drainage may be a reason for low grassland production. Therefore, a drainage experiment was established
in a western Norwegian ley, on a sandy silt soil with a high capacity for water storage. The plots had
six- and twelve-metres drain spacing, as well as an undrained treatment. For each drainage treatment
there were two or three cuts per year, and fertilization of 190 or 290 kg N yrlha'l, Drainage intensity
gave a small significant increase in yield. N loss in drainage water increased with drainage intensity. The
small herbage yield increase is unlikely by itself to justify drainage, but the drainage installation might
still be worthwhile due to increased N efficiency and a more manageable risk of compaction. Precise
quantification of the hydrological effects is hard to make due to the inherent soil variability.

Keywords: drain spacing, N-leaching, dry matter yield, N-yield

Introduction

In Norway, soil drainage has received little attention for decades, which may be a reason for low grassland
productivity (Haukés and Berger, 2018). Western Norway is a rainy arca, with annual precipitation of
2000 mm or more being common. It is a grassland area characterized by small and dispersed fields. Soils
are predominantly sandy and silty, mostly of glacial or colluvial origin, and rich in organic matter with
16% classified as organic soil (Ligbu ez 4/., 2018). Drainage is an important intervention to remove excess
water from the soil, thus providinga more suitable environment for plant growth and farming operations.

A drier soil is less vulnerable to compaction by farm machinery, although this also depends on the soil
type. Sands are usually less vulnerable than silt, clay or organic soils. Silt and peat soils are especially
at risk as they have a weak ability to recover from compaction. The consequences of compaction may
include smaller pores (Rivedal ez 4l., 2016), stunting roots (Colombi ez 4l., 2018) and restricting the
volume available for uptake of plant nutrition. Smaller pores decrease air content and hamper water and
gas transport, favouring denitrification (Dobbie and Smith, 2001), and depressing yields. Compaction
may thus restrict yields and decrease N-use efficiency. This restricts the farmer, who may have to choose
between sub-optimal times for applying fertilizer and harvesting, or risks long-term damage to the soils
due to compaction. Both choices result in a lowered productivity.

An increase in subsurface drainage intensity removes excess water more quickly, and might result in
higher yields, nitrogen balance and more flexibility in farming operations. One of the objectives of this
field experiment was to study the effect of increased drainage intensity on yield and N balance.

Materials and methods

The experiment was conducted in Askvoll, Norway (61°20 N, 5°6 E), from 2014-2017. Average annual
precipitation during the experimental period was 2,500 mm yr'! and mean temperature of 8.5 °C. Both
temperature and precipitation were roughly 10% higher than the 1991-2020 climatic average for the
nearest meteorological station (Fureneset, 6 km distant).

The main soil type was a Mollic to Umbric Gleysol, from sandy silt to silty sand, with a high organic
matter content (10-20% LOI) in the topsoil. In the autumn of 2013, drainage pipes were installed 1-1.2
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m below the soil surface. Drains were 50 m long and had 0.057 m diameter. Only the top half of the
drainage pipe was perforated, and saw dust was used as filter material. Tipping buckets were installed at
the pipe outlets to measure discharge. Volume proportional composite water samples were collected every
fortnight and analysed for total-N, ammonium and nitrate.

The field was sown in the spring of 2014, with seed mixtures containing different proportions of timothy
(Phlenm pratense L.) for normal two-cut and intensive three-cut regimes (Table 1). Within each cutting
regime three different drainage intensities were established: high, with 6 m drain spacing; low, with 12
m drain spacing; and no subsurface drainage. Within each of the drainage intensity treatments two levels
of N fertilization were applied on sub-sections: F1 (190 kg N ha!) and F2 (290 kg N ha'!). A tractor
weighing 6.8 Mg passed over the whole area each spring and after each cut, to simulate a realistic amount
of traffic for grassland farming. Due to wet conditions in 2017 only two cuts were taken from the ‘three-
cut’ regime treatment.

Herbage yield was measured for three years (2015-2017) from four permanent parallel harvesting plots
(18 m?) within each fertilizer plot. DMY was determined by drying grass samples at 60 °C for 48 h.
Samples were analysed by near infrared analysis (NIR) to determine energy and protein concentrations
(Fystro and Lunnan, 2006). Nitrogen content was determined by dividing protein concentration by 6.25.

Data from field trials were analysed as a mixed model by multi-factorial analysis using PROC MIXED
in SAS (SAS 9.4, SAS Institute Inc., Cary NC, USA). Effects of management, drainage and fertilization

were considered as fixed factors.

Results and discussion

DMY were significantly higher from drained (8.68 Mg ha! yr'!) compared to undrained soils (8.01
Mg hal yr'!), but no significant difference was detected between the 6 m and 12 m drain spacings. As a
mean of 3 years, DMY increased with the narrower drain spacing at two cuts, but not at three. The two-
cut 6 m drain spacing regime used nitrogen more efficiently than the other managements. The nitrogen
budget as a mean of 1 May 2016 — 15 April 2017 and 2 May 2017 — 16 April 2017 is given in Table 2.
Nitrogen removed through natural drainage between the drains (or in the undrained treatment) remains
unquantified.

Only in the two-cut 6 m drain spacing regime does potential evapotranspiration and water in tipping
bucket add up to over 50% of precipitation, and thus seepage remains a dominant form of drainage.
The differences in drainage between two and three cuts are believed to be mostly due to inherent
soil variability. High soil variability between treatments and single drains complicates predicting the
quantitative effect of a drainage intervention.

Table 1. Experimental treatments.

Seed mixture and amount Fertilizer (kg N ha)
Moderate High
Two cuts  70% timothy, 20% meadow fescue (Festuca pratensis L.), 10% smooth meadow- 110in spring, 170in spring,
grass (Poa pratensis .) 80 after 15t cut 120 after 1 cut

Three cuts 45% timothy, 15% meadow fescue, 15% smooth meadow-grass, 15% perennial 100in spring, 60 after 1t 140 in spring, 90 after 1 cut,
ryegrass (Lolium perenne L.) and 10% festulolium (ryegrass type) cut, 30 after 2" cut 60 after 21 cut
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Table 2. Nitrogen budget as mean for the hydrological years 2015-2016 and 2016-2017.

Nitrogen (kg ha yr) 12 m drain spacing 6 m drain spacing

2 cuts 3 cuts 2 cuts 3 cuts
Applied 190 290 190 290 190 290 190 290
Removed in yield 95 135 95 127 144 173 9% 135
Lost in drain pipes 6 7 7 10 7 14 8 9
Unaccounted for 89 148 88 153 39 103 88 146
Conclusions

The yield increase caused by drainage is likely to be too small to justify the intervention by itself, especially
as soil heterogeneity increases the uncertainty of its effect. The possible increased nitrogen efficiency
might justify it, by increasing economic and ecological sustainability. Other methods for securing drier
soils might be preferrable, such as landscaping the grasslands to favour surface runoff in addition to in-
soil drainage.

As more intense drainage also results in drier soil conditions; it may also allow for a greater flexibility for
the farmer’s timing of field operations, although this is dependent on soil type. This was not tested in the
present experiment, but might allow for a more high yielding management with less risk of harming the
soil. Testing for this effect in future experiments could give a more realistic picture of the incentives for
the farmer to drain her fields.
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Ecosystem services provided by wet grasslands through extensive
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Abstract

The conservation of wet grasslands is conditioned by the maintenance of extensive livestock farming.
Highlighting the ecosystem services they provide appears as a promising way to maintain agricultural
activities. The Regional Natural Park ‘Marais du Cotentin et du Bessin’ is one of the pilot sites of a
national project aimed at maintaining farmers in wetlands. A multi-service approach was performed to
compare a set of wet grassland habitats. We evaluated services belonging to three categories: supporting
services (floristic biodiversity and conservation value of habitats), regulating services (soil carbon stocks
and water quality), and provisioning services (productivity and fodder quality). Contrasted habitats
provide contrasting bundles of services, and some trade-offs (e.g. water quality decreasing in some
habitats with high soil carbon stocks), or synergies (e.g. floristic diversity increasing forage digestibility)
have been identified. It is difficult to improve the set of services provided by each habitat but it appears
more relevant to maintain a diversity of habitats resulting from different water level and management in
order to obtain ecosystem services of high-level at the landscape scale.

Keywords: wet grassland, plant diversity, soil C stocks, water quality, forage quality

Introduction

Wetland areas have declined during the last century in Europe mainly as the result of agriculture
intensification. Wet grasslands that have not been drained are still threatened by abandonment which
would lead them to become wet woodlands. Wet grasslands represent areas that are complicated
to exploit because of the low bearing capacity of the soils and the difficulty of coping with early or
prolonged flooding. Their conservation depends closely on the maintenance of extensive livestock
farming (Lemauviel-Lavenant and Sabatier, 2017). Nevertheless, wet grasslands provide quality fodder
for livestock (Tasset ez al., 2019). They constitute high value habitats for plants and animals (Hayes ez
al., 2015), particularly for breeding waders. They are involved in water quantity and quality regulation
(Maltby and Acreman, 2011). They also have an important role in climate regulation through the huge
carbon stocks they store in their soils (Adhikari ez /., 2009). These different ecosystem services should
not be studied in isolation from each other. Reconciling agricultural and environmental benefits is
fundamental to preserve both. The analysis of multiple ecosystem services is therefore a promising way
to maintain agricultural activities in wet grasslands to ensure their conservation and the services they
provide.

Material and methods

The Regional Natural Park ‘Marais du Cotentin et du Bessin’ is located in Normandy, France and consists
of huge marsh areas mainly exploited by cows, by grazing or mowing. This Park was chosen as one of
the pilot sites in a national project aimed at maintaining farmers in wetlands. A set of wet grasslands
was sampled in 2020 to compare nine locally common habitats (3 grasslands for each) cither in peat
soils or peaty gley soils. All the grasslands are managed in an extensive way without fertilization. For
cach grassland, we evaluated indices belonging to three categories of ecosystem services. (1) Supporting
services: the cover of plant species was estimated in four 1 m? quadrats to calculate plant diversity indices.
An index of patrimonial value was obtained on the basis of the conservation status of species and their
specificity to wetlands. (2) Regulating services: soils were sampled (4x0-15 c¢m) to measure organic
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matter (OM) content by mass loss on ignition. Ionic contents, as indices of soil water quality, have been
assessed in water extracts (5 g soil/10 ml pure water). (3) Provisioning services: above-ground biomass
was cut at 5 cm in mid-June or mid-July according to farmer practices to assess production of the first
cut, crude protein content, pepsin-cellulase digestibility and an index of energy (net energy for dairy
production) (Baumont et 4., 2007).

Results and discussion

Bundles of services are presented here as flowers in which each petal corresponds to an index of
ecosystem service (Figure 1). A great contrast emerges between the habitats. Peat habitats are obviously
characterized by the highest C stocks (OM reaching to 52% in the topsoil for Cirsio-Shoenetum).
Among the peaty gley soil habitats, the most intensive ones (twice mown or mown then grazed) have
the highest forage quality but the lowest first-cut production but, unlike the other habitats, this does
not represent the annual production. They are also the ones that provide the lowest supporting services.
Among supporting services, the plant diversity indices do not appear to be positively correlated with
the patrimonial value of the plant community. Indeed, in the peat soils, stresses, mainly anoxia and
oligotrophy, act as a filter which only allows specialist species to develop, thereby reducing diversity,
and consistent with the humped back model theory (Grime, 2001). Among the forage quality indices,
all positively correlated, the crude protein content is negatively correlated with the production
obtained in the first cut (r=-0.69, P<0.001). Another trade-off appears among regulation services. For
all habitats, water quality can be considered as very good when considering phosphate and ammonium
contents. Sulfate contents show very high values for a set of peat soil habitats. The very high values
obtained may indicate a mineralization of the soil organic matter and thus the loss of C stocks which
generally appears when the water decreases in peatlands (Blodau ez a/., 2004). Nitrate content was high
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Figure 1. Bundles of ecosystem services provided by a set of different habitats of wet grasslands. Each ‘petal’ corresponds to an index of
ecosystem service (mean, se, n=3 per habitat). NB: As high ionic contents may be considered as dis-services, the graduation of these petals
is reversed.
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in the Hordeo lolietum which corresponds to the less humid habitat. An interesting synergy between
plant diversity and forage quality was highlighted by significant positive correlations between all the
floristic diversity indices and forage digestibility and energy. Higher diversity is often associated with
a higher proportion of forbs, which are characterized by higher digestibility than grasses in late-cut
situations encountered in marshes (Tasset ez 4/., 2019).

Conclusions

Neither of the habitats can provide a perfect bundle of services as trade-offs exist among services. Each
habitat is the result of edaphic conditions, water constraints (partly driven by the management of water
regulation structures) as well as a long history of management. Maintaining extensive management and
a high water level, which condition the conservation of specific habitats providing high levels of certain
services, appears essential.
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Fertilizer regime modifies grassland sensitivity to interannual
climate variability
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Abstract

Improved understanding of the interactions between management practices and climate variability
is critical for the development of sustainable grassland management and the provision of bundles of
ecosystem services in a changing environment. Here we used a long-term fertilizer field trial to examine
the impacts of climate variability (annual temperature, rainfall) on an upland grassland subjected to a
gradient of nutrient availability. We tested for the effect of climatic indices, fertilizer regime, and their
interactions, on annual biomass production, forage quality (crude protein content, digestibility) and
plant diversity (species richness, equitability). During the 15-year study period we recorded significant
interannual variation in both climate and grassland properties. We found that fertilizer treatments,
mean annual temperature and annual precipitation all affected the grassland variables in this study,
but interactions between climate and management treatment were generally limited. Contrary to
expectations, interactions were driven by the PK rather than the NPK treatment. These results highlight
the importance of management for projected responses to future climate change in models of grassland
function.

Keywords: upland grasslands, production, forage quality, rainfall variability, nitrogen

Introduction

Managed grasslands are an integral part of livestock farming systems and provide multiple provisioning,
regulation and cultural services, as well as representing reservoirs of plant and animal biodiversity
(Bengtsson ef al., 2019). Increasing evidence suggests that the type and intensity of grassland management
practices (mowing/ grazing, fertilizer inputs) may condition grassland yield responses to variation in abiotic
drivers such as water availability via changes in plant community composition and associated plant traits
(Bharath ez al., 2020). For example, high nitrogen inputs could enhance grassland sensitivity to drought
due to the increased water demand in high biomass systems or root:shoot allocation patterns adapted
to light, rather than below-ground resource acquisition. This is of particular relevance in the context
of increasing periods of drought/water stress and climate variability predicted with ongoing climate
change (IPCC, 2021). Improved understanding of the interactions between management practices and
climate variability is a necessary step in the development of sustainable grassland management and the
identification of agricultural ‘best practices’ to improve the resistance of grassland forage production in
a changing environment. In the present work, we investigate the interactive effects of fertilizer regime
and climate variability (temperature, rainfall) on yield, forage quality and plant diversity in an upland
grassland subjected to a gradient of nutrient availability treatments over a 15-year period, and examine
whether high N inputs modify grassland response patterns to interannual climate variation.

Materials and methods

The field experiment is located in the Massif-central region in France (45°43023" N, 03°1021" E, 880
m a.s.l, mean annual temperature 8.7 °C, annual rainfall 770 mm) on a Cambisol soil, and forms part
of the ANAEE-F ACBB long—term agroecosystems management trial set up onsite in 2005. Prior to
the experiment establishment, the site was managed for hay production with mineral fertilizer inputs
(average 200 kg N ha'! yr'!) for over 10 years. In 2003 and 2004, the site was mown three times per year
without any fertilizer input. From 2005, three treatments were applied: NPK (251 kgN hal,28 kgP ha'l,

Grassland Science in Europe, Vol. 27 — Grassland at the heart of circular and sustainable food systems 207



177 kg K ha'!); PK (21 kg P ha'l, 128 kg K ha'!); and ‘None’ (no fertilization), with four field repetitions
(field size 400 m?). Each treatment is mown three times per year and fertilizer application is fractioned,
with inputs in early spring and then after the first and the second cuts. At each cut, biomass is sampled at
aheight of 5.5 cm above soil surface (four quadrats of 0.36 m? per field), oven-dried (60 °C for 48 h) and
weighed. Dry samples are then ground and analysed for total N content (Dumas method) and dry matter
digestibility (DMD) with near infrared spectroscopy (NIRS, Foss). Botanical surveys are carried out each
year in May using the transect method to determine species presence/absence at 40 points per field. In
the present study, we analysed data for 2006-20. Biomass production, DMD and crude protein content
(N*6.25) were expressed as annual values based on the three cuts per year and weighted (by mass) means.
Species relative frequency was calculated per field, and within-plot species richness (RS) and evenness
were estimated (Pielou, 1972) (no data for 2009). Annual precipitation and mean air temperature data
were obtained from an onsite meteorological station (INRAE CLIMATIK). Effects of treatment (fixed
factor), climatic variable (covariate) and any interactions were assessed using GLM models.

Results and discussion

Climate indices varied over the 15-year study period; mean annual temperature ranged from 7.2-9.8 °C
(mean 8.77, CV 7.9%), whereas annual rainfall ranged from 585-990 mm (mean 789 mm, CV 13.2%).
Warmer years also tended to be drier years (marginally significant negative correlation between the two
climatic indices). During the study, the NPK treatment showed consistently higher production and
forage quality, but lower diversity (evenness) compared to the PK and ‘No Fertilizer’ treatments (Table 1).

Increasing mean annual temperature was generally associated with a decrease in biomass production and
crude protein content, but an increase in grassland diversity (species number, evenness) (Table 1, Figure
1). However, the magnitude of temperature effects on biomass production varied depending on fertilizer
treatment, with greater temperature-induced decreases recorded in the PK treatment compared to NPK
or ‘No Fertilizer’ (Figure 1).

Table 1. Directionality of responses of grassland properties to climatic variation and fertilizer treatment.!

Variable Mean annual temperature Total annual rainfall Fertilizer treatment
Biomass production (g/mz) (Figure 1) 2 NPK > PK > None
Crude protein (%) N (Figure 1) NPK > PK = None
Dry matter digestibility (%) ns. N NPK < PK=None
Species number 2 N NPK < PK < None
Evenness A (Figure 1) NPK < PK = None

T Results represent significant main effects based on GLM analysis (no results are presented for climate variables where fertilizer treatments interact with climate, cf. Figure 1; n.s.,
non-significant climate effects). Fertilizer treatment rankings apply only for cases with no Tmt x Climate interactions.
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Figure 1. Interactive effects of fertilizer treatments and climate indices recorded during the study. Fertilizer treatments are given by: NPK, black
filled circles; PK, grey filled squares, ‘None; open triangles.

208 Grassland Science in Europe, Vol. 27 — Grassland at the heart of circular and sustainable food systems



Digestibility showed no response to temperature, in line with results of previous studies (Dumont ez 4/,
2015). In parallel, annual rainfall had significant positive effect on biomass production but a negative effect
on forage digestibility and species richness (Table 1). Effects of annual rainfall on crude protein content
and evenness varied depending on fertilizer treatment: crude protein content increased with increasing
rainfall in the PK treatment alone, whereas evenness showed a negative relationship with annual rainfall
in the PK and ‘No Fertilizer’ treatments (Figure 1). Contrary to expectations, all interactions recorded
between fertilizer treatment and climate index were driven by the PK rather than the NPK treatment.
This result may reflect an increased abundance of legume species in the PK treatment, as Trifolium repens
is known to be sensitive to rainfall deficit (Komainda ez 2/., 2019). Future work should examine responses
at different temporal scales and the possible role of belowground responses and species asynchrony in
buffering grassland properties against climatic variability.

Conclusions

Interactions between fertilizer treatment and climatic variables assessed at the annual scale were not
confined to one particular grassland property or climatic index, but remained relatively limited. In
general, interactions were driven by responses in the PK treatment rather than the NPK treatment,
possibly linked to greater sensitivity of legumes to climatic variation.

References

Bengtsson J., Bullock .M., Egoh B., Everson C., Everson T., O’Connor T., O’Farrell PJ., Smith H.G. and Lindborg R. (2019)
Grasslands — more important for ecosystem services than you might think. Ecosphere 10(2), €02582.

Bharath S., Borer ET., Biederman L.A., Blumenthal D.M., Fay P.A., Gherardi L.A., Knops J. M.H., Leakey A.D.B., Yahdjian L. and
Seabloom EW. (2020) Nutrient addition increases grassland sensitivity to droughts. Ecology 101(5), €02981.

Deroche B., Pradel P. and Baumont R. (2020) Long-term evolution and prediction of feed value for permanent mountain grassland
hay: Analysis of a 32-year data set in relation to climate change. Grass Forage Science 75, 18-27.

Dumont B, Andueza D., Niderkorn V., Liischer A., Porqueddu C. and Picon-Cochard C. (2015) A meta-analysis of climate change
effects on forage quality in grasslands: specificities of mountain and Mediterranean areas. Grass and Forage Science 70, 239-254.

Komainda M., Kiichenmeister K., Kiichenmeister E,, Breitsameter L., Wrage-Ménnig N., Kayser M. and Isselstein J. (2019). Forage
legumes for future dry climates: Lower relative biomass losses of minor forage legumes compared to Trifolium repens under
conditions of periodic drought stress. Journal of Agronomy and Crop Science. 205, 460-469.

Pielou E.C. (1972) Niche width and niche overlap: a method for measuring them. Ecology 53, 687-692.

Grassland Science in Europe, Vol. 27 — Grassland at the heart of circular and sustainable food systems 209



Effect of nitrogen fertilization and cutting height on greenhouse
gas exchange on a boreal grassland

Maljanen M.L Lamprecht R.L Kykkinen S.2, Lind S.Z and Virkajirvi p.2

LUniversity of Eastern Finland, Department of Environmental and Biological Sciences,
Yliopistonranta 1E, 70210 Kuopio, Finland; >Natural Resources Institute Finland (Luke),
Halolantie 31 A, 71750 Maaninka, Finland

Abstract

Grasslands have a potential for increased carbon (C) sequestration through enhanced biomass production
by optimizing the nitrogen (N) fertilization rate or cutting height. We investigated the effect of these
factors on the greenhouse gas (GHG) exchange including carbon dioxide (CO,), methane (CH,) and
nitrous oxide (N,0) on a timothy-meadow fescue mixture over two years (2020-2021). Two intensively
managed experiments were established on mineral soil in Central Finland in 2018. The effect of
N-fertilization was studied at levels of 0 (= no N fertilization), 150, 300 kg N ha'! year'! and at the
cutting height at 6 and 12 cm over three harvests at silage stage. Greenhouse gas exchange was measured
weekly during the growing season (May - September) by chamber methods and biweekly during winter by
chamber or snow gradient method from five replicate plots on each treatment. N-fertilization increased
the N, O emissions but also CO, uptake. CH, exchange was insignificant in all treatments. Unfertilized
plots were net sources of GHGs in both years while fertilized plots were net sinks during the first year
but small net sources in the following year. Higher cutting height increased the CO, uptake in the first
year, but the opposite was observed the following year as a result of weather conditions.

Keywords: grass, carbon, nitrogen, greenhouse gas, emission

Introduction

Agricultural soils, especially perennial grasslands have a potential for carbon sequestration through
increased soil C input. N-fertilization increases soil C storage in intensively managed grasslands due
to changing soil microbial activity and C allocation of plant (Poeplau ez 4/., 2018, Fornara et al., 2013).
On the other hand, N-fertilization can increase greenhouse gas N,O release from soil as well as an
effect of increased decomposition rates of soil organic matter (SOM). Higher cutting height increases
the above ground C input to soil and can also affect the root biomass (Thornton and Millard, 1996).
In addition to these effects, both measures have an impact on the grass yield and consequently on the
animal production per ha. Currently there is urgent need for assessing the implication of climate friendly
cultivation techniques on fluxes of CO,, N,O and CH, together with their effect on grass productivity.

Materials and methods

The study site is located in castern Finland (63°09°’N, 27°20’E). Soil type is sandy loam with 6% organic
matter in the 0-20 cm soil layer. There were two randomized complete block design experiments with
five replicate plots for each treatment. The swards were established in 2018 with a mixture of timothy
(Phleum pratense L. and meadow fescue Festuca pratensis Huds.) We studied the N-fertilization at levels
of 0,150,300 kg N halyear! and the effect of cutting height at 6 and 12 cm with annual N-fertilization
level 0f 240 kg N ha'l. The grass harvest to silage stage was performed three times over the growing season
(May — September) and harvested dry matter yields were determined.

Annual greenhouse gas exchange was measured from May 2019 until April 2021. During snow-free

seasons, CH and N, O emissions were determined using a dark static chamber (60x60x30 cm) method
with permanent collars (60x60x20 c¢m) installed in soil (Lind ez al, 2019, 2020). CO, exchange
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(net ecosystem exchange and ecosystem respiration) was measured during the snow-free season with
a transparent polycarbonate chamber and opaque aluminium chamber (60x60x30 cm), equipped
with a fan and an ice-water cooling system to keep the chamber temperature close to the prevailing air
temperature. An infrared gas analyser (LI-COR, 850) was used to analyse the CO, concentrations in
the chamber. Air temperature and photosynthetically active radiation (PAR) inside the chamber were
recorded during the measurements. N,O and CH ; emissions were determined by the dark static chamber
method. During the measurement four gas samples were taken from the headspace of the chamber from
5 to 35 minutes after closing and the gas concentrations were analysed with a gas chromatograph (GC)
(7890B GC, Agilent Technologies, USA). Instantancous fluxes were calculated from the change in the
gas concentration in the chamber headspace. Diurnal CO, exchange was modelled using PAR and other
environmental variables (Lind ¢z 4/, 2020). During snow-covered seasons, the snow gradient method
(Maljanen et al., 2003) was used to determine CO,, CH, and N, O emissions through the snowpack.

Results and discussion

Weather conditions during the studied years were considerably different. During the first growing
scason (1 May-30 Sept) the precipitation was clearly lower than the long-term average (LTA, 309)
but temperature sum was close to LTA (1214). In the second growing season both temperature and
precipitation sum were higher than LTA (Table 1).

The different weather conditions affected the total GHG balance and crop yield. The preliminary results
of the total balance, including annual greenhouse gas emissions and crop yield are shown in Figure 1.
The results show a large variation between the two years with contrasting weather conditions. Therefore,
we cannot make strict conclusions how the N-fertilization rates will change the total balance. However,
plots without any additional N-fertilization were both net GHG/C sources and produced poorly during
both years despite the differences in weather conditions.

Table 1. Temperature sum and precipitation sum during the periods of five months (1 May-30 Sept) in years 2019 and 2020.

Year Temperature sum (°C) Precipitation sum (mm) ATemperature’ A Precipitation’
2019 1,248 202 34 -107
2020 1,325 344 m 35

"The difference (A) between seasonal temperatures and long-term average (1981-2010) values are also shown.
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Figure 1. GHG and carbon balance on the studied site in fertilization experiment (NO, N150 and N300, corresponding N-fertilization at levels
of no N-fertilization, 150 and 300 kg N ha™" year ") and in cutting height experiment (C6 and (12, corresponding cutting height 6 and 12 cm)
during the two years (from May to April). Bars show the annual balance as (0, equivalents for each component (CH, = methane, N,0 = nitrous
oxide, (0, = net carbon dioxide exchange, BM = biomass and TOT = total balance). Statistical differences between years and treatments have
not yet been calculated for these preliminary data.
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Conclusions

We conclude that GHG balance of a boreal grassland is highly dependent on the weather conditions
during the growing season. Based on these first two contrasting years no clear conclusions can yet be
made how cutting height or N-fertilization rate affects the GHG balance of a boreal grassland. The final
conclusion will require results of the third production year as well as a renovation year. Net CO, exchange
and yield C played a major role in the GHG/C balance, whereas the role of N, O was minor and the role
of CH, was negligible.
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Productivity and regrowth of grasses and legumes for biorefining
of protein - effects of defoliation and fertilizer regimes

Manevski K.12 and Jorgensen U.l?
L 4arbus University, Centre for Circular Bioeconomy, Blichers Allé 20, 8830 Aarbus, Denmark; > Aarbus
University, Department of Agroecology, Blichers Allé 20, 8830 Aarhus, Denmark

Abstract

Productivity of perennial plants integrates photosynthesis, soil nitrogen (N) uptake and internal
remobilization, but remains poorly understood for different species subjected to fertilizer and defoliation
regimes. A field experiment started in 2019 on sandy soil in Denmark with either fertilized grasses
(perennial ryegrass, tall fescue), unfertilized legumes (alfalfa, red clover) or their fertilized mixture (grass-
legume), cach defoliated at high (2 weeks), medium (4 weeks) or low (6 weeks) frequency intervals,
at either 7-9 or 12-14 cm height. Differences between means for the first production year 2020 were
evaluated by mixed-effects model fitted to annual biomass and N content. The largest biomass was
obtained by tall fescue (11.8-14.2 Mg ha'!) defoliated at medium to low frequency and grass-legume
mixture (12.5-13.3 Mg ha'!) defoliated at medium to low frequency, regardless of N fertilization and
defoliation height. For N contents, the systems with red clover (395-440 kg N ha'!) and grass-clover
mixture (360-400 kg N ha'!) defoliated at high to medium frequency were significantly more productive
than the others. This study provides novel insights in perennial productivity modulated in dynamic terms
by management and suggests improved integration of environmental and economic sustainability of
perennial systems targeting biorefining of feed protein.

Keywords: aboveground, biomass, carbon, multi-factor, nitrogen, tall fescue, seasonal

Introduction

Perennial herbaceous plants after defoliation follow one or a combination of two ‘reserve-dependent’
regrowth strategies: either to photosynthesize with their remaining leaves, or halt root growth and
remobilize stored carbohydrates when defoliation is severe. Productivity and nutritive values thus depend
on optimal defoliation and fertilization regimes that modify the source-sink balance to promote best
carbon (C) and nitrogen (N) assimilation and allocation for rapid compensatory regrowth (Wang ez
al., 2021). The main objective of this work was to quantify the effect of species, fertilization, cutting
frequency and height of cut on productivity and regrowth of perennial grasses and legumes targeting
biorefining of feed protein.

Materials and methods

A field experiment started in 2019 on sandy loam soil in Denmark with grasses (perennial ryegrass,
tall fescue) fertilized with 300 or 500 kg N ha'l yr’l, unfertilized legumes (alfalfa, red clover), or their
mixture (grass-legume) receiving 300 kg N ha! yr'! as split amounts after each defoliation with high,
medium or low frequency at either 7-8 or 10-12 cm height. Total number of treatments was thus 42
(Table 1). Management of irrigation, plant protection and other nutrients followed optimal practice.
Each treatment was laid out on 12x1.5 m plots randomized in four blocks (replicates) separated by 6
m. Field ploughing was on 15 March 2019 and sowing on 15 May. Plots were cut with a plot harvester
(Haldrup F-55, Germany) according to height treatment on 7 Aug; thereafter, until October 2019, plots
were managed to ensure plant establishment. In 2020, the first production year, treatments proceeded
according to the plan (Table 1). Representative biomass samples at each harvest were dried at 60 °C to
constant weight, ground, and subsamples (2 g) analysed for N content in an elemental analyser.

Grassland Science in Europe, Vol. 27 — Grassland at the heart of circular and sustainable food systems 213



Table 1. List of the main treatments and their levels in the field experiment in Denmark.

Plant species/system: Nitrogen (N) fertilizer (kg ha”? year):
Q1 Perennial ryegrass (Lolium perenne var. Betty) NO 0(LTand L3)

@2 Tall fescue (Festuca arundinacea var. Swaj) N1 300kgN ha™'(G1,G2and L2)

L1 Alfalfa (Medicago sativa var. SW Nexus) N2 500kg N ha(G1and G2)

L2 Grass-lequme mix (G14+G2+ L1+ L3)

13 Red clover (Trifolium pratense var. Taifun)

Defoliation frequency: Defoliation height:

F1=2 weeks, F2=4 weeks, F3=6 weeks H1=7-8 cm or H2=10-12cm

Mean annual biomass yield (dry matter basis) and N contents in 2020 were separated by treatment using
a linear mixed-effects model:

Yijkm =u +Pl,+l}+Hk+Nm + (P, ij xH,xN )+B, + €,
where Y is either annual biomass or N content, ¢ is the overall mean, P, F, H and N are effects of,

respectively, plant species, defoliation frequency, height and N fertilization, 7, j, # and 7 are their levels
(Table 1), B, is random effect of block (n=4) and ¢ is residual variation.

Results and discussion

For both biomass and N contents for the first production year, all single factors were highly significant
(Table 2). For biomass yield, defoliation frequency significantly interacted with defoliation height, with
plant species also added to this interaction, whereas interactions with N fertilizer were close to, but
not, significant. For N contents, significant interactions involved defoliation frequency x N fertilizer,
including plant species and defoliation height added to three-way interactions.

The statistical model depicted individual differences between treatments, with statistically similar results
for many treatments in both biomass and N contents, but the high defoliation frequency treatments were
not among the most productive. Instead, the greatest biomass values were obtained by tall fescue (11.8-
14.2 Mg ha'!) and grass-clover mixture (12.5-13.3 Mg ha'!), all harvested at 4 and 6 weeks frequency,
although red clover harvested at 2 or 4 weeks was in the adjacent group (11 Mg ha'!). On the other
hand, the systems yielding statistically the lowest biomass (4-7 Mg ha'!) were those involving perennial
ryegrass harvested mostly at 6 weeks and alfalfa at all defoliation frequencies, without apparent effect of
defoliation height and N fertilization.

Table 2. Significance of the treatment factors involved in the field experiment in Denmark.

Biomass yield Nitrogen content

Factors Fvalue Pr(>F) Factors Fvalue Pr(>F)

Species 153.8 <2.2x10716 ***  Spacies 170.9 <2.2x10716 *xx
Frequency (of cut) 65.2 <2.2x10°1 ***  Frequency (of cut) 82.6 <2.2x10716 *xx
Nitrogen (fertilizer) 222 6.5%10  ***  Nitrogen (fertilizer) 1316 <2.2x10716 *xx
Height (of cut) 4.0 1.9x10°  **  Height (of cut) 23.0 45106 *xx
Frequency:Height 6.6 0.0018 ** Frequency:Height 35 0.0322 *
Species:Frequency:Height 2.6 0.0099 ** Species:Frequency:Height 2.1 0.0431 *
Frequency:Nitrogen (fertilizer) 24 0.0929 . Frequency:Nitrogen (fertilizer) 33 0.0393 *
Species:Nitrogen (fertilizer) 3.7 0.0555 . Species:Frequency:Nitrogen (fertilizer) 3.7 0.0379 *
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High defoliation frequency (2 and 4 weeks) played a significant and promoting role for N content, with
the largest N amounts obtained by red clover (395-440 kg N ha!) and grass-clover mixture (360-400 kg
N ha'l), defoliated at both 2 and 4 weeks, which did not differ significantly from tall fescue defoliated at
4 or 6 weeks (300-362 kg N ha'!). Interestingly, these amounts for tall fescue were obtained at fertilizer
level N1 (300 kg N ha'!), whereas at N2 (500 kg N ha!) the amounts were significantly lower (260-
275 kg N ha'!), which indicates low efficiency of this grass for rapid N uptake during regrowth, despite
ample N available from fertilizer. Other studies have shown that when nutrients are available, plants can
preferentially allocate more carbohydrate to roots for storage to balance sink competition between newly
expanded leaves and roots, as found for grass for Sipa, a genus similar to Festuca (Zhang et al., 2021).

The spring cut of all systems contributed notably (5-26%) to the annual biomass and the following two
cuts had the largest contribution, but only for medium and low defoliation frequency, cumulating up
to 65 and 90%, respectively (Figure 1). This information is relevant for the design of the biorefinery
requiring stable and notable supply of biomass.

Figure 1. Contribution of defoliation in annual biomass of the systems for the first production year. Treatment codes on the x-axis are shown
inTable 1.

Conclusions

Tall fescue and grass-clover mixtures, harvested at 4 or 6 week intervals, were the most productive in
terms of biomass, whereas red clover harvested at 2 to 4 weeks yielded the largest N contents. The 2021
data will reveal the robustness of these findings.
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Effects of stabilized urea fertilizer on nitrate concentration in
fresh grass and on silage quality

Meehan E.J. and Patterson J.D.
Agri-Food and Biosciences Institute (AFBI), Hillsborough, BT26 6DR, Northern Ireland, United Kingdom

Abstract

Stabilized urea (SU) fertilizer has lower NH; emissions than conventional urea and lower N,O
emissions than calcium ammonium nitrate (CAN), but its effects on grass and silage quality are not
fully understood. High nitrate levels in ensiled grass, especially at later harvests, have been associated
with poor fermentation characteristics. This study compared the effects of SU with CAN on the nitrate
concentration and buffering capacity (BC) of fresh grass, and on subsequent silage quality. Nitrate levels
in fresh grass samples (of <1000 mg kg'! were observed when the ratio of Nitrate (mg kg!): Yield (kg
DM ha'!) was less than approximately 0.30 (in all Early-season, most Mid-season but no Late-season
samples for ensilement). Herbage nitrate levels were high in late season, but did not differ between
CAN and SU. Nitrate levels in Late-season fresh grass were very strongly correlated (r=0.82: P<0.001)
with crude protein and moderately correlated (r=0.52: P=0.010) with BC while there were no strong
correlations between nitrate levels and silage quality parameters. Fertilizer type had no effect on silage
quality parameters including pH, ethanol, water soluble carbohydrates or dry matter digestibility.

Keywords: stabilized urea, nitrate levels, grass quality, silage quality

Introduction

The application of N fertilizers to agricultural soils is a major source of N,O emissions which are a
potent greenhouse gas (GHG) (Roche ez al., 2016). Whereas calcium ammonium nitrate (CAN)
emits more N,O than unamended urea (Watson ez 4l., 2009), unamended urea fertilizers lose more
NH, through volatilization than CAN (Forrestal ez 4l., 2016). The ‘Making Ammonia Visible’ report
(DAERA, 2017) stated that 91% of all NH, emissions in Northern Ireland (NI) come from agriculture
and it recommended the use of SU fertilizers (also known as treated urea or protected urea) instead of
CAN. High nitrate levels in ensiled grass, especially at later harvests, have been associated with poor
fermentation characteristics (Spoelstra, 1985). Research has demonstrated that using stabilized urea (SU)
fertilizer, instead of CAN, reduces N, O emissions (Harty ez a/., 2016) but its effects on nitrate levels in
fresh grass and silage quality are less well known. This study compared the effects of SU with CAN on
the nitrate concentration and BC of fresh grass, and on subsequent silage quality in ‘Early, ‘Mid’ and
‘Late’ season.

Materials and methods
The study was undertaken in 2018 and 2019 at AFBI Hillsborough (54°27'N, 6°04'W) in a field which

was re-seeded in 2013 with a seed mixture comprising of intermediate and late maturing perennial
ryegrass (Lolium perenne) varieties and white clover (Z7ifolium repens). All herbage samples were from
managed plots (5x1.5 m) harvested to a stubble height of 4 cm using an Agria mower (scythe width 1.1
m) as pera ‘3 cut’ silage harvest system. The design was a randomized block comprising 4 replicates of 18
treatments in a 3x6 factorial design. The 18 treatments comprised of 3 fertilizer treatments (CAN, SU
and a no fertilizer Control) with 6 harvesting intervals per cut (at 2, 3,4, 5, 6 and 7 weeks post fertilizer
application) for 3 cuts per year (1%, 2"4 and 3™ cuts) and repeated over 2 years. The CAN fertilizer
was SulfaCAN (26.6:0:0:12.5S) and the SU was a KaN product (38:0:0:17.5S) as urea with the urease
inhibitor, nBTPT, plus sulphur. Following January soil sampling, fertilizers were applied in March - July
as per RB209 guidelines (AHDB, 2010) for soil P and K Index 2 at 120, 100 and 100 kgN hal for the 1%,
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2 and 3 Ssilage cuts) respectively. Fresh grass samples were analysed using near infrared spectroscopy
(NIRS) for dry matter (DM), nitrate, buffering capacity (BC) and crude protein (CP). The silage cut at
each “Week No 7’ was chopped and placed into 6 kg mini pipe silos and a 2 kg sample was analysed after
100 days by NIRS for dry matter digestibility (DMD) and by chemical analysis for volatile corrected
organic dry matter (VCODM), volatiles, NH3 N/ Total N, pH, CP, lactic acid (LA), ethanol, acid
detergent fibre (ADF), ash and water soluble carbohydrates (WSC). Analysis of Variance (VSNI, 2017)
was applied to assess the fixed effects of week, cut, fertilizer treatment and their interactions, blocking on
year and the replicated experiment within year. Predictions from the General Linear Model (GLM) were
calculated for unbalanced comparisons where required using the Genstat regression model. Pearson’s
correlation coeflicient, 7, was calculated with probability values in Genstat. The strength of association for
absolute values of 7 (both positive and negative) was described as follows: moderate (0.40-0.59), strong
(0.60-0.79) or very strong (0.80-1) as per Swinscow (1997).

Results and discussion

Nitrate levels in fresh grass samples of <1000 mg kg™! were observed when the ratio of Nitrate (mg kg’
1):Yield (kg DM ha'!) was less than approximately 0.30 (Figure 1). There was no significant treatment
x week interaction between ratios for CAN and SU indicating similar rates of nitrate uptake and usage.
Herbage nitrate levels were higher in late season but did not differ between CAN and SU. Nitrate levels
in late season fresh grass were very strongly correlated (r=0.82: P<0.001) with CP and moderately
correlated (r=0.52: P=0.010) with BC but there were no strong correlations between nitrate levels
and silage quality parameters, demonstrating that higher nitrate levels in late season did not affect
successful silage production. Fertilizer type (SU vs CAN) had no significant effect on silage quality
parameters including VCODM, NH; N/Total N, pH, CP, LA, ethanol, ADF, ash, WSC, or DMD
(Table 1). Treatment effects only existed between the control plots and the N fertilized plots. There were
no treatment effects between acetic acid and propanol on control or N fertilized plots. No significant
treatment effects were observed for silage DMD between CAN and SU at the cut level or overall.

6.5

6.0

Ratio of Nitrate (mg kg') : Yield (kg DM ha")
e R -
(¢ ] o [$,] o (¢ ] o (9] o (6} o (9]

Jﬂ

1st cut 2nd cut 3rd cut

Figure 1. Mean ratio of nitrate (mg kg") to yield (kg DM ha™") in fresh herbage in weeks 2-7 (columns), cuts 1-3 for CAN and SU fertilizer
treatments combined in 2018 and 2019. Standard error bars shown, n=256, average s.e.d. = 0.29, white columns indicate ratio <0.30.
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Table 1. Effect of fertilizer N type on silage quality parameters in 2018 and 2019.!

Treatment P-value SED

Control CAN SuU
VCODM (g kg") 2692 23 223b 0.003 145
NH, /N (g kg™ Total N) 49 610 610 <0.001 3.1
pH 3.882 3.92 3.95 0.021 0.02
P (gkg™ DM) 1032 1460 148" <0.001 46
LA (g kg™ DM) 73 106" 100 <0.001 53
Ethanol (g kg™ DM) 36.72 24.1b 17.9° 0.006 57
ADF (g kg™ DM) 2712 292 293 <0.001 57
Ash (g kg™ DM) 84 90P 93P <0.001 21
WSC (g kg™ DM) % 15 140 <0.001 73
DMD 7182 745b 735% 0.013 9.1

Tsignificant differences between treatments are suffixed with a or b superscript. Data are means of 1tand 3" cuts in 2018 and means of 1%t, 2 and 3" cuts in 2019. SED = standard
error of a difference.

Conclusions

The effects of SU fertilizer were similar to those of CAN with regard to nitrate concentration in fresh
grass at both week and cut level and with regard to silage quality from early, mid and late season harvests.
In multi-cut silage systems SU can therefore be considered a suitable replacement for CAN.
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Effects of fertilization on the yield and nutritive value of
bromegrass mixture with legumes

Meripold H., Tamm U, Tamm S., Tamm S., Vosa T. and Pechter P.
Estonian Crop Research Institute, 48309 Jogeva, Estonia

Abstract

Alaska brome (cv. Hakari) and smooth brome (cv. Lehis) were grown in pure stands and in combination
with lucerne (cv. Karlu) and red clover (cv. Varte) in a field trial during 2017-2020 in treatments with
fertilization or without fertilization (organic). In fertilized stands Alaska brome and smooth brome plots
were cut three times in the summer, and received a total of 200 kg ha! N (80-60-60 kg ha'! after each cut).
Autumn fertilizer (7-20-28) was also given at 300 kg ha'! (N, P K, ) in the fertilization treatments. The
average dry matter yields (DMY) in organic pure seedings were 2.9 Mg ha! for smooth brome and 2.5
Mg ha'! for Alaska brome. In the organic mixture with lucerne, DM yields were 6.0 and 5.8 t ha'l. The
forage with the highest nutritive value was obtained when growing grasses in the organic mixture with red
clover: digestible dry matter (DDM) 621-677 g kg'! DM, metabolizable energy (ME) 9.1-10.2 M] kg'!
DM. The lucerne showed similar results. The nitrogen fertilizer used in the fertilized treatment increased
the DMY and the protein content of the forage. Alaska brome had a better nutritional value than smooth
brome. The smooth brome mixture was less digestible due to the higher fibre content.

Keywords: Alaska brome, smooth brome, grass mixtures, forage yield, forage nutritive value

Introduction

The increasing role of sustainable grassland-based ruminant systems in Europe highlights the use of
sown multi-species swards and stresses the need for comprehensive studies on the influence of grassland
management strategies in different local conditions (Peyraud e al., 2014). An optimal combination of
suitable grass and legume companion species is needed to obtain high N-use efficiency, high herbage
yield and high contents of nutritive compounds in grass-legume mixtures (Elgersma and Seegaard, 2015).
Alaska brome-grass (Alaska brome Bromus sitchensis Trin. in Bong.) is a relatively new species in Estonia.
It has been investigated and cultivated here only very recently (Tamm et 4., 2018). The nutritive value
is highest when the first cut is taken at early heading and budding or at the beginning of flowering.
When choosing legumes for grass-clover mixtures, the rate of phenological development of the species,
persistency and nutritive value should be considered. Earlier results have shown that growing red clover
in mixtures with grasses improved the nutritive value and ensiling properties of the crop (Tamm, 2017).
The aim of this study is to compare production abilities and forage quality of two Bromus species in pure
stand and in mixture with lucerne and red clover cultivars in Estonian growing conditions.

Materials and methods

The experimental field was established in 2017 in Saku, Estonia (latitude 57° 25°). The study included
data from two years (period 2017-2020). The trial plots were established on a typical soddy-calcareous
soil where the agrochemical indicators were as follows: pH .+, 7.4 (ISO 10390); soil carbon content C

3.0% (Tyurin method) and concentrations of lactate soluble phosphorus (P) and potassium (K) of 53
and 97 mgkg! (Mehlich III method).

The trial was established without fertilization. The sowing rate of Alaska brome cv. Hakari (Bs) and
smooth brome (Bromus inermis Leysser) cv. Lehis (Bi) was 20 kg ha'l, lucerne (Medicago sativa Lam)
cv. Karlu (Ms) 12 kg ha'! and red clover cv. Varte (7p) 10 kg ha'l. The trials were established with split-

plot design in four replicates. Two different fertilization systems were compared in the experiment: (A)
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non-fertilized treatment (Alaska brome, smooth brome pure seeding and grass-red clover) and lucerne
mixtures, and (B) fertilized treatment (Alaska brome, smooth brome pure seeding with 200 kg N ha'!
in three applications (80+60+60 kg hal). Autumn fertilizer (7-20-28) was also given at 300 kg ha’!
(N, P Kg,) in treatment B. The crop was cut by scythe, weighed, and samples taken for analyses and
determination of botanical composition. A three-cut system was used during harvest. First cuts were
taken between 28 May and 2 June. Second cuts were taken between 3 July and 18 July. Third cuts were
taken during 2 September to 18 September. Effective temperatures over 5 °C (in April — September) were
1,729 °C in 2018, 1,459 °C in 2019, and 1,394 °C in 2020. Rainfall (April — September) was 266 mm
in 2018, 351 mm in 2019 and 459 mm in 2020. The following data were collected in this experiment:
dry matter (DM) yield, crude protein (CP), neutral detergent fibre (NDF), acid detergent fibre (ADF),
metabolizable energy (ME) content and digestible dry matter (DDM). Statistical analyses (ANOVA and
Fisher’s LSD) were carried out by Agrobase 20™

Results and discussion

Opver the three years, a significant difference in the DM yields was found in plots using the different
fertilization technologies. The highest DM yields of Alaska brome and smooth brome were obtained
with pure seeding supplied with N fertilizer, with the 3-year average yields of 10.1 and 11.0 Mg ha'l,
respectively. The 3-year average DM yield in the case of non-fertilized pure seeding was 2.9 Mg ha'! for
smooth brome and 2.5 Mg ha'! for Alaska brome.

The 3-year average DM yields were 9.2 and 7.8 Mg ha'! for smooth brome-lucerne and Alaska brome-
lucerne in the fertilized treatment.

The botanical composition in the mixtures of Alaska brome-lucerne and Alaska brome-red clover (non-
fertilized) were grasses 52%, lucerne 44% and red clover 41%. In the mixtures with smooth brome-lucerne
and smooth brome-red clover (non-fertilized) grasses averaged 54%, lucerne 44% and red clover 36%. N
fertilizer increased grasses and reduced legume proportion in the mixture. The CP in the first cut of A
treatment with smooth brome and Alaska brome was low (97-108 gkg'! DM) and in the B treatment it
was the highest (141-145 gkg 'DM) (Table 2). The N used in the fertilized treatment increased the forage

yield and CP concentration. Lucerne and red clover mixture increased the CP concentration compared

Table 1. The DM yield (Mg ha™T) of Alaska brome (Bs), smooth brome (8j) and in the mixtures with lucerne (Ms) and red clover (7p) in 2018-
20201

Species Treatment 2018 2019 2020 Average
Bs A 3.8 1.6h 29 25¢

B 6.1° 72¢ 172 1012
Bs/Ms A 4,00 5.8 7.74 5.8¢

B 43¢ 69¢ 122¢ 7.8
Bs/Tp A 454 56°¢ 43¢ 48d

B 49 634 7.74 63¢
Bi A 3.5f 259 28¢ 290

B 6.42 952 172 112
Bi/Ms A 3.4f 6.1d gd 59¢

B 3.9 770 16.1b 9.2b
Bi/Tp A 3.4f 43f 33f 3.7

B 3.9 5.9¢de 8.14 6¢
LSD 95% 0.29 0.49 0.54 15

" Different lower case letters within column are significantly different (P<0.05; ANOVA, Fisher LSD test).
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Table 2. The average nutritive value of the Alaska brome (Bs) and smooth brome (Bi) red clover (Tp) lucerne (Ms) mixtures at first and second
cut during 2018-2020.

Species Treatment First cut Second cut
(Pgkg?  NDFgkg! DDMgkg' MEMJkg?  (Pgkg?!  NDFgkg' DDMgkg' MEMIkg'

(Bs) A 108 540 ¢ 655" 9.6 974 6302 610 89¢

B 1492 620° 6354 93d 144 be 6732 5994 9.0bc
(Bs)/(Ms) A 1722 447¢ 6792 10.2° 1672 502 ¢ 636" 9.4

B 1582b 477% 6712 10,02 1782 4894 6432 952
(Bs)/(Tp) A 130 bd 474de 6772 10.2° 117 d 547¢ 6211¢ 9, 1abe

B 1400 505 ¢ 6662 10,02 142 be 513 6372 9.4
(Bi) A 1024 566" 6344 93d 1074 601" 6175 9.0bc

B 1452 6412 6184 9.14 141 6622 609 9.2
(Bi)/(Ms) A 16420 48)de 6652 9.9 1842 4664 6562 9.62

B 16420 475 6662 10,02 1872 4774 6492 952
(Bi)/(Tp) A 136b¢ 494¢ 660" 9.9 1480 4774 6522 9.62

B 135 be 506 659° 9.8 144 be 499¢ 6442 952

"Different lower case letters within column are significantly different (P<0.05; ANOVA, Fisher LSD test).

to pure seeding in the case of the non-fertilized treatment (supporting the results of Tamm ez a/., 2018).
In the mixtures smooth brome was less competitive than Alaska brome, thus the CP concentration of
the Alaska brome-red clover mixtures was lower than that in the Alaska brome-lucerne mixture. Lower
CP concentrations (97-108 gkg'! DM) were found in treatments without N fertilizer in first and second
cuts of grasses. An indicator of the nutritive value of the forage is the NDF, which helps to account for the
feed intake potential of forage. In all cuts the NDF values of the mixtures were lower than those of the
pure grass variants because the concentration of the cell walls was higher in the grasses than in the lucerne
and red clover. All grass-legume mixtures had higher DDM (659-679 g kg'! DM) in the first cut than

the second cut. Metabolizable energy value was greater in grass-legume mixtures than in the pure grasses.

Conclusions

Asa3-year average, there was no difference in dry matter yield between the two bromegrass species. In the
non-fertilized treatments the lucerne mixtures with grasses had high DM yields. Fertilization increased
DM yield and improved the forage nutritional value, especially in the case of pure grasses. The legumes
ensured that the forage was of high metabolizable energy value with high digestible dry matter content
in both fertilization treatments.
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Abstract

In perennial ryegrass (Lolium perenne L.), the sucrose lateral transporter LpSUT1 retrieves sucrose
from the apoplast and the fine tuning of its expression should allow the plant to regulate the growth
of phyllosphere bacteria which feed on sugars leaking from the plant apoplast. Curtobacterium and
Hafnia strains were isolated from the microbiota of the phyllosphere of permanent grassland grazed
by cattle. Bacterial suspensions were sprayed on leaves of L. perenne grown in a greenhouse. One and
seven days after the bacterial supply, fructans and sucrose contents as well as Lp-SUTI transcript levels
were measured in the base of elongating leaves, where meristematic cells act as a strong sink for sucrose.
Irrespective of the strain, bacteria had no significant effect on fructan mobilization while one strain of
Hafnia decreased the sucrose content and up-regulated ZpSUT 1 expression. These results suggest that
some phyllospheric bacteria sprayed on leaf blades compete with the host plant for sugars and manage a
long-distance effect in elongating leaf bases, which is in favour of an increased sucrose lateral transport
to compensate for the additional sink of carbon created by the presence of bacteria.

Keywords: Phyllosphere bacteria, sucrose transporter, Lolium perenne, fructans, sugars

Introduction

Phyllosphere (i.c. the parts of terrestrial plants above the ground) is considered as a harsh environment
for the bacteria that can feed on sucrose leaking out in the cell wall continuum (the apoplast) of the
plant. In perennial ryegrass (Lolium perenne), which is of major agro-economic importance in temperate
grasslands and which can harbor microorganisms that contribute to the quality of raw dairy products,
this leak requires a step of temporary translocation of the sucrose prior to loading at high concentration in
the phloem. This is achieved through the presence of active sucrose transporters like LpSUT1 (Berthier
et al., 2014). In sink tissues such as clongating leaf bases, LpSUT1 enables the efficient import of sucrose
from phloem to parenchyma cells, which supports active growth (Figure 1). As such, fine-tuning the
expression of Lp-SUT I sucrose transporter should be of upmost importance to sequester sucrose in the
plant and prevent its leakage to the phyllosphere, which may allow the plant to regulate bacterial growth.
Despite the increased knowledge on sucrose transport in plants (Jeena ez 4/, 2018), the possible link
between leaf colonization by phyllospheric bacteria and transcriptional regulation of sucrose transporters
like Lp-SUT1 could be relevant but has never been investigated before. The sugar contents and the
transcriptional regulation of Lp-SUTI were therefore assessed in elongating leaf blades after the spraying
of leaf blades with two Curtobacterium and two Hafnia strains that are both non-pathogenic and that
were isolated from herd-grazed grassland. These bacteria could therefore be ingested by cattle or be found
on the udder and may participate to dairy-raw milk quality.

Materials and methods

Bacteria strains were isolated from the surface of leaves sampled in grassland plots grazed by dairy cows at
the INRAE experimental domain of Le-Pin-au-Haras (Normandy, France). Two strain of Curtobacterium
and two of Hafnia were selected with one strain capable of using sucrose and the other incapable of using
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Figure 1. Schematic representation of the elongating leaf base tissue which acts as a sink. LpSUT1 is a transmembrane sucrose transporter
located all along the path and responsible for the lateral transport of sucrose from phloem through peri-vascular bundle sheath and towards
parenchyma sink tissues. Sucrose can therefore be accumulated as fructans within vacuoles, especially in parenchyma.

it for each genus. Each strain was abundantly sprayed on the shoot of the plants (Figure 1B). Samples
were harvested immediately (#=0 day) and after 1 and 7 days. Mature leaf blades, their associated leaf
sheaths and the elongating leaf bases at the centre of each tiller were harvested separately. For control
(only sprayed with water) and each treatment, samples were harvested in four replicates corresponding
to four different plants and were immediately frozen in liquid nitrogen to be stored at -80 °C until sugar
content and LpSUT I transcript level analysis. Sugar analysis was carried out as described by Lothier ez /.
(2007), thanks to High Performance Liquid Chromatography (HPLC). RNA isolation was carried out
using Qiagen” RNeasy Mini Kit.and RT-PCR analysis as described by Berthier ez 4., 2014). Statistical
analysis was performed using R Software (ver. 3.6.3) to test the normality (Shapiro-Wilk) and variance
homogeneity (Bartlett) of the data and to perform a 1 factor ANOVA followed by a pairwise comparison
(Tukey test). Sugar contents and Lp-SUTI transcript levels are displayed as the mean + SE of the values
obtained when subtracting the values of the control (Tween 2%) to the values corresponding to the
treated plants (bacteria) of the same harvest time (day 1 or 7).

Results and discussion

The spraying with Curtobacterium strains had almost no effect on fructans content in elongating leaf bases
during the time-course of the experiment while with Hafnia 1 and Hafnia 2 it increased and decreased
fructans content, respectively (Figure 2). All strains increased sucrose content by 19% on day 1 while
Haffnia strains decreased sucrose content on day 7.

A B C
Fructans (mg.g"' DW) Sucrose (mg.g"' DW) 4 LpSUT1 (a.u.)
100 10 b
° C be s be ;-
be g e ac X aa 1 B
[ o 0 -
b o b L
a a @
100 -10
-4
L L L
1 7 1 7 1 7
Days after spraying Days after spraying Days after spraying

(B curtovacteriom 1 M Curtovacterium? W Hatnia 1 @ Haia2|

Figure 2. Fructans (A) and sucrose (B) relative contents, and LpSUTT relative expression (C) in elongating leaf bases 1 and 7 days after bacteria
spraying. Results are presented as the difference between the control plants that where only sprayed with water at day 0 and the treated plants.
When larger than the symbols, error bars represent + standard error of the mean for n=4. Different letters above bars indicate significant
differences between treatment (P<0.05, Tukey t-test or Dunn’s test for multiple comparisons).
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Lp-SUT 1 transcript levels were slightly increased in elongating leaf bases by both Curtobacterium strains
on day 1 while a 2 and 4-fold increase was respectively measured in response to Curtobacterium 2 and
Hafnia 2 on day 7. This strongly suggests that these bacteria strains were able to induce a more efficient
lateral transport of sucrose in elongating leaf bases. Because this tissue is an active sink for sucrose, this
should lead to a better retrieval of sucrose from the phloem sap and a more efficient sequestration of sugars
by the host plant, which could regulate by this way both the amount and structure of the phyllospheric
microbiota.

Conclusions

Spraying bacteria altered the metabolism and distribution of plant sugars in tissues that were not directly
exposed to them. Induction of expression of the sucrose lateral transporter LpSUT1 could be in favour
of increased competitiveness for sucrose from the host plant in order to compensate for the sugar sink
strength created by bacteria growing on leaf blades. It could also be a host plant driven mechanism to
make better use of sucrose and then control the growth of phyllospheric bacteria by decreasing potential
sucrose leakage.
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Abstract

Land use change (LUC) is identified as one of the main drivers of soil erosion. However, very little
information exists on the relation between land use and erosion over longer time periods and regional
scales. We quantified the LUC in southern Spain over 62 years, examining its effect on soil erosion
and assessing the mitigation role of permanent grassland (PG). The historical assessment was developed
modelling the RUSLE’s C-factor by the Monte Carlo Method (MCM). Future LUC scenarios were
developed by a complete conversion of PG to cropland (PC), permanent crop (PP) and forest and natural
area (FP). Despite the intensification of agriculture, no significant variation is observed in cumulative
erosion at a regional scale. The underlying reasons for this resilience are multifold but can be mainly
attributed to the fact that a small proportion of the total surface, 20%, dominates the total erosion,
67%. Potential LUC scenarios illustrate the importance of PG for erosion mitigation, as the CP and PP
scenarios show an abrupt increase of regional erosion by 13 and 14%, while FP shows a small reduction
of erosion close to 0%. This allows quantifying the erosion mitigation offered by maintaining the PG and
should be considered for future agricultural policy.

Keywords: erosion, land use change, permanent grassland

Introduction

Human-induced land use change (LUC) is often identified as one of the main drivers of accelerated soil
crosion. Erosion depends on different environmental factors, but land use (LU) and land management are
definitely the main variables that can rapidly change over time and that are directly controlled by human
action. Rapid land use change and intensification have led to strongly increased erosion rates after the
second half of the 19t century. Recently, soil erosion by water was identified as the major soil threat in
the European Union (EU) (Panagos et 4/., 2015) with a soil loss rate of 9.7x108 t ha=! y=1. Within the
EU, the Mediterranean countries are the most susceptible to erosion and comprise 49% of the EU's total
annual soil erosion. In the Mediterranean, PG includes natural grasslands and agroforestry land uses
(European Environment Agency, 2019). The CORINE land use classification defines natural grassland as
constituted by a permanent grassland (PG) with low human pressure and productivity, and agroforestry
as the typical oak-woodland savanna, called Dehesa or Montado, made up of 10-30% tree species cover
(Quercus suber, Quercus rotundifolia). This study aims to quantify the long-term effect of LULC on soil
erosion on a regional scale in southern Spain, with particular attention to the role of PGs. For this, the
specific objectives are: (1) to quantify the current importance of PG for soil conservation; (2) to calculate
soil erosion rates for past, future and potential land use scenarios.

Materials and methods

This study focuses on the southern region of Spain, Andalusia, which extends over 8,370,150 ha. The
regional climate is Mediterranean with a mean annual rainfall of 586 mm, a mean annual temperature of
14.7 °C, and a mean reference evapotranspiration of 830 mm. Forestry and agriculture are the dominant
land uses while PG covers ~14% of the land. The land use classification used for this study is derived
from the CORINE land cover (CLC) maps, available from 1990 to 2018. CLCs have been reclassified
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into four LUs: permanent crop, PG, and forest and natural area. Artificial surface and wetland and water
bodies CLCs have been excluded because they do not generate soil erosion. To extend the analysis of
historical land use to 1956, the land cover map of southern Spain in 1956 was used and reclassified into
the same LU classes. To stress the impact of the LUC on soil erosion we assumed that the all the RUSLE’s
factor were constant over the studied periods except for the C-factor. Deeper analysis on the historical
variation of R factor have been carried out by Vanwalleghem ez al. (2011), justifying this assumption.
When any given pixel changed its land use over time, a new value was then assigned usinga Monte Carlo
approach and based on this original frequency distribution of C-values. Finally, the RUSLE model was
applied calculate the erosion rate the for each year in the historical series. To underline the PG erosion
mitigation role at regional scale, three potential extreme LULC scenarios have been developed applying
a total change of the PG area to: Permanent crop (PP); cropland (CP); forest and natural area (FP).

Results and discussion

Between 1956 and 1990, abrupt changes occurred for cropland and PG land uses: PG lost 53% of its
area; permanent crop decreased by 15%; cropland, forest and natural area increased by 23% and 33%
respectively (Figure 1).

This was a period of intense change in agricultural practices in southern Spain, characterized by a
significant rural exodus and the introduction of mechanization. Approximately 40% of the rainfed cereal
arca was cultivated under fallow, whereas in 1990 this practice had disappeared almost completely. A
second phase of LULC, which affected the entire region, occurred between 2006 and 2012. PG and
permanent crop areas increased by 43 and 20%, while forest and cropland decreased abruptly by 11 and
16%. Finally, between 2012 and 2018, LU distribution remained practically unchanged. Between 1956
and 2018, despite the big variation of erosion rate within the different LUs, the cumulative erosion rate
at regional scale remained steady. The highest peak was reached in 1990 (6.86x107 ty'!), and the lowest
in 2000 (6.49%107 ty'!). This resilient behaviour with respect to erosion can be attributed to two main
reasons. Despite significant LULC, the erosion behaviour between categories that replace each other is
similar, so LULC often does not result in changes in soil erosion rates. In 2018, PG occupies 13.8% of
the regional surface area and contributes less than 1% to the regional cumulative erosion. In the (PP) and
(CP) scenarios, the mean erosion rate of the converted area raises respectively from 4.2 t ha™!y~1 t0 9.7
and 11.5¢ha™! y_l, increasing the regional cumulative erosion rate of 13% and 14% (Table 1). The total
conversion of PG to forest and natural area (FP) does not imply significant changes.

a Historical LULC (ha) between 1956 and 2018 Historical erosion rate (t y-' ) between 1956 and 2018
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Figure 1. (A) Historical LULC and (B) erosion rate change between 1956 and 2018 in Andalusia.
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Table 1. Soil erosion change of the potential LULC scenarios compared to 2018.

Scenario Regional changes
Mean erosion (tha™") Cumulative erosion (thay) Cumulative erosion rate change (%)
2018 0 0 0
PP +1.1 +8.8x106 +13%
P +1.1 +9.3x106 +14%
FP 0 -8.1x10* 0%
Conclusions

This study analysed the land use and erosion dynamics over the last 62 years at the regional scale of
Andalusia, concluding that despite important changes the erosion rate is surprisingly resilient. However,
our analysis shows how PG plays an important role on the regional cumulative erosion mitigation, as
the total conversion of PG to permanent crop and cropland can raise the regional cumulative erosion of
13% and 14%. These results support the importance given to PG and their conservation in the potential
eco-schemes that are being developed by EU member states.
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Abstract

To produce high-quality silages, chemical and biological additives are widely used to promote lactic acid
fermentation and restrict proteolytic activities. The present experiment aimed to evaluate the effects
of different silage additives on N compounds and fermentation products in grass silage under varying
ensiling conditions. Therefore, a third grassland cut was wilted within one day to about 230 and 310 g
kg! dry matter (DM), respectively. Plant material either had no additive (control), or was treated with
Lactobacillus plantarum (LAC; 1 g 1), and a sodium nitrite-HMTA mixture (KL; 31 ¢1). The material
was ensiled in jars and stored for 90 days. The LAC treatment resulted in a significantly faster pH decline
within the first 10 days in both the low and high DM silages, compared to the control and KL treatments.
The non-protein-N (NPN) concentration at day—lO was lowest for the LAC treatments. However, after
90 days of fermentation, no significant differences in NPN concentration were found between silage
treatments. Ammonia-N formation was reduced most effectively by the KL treatment, both after 10
days and 90 days, regardless silage DM. Hence, KL proved to be an adequate approach to improve the
protein quality of silages.

Keywords: silage, additive, proteolysis, ammonia nitrogen, dry matter, pH

Introduction

The import of grain legumes from the southern hemisphere has raised questions about sustainability
and security of supply due to increasing dependency, and therefore local protein production must
evolve in response to societal, political and environmental pressures. Therefore, the use of on-farm-
grown protein gets more attention whereby grassland crops are the most available homegrown protein
source for dairy and beef production (Liischer ez 4/., 2014). However, ensiling of high protein forages
often results in an inefficient utilization of nitrogen and increasing excretion of N to the environment
by ruminants because of an extensive protein breakdown during storage. The proteolytic process during
ensiling can be attributed to the combined action of both, plant proteases and microbial enzymes
(Fijalkowska et 4/., 2015).

The use of inoculants, such as Lactobacillus plantarum, as well as chemical additives are well proven
methods to maintain the feeding value of the fresh plant material and to limit protein degradation. The
main objective of this publication is to examine the effects of two different types of additives on silage
and protein quality under unfavourable ensiling conditions.

Materials and methods

The third cut of a perennial grassland stand at heading stage was harvested using a disc mower at the
Bavarian State Research Center for Agriculture (Poing, Germany). The grass cut was characterized
for crude protein, -fibre, -ash and water-soluble carbohydrates by 241, 252, 94 and 32 g kg’l dry
matter (DM), respectively. The lactic acid bacteria (LAB) count was 2.5x107. After mowing, the grass
was collected from the field and evenly spread on plastic film to wilt the plant material to the two
intended DM concentrations. The plant material was wilted at the same day under good weather
conditions to 230 and 310 g kg'! DM, respectively, and ensiled without an additive (control) or
with Lactobacillus plantarum (LAC; 1g ¢! dissolved in 2 | of water) and sodium nitrite- HTMA
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(KL; 3 1t'1). The trial was done in triplicate in 1.75  jars. After 10 days, as also 90 days, samples were
taken and analysed for nitrogen compounds, crude protein fractions, fermentation pattern, DM losses
and pH. All statistical analyses were implemented using SAS 9.4. Orthogonal contrast tests (PROC
GLM statement CONTRAST; P<0.05) were performed to verify linear effects of silage additive on
chemical constituents. In addition, an analysis of variance (PROC GLM) was used to test the effect
of DM on chemical constituents.

Results and discussion

Based on the chemical analyses, the wilted material was classified as difficult to ensile. The fermentability
coeflicient (FC) was 26 for low DM and 32 for high DM. However, the wilting treatment affected
fermentation pattern and silage pH values only to a slight extent (Table 1). Both the extent of protein
hydrolysis and deamination of amino acids to NH;-N were not significantly affected by shifting the silage
DM (P>0.05). These results do not accord with the findings of Edmunds e 4/. (2014), as they determined
a decreased protein degradation due to a rapid and intense wilting process. However, Edmunds ez a/.
(2014) noted that wilting only has a relevant influence on proteolytic processes above 350 gkg'! DM. In
addition, the difference between the two DM levels is comparatively small, which impairs the expression
of effects.

Silage pH was reduced faster as well as deeper by the application of LAC, compared to the control
silages, but lactic acid concentration was not affected by the treatment after 90 days of ensiling. In
comparison with the control silages, LAC treatment also did not significantly inhibit the formation of
NPN compounds and NH,-N. According to Winters ez /. (2000), the enzymatic protein degradation is
most effectively inhibited by a rapid lowering of the silage pH due to an extensive formation of lactic acid.
The plant material in this experiment only contained small quantities of soluble carbohydrates. Besides,
high concentrations of lactic acid bacteria were found on harvested plant material, resulting in a decreased
impact of the inoculant on the total lactic acid formation and silage pH after 90 days.

Table 1. Effect of silage additives and dry matter (DM) level on crude protein composition and fermentation characteristics (g kg‘1 DM) after
90 days of ensiling (unless stated).

Item Low DM High DM SEM P-values

Control LAC KL Control LAC KL lowDM highDM DM
DM (gkg™) 230 Yz 228 302 308 316 1.27 0.184  <0.001 <0.001
pH(3d) 4.83 4.46 532 5.88 4.45 5.05 0.16 0.045 0.018  0.066
pH(10d) 4.80 4.49 5N 4.88 443 5.20 0.04 <0.001 <0.001 0.252
pH 4.54 4.48 4.60 454 4.56 443 0.01 0.008  <0.001 0.013
Lactic acid 59.9 60.4 62.6 63.2 66.2 69.1 2.70 049 0468  0.037
Acetic acid 277 249 253 27.0 29.8 17.0 1.12 0.150  <0.001 0.154
Butyric acid 0.00 0.00 0.00 0.00 0.00 0.00
NEL (MJ kg™ DM) 6.26 6.36 6.43 6.43 6.40 6.42 0.03 0.001 0626 0.010
Crude protein composition (g kg'1 total N)
NPN (10d) 469 417 457 4an 435 445 44 0019 0266 0.424
NPN 540 521 527 538 548 529 5.1 0.085 0.053  0.054
True protein 46.0 479 473 46.2 452 47.1 0.45 0.085 0.023  0.054
NH,-N (10d) 375 464 103 301 484 179 21 <0.001 <0.001 0.763
NH,-N 562 515 397 562 619 322 34 0.005  <0.001 0.728
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The slowest pH decline within the first 10 d was determined in silages treated with KL, but NH,-N
accumulation was lowest in the treatment, regardless of the DM level. These results are consistent with
the findings of Gomes ez al. (2021), who observed reduced NH,-N concentrations when silages were
treated with the chemical additive KL. Furthermore, Gomes e al. (2021) observed that the application
of KL prior to ensiling not only reduced deamination of amino acids but also reduced DM losses during
fermentation. Comparable data were also gathered in this experiment, as shown in Figure 1.
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Figure 1. Effect of silage additive and DM level on fermentation losses.

Conclusions

The ensiling of grass, which was characterized by a low FC, did not result in an extensive reduction of
silage quality as well as true protein. Increasing DM concentration had neither a significant effect on
pH value and fermentation pattern of the silages nor on the extent of proteolytic activities. While the
LAC treatment led to a faster pH decrease within the first 10 d of ensiling compared to the remaining
treatments, the KL treatment was the most effective in terms of restricting deamination, even under

unfavourable ensiling conditions.
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Abstract

Biorefinery of forages produces a protein-rich press juice, and a fibre-rich pulp. Use of ensiled in addition
to fresh forage gives the potential to use the biorefinery all year round but the ensiling of forage can
affect the quality of biorefined products. The aim was to evaluate the feed value of the pulp from fresh
compared to ensiled timothy-red clover forage. Forage from first cut was pre-wilted and chopped at 28%
dry matter (DM). One part of the fresh forage was kept intact (F) and another part was refined to pulp,
which was ensiled in bales (FP). A third part of the fresh forage was ensiled in bales (S) and the final
silage was refined to pulp (SP). The pulps had higher concentrations of DM and neutral detergent fibre
(NDF) with a greater increase in SP compared to FP. DM intakes of FP and SP were lower compared to
Fand S, which were related to higher NDF concentrations of the pulps. SP had lower i vivo digestibility
of organic matter (OM) compared to S, whereas no difference was found between F and FP. Thus,
biorefinery of fresh or ensiled forage affects the chemical composition and, consequently, iz vivo OM
digestibility of the pulps differently.

Keywords: biorefinery, digestibility, fibre, forage, protein, ruminant

Introduction

Grasslands play a vital role in ensuring a sustainable future for global agriculture both as feed for livestock
and to diminish carbon dioxide and nitrous oxide emissions to the atmosphere by being carbon sinks
(Poeplau, 2020). Biorefinery of grasslands diversifies the utilization of grasslands by producing a protein-
rich press juice and a fibre-rich pulp by mechanical pressing (Savonen ez 4/, 2020). Use of both ensiled and
fresh forage gives all-year round use of the biorefinery but ensiling of the forage can affect the quality of
biorefined products. The aim of this study was to evaluate the feed value of the pulp from fresh compared
to ensiled timothy-red clover forage.

Materials and methods

Forage consisting of 66% timothy (Phleum pratense L.) and 44% red clover (Trifolium pratense L.)
of dry matter (DM) was mown, pre-wilted and chopped at 28% DM at Sotisen Agricultural High
School, Téreboda, Sweden (N 58°41’, E 14°8’) in the first cut on 3 June 2020. The maturity stage of
timothy varied form stem elongation to heading stage whereas the maturity stage of red clover varied
from leaf-to-stem clongation stage. One part of the fresh forage was kept intact (F) and another part
was refined to pulp, which was ensiled in hard-pressed roundbales (FP). A third part of the fresh
forage was ensiled in hard-pressed roundbales (S) and the final silage was biorefined to pulp (SP)
in a screw press (Cir-Tech, Skerbak, Denmark). The four treatments were fed to cight wethers at
SLU, Skara, Sweden in a duplicated 4x4 Latin square. The wethers were crosses of Suffolk, Texel or
Swedish Finewool, were 7 months old, weighed 60 (standard deviation (SD) 6.4) kg and had a body
condition score of 3.3 (SD 0.22) at start of the experiment. Each of the four periods was 4 weeks long,
starting with an adaptation period of 14 days before 7 days of registration of ad libitum intake, when
the wethers were housed in individual pens. During the last 7 days, the wethers were fed individually,
at 80% of ad libitum intake, in metabolic cages. After a 3-day adaptation to the restricted feeding,
total daily collection of faeces occurred during 4 days. Composited daily samples of feed, orts and
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faeces from each period were analysed for nutrient contents according to conventional methods. Crude
protein (CP) fractions (A, B}, B,, B; and C) based on degradability characteristics according to the
Cornell Net Carbohydrate and Protein System (Sniffen ez 4/., 1992) were determined according to
Licitra et al. (1996). Feed quality data were analysed by analysis of variance for a randomized block
design using the mixed procedure of SAS version 9.3, including fixed effects of ensiling, refining and
ensiling x refining and random effect of block. Data on feed intake and iz vivo apparent digestibility
were analysed for a duplicated 4x4 Latin square using the same procedure and fixed effects as for the
feed quality data with addition of period and random effects of animal within square and square.
PSignificant differences between least-square (LS) means were done with Tukey-Kramer adjustment
at P<0.05 and tendency to significance at 0.05<P<0.10.

Results and discussion

Pressing of forages in a biorefinery leaves much of the soluble nutrients in the juice fraction, resulting
in increased concentrations of DM, neutral detergent fibre (NDF) and acid detergent fibre (ADF),
in FP and SP compared to F and S, respectively, with a greater increase in SP compared to FP (Table
1). The water-soluble carbohydrate (WSC) concentration was lower in FP compared to F (P=0.025)
and part of this difference was caused by fermentation of WSC during ensiling of FP in addition to
the WSC extraction to the press juice. No difference in WSC content was found between S and SP,
because the WSC already had been fermented mainly to lactic acid in S (data not shown). Some of the
non-protein nitrogen (NPN; fraction A) in S was apparently extracted to the press juice, resulting in
a smaller proportion of the NPN in the SP compared to S. However, SP contained larger proportions
of fraction B,, which mostly is rumen degradable, and fraction C, which is the ADF-bound protein
and is considered to be indigestible, compared to S. No such differences were found between F and
FP (Table 1).

Intakes of DM and OM by wethers fed FP and SP were lower compared to wethers fed F and S, which
are related to the higher NDF concentrations of the pulps compared to their original forages (Tables 1
and 2). The NDF intake was lower for the pulps than for the intact forages, which shows that rumen fill
limited intake. According to Allen (2000), forage NDF concentration is the main factor limiting intake
in forage-based diets because of its slow passage rate. Furthermore, 77 vivo digestibility of NDF and ADF
was not affected by the mechanical pressing of F and S. I vivo apparent digestibility of CP were lower
for FP and SP compared to F and S and this difference was driven by SP. Thus, the decreased iz vivo and
in vitro OM digestibility of SP compared to S is to a large extent related to the decreased CP digestibility
of SP (Tables 1 and 2).

Conclusions

Biorefinery of fresh and ensiled forage affects the chemical composition and, consequently, i vivo
apparent OM digestibility of the pulps differently.
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Table 1. Chemical composition of forage (F), forage pulp (FP), silage (S) and silage pulp (SP), n=42

Treatment SEM P-value

F FP S SP Ensiling ()  Refining (R) ExR
DM, g/kg 271 349b 285¢ 4642 26 <0.001 <0.001 <0.001
Ash, g/kg DM 68 64¢ 712 48¢ 0.6 <0.001 <0.001 <0.001
aNDFom, g/kg DM 471 542b 461¢ 629° 7.1 <0.001 <0.001 <0.001
ADFom, g/kg DM 263¢ 320 297¢ 383 6.8 <0.001 <0.001 0.018
ADL, g/kg DM 26 39 30 36 25 0913 0.002 0.168
iNDF, g/kg NDF 1832 1540 1435 136¢ 44 <0.001 <0.001 0.011
IVOMD, g/kg OM 792 8030 8512 770 189 0.226 0.008 0.002
WSC, g/kg DM 192 89®) 8l 680 05 0.013 0.015 0.070
(P, g/kg DM 14 135 130 100 10.8 0.046 0.099 0.284
Fraction A, % of (P 4.4b 440 61.22 40.3b 3.69 0.053 0.019 0.009
Fraction B, % of CP 3.1 16 27 17 0.72 0.785 0.074 0.624
Fraction B, % of CP 35.3% 27.45¢ 26.3¢ 37.9° 2.04 0.703 0374 <0.001
Fraction B, % of CP 159 24 6.2 12.8 1.07 <0.001 <0.001 0.968
Fraction C, % of CP 330 46 3.6 73 0.44 <0.001 <0.001 0.003

TLS means in a row with different superscript letters differ significantly at P<0.05. LS means in a row with different superscripts letters between brackets (a,b) tends to differ at
0.05<P<0.10.

2 aNDFom = ash-free neutral detergent fibre with addition of amylase to the detergent solution, ADFom = ash-free acid detergent fibre, ADL = acid detergent lignin, iNDF = in vitro
indigestible NDF at 240 hincubation, IVOMD = in vitro organic matter (OM) digestibility, WSC = water soluble carbohydrates, (P = crude protein; A= NPN, B, = buffer-soluble protein,
B, = neutral detergent-soluble protein, B, = acid detergent-soluble protein, C = acid-detergent insoluble protein.

Table 2. Intake and in vivo apparent digestibility of forage (F), forage pulp (FP), silage (S) and silage pulp (SP) fed to wethers, n=8.12

Treatment SEM P-value
F FP S SP Ensiling ()  Refining (R) ExR
Body weight (BW), kg 64.0 62.1 62.7 63.1 4.90 0.872 0.408 0.243
Intake
DM, kg/day 1.7 133 1.50 1.06 0.184 0.0m <0.001 0.788
DM, % of BW 2.63 2.13 238 1.67 0.132 0.003 <0.001 0.316
OM, kg/day 1.60 1.24 139 1.01 0.172 0.013 <0.001 0.883
NDF, kg/day 0.81 0.74 0.76 0.66 0.092 0.072 0.026 0.61
NDF, % of BW 1.23 1.19 1.21 1.04 0.069 0.106 0.067 0.229
(P, g/day 201 17 187 114 227 0.01m 0.007 0.103
Digestibility, %
DM 72.8? 69.9° 72.8 65.2b 1.11 0.045 <0.001 0.044
oM 743 71.62 745 67.1b 1.01 0.046 <0.001 0.030
NDF 68.3 69.2 66.3 66.0 139 0.070 0.835 0.663
ADF 62.9 64.9 65.9 64.8 1.78 0.414 0.791 0.393
(e3 64.3 59.6 59.7 49.1 2.07 0.001 0.001 0.170

TS means in a row with different superscript letters differ significantly at P<0.05.
2See footnote 2 at Table 1 for definitions of abbreviations.
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Abstract

Well-managed grasslands can deliver a range of goods and services, including storing carbon, supporting
habitat, regulating water flows and providing food and clean water. However, when grassland soils are
compacted many of these services can be compromised. Mechanical loosening of grassland soils through
spike aeration or ‘sward lifting’ is often promoted as a means of improving soil structure and restoring
multiple ecosystem services. This paper presents results from a recent study on the effects of mechanical
loosening on grass yields and water infiltration and discusses the results in the context of similar research
carried out over the past decade. Several studies have demonstrated that mechanical loosening of
‘moderately compacted’ soil can substantially increase water infiltration rate (4- to 10-fold) and can
result in improved grass yield. However, the implications for surface runoff and flooding risk are unclear,
and overall grass yield effects appear to vary by site, year and season. Furthermore, one study has indicated
short-term impacts on soil earthworm populations and no long-term effect on nitrous oxide emissions.
This paper discusses the pros and cons of mechanical loosening within grassland systems and proposes
guidance to help farmers and advisers in their decision making.

Keywords: ecosystem services, soil structure, soil compaction, mechanical loosening

Introduction

In northern and western Europe, climate change is projected to result in warmer, wetter winters and
a higher frequency of extreme weather events, such as intense rainfall. This has implications for the
frequency and intensity of flooding events in future. The management of permanent grassland (PG),
which covers ca. 34% of the European agricultural area, can have an important influence on flooding
risk. Management approaches that improve soil porosity and storage may help reduce flooding risk in
some catchments. Options such as the introduction of herbs and legumes as ‘multi-species swards’ or
soil mechanical loosening through spike aeration or ‘sward lifting’ are often promoted as a means of
improving soil structure and function including increasing grass yield. This paper presents results from
a field experiment to investigate the effect of mechanical loosening on water infiltration rates and forage
dry matter yield on a fine-textured grassland soil. The results are discussed and compared with results
from previous experiments investigating similar hydrological and production issues.

Materials and methods

The study was carried out on permanent grassland at Cockle Park Farm, Northumberland in north-east
England (55.22N, 1.68W). The soil type is a heavy clay loam (27-30% clay), seasonally waterlogged,
slowly permeable soil. The field had been in grass for seven years and mainly used for dairy cattle grazing.
The field experiment was set up, with three replicates of three randomized treatments, on nine plots of
0.25 ha (ca. 100x25 m, total 2.25 ha): (1) base grass-clover mix (G-C); (2) grass clover plus deep rooting
herb and legume mix (HL); and (3) base grass clover mix with mechanical loosening (G-C + L). The base
grass clover mix contained 90% perennial ryegrass and 10% white clover, while the grass-clover plus deep
rooting herb and legume mix contained 20% sainfoin, 15% bird’s-foot trefoil (Lotus corniculatus), 10%
chicory (Cichorium intybus), 5% yarrow (Achillea millefolium), 15% plantain (Plantago lanceolata), 5%
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common bent (Agrostis capillaris), 10% sweet vernal grass (dnthoxanthum odoratum), 10% crested dog’s
tail (Cynosurus cristatus), 5% white clover (Trifolium repens) and 5% wild red clover (Trifolium pratense
var. pratense). All mixes were established in April 2019. Plots 3, 5 and 7 (treatment 3) were mechanically
loosened on 11/09/20 using a sward lifter with leading discs, tines and a packer roller. The tine spacing
was 76 cm, with tines set to 25 cm depth to disrupt a compact layer at 10-20 cm depth; i.e. score 4 -
compact — according to Visual Evaluation of Soil Structure (VESS). Manufactured fertilizer was applied
in spring 2021 for a target annual dry matter yield of 5-6 tonnes according to fertilizer recommendations
for England and Wales (AHDB, 2020). The manufactured nitrogen fertilizer rate was 80 kg N ha'l. In
April 2021, saturated water infiltration rates were measured at three randomly selected locations on each
plot using a double ring infiltrometer. To measure grass yield, two 1.5x20 m cuts were taken on each plot
with a Haldrup grass harvester on 26/05/21,23/07/21 and 08/10/21. Conventional analysis of variance
(ANOVA) was used to test for statistical differences between the contrasting replicated treatments.

Results and discussion

There were no statistical differences in saturated water infiltration rates between the G-C mix and HL
mix. However, mechanical loosening resulted in a ten-fold increase in saturated water infiltration rates,
seven months post-loosening (Figure 1). Previous studies have also shown 4- to 10-fold increases in
saturated water infiltration rates following mechanical loosening of ‘moderately compacted, medium-
textured grassland soils (e.g. Newell Price ez al., 2014) with evidence of more roots in the lower topsoil.
These effects can persist for two to five years post-loosening and have significant implications for the
ability to graze the land in the autumn and spring. However, it is not certain whether the increased water
infiltration and improved soil structure also results in increased soil water storage and reduced flooding
risk in grass-dominated catchments. At Cockle Park in 2021, despite some signs of earlier growth on
the mechanically loosened plots, there were no differences in grass yield between treatments for any of
the three cuts or for total annual dry matter yield (P=0.86; mean = 5.62 t dry matter ha'!). This reflects
previous studies that have shown inconsistent yield effects from mechanical loosening of grassland.
Results from European studies have been variable, with both yield increases and decreases measured,
as well as variability in effects through the season (e.g. Boer e 4/, 2018). However, results do suggest
that mechanical soil loosening can be effective in improving soil structure and increasing grass yields
where soil compaction has been positively identified and mechanical alleviation is effectively carried out.
Where no compaction is identified at the outset of field trials/experiments, it appears that soil loosening
reduces soil penetration resistance (i.c. the force needed to penetrate the soil) but can result in a reduction
in grass yield due to sward and root damage (c.g. Frost, 1988). Rescarch on the effects of mechanical
loosening on greenhouse gas emissions and soil biodiversity has been limited. However, studies at two
sites (Newell Price ez al., 2015) found no long-term effect on nitrous oxide emissions, but a negative
effect of mechanical loosening on the abundance and biomass of anecic (deep-burrowing) earthworms,
lasting up to two years post-loosening when studied at one site only (Lees ez 4/, 2016). This latter finding
although at a single site has serious implications for important macrofauna that are increasingly thought
to form a crucial part in sustainable grassland systems.

Conclusions

Mechanical loosening can result in significant increases in water infiltration rates on mineral grassland
soils that can last for three years or more. This can improve soil drainage and enable early and late season
grazing that can benefit the farm economy, reducing the need for conserved or imported forage and
manure management. However, effects on grass yield are inconsistent and it is highly likely that soil
macrofauna are negatively impacted. The focus of grassland soil management should therefore be on
compaction avoidance and mechanical loosening should only be carried out when clear signs of soil
compaction have been identified.
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Figure 1. Mean (+ standard error) saturated water infiltration rates (mm hT) on the grass-clover (G-C), deep rooting herb and legume (H&L)
and grass-clover with mechanical loosening (G-C + L) plots. Different letters indicate statistically significant differences.
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Abstract

The bio-based products sector is a priority area with high potential for future growth, re-industrialization,
and addressing societal challenges in agriculture and beyond. We employ a multiple case study approach
with eighteen innovative grass-based businesses to investigate conditions in the business environment that
facilitate or hamper the scaling-up of innovative grass-based products and services. Our analysis reveals
that the comprehensive use of grass and green fodder to produce bio-based products, such pulp, paper
and plastics is becoming increasingly important across Europe. Yet, fundamental changes in rules and
regulations, funding mechanisms and consumer awareness are required to balance the competition with
the established fossil-based economy and make the business environments more supportive. This study
aims at supporting the development of novel grass-based business models in rural areas, strengthening
the bioeconomy and contributing to European policy objectives.

Keywords: grassland, bioeconomy, grass-based products, innovation, regulations, consumers

Introduction

Bioeconomy transitions in Europe open new perspectives for the transfer and co-construction of
innovations based on grasslands. Grasslands have been traditionally associated with animal husbandry
and the provision of the feed base for grazing livestock. Today, and increasingly so in the future, the
potential of grass feedstock for green biorefining and its processing into marketable products and energy
can provide new business opportunities in rural areas and address a series of societal and consumer needs
(Orozco et al., 2021). Yet, despite the urgent need to harness local resources and develop bio-based
businesses and value chains, the full potential of grass remains widely untapped and grass-based products
remain opaque in Europe’s economy. This challenge gives rise to the question of how to accelerate the
development of novel and alternative grass-based businesses and their potential replication. To fill this
gap, we investigated 18 successful grass-based business models and found several misalignments, mainly
related to competition of bio-based products with the established economic system relying on fossil
resources. Our empirical findings can help to identify bottlenecks and business opportunities to improve
overall growth of the grass-based industry.

Materials and methods

This study is based on a multiple case study approach (Yin, 2009). Case studies were considered appropriate
due to the relatively new research field of alternative grass-based businesses. After an extensive search for
grass-based business cases on “Web of Science) we selected a set of 18 successful grass-based businesses
located in different countries of Europe. We based our sampling criterion on the innovativeness of the
business models in terms of the use of grass resources, the key activities for making use of grass resources,
the value propositions, products and services provided different from livestock (i.e. not milk, meat,
cheese, or other traditional grass-based products), as well as the customer segments, business channels,
and revenue streams. Thus, the selected cases operate with grass and green fodder as their main feedstock
but exhibit diversity in terms of contextual conditions, conversion processes, end-products and users.
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Results and discussion

Within our empirical cases (n=18), grass-based paper was the most recurrent product (22%), followed
by bioenergy (21%) and plastic (17%). Other products include fibre boards, fertilizers, feed protein,
drinking straws and seeds. From our sample, most businesses engage in a multiple-product approach in
which grass is processed into a product, and this product is used at least once more in material form before
disposal. In line with previous research (McEniy and O’Kiely, 2014), we found that producing several
products facilitates the efficient utilization of the whole plant and can create sufficient revenues to cover
feedstock and subsequent processing costs. Such businesses might play a critical role in sustainability
transitions by developing new products, services and business models and contributing towards the
formation of new industries (Kéhler ef 4/, 2019). Supportive institutional frameworks are necessary
to enable these innovations to materialize (Lange ef al., 2021). While our empirical observations reveal
that some biogeographical regions have designed policies to support the development of a circular and
bio-based economy, most companies argued that there is not enough support for innovative grass-based
products, and that they still experience barriers related to stricter policy regulations and administrative
procedures. This seems to contradict bioeconomy policies at EU and global level that aim to promote
alternative grass-based products.

Innovation in agriculture is a key process for sustainable development. However, scaling up innovative
grass-based businesses requires, inter alia, investment and access to financial resources. A lack of direct
funds to promote alternative grass-based products at the European level was reported. Instead, funds
provided for livestock products through the animal headage payment within the coupled payments may
cause competition for the use of the grass on livestock farms. Thus, funding mechanisms that incorporate
and promote the specific benefits generated by grass producing and processing companies are needed.
Practitioners call for clear regulations that specifically support the developing grass-based industry.

Consumers also have a decisive role in bioeconomy transitions. Yet, there is a lack of confidence or trust
regarding the quality of bio-based products, compared to their fossil-based counterparts, which hampers
the market uptake of grass-based products. From this perspective, product certification and providing
clear information on the quality, usability, production methods and the materials used in the production
process could have a positive impact on consumers willingness to choose grass-based products. Consumers
and their agency can also stimulate companies to innovate and to supply more resource-efficient goods
and services. Appropriate price signals and adequate labelling with clear information on the verified
quality and sustainability of grass-based products emerge as necessary conditions for the development
of a grassland bioeconomy.

Conclusions

The potential benefits of multifunctionality in grassland agriculture to provide a diverse number of
products and ecosystem services has been increasingly recognized (Weigelt ez l., 2009). Thus, it can be
expected that services, goods and functions of grassland will become more important. Yet, a key challenge
for grassland farming is to design production systems and management measures in such a way that the
multiple functions and services are adequately fulfilled or provided (Wehn ez 4/, 2018). Given these
realities, the growing significance of grasslands underlines the necessity for both empirical and conceptual
research on the co-evolution of bioeconomy transitions and grassland-based innovations.
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Reed canary grass and tall fescue from marginal land as
substrates for the bio-economy
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Abstract

Mixtures of grass and clover can be productive and sustainable for industrial and energy purposes.
However, not all parts of the biomass are suitable as industrial substrate and there is a need for methods
to separate fibrous parts from other biomass. Biomass production was evaluated in two-cut systems at two
sites on marginal land. One site is Alnarp in Lomma, southern Sweden on a former pasture on coarse soil.
The other is Robicksdalen in Umed, northern Sweden on agricultural silty soil with poor drainage. Reed
canary grass Phalaris arundinacea L. (2 varieties) and tall fescue, Festuca arundinacea Schreb. were sown,
either in monocultures, or with clovers, in a randomized design. In addition, we sowed four mixtures in
larger plots on another field to make round bale silage for drying and fractionation experiments using a
cyclone process. Reed canary grass was very competitive and outcompeted tall fescue and clover where
it thrived. However, at Alnarp tall fescue dominated in parts of the plots where the soil was too dry for
reed canary grass. We present production data from two to three growing seasons along with evaluation
of the cyclone process.

Keywords: reed canary grass, tall fescue, biomass fractionation

Introduction

Biomass for the bioeconomy needs to be produced in a sustainable way and on soil not normally is used
for food production. Mixtures of grass and clover are productive and sustainable and production systems
for different end-uses need to be developed for marginal land cropping. The first objective of this paper
is to compare two grass species grown in monoculture or in a more diverse species mix in two harvest
systems with either early or late first harvest. Different parts of the biomass, e.g. stems and leaves have
different properties. There is a need for methods to separate the fibre-rich stem from the leaf fraction. The
second objective is to evaluate a cyclone process for drying and separating grass materials. The fractions
produced can be used as raw material for fibre production, fibreboard production, insulation material,
adsorbents, feed, or raw material for biogas.

Material and methods

Two field experiments were conducted on marginal land in Alnarp, southern Sweden lat. 55.66 N; 13.10
E (gravelly soil) and Rébicksdalen northern Sweden lat. 63.81 N; 20.24 E (silty soil with poor drainage).
Triplicate plots were established for each treatment in a split plot design with harvest system (two cuts
with early or late first cut) on the main plots and species mixes on the sub plots. At each site, two varieties
of reed canary grass (RCG), one a forage variety (var. Lara) and one an energy variety (SWRF5004 at
Alnarp and SW Bamse in Robicksdalen) and tall fescue var. Swaj (TF) were grown in monoculture. All
three grass varicties were also grown in mixture (MIX) with red clover Trifolium pratense L. and Alsike
clover Trifolium hybridum L. At both sites, the clovers did not survive the first year. At Alnarp this
was caused by drought and weed problems, and at Robicksdalen, by ice cover in the first winter due to
repeated thawing and freezing. Re-establishment of clovers was tried at both sites, but this was successful
only at Rbicksdalen. A Haldrup forage harvester was used to cut the biomass on a 1.5 m wide strip in
the middle of the plots to assess yield.
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At Rébicksdalen in 2018, we also established four larger non-replicated plots at another field with poor
drainage. These were monoculture of RCG Lara, monoculture of TF Swaj and intercrops of RCG var.
Lara and Alsike clover (AC) var. Frida and TF and Red clover (RC) var. Betty. Biomass from this field
was round-baled and wrapped in plastic for silage.

Round-baled RCG from the first harvests of 2019 that had been stored outdoors for nine months was
processed in a cyclone (Tikka ez 4/., 2007). The process produces two fractions, an accept fraction (mainly
stems) and a reject fraction (mainly leaves). All materials were cut to approximately 30 mm before fed into
the cyclone. About 30 kg material was processed for each setting. Optimization of the cyclone process
was done with a full factorial experimental design where feeding rate was varied between 40 and 100
kg h! and air temperature between 40 °C and 80 °C. The dry matter content of the material fed to the
process was about 60%. NCSS 2020 was used to make repeated measures ANOVA models of harvest
data for each site separately. Tukey Kramer tests were used for comparisons between treatments.

Results and discussion

Average biomass yields were higher at Robacksdalen, 4,443 kg DM ha’l, than at Alnarp, 2,756 kg DM
ha'! for each harvest. At Rébicksdalen, there were significant differences between the species mixtures
(Table 1), between harvest occasions and several significant interactions. MIX had higher yields than
RCG SW Bamse according to Tukey Kramer’s comparison between all treatments. This could be a sign
of overyielding, but since RCG comprised 0.90-0.97 of the total biomass in the mixed plots and clover
biomass was only 0.01-0.03 of the total biomass this is not very likely. TF had higher yield than RCG
in the 2020 first harvest because of more ice damage in RCG than in TF. However, RCG recovered fast
and had higher yields than tall fescue both in the 2020 second-harvest and the 2021 first-harvest, making
differences in total yield between the monocultures small. Total annual yield did not differ between early
and late first cut although there were differences in each cut.

The experiment at Alnarp was very uneven, probably due to uneven water availability in the soil. Thus,
there were no significant differences between the species and harvest systems (Table 2). However, two
interactions were significant: harvest system X species mixes and harvest system x harvest occasion. RCG
SWRF5004 had higher yield than TF and MIX in the early first-cut system, while all species mixtures
with RCG had higher yield than TF in the late-harvest system. The yields were very low the first year, but
in the second and third year the first harvests were better. However, the regrowth was always poor due
to drought and the second harvests yielded too little biomass to be profitable. In MIX, RCG dominated
over TF in the wetter parts of the field and TF dominated where RCG did not thrive.

Ice cover also damaged the large field at Robicksdalen in winter 2020. Tall fescue had so little biomass in
the first harvest of 2020 that the two plots yielded only one bale with TF together (Table 2). However,
it recovered partly in 2021 although yields were lower than for RCG.

The cyclone optimization trials showed that the ‘accept fraction’ increases with increased feeding rate
of the raw material. Higher temperature also enables a higher feeding rate and gives a product with
higher dry matter content. Preliminary data show an increase in cellulose content of the accept fraction
compared to the start material.

Conclusions

Reed canary grass and tall fescue can be productive crops for the bioeconomy when grown in monoculture
and fertilized with digestates, and cyclone processing of the ensiled grass can reduce the moisture content
and increase cellulose content.
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Table 1. Probabilities, p, for no difference in biomass yield between treatments. Repeated Measures ANOVA for each site.!

Factor term Robacksdalen (p) Alnarp (p)
Harvest system 0.763 0.471

Species mixes 0.008 0.300

Harvest system X Species mixes 0.966 0.042

Harvest occasion 0.0006 0.000000
Harvest system X Harvest occasion 0.005 0.001

Species mixes X Harvest occasion 0.000001 0.155

Three way interaction 0.541 0.597

1P<0.05 isinitalic.

Table 2. Biomass yields, kg DM ha™, in larger production plots 2020-2021.

Species mix 2020 spring harvest 2020 first harvest 2021 first harvest
RCG 5,622 3,410 9,045
TF 3,657 Less than 1 bale 4,822
RCG and AC 4,478 2,010 6,971
TFand RC 4,561 Less than 1 bale 6,616
Table 3. Process settings and results from the cyclone optimization trials.

Feeding rate (kg h) Temperature (°C) Accept fraction (%) Accept DM (%)
444 40 473 88.8
61.2 40 61.5 874
73.8 40 731 86.9
426 60 489 89.2
61.2 60 59.7 88.6
81.6 60 71.4 86.8
4338 80 46.7 93.2
78 80 74 91.2
99 80 80 90.3
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Robust cattle valorise ecosystem services of marginal grassland

Pauler C.M. and Schneider M.K.
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Abstract

Semi-natural, marginal pastures offer a plethora of ecosystem services but they are often underused
in modern agriculture. We analysed if robust cattle valorise these services more efficiently than highly
productive cattle. We assessed anatomy, feeding and movement behaviour of Highland cattle (HC)
as a model for robust cattle and compared it to the medium-productive Original Brown and high-
productive AngusxHolstein in a controlled experiment in the Swiss Alps. Additionally, we investigated
the vegetation of 25 pastures of HC with adjacent pastures of highly productive cattle. HC differed
significantly from productive breeds: (1) HC were significantly lighter, but had large claws and covered
less distance. Consequently, trampling pressure was lower and trampling-adapted plant species were rarer
on HC pastures. Since these plants outcompete more-susceptible species, biodiversity was higher on
HC pastures. (2) HC grazed least selectively and foraged unattractive plants, whereas high-productive
cattle preferred nutrient-rich, easily digestible forage. Thereby, HC reduce problematic plants. (3) HC
used the pasture most evenly and exploited different resources. (4) The productive breeds lost weight
on the marginal pastures, whereas HC gained weight, indicating a more efficient roughage conversion.
Robust cattle make efficient use of marginal grassland, thereby valorising these pastures and promoting
biodiversity.

Keywords: biodiversity, cattle breeds, forage selection, movement behaviour, productivity

Introduction

Marginal pastures offer a plethora of ecosystem services, such as biomass production, outstanding
biodiversity and landscape aesthetic for recreation and tourism. These services are valorised and
maintained by livestock (Martin-Collado e /., 2019). However, due to their comparably small biomass
production and low forage quality, these pastures are difficult to integrate into modern intensive
agriculture. Consequently, they are underused and abandoned. The abandonment of marginal land may
be enforced by output-orientated livestock breeding which enormously changed livestock characteristics
during the last century. In cattle, high-productive, specialised dairy or beef cattle emerged. They differ
from low-productive, traditional breeds in appearance and productivity, but probably also in anatomy,
movement and foraging behaviour. Such differences could have far-reaching consequences for pasture
vegetation and the way in which cattle valorise ecosystem services of marginal grasslands.

Materials and methods

Sub-study I (Pauler ez 4/., 2020a; Pauler ez al., 2020b) investigated three cattle breeds representing
different levels of productivity: (1) low-productive Highland cattle, (2) dual-purpose Original Brown
and (3) high-productive AngusxHolstein crossbreed. The cattle simultancously grazed three types of
heterogeneous subalpine pastures in the Swiss Alps (2026 m asl.). Individual body weight and claw base
arca were measured. To analyse the movement behaviour, we recorded speed, space use evenness and step
frequency using GPS tracking and pedometers. We visually observed foraging behaviour of each cow
by recording selected plants and compared biomass proportions of each plant species before and after
grazing. Differences among breeds were tested by Tukey Range Tests. Preference or avoidance for different
plant species were derived from the coefficients of a linear, mixed-effects model. Sub-study II (Pauler
et al., 2019) explored long-term breed effects on pasture vegetation. We conducted an observational
vegetation study in Switzerland and Germany. At 25 sites, pastures grazed by Highland cattle for atleast 5

244 Grassland Science in Europe, Vol. 27 — Grassland at the heart of circular and sustainable food systems



years, were compared to similar, adjacent pastures of more productive cattle. We recorded the percentage
cover of all plant species, assigned them to indicator values of trampling and grazing tolerance (Briemle
et al., 2002) and analysed data by generalized linear mixed-effects models.

Results and discussion

Breeds differed consistently with respect to almost all factors analysed. Especially Highland cattle
differed from the two more productive breeds significantly, while there was only little divergence between
Original Brown and AngusxHolstein cattle: Highland cattle were significantly lighter (358 kg) than
Original Brown (582 kg) and AngusxHolstein (679 kg). Claw base was smaller in Highland cattle, but
it was relatively large compared to body weight (Figure 1A). Hence, physical pressure to the ground is
lower in Highland cattle. Accordingly, we found significantly less trampling-adapted plant species on
Highland cattle pastures (Figure 2A).

GPS and pedometers indicated that Highland cattle moved least, but used the space most evenly (Figure
1B). The more productive a breed was, the higher the forage selectivity and step frequency. Highland
cattle foraged most evenly (Figure 1C) and thereby chose the diet of lowest quality. Since they were
least choosy while foraging, they needed to walk shortest distances, as they just fed on what was in close
proximity to their mouth. Thereby, they additionally reduce trampling pressure. Original Brown and
AngusxHolstein foraged more broad-leafed grasses and legumes than Highland cattle (Figure 3), while
nutrient-poor species, woody or grazing-adapted plants were consumed by Highland cattle much more
frequently. The silver thistle (‘Ca. acau’in Figure 3), for example, was clearly avoided by AngusxHolstein,
whereas Highland cattle were indifferent. Accordingly, grazing adapted plants were significantly less
abundant on pastures grazed by Highland cattle for at least 5 years (Figure 2B,C).

Highland cattle pastures were significantly more species-rich than comparable pastures of productive
cattle (Figure 2D) and these differences increased with the duration a pasture was grazed by the breeds.
This finding is well explained by the lower trampling pressure and the less selective foraging behaviour
of Highland cattle, which prevent highly competitive species from overgrowing more susceptible plants.
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Figure 1. Differences in grazing-relevant characteristics of three cattle breeds. Different letters indicate significant differences among breeds
(P<0.05).
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Figure 2. Vegetation indices of paired pastures grazed by Highland cattle or productive breeds.
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Figure 3. Preference and avoidance of plant species by Highland Cattle (HG; y-axis) and Angus Holstein (AXH; x-axis), measured as differences
in biomass proportions before and after grazing. Negative values indicate preference, positive values avoidance.

On nutrient-poor pastures, cattle commonly lose body weight. Although Highland cattle chose a diet
of lower forage quality, they gained weight (0.08 kg d1), whereas the other two breeds lost 0.3 kg d™!
(Original Brown) and 0.6 kg d"! (AngusxHolstein; Figure 1D). Highland cattle compensated the lower
energy intake by their unhurried movement behaviour, their warming fur and likely by a more efficient
food conversion of the fibre-rich diet.

Conclusions

Robust cattle such as Highland cattle are able to cope with the low forage quality of marginal pastures
and make efficient use of them (provisioning ecosystem services). They preserve the biodiversity of semi-
natural grasslands most efficiently (supporting services) and maintain open landscapes for recreation
and tourism (cultural services). Hence, robust breeds are an ideal option to valorise ecosystem services
of semi-natural, marginal pastures.
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Robust cattle, sheep and goats in green alder shrubs — or how to
preserve mountain pastures
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Abstract

Green alder shrubs (Alnus viridis) increasingly overgrow mountain pastures and impair ecosystem
services by loss of biodiversity, eutrophication and greenhouse gas emissions. Over the centuries, grazing
livestock, especially goats, preserved these ecosystems by impeding shrub expansion. Nowadays, livestock
numbers are decreasing on remote mountain pastures and goat farming has become unprofitable. A
grazing experiment tested if robust cattle and sheep can replace goats as antagonists of green alder and if
the available fodder is sufficient. GPS tracking and vegetation mapping were used to analyse movement
behaviour and debarking activity of Dexter cattle, Engadine sheep and Pfauen goats. The forage quality
of green alder and its understorey was unexpectedly high. Cattle used the space least evenly, preferred flat
slopes and open pastures, spent least amount of time in green alder and did not debark any green alder
branches. Engadine sheep visited the shrubs neatly as often as goats, but preferred flat slopes and short
vegetation. Unexpectedly, this sheep breed debarked a significantly higher share of green alder branches
than goats. Dexter cattle cannot replace goats for fast green alder clearance but they may impede shrub
encroachment in the long term. Engadine sheep are well suited to recreate biodiverse semi-natural open
pastures and maintain their ecosystem services.

Keywords: abandonment; biodiversity; grazing; robust breeds; green alder

Introduction

Green alder shrubs (A/nus viridis) increasingly overgrow mountain pastures in the European Alps but
hinder natural forest succession. The main reason for shrub expansion is a reduction of farming activities,
especially of goat grazing. Green alder is a nitrogen-fixing pioneer shrub and comes along with numerous
negative effects including loss of appealing landscape, eutrophication of soils and downstream waters,
and emission of greenhouse gases (Bithlmann ef al., 2016). Morcover, the understorey vegetation of
green alder is species-poor and dominated by only a few broad-leaved herbs (Zehnder ez 4l., 2020). We
therefore aimed to test if hardy breeds of more economically-attractive livestock species, cattle and sheep,
can replace goats as green alder antagonists.

Materials and methods

A grazing experiment was set up using Dexter cattle, Engadine sheep and Pfauen goats on subalpine,
shrub-encroached pastures in the eastern Swiss Alps (46°34'N, 9°S0’E; 1,900-2,200 m a.s.l.). The shrub
layer consisted of green alder (98%) and elderberry (2%). All chosen breeds were of low productivity
and adapted to roam steep terrain and to feed on low-quality forage. We observed two cattle herds, two
sheep herds and one goat herd grazing 15 paddocks. Each paddock was grazed twice, but not by different
livestock species. To assess the interaction between animal type and the vegetation we measured various
parameters: (1) Digestibility of green alder leaves and bark; herbage biomass and digestibility of green
alder understorey, of fertile and of nutrient-poor pastures (measured in exclusion cages: 1.2x1.2 m). (2)
Movement of animals was monitored by GPS trackers at a frequency of 10s using the methodology of
Homburger ez al. (2015). (3) After cach rotation, areas encroached by green alder were systematically
searched for signs of de-barking. We counted undamaged and damaged branches, recorded their location
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and calculated their ratio. Significance of differences was tested by pairwise comparison with Tukey
contrasts.

Results and discussion

Green alder stands are an underestimated forage resource

Because of the high elevation, annual biomass yield was low (Table 1). However, the understorey
vegetation of green alder produced 1.5 t hal on average, and therefore it ranged between that of fertile
pastures (2.3 t ha'!) and nutrient-poor pastures (0.9 t ha'!). In addition, measurements by Wiedmer and
Senn-Irlet (2006) indicated an annual production of around 3.8 t of green alder leaves and 1 t ha'l of
bark. There was no significant difference in 77 vitro digestibility between the understorey vegetation of
green alder and the vegetation of open pastures. The digestibility of green alder leaves was slightly lower
(P<0.05) than for nutrient-poor pastures and understorey vegetation. The crude protein content of alder
understorey and leaves was higher (<0.05) than in any other forage type measured. This is explained
by the additional input of symbiotically fixed nitrogen provided by green alder (Bithlmann ez 4/., 2016).
Commonly, green alder and its associated vegetation are assumed to be of low forage quality. However,
the relatively high productivity and the high digestibility and protein content show that this vegetation
type provides an underestimated forage resource for adapted low-productive ruminants.

Ruminant species differ in feeding behaviour

All three ruminant species exploited the areas encroached by green alder (Figure 1). However, they
differed in space-use evenness (Camargo evenness: cattle=0.39; sheep=0.52; goats=0.47). Cattle
preferred flat slopes and open pastures more clearly than sheep and goats (relative presence in green alder
stands: cattle=0.55; sheep=0.76; goats=0.80). Cattle were observed foraging on understorey vegetation,
leaves and buds, but they did not debark green alder branches. Unexpectedly, Engadine sheep debarked
green alder branches frequently, especially at the edge of the stand, where they could access the shrubs
more easily than in the centre. Debarked branches die off within a year, because they lose their transport
capacity for assimilates. Thereby, debarking represses green alder stands in the long term. Goats showed
almost no preference for open pastures over dense green alder stands. They consumed alder leaves
and buds but debarked it less frequently than Engadine sheep (sheep=7.4% of green alder branches;
goats=0.8%). In contrast, the bark of the few elderberry trees (Sorbus ancuparia) growing in the green
alder stands was almost completely stripped. Goats consumed the bark of elderberry immediately when
released to the paddocks, whereas they debarked green alder only when very little elderberry was left over.

Table 1. Annual biomass yield, in vitro digestibility of organic matter and crude protein content in the dry matter of different vegetation types
and plant parts of green alder.!

Vegetation type Annual yield (tha) Digestibility (g kg™ DM) Crude protein (g kg™ DM)
Fertile and nitrophilous pastures 2.25+0.89b 487+114bc 17+37a

Nutrient-poor pastures and wetlands 0.93+0.52a 531460c 133+34a

Green alder understorey vegetation 1.53+0.89ab 559+75c¢ 190+39h

Green alder leaves 3.8* 439+54b 211£21b

Green alder bark 1.04* 163+12a 78.1+8.8a

T Shown are mean values + one standard deviation. Different letters indicate significant differences of pairwise comparison with Tukey contrasts at 5% level. * Estimates measured
and published in Wiedmer and Senn-Irlet (2006).
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Figure 1. Foraging density (i.e. the relative number of GPS locations classified as foraging per grid cell) and proportion of debarked branches
in exemplarily selected paddocks grazed by Dexter cattle (a), Engadine sheep (b) and Pfauen goats (c). For locations without debarking, no
symbols are shown.

Conclusions

The forage provided by green alder stands is generally underrated in the nutrition of adapted low-
productive ruminants. In contrast to previous assumptions by practitioners and scientists, green alder
stands are a valuable forage resource in marginal mountain areas.

Cattle have the smallest direct impact on green alder, but they exploit the understorey vegetation and
can open up green alder areas for other types of animals. They cannot replace goats for fast green alder
clearance, but they are able to make use of the forage available in green alder stands. Engadine sheep
actively counteract green alder expansion by consuming its bark. Hence, they provide an attractive option
for regaining open pastures, but they mainly stay within the edge of dense alder stands. Since goats prefer
other woody species over green alder and debark them first, they must be kept under high grazing pressure
to drive back green alder shrubs. Otherwise, they may only hinder the regeneration of late-successional
forest.

All ruminants observed were able to exploit the forage available in green alder stands and thereby,
they may at least slow down shrub expansion. Hence, hardy breeds are an important tool to maintain
biodiverse, open pastures and mitigate the negative environmental effects of green alder encroachment.
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Abstract

Fostered by a favourable national strategic framework, renewable energies are booming in France,
particularly ground-based photovoltaic production. Access to degraded land is increasingly complicated
and limited, managers are then turning to agricultural land. As the use of agricultural land for
development projects is highly regulated, developers of photovoltaic power plants have an obligation
to set up agrivoltaic projects combining electricity production activities and agricultural activities. The
co-activity requires taking into account the issues of the different stakeholders, and a reflection on the
arrangements to be planned from the design of the project.

Keywords: agrivoltaic, pasture, ruminants, solar parks

Introduction

The French energy and climate strategy presented in November 2018 set the ambitious goal of achieving
carbon neutrality by 2050. It is based on two strategies: the National Low-Carbon Strategy, and the
Multiannual Energy Programming (PPE), which sets the priorities for action in the energy sector for the
coming decade. While the previous Multi-Year Energy Programme of 2016 had set a target for 2018 of
10.2 GW,, the PPE presented in 2018 goes further, as the goal is to double photovoltaic capacity by 2023
(to reach 18.2 to 20.2 GW) and to multiply them by 3 or 4 by 2028 (to reach 35 to 45 GW).

A new activity lacking references

Most photovoltaic-livestock co-activity projects in France involve sheep farming, but schemes involving
cattle are emerging thanks to technological innovations in solar array design.

Since 2019, the French livestock institute (Idele) has been providing its knowledge of ruminant
production systems to companies in the solar energy sector. Its activity covers different levels of project
support, from design support to optimize grazing within the solar park, to the study of animal behaviour
and performance, and the grass production under solar arrays through experimental systems intended to
shed light on the technical and economic questions raised by agrivoltaic.

Although the scientific literature highlights a number of advantages for agrivoltaic systems, both for the
operator and the farmer and his animals, there are still gaps on the impacts of this co-activity. From the
agronomic point of view, what are the effects of full shade on biomass production and how does it impact
on botanical species richness? From the animal husbandry side, how does this new environment impact
animal performance and reproduction? How does grazing under solar arrays impact animal behaviour
and welfare? From the farmers’ point of view, what does it change in terms of the working conditions
and is it an efficient source of income diversification? These are some of the questions that need to be
answered quickly.
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Figure 1. Development objectives for solar energy production in France (GW) (Ademe, présentation au colloque INES, 2019).

It is therefore essential to develop project monitoring and to continue experimentation on the basis of
tried and tested protocols. Data, observations and experiments are needed in different pedoclimatic
contexts and with different types of solar equipment to build a strong reference system.

Building up from the first observations to support future projects

After three years of project support and collaboration with several companies in the agrivoltaic sector
(NEOEN, TSE and VOLTALIA) and in partnership with the Sheep Farmers’ Federation (FNO), the
French livestock institute (Idele) has set the framework for further research by producing a practical guide
focusing on the co-activity of photovoltaic production with ruminant. This document constitutes the
technical basis of this reflection and provides insights for a smart partnership between the solar operator
and the farmer: from the design of the power plant to the management of the grazing system, including
the partnership aspect.

This guide formulates simple recommendations so that the projects are set up to enhance the co-activity
and not only the photovoltaic production. It aims to disseminate recommendations that can be used
before the building of the power plant, in order to increase the success of the project especially for
farmers. The recommendations put forward in this guide are based on feedback from farmers currently
grazing in solar parks and good grazing management practices.

This guide offers technical recommendations concerning:

e the choice of photovoltaic equipment and its installation conditions;

e theaddition of equipment specific to the livestock activity;

o the strategy for managing the vegetation cover;

e the implementation of a grazing technique adapted to the management objectives;
o the partnership arrangements between the farmer and the solar manager.

Conclusions and outlook

The acceptability and development of agrivoltaic systems depends largely on the ability to combine the
technical and economic interests of farmers and solar managers, while limiting the negative effects on
agricultural production or land management. The presence of arrays generating more or less mobile
shadows according to the technologies deployed, and the creation of an electromagnetic context raise
questions that need to be clarified in order to ensure the success of future projects and to reassure farmers
in the management of their land and flocks with this new equipment. For solar managers, grassland often
represents opportunities linked to its importance in certain regions and the relative ease of setting up
equipment, unlike other agricultural production (vineyard, vegetables, arboriculture or even field crops).
Although the construction of power plants is therefore easier on grassland areas, they have an impact
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on livestock farming practices. The shade produced by the arrays, and the microclimate that this could
generate, are often put forward as a comfort for the animals and as a way to adapt to a hotter climate.
Depending on the context, this shade can be a protection against evapotranspiration and therefore a
factor in maintaining plant production in summer or, on the contrary, a limitation of radiation and a
factor in reducing photosynthesis. The questions are therefore numerous and diverse, which is why Idele
and its partners are currently mobilized through monitoring and experimental systems in the search for
references on this topic.
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Abstract

The degradation of ecosystems happens at an unprecedented rate, threatening the provision of ecosystem
services and ultimately limiting human well-being. We conducted a systematic literature review evaluating
the threats surrounding cultural ecosystem services (CES, namely recreation and landscape aesthetics)
in European permanent grasslands. We classified threats into underlying causes, direct threats and
consequences, and solutions that have been suggested for their mitigation. We screened 13,719 papers
on their relevance, of which 77 studies in 71 articles were extracted and qualitatively analysed. We found
the most common threats to be land-use and management change processes, while recreational activities
also created negative feedback loops, affecting the ecosystem, biodiversity and CES themselves. Suggested
solutions were most commonly socio-economic and institutional measures to improve rural populations’
livelihood and improved communication with relevant stakeholders. With those tools, the continued
supply of CES can be guaranteed, as they play a crucial role in reconnecting people with nature and thus
ensuring future human well-being.

Keywords: direct drivers, Europe, nature conservation, rural development, tourism

Introduction

In the ecosystem services literature, cultural ecosystem services (CES) have only recently become more
prominent, shifting the focus from an economic-centred to a socio-ecological approach (Plieninger etal.,
2015). CES are defined as the non-material benefits for people and their well-being from recreational and
aesthetic experience, spiritual and educational values (MEA, 2005). Through their prevailing trade-off
relation with other services (Allan ez 4/, 2015), and accelerating global challenges such as the degradation
of ecosystems, climate change or the COVID-19 pandemic (IPBES, 2018; 2020), CES are increasingly
under pressure. For this systematic review, we evaluated the threats on recreation and landscape aesthetics
in permanent grasslands described in the literature, assessing what consequences they may have and what
solutions have been suggested for their mitigation.

Materials and methods

The Scopus and CAB Abstract databases were searched on 5 November 2019 for CES in European
permanent grasslands. We read 196 potentially relevant papers out of 13,719 retrieved articles and
selected 71 papers that fit our scope, out of which 77 studies were extracted. A substantial part of the
data analysis was the identification and classification of threats, followed by a qualitative analysis. We
distinguished four levels of threat interactions, namely underlying causes, direct threats, consequences,
and suggested solutions to prevent or mitigate negative effects. As threats not only impact beneficial
ecosystem services but may also be caused by their usage, we differentiated between threats affecting CES
(direct threats to CES) and threats from CES that affect grassland ecosystems and their services (direct
threats from CES). Due to the lack of detailed descriptions of the studied grassland types in the original
papers, we were unable to compare threats according to grassland types.
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Results and discussion

By far the most direct threats to CES came from land-use and management changes (e.g. abandonment,
intensification, building up), the predominant driver during the second half of the 20 century (Stoate
et al., 2009). Underlying causes were primarily socio-economic, institutional and demographic. Another
major threat was the perception of nature during recreational activities. When nature is considered as a
decorative background for human activities rather than an intrinsic, alive and distinct value, it may lead
to the destruction of the environment (Syrbe and Grunewald, 2017). Natural threats related to climate
change were minor in our analysis, reported only six times as having adverse effects on recreation. The
reduction of suitable areas for skiing and natural afforestation due to a rise in temperatures might hit the
tourism industry substantially in the future (IPCC, 2014). The most widely suggested solutions were to
ensure local livelihoods, preserve a healthy environment and develop a sustainable, local socio-economic
system. Furthermore, CES might be the most important communication channel to raise awareness for
ecosystem protection due to its close links to human well-being.

The negative impacts of CES on grasslands were predominantly driven by the high demand for recreation.
Touristic activities such as hiking, skiing and vehicle use were the most mentioned threats caused by
recreation, mainly affecting vegetation, soil and wildlife, but also the recreational and aesthetic quality
of an area (Syrbe and Grunewald, 2017). Further pressures consisted of the development of tourist
facilities (e.g. roads and ski lifts) and accommodation. Among the less-mentioned direct threats were
hunting tourism and artificial snow. With increasingly snow-poor winters due to a changing climate,
skiing facilities are likely to move to higher altitudes (IPCC, 2014), thus extending negative impacts
into the susceptible high-Alpine zone (IPBES, 2018). Therefore, developing strategies and recognising
new recreational locations for providing quality outdoor recreation will be essential (Askew and Bowker,
2018). Suggested solutions included tourism regulation and economic and regulatory tools to avoid
ecosystem overuse. Further, land-use planning, the development of conservation strategies and improved
communication and education were mentioned.

Conclusions

Land-use and management change was the most dominant threat to CES, while the demand for recreation
was the biggest threat from CES to the ecosystem and other services. The studies reviewed in the present
study showed the need for a multi-actor approach with integrated rural development and traditional
knowledge in grassland management. We further found that there are still considerable knowledge gaps
regarding the effects of new challenges on CES, such as the recent COVID-19 pandemic or climate
change. To date, there are only a few studies about such threats, yet climate change is expected to become
a decisive future driver (IPBES, 2018). The discussed mitigation tools would guarantee the continued
provision of CES and will help reconnect people with nature, thus ensuring future human well-being.
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Abstract

Grasslands are at the heart of multiple expectations on the part of farmers and society. The objective
of this study was to assess the services provided by semi-natural grasslands, and the trade-offs between
these services. Starting from a survey of 150 grasslands in the Vosges massif, we selected 58 that have
been monitored for two consecutive years (2018-2019). Grassland services were assessed through
measurements (M) and indicator calculations (IND) including dry matter production (M), feed value
and anti-oxidant content of grass (M), physicochemical composition of the soil (M), carbon sequestration
(M), floristic biodiversity (M), cost of production and replacement (M), product quality (cheese and
meat) (IND), animal health (IND), pollinator value (IND), ecological conservation status (IND). The
study of the trade-offs between these services shows that there is no binary opposition between economic
value and environmental value. On the contrary, certain environmental services may be associated with
the economic interest of livestock farmers.

Keywords: ecosystem service, fodder production, economy, product quality, animal health, biodiversity

Introduction

Semi-natural grasslands can provide many services to farmers and society (Boval and Dixon, 2012), but
their economic value and their ability to provide services to society are often considered incompatible.
However, many studies show that there may be an economic interest in conserving these species-rich
grasslands (Bengtsson ez al., 2019; Plantureux, 2020). The analysis of the trade-offs between the services
rendered by these grasslands is essential to justify their conservation. In this study, the objective was to
study these trade-offs on a large number of services, including fodder production and biodiversity, but
also looking at economic aspects, animal health and product quality (milk and meat).

Materials and methods

We surveyed 150 permanent grasslands from the Vosges Mountains (North-Eastern France), and we
characterized each grassland using phytosociological and agronomic classifications (Mesbahi ez 4/,
2020). We sclected the 20 most important grassland classes, and for each of these we selected about 3
representative grasslands. Elevation ranged from 184 to 1,222 m a.s.l and soil pH from 4.2 to 8, grasslands
were cut and/or grazed and N-fertilization varied from 0 to 259 kgha'! (mineral and organic fertilization,
and animal deposition). In 2018 and 2019, we realized botanical relevés within areas with homogeneous
vegetation types. Grass samples were taken 4 times per year in six 0.5 m? quadrats per grassland, exceptin
the absence of grass growth. Grassland services were assessed through direct measurements or observations
(M) and indicator calculations (IND), as detailed in Table 1. Principal Component Analysis (PCA) was
performed in order to study the links between services.

Results and discussion

Five groups of variables appeared (Figure 1): Group 1 = grass production (code in Table 1: GP1, GP2)
associated with biodiversity (B1, B2) and anti-infective potential (AH1), Group 2 = forage quality
(GF1, GF2), Group 3 = product quality (QP1, QP2, QP3, QP4), 4), Group 4 = flexibility (GP3) and
oligotrophilous richness (B4), and Group 5 = biodiversity (B3,B6) and production costs (E).
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Table 1. Evaluated services.!

Service Evaluation Code Abbreviation Variable
Grass production M GP1 Yield annual dry matter production
IND GP2 VP pastoral value
IND GP3 Flexibility grass production flexibility
IND GP4 Earliness grass production earliness
Grass feed value M GF1 UFL forage energy content
M GF2 PDIN forage protein content
IND GF3 Milk_pot potential milk production
Biodiversity M B1 SpecRich plant species richness
IND B2 Shannon Shannon diversity index
IND B3 Conserv_status ecological conservation status
M B4 oligod_sample oligotrophilous species richness
M B5 Family_rich plant family richness
IND B6 ValeurPoli pollinator value
(Csequestration M C SoilCarb_030 C content (top 30 cm soil)
Economy M E Cost/DMT production cost in €/DM ton
Quality of products IND QP1 Aroma cheese aromatic value
IND QP2 Cheese_Texture cheese texture
IND QP3 Cheese_Fat_color cheese fat colour
IND QP4 Meat_antiox meat antioxidant faculty
IND AH1 AnimHealth_antiox antioxidant value
Animal health M AH2 IC50Trol _DPPH forage antioxidant analysis
IND AH3 AnimHealth_antiinf anti-infection value

M = measured or calculated from observations; IND = indicators.
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Figure 1. Principal Component Analysis on services rendered by grasslands (n=58) in the Vosges mountains (France). Abbreviations are detailed
inTable 1.

It is thus observed that there is no binary opposition between economic and environmental variables.
On the contrary, production is associated with specific richness (Group 1), and flexibility with
oligotrophilous species richness (Group 4). The opposition between Group 3 (product quality) and
Group 5 (biodiversity) is explained by the effect of grazing. This mode of exploitation promotes the
quality of the products (favourable impact of fresh grass consumption) but is not favourable to flowering
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species. The presence in Group 5 of the cost of production (E) might seem surprising because grazing is
known as the least expensive method of harvesting. The variable (E) is calculated by dividing cost by the
yield, and pastures are penalized here by their lower yield. As found by Grace et 4/. (2016) we found no
relations between biodiversity and forage quality, but our results challenged previous studies highlighting
a trade-off between biodiversity and yield (Le Clec’h ez 4/., 2019) possibly due to the larger environmental
gradient but smaller number of grasslands we studied.

For each of the 58 grasslands in the sample, a unique combination of services is ultimately observed, with
environmental and economic strengths and weaknesses.

Conclusions

The trade-off between the services provided by the permanent grasslands is not limited to an opposition
between environmental services and production or economic services. The nature of the trade-offs varies
from one grassland plot to another. This observation should encourage the conservation of a diversity
of types of grassland within a farm or territory, in order to jointly provide a range of services. However,
more studies are needed to generalize our observations to other geographical areas.
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Abstract

Alongside their use in forage production, grasses can be used successfully for bio-energy, and help in
uptake and recovery of nutrient-overloaded soils and promote the re-use of plant nutrients via bioenergy
waste products applied as fertilizers. Dry matter yield (DMY) of above-ground biomass and removal of
plant nutrients (NPK) by harvest of reed canary grass (RCG) (Phalaris arundinacea L.) and Festulolium
(X Festulolium) were investigated using two harvest regimes: one-cut (delayed harvest) and two-cut
mowing. Four fertilizer options with an equivalent NPK rate (N,P;5K ;) were chosen: mineral
fertilizers (MF); wood ash (WA), digestate used once (D1) and digestate used twice (D2) per season.
Missing plant nutrients in wood ash and digestate treatments, if necessary, were compensated using
mineral fertilizers. A control with no-fertilizer use was also included. The DMY and plant nutrient
removal were largely influenced by grass species, fertilizer treatment and mowing regime. The highest
DM yields for both species was obtained from WA and MF treatments. Among the species, RCG was
the more productive. Although no significant differences in plant nutrient removal between mowing
regimes were found for Festulolium, for RCG there was significantly lower nutrient removal under the
one-cut (delayed) mowing treatment.

Keywords: Festulolium, reed canary grass, mowing regime

Introduction

Perennial grasses have many advantages due to their multifunctionality and high productivity under
different soil and climate conditions. In addition to forage for livestock, grass biomass is good feedstock
for energy production and can contribute greatly to saving soil plant nutrients. The potential for re-use
of plant nutrients is becoming increasingly important with rising costs and need for saving resources. It is
therefore important to explore the use of alternative fertilizers, including the waste products of bioenergy
such as wood ash and digestate, as these products are rich in plant nutrients (Koszel and Lorencowicz,
2015; Fuzesi ez al., 2015). The aim was to study the effect of different fertilizers with equivalent NPK rate
on grass dry matter yield (DMY) and nutrient removal in different grass mowing regimes.

Materials and methods

An experiment was carried out on a fine sandy loam soil with pHy - 5.9-6.5, moderate OM content
(3.2%), high phosphorus and moderate plant available potassium content. Four different treatments for
reed canary grass (RCG) and Festulolium, with equivalent amounts of plant nutrients (N 0P35K55)
were compared: mineral fertilizers (MF), wood ash (WA), digestate used once (D1) or twice (D2) a
season, and a no-fertilizer control. Full rate of fertilizers was applied in early spring after vegetation
recovery, with except in treatment D2 (split application of digestate), where the other half was used
in the autumn after mowing. Mineral fertilizers were used for balancing nutrients in the digestate and
WA treatments, the same as MF treatment (ammonium nitrate, superphosphate, potassium chloride)

(Table 1).
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Table 1. Plant nutrients supplemented with mineral fertilizers, to reach N;,P3cK, .

Treatment 2012 (sowing year) 2013-2015 (harvest years)

N P K N P K
WA 49.5 9.6 0 99.0 26.6 0
Digestate 0 0 10.8 0 16.6-28.8 44.8-72.2

DMY and NPK removal data were collected for one-cut or delayed harvest at autumn (1-CMR) and
two-cut mowing regime — 1% cut at full heading, 2" at the plant senescence in autumn (2-CMR) for
three years of use. ANOVA was used to analyse results and F-test for the assessment of significance of
means at LSDyj .

Results and discussion

DMY was significantly affected by fertilization treatment, mowing regime and grass species. The
application of all fertilizers produced considerably higher DMY than the no-fertilizer option (Figure 1).
The best results, averaged over the three years, were obtained from mineral fertilizer (MF) and wood ash
(WA), with no significant differences between them: 8.01 and 8.11 ¢ ha'! for RCG; 5.96 and 6.18 t ha'!
for Festulolium, respectively. The application of both full rate (D1) and split rate (D2) of digestate gave
a significant increase in yield with no significant differences between them. DMY by mowing regimes
varied depending on the grass species and year of use; however, there was higher DMY on average for
both species under the one-cut mowing regime (1-CMR) than two-cut mowing (2-CMR), with 5.81 ¢
halands.12 tha'l, respectively. Overall, taking into account treatments and mowing regimes, the RCG
produced significantly higher DMY (6.47 t ha'!). Factor analysis showed that the greatest effect on the
DMY was fertilizer, 56.6% on average for both species. The next important factors were species (27.7%)
and mowing regime (4.1%).

NPK removal from the soil with harvest during the whole research period varied largely between year
and treatment and it was closely related to DMY and its chemical content. The greatest effect was with
grass species and mowing regime. Nitrogen (N) removal in 2-CMR on average per year for RCG varied
from 54.0 kg ha! N (no-fertilizer) to 142.9 kg ha'! N (WA). In 1-CMR, using delayed harvesting, N
removal was about two times lower and varied from 39.0 kg ha! N (no-fertilizer) to 69.1 kg ha'! N
(MF) (Table 2). For Festulolium the N removal was considerably lower, mainly determined by DMY
differences. It was very similar in both mowing regimes: from 23.2 kg ha'! N (no-fertilizer) to 73.3 kg
ha! N (WA) using 2-CMR, and from 22.1 kgha"! N (no-fertilizer) to 78.7 kg ha'! (MF) using 1-CMR.
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Figure 1. DMY in t ha under the influence of different factors, average yield over three years under two different mowing regimes.
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Table 2. Plant nutrient removal by harvested above-ground biomass, kg ha! year™".

Species Treatment Nitrogen (N) Phosphorus (P) Potassium (K)
two-cut mowing one-cutmowing two-cut mowing one-cutmowing two-cut mowing one-cut mowing

Phalaris arundinacea L. No-fertilizer 54+3.2 39+3.1 1110.6 10+0.8 77446 38+3.0
MF 11343.1 69+0.4 21+0.6 11£0.1 172445 59+0.4
WA 143483 68+5.2 21413 12409 168+9.8 62+4.7
D1 95+6.1 56+2.7 17411 10+0.5 142495 58+2.8
D2 81+43 41+0.8 16+0.8 9+0.2 126+7.2 67+1.4

XFestulolium No-fertilizer 23+2.2 22+24 4+0.4 3+0.3 36+3.5 32435
MF 67+1.5 79441 8+0.2 6+0.3 90+2.1 108+5.6
WA 73+4.7 77+2.8 9+0.5 5+0.2 96+5.9 12441
D1 45+1.6 4+2.8 7403 4403 74+2.6 71+4.8
D2 39415 37421 7403 4403 71+2.7 44+2.6

Removal of phosphorus (P), compared to the N, was significantly lower It also varied relatively less
between mowing regimes: from 10.6 kg ha! P (no-fertilizer) to 20.9 kgha'! P (WA) using 2-CMR; and
from 9.7 kg ha'! P (no-fertilizer) to 11.5 kg ha! P (WA) using 1-CMR for RCG. P removal with DMY
of Festulolium was on average two times lower in comparison with RCG.

Potassium (K) removals were highest, they exceeded N removals approximately 1.5-2 times. Significant
differences were found both among mowing regimes and grass species. The greatest K amount (172.1
kg ha'l K per year) was removed by RCG under treatment 2-CMR (with MF), whereas under 1-CMR
the highest K removal (62.3 kg ha'! K) was found in WA. For Festulolium, the highest K removal in
both mowing regimes was found in WA treatment: 95.5 and 111.7 kg ha'! K in 2-CMR and 1-CMR,
respectively (‘Table 2). Application of WA and MF resulted in a significantly higher K removal, compared
to those of both digestate treatments, where K removal under 2-CMR ranged between 126.1 kg ha'!
K (D2) and 141.5 kg ha! K (D1). In general, for RCG in all fertilizer treatments, 2-3 times less K was
removed under 1-CMR than 2-CMR. In contrast to RCG, K removals by mowing regimes in Festulolium
did not differ significantly. This clearly demonstrates the ability of RCG to transfer nutrients from
aboveground biomass to roots during senescence.

Conclusions

The DMY and plant nutrient removal was largely influenced by grass species, fertilizer and mowing
regime. Higher yields were produced by (1) RCG, using one-cut mowing regime, and (2) both species
with WA and MF treatments. At the same time, we found that RCG under a one-cut mowing regime
extracted much less nutrients. Results showed significant differences in NPK uptake and utilization
between the two grass species and confirm the possibility to reduce fertilizer consumption in rhizomatous
grasses using delayed mowing regime.
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Abstract

The provisioning Ecosystem Services (ES) of organically managed grasslands could be compromised,
compared to grasslands under non-organic management, due to restrictions regarding mineral
fertilization. We investigated this by measuring forage yield increase per day and feed value in 25 pairs of
organic and non-organic fertilized meadows (mown) and pastures (grazed) in the canton of Solothurn
(Switzerland). Lower forage yield and feed value in organic pastures were related to lower phosphorus
(P) in topsoil compared to non-organic pastures. However, in meadows, organic management had no
effect on forage yield and feed value as soil P was hardly affected by organic management. From these
findings we conclude that forage provision does not considerably differ between organic and non-organic
meadows, but in pastures we see potential indications of nutrient limitation under organic management.
Future research should thus assess organic pasture management in more detail to close this production

gap-

Keywords: ecosystem services, grassland, organic management, provisioning services, weeds

Introduction

Organic grasslands do not receive synthetic pesticides or mineral fertilizers (Swiss Federal Council,
2018). This could lead to reduced yields (i.c. provisioning Ecosystem Services; ES). However, organic
management could potentially help the grasslands to provide a wider range of other, non-monetary
ES (e.g. Knudsen ez al., 2019; Mider ef al., 2002;). In this study, we focus on the provisioning ES of
grasslands in Swiss agriculture, aiming to find out whether organic grasslands have lower biomass yields
and lower feed quality than non-organically managed grasslands.

Materials and methods

Intensively managed meadows (n=26) and intensively managed pastures (n=24) within the ServiceGrass
project in the Canton of Solothurn (Switzerland) were included in this study. The grassland sites belong
to 18 organic and 18 non-organic farms, with one organic farm always in close vicinity to a non-organic
farm, resulting in a spatially balanced design. In summer 2021, soil cores were taken to 20 cm depth (20
cores pooled per grassland) and analysed for soil phosphorus (P) concentrations (Olsen extraction).
Interviews were conducted with the farmers to gather information about fertilization practices. Utilizable
nitrogen (N) fertilization was calculated from this information according to Swiss regulations (Richner
et al., 2017). Aboveground biomass was sampled between mid-May and mid-June 2021, with four
pooled samples of an area of 50x50 cm per site, dried and subsequently weighed. Forage increment
per day was calculated as biomass (g) per growing day (days since 1 March) per m? (hereafter forage
increase). Feed value was calculated as an indicator value (Briemle and Dierschke, 2002), using mean
species cover from two 2X2 m vegetation relevés per site. #-tests were conducted to identify differences
among organic and conventional grasslands in soil P, N fertilization, forage increase and feed value. To
analyse the effect of organic management on forage increase and feed value via changes in soil P and
N fertilization, a structural equation model (SEM) was computed with the R (R Core Team, 2021)
package lavaan (Rosseel, 2012). The full model was specified as shown in Figure 1A, first without and
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then with a multigroup comparison of pastures vs meadows. These two models were compared using
the Akaike information criterion (AIC) and sample-size adjusted Bayesian information criterion (BIC).
Subsequentially, non-significant pathways were sequentially deleted from the model to achieve a most
robust final SEM.

Results and discussion

Over all plots, forage increase tended to be 15% smaller in organic compared to non-organic managed
grasslands (mean=3.9 vs 4.7; P>0.1, t-test), as was feed value (mean=6.6 vs 7.1, P=0.033, t-test). The
AICc for the SEM including a group comparison of pasture and meadow (Figure 1B) was lower than
for the SEM without the group comparison (AIC=527 vs 533, BIC=498 vs 522), indicating that the
responses of forage increase and feed value to the environmental, fertilizer and management variables
studied here differed between meadows and pastures.

For pastures (predominantly grazed), the SEM showed a marginally significant negative effect of organic
management on soil P (standardized coefhicient -0.33; P=0.062; Figure 1B). The mean soil P differed
quite strongly, with 22 mg kg’1 in organicand 41 mg kg’1 in non-organically managed pastures (P=0.049;
t-test). Soil P was additionally influenced by N fertilization (stand. coeff. 0.38; P=0.029). However, N
fertilization itself was not influenced by organic management (mean=46.3 vs 79.8 kg N ha'! organic vs
non-organic, P>0.1, t-test). This lack of an effect of organic management on N fertilization compared to
the direct effect of organic management on soil P could be due to soil P showing the effect of fertilizing
events from past years, whereas N fertilization merely reflects fertilization in 2020, the year of the farmer
interviews. Soil P in turn positively influenced forage increase (stand. coeff. 0.54, P=0.002) and feed
value (stand. coeff. 0.74, P<0.001), leading to 45% lower mean forage increase in organic (2.7 g day™!)
than in non-organic (4.1 gday™'; P=0.073, t-test) and mean feed value (6.4 vs 7.1; P=0.055, t-test). Thus,
in pastures, organic management influenced forage increase and feed value via lower soil P.

In meadows (predominantly cut), the SEM showed no evidence for organic management influencing
cither soil P or N fertilization (Figure 1B). Indeed, organic and non-organic meadows did not differ
strongly in N fertilization (mean=86.7 vs 107.5 kg N ha'l; P>0.1, t-test) and soil P (mean=32.2 vs 40.7
mg kg'l; P>0.1, t-test). As a consequence, no evidence for any effect of organic management on forage
increase and feed value was detected in the SEM (Figure 1B) and means for forage increase (5.1 and 5.2 g
day’}, respectively) and feed value (6.8 and 7.1) were quite comparable between organic and non-organic
meadows (both P>0.1, t-tests). N fertilization in meadows, in contrast to pastures, did not influence soil
P, but both factors had direct positive effects on forage increase and feed value (Figure 1B).
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Figure 1. (A) full starting model for structural equation modelling (SEM); and (B) final multigroup SEMs comparing the influence of organic
management on forage increase (g day ") and feed value in pastures vs meadows with statistics for the overall multigroup model on the left
of the path-models. Dashed lines indicate non-significant pathways. For significant pathways, standardized coefficients are displayed next to
the arrows, grey solid arrows indicating negative, black solid arrows positive effects. Significance levels of the coefficients (P-value): 0.1 > ‘¥
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The yield reductions in organically managed grasslands found in other studies (Mider ez al., 2002;
Oberson ez al., 2013; Steinwender ef 4l., 2000) fits to our overall results averaged over pastures and
meadows. Interestingly, we find different responses of the two management types, with meadows showing
no reduction and pastures a strong reduction in forage increase and forage yield. The meadow response
is similar to findings of Klaus ez 4/. (2013) regarding no significant yield differences in organic vs non-
organic grasslands in Germany. Our results suggest a necessity to differentiate between predominantly
grazed pastures and predominantly cut meadows when assessing the interrelated drivers of provisioning
ES. This will also help to investigate the reasons for lower soil P in organic pastures.

Conclusions

Our findings suggest that in the studied region forage increase and feed value were not compromised
in organic compared to non-organic intensively managed meadows. However, in intensively managed
pastures, lower forage yield and quality were related to differences in soil P due to organic management.
Further research investigating the reasons for lower soil P is necessary to understand and resolve this issue
and to close the yield gap in organic pastures, and to understand why meadows differed in their response.
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Abstract

Sustainable intensification (SI) in agriculture aims to increase crop yields and animal production without
negative environmental effects and use of additional land area. In this study we estimated the impacts
of potential SI-options in cropping and animal husbandry on carbon (C) inputs into soil, soil organic
carbon (SOC) stocks and total greenhouse gas (GHG) emissions in Boreal crop-livestock farming
system. The examined options included increasing crop yields and decreasing grain proportion in the diet
of dairy cows. We used agricultural statistics and literature to calculate C inputs, the Yasso07 soil model
to estimate changes in SOC stocks, and Carbon Calculator to estimate total GHG emissions. According
to our results, animal processes produced the highest share of GHG emissions. Emissions from the SOC
stock changes originated mainly from cultivation of organic soils. Results indicate that SI-options that
allow for reductions in land area needed for feed production have significant potential to reduce GHG
emissions when the reductions are allocated to organic soils.

Keywords: C footprint, farming practices, greenhouse gas emissions, dairy production, life cycle
assessment

Introduction

Intensification in agriculture is expected to achieve food security for the growing population. Sustainable
intensification (SI) is needed when intending to reduce the negative impacts on environment (Thomson
et al., 2019; Garnett et al., 2013). In the northern cropping systems, key SI-options are improved crop
rotations, liming and drainage, sowing techniques, novel high-yielding and robust cultivars, and forage
grass mixtures which aim to improve the soil growing conditions and have the potential to increase
yields (Lehtonen ef al., 2018). In addition to this, changing the diet of cattle to include a high forage
proportion would intensify the field use, as the potential yield of grass is two-fold compared with grain
in Finland. The smaller fodder production area would allow for other uses for the arable land released
from the fodder production. Implementing such SI-options could thus increase C inputs to soil and
increase SOC stocks.

The aim of this study was to assess the net climate impacts of different SI-options and their realistic
combinations in boreal crop-livestock farming systems. The examined SI-options were: (1) yield increases
achieved through improved soil growing conditions, and (2) decrease grain proportion in the diet of
dairy cow. These were compared with a baseline representing current typical management practices on
Finnish dairy production system.

Materials and methods

We analysed the effects of SI-options at a dairy farm in the Northern Savonia region in Finland,
representing typical farm and land use in the region. There were 140 dairy cows on the farm. In the
baseline scenario, the concentrate proportion was 45%, and the total cultivated area required for fodder
production was 225 ha, of which 125 ha was allocated to grasslands, 50 ha to oats, and 50 ha to barley.
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Of the total production area, 80% was on mineral soils and 20% on organic soils, allocated equally to
different crops. In the baseline, the crop yields for silage, oats and barley were 7,000 kg, 3,400 kg, and
3,400 kg dry weight per ha, respectively. Energy-corrected milk production was 9,697 kg per year.
In the SI-scenarios, the assessed yield increases were +10% and +20% for all cultivated crops, with
increases attributed to investments in improved soil growing conditions, for the two diet alternatives.
For simulations, the system boundary was set to the ‘farm gate’ in all cases. We assessed and compared
net impacts of different SI-options on (1) required cultivation areas of different crops, (2) C inputs into
soils, and (3) total GHG emissions on farm and at product level. For all cases, the dry matter intake was
fixed, and the milk production yield was constant over the scenarios. As a result, the implementation
of the scenarios allowed the area of feed production to be reduced. In S1, S2 and S3 the examined
production area was equal to baseline and the area released through implementing SI-options was
allocated to production of green fallow. In S4, S5 and S6 the area released through implementing SI-
options was allocated away from the production in organic soils, which reduced the total production
area (Table 1).

For the assessment, we used agricultural statistics and literature to calculate C inputs, the Yasso07 soil
model (Tuomi ez al., 2011) to estimate SOC stock changes of mineral soils, and Carbon Calculator
(Tuomisto ef al., 2013) to estimate total GHG emissions. The effects of implementing SI-options on
total emissions were assessed in comparison with the baseline. Time spans of 20 years and 100 years were
considered.

Results and discussion

The total farm-level GHG emissions, including changes in the SOC stock, varied from 3,225 Mg CO,-
eq. yr'! to 3575 Mg CO,-eq. yr'lin the scenarios where the considered production area was similar
to baseline (Figure 1). Animal processes, including enteric fermentation and manure management,
produced the highest GHG emissions. Most of the emissions from the SOC stock change originated
from cultivation of organic soils. The land area released from fodder production due to changes in the
cattle diet and yield increase was highest under the S6-scenario, at 56 ha (25% of the total production
area). Releasing this area from production on organic soils would replace emissions with a SOC change,
from 1,102 Mg CO, yr'! (emission in the baseline) to -26 Mg CO, yr'! (a C sink), and thus reduce total
emissions considerably (Figure 1). The utilized assessment model (Carbon Calculator), however, was
unable to incorporate the impacts of selected diets on enteric fermentation. Also, the fixed values for
milk production yield and dry matter intake over the different diets are rather unlikely, and might add
uncertainties into the results. Accordingly, the linkage between diet composition, emissions from animals
and carbon stock changes need further investigations.

Table 1. Characteristics of cattle diet, crop yields and total production area in scenarios.

Scenario Share of concentrated feed in the diet (%) Yields Production area (ha)
Baseline (BL) 45 Current 225
S1 45 +20% 225
S2 30 Current 225
S3 30 +20% 225
S4 45 +20% 188
S5 30 +10% 184
S6 30 +20% 169
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Figure 1. Greenhouse gas emission sources from dairy farm in baseline (BL) and scenarios $1-56.

Conclusions

The results of the study clearly show the importance of organic soils as a source of GHG emissions for
boreal crop-livestock farming systems. SI-options that allow for reductions in land area needed for feed
production have significant potential to reduce GHG emissions when the reductions are allocated to
organic soils. This way the efforts made to improve the production also serve the targets of climate change
mitigation.
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Abstract

Sustainable sources of protein are in great need for both food and feed use. The protein in forage legumes
is bound to a fibre matrix and not efficiently used by pigs, poultry or directly by humans. Legumes can
produce high yields of protein per hectare as well as many ecosystem services. The green biorefinery
concept can be used to separate the protein from the plant biomass to be used in novel applications.
In this study, red clover, white clover, goat’s rue, faba bean and pea were harvested as green crops and
mechanically separated into liquid and solid fractions. Various pretreatments were used to mimic the
potential practical large-scale processes in which the fresh green plants were compared with freezing-and-
melting, and drying-and-rehydrating in terms of yields. The liquid yields ranged from 69 to 79% using an
efficient twin-screw press. On average 54% of crude protein was extracted into the liquid, and the liquid
crude protein concentration averaged 291 gkg’l dry matter. Pneumatic press, on the other hand, was less
efficient since the liquid yield was substantially lower, but clearly increased after pre-treatments due to

the breakage of plant cells.

Keywords: protein recovery, twin screw press, pneumatic press, liquid-solid separation, forage legume,
grain legume

Introduction

Sustainable sources of protein are in great need for both food and feed use. The protein in green biomass
is bound to a fibre matrix and therefore not efficiently used by pigs, poultry or directly by humans, thus
being currently mostly used as feed for ruminants. Forage and grain legumes harvested at an immature
growth stage provide potential raw material for further processing. The green biorefinery concept can be
used to separate the protein from green biomass to be used in novel applications for feed use, both for
ruminants and monogastrics (Keto ¢z a/., 2021), or even directly for humans. Forage legumes can produce
high yields of protein per hectare as well as many ecosystem services. Finding new ways to utilize them
in the food chain requires basic knowledge on their yields, safety (secondary metabolites, bioactivities,
pesticide use, hygienic quality), suitabilicy regarding food technology and acceptance by consumers as
well as regulatory approvals. Of the materials used here, only pea sprouts are currently used for human
consumption. The aim of the current evaluation was to screen various legume species for their suitability
as feedstocks for green biorefineries.

Materials and methods

Green biomass of red clover (T7ifolium pratense, var. Selma), white clover (Trifolium repens, var. Lena),
goat’s rue (Galega orientalis, var. Gale), pea (Pisum sativum, var. Hulda) and faba bean (Vicia faba, var.
Kontu) were harvested from primary growth in year 2021 in Jokioinen, Finland (60°48'N 23°29'E).
Additionally, red clover (var. Saija) was also harvested from regrowth in Siikajoki, Finland (64°40'N
25°06'E). Raw material samples were analysed for chemical composition using routine analytical methods
of the Luke laboratory (Savonen et a/. 2020). The biomass of each species was separated into liquid and
solid fractions using a twin-screw press (300 g batch) or a pneumatic press (100 g batch; for details
see Franco ¢t al., 2019). The biomass samples were processed (1) fresh immediately after harvesting
from the field, (2) frozen and melted, and (3) dried and rehydrated into the original dry matter (DM)
concentration using tap water in order to evaluate the effect of pretreatments on the efficiency of
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extraction. For practical reasons, treatments were not applied to all plant materials (e.g. no liquid was
produced from fresh faba bean and pea using the pneumatic press). Experimental replication was not
included in this screening study, so no statistical evaluation was conducted.

Results and discussion

The legume biomasses used in the current study are described in Table 1. The aim was to use early maturity
stage of the plants with relatively high moisture and crude protein (CP) concentrations to facilitate
the mechanical separation of proteins. However, the maturity stages and varieties were not totally
optimized (e.g. rather late maturity stage of pea, and both grain legumes being varieties intended for
seed production). There is indeed large variation in plant biomass composition, and various agronomic
and management factors in biomass production have a lot of scope for optimization. The composition
of the liquids recovered after pressing with a twin-screw press showed high variability which originated
from the differences in raw materials (Table 1). Goat’s rue had the highest CP concentration both in raw
material and in the extracted liquid, while pea had the lowest concentrations of both, which may have
been affected by the late maturity stage of pea at harvest. A meta-analysis conducted in Finland using
grass silages as raw materials resulted in liquid DM and CP concentrations of 103 gkg! and 231 gkg'!
DM (Franco et l. 2019). The DM concentration is in good agreement with the current results (average
96 gkg'!), but liquid CP concentration was clearly higher in the liquids originating from these legumes
(on average 291 gkg'! DM) due to the higher CP concentration of the raw materials used in the current
data set.

The high variability in ash yields (e.g. over 100% ash recovery for pea) is probably associated with the
inaccuracies in measuringand analysing the small volumes used. The use of the efficient press demonstrates
the high potential to extract soluble nutrients from green biomass. If we assume a biomass yield of 10,000
kg DM ha'l, a CP concentration of 200 g kg'! DM and a protein extraction rate of 50% (average value
for the current data set was 54%), the amount of CP in the harvested liquid could be 1000 kg ha'l, which
is comparable to the yields of protein crops under northern European environmental conditions. The
remaining fractions from the green biorefinery may be used for numerous purposes such as feeds for
ruminants, biogas, soil amendment, bedding or other materials.

Table 1. Composition of the raw material and liquids of the evaluated lequme biomasses and the extraction rates using twin screw press.

Red clover, 15t cut Red clover, 2" cut White clover Goat's rue Pea Faba bean

Date of harvest in year 2021 16 June 18 August 16 June 9 June 6 August 13 August
Raw materials

Dry matter (DM), g kg’1 7 121 171 128 278 188

Ash (g kg™ DM) 110 106 113 83 49 62

Crude protein (g kg'1 DM) 193 199 224 270 131 234
Liquids

DM, gkg™! 110 47 100 62 161 98

Ash (g kg™ DM) 150 100 150 62 121 9%

Crude protein (g kg'1 DM) 272 301 262 442 195 274
Extraction rates (%) of fresh lequme biomass

Liquid 69 79 70 74 n 72

DM 44 31 41 35 Iy 37

Ash 61 27 41 27 102 57

Crude protein 63 43 55 58 61 44
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Figure 1 shows results of pre-treatments and type of liquid separation method on liquid yields of red
clover and goat’s rue. The pneumatic press was very inefficient when fresh biomass was fractioned, but
significant improvements were achieved in the freezing-and-melting and the drying-and-rewetting
methods. The increase can be attributed to the breakage of cell walls during these processes. It is notable
that the frozen samples did not perform as well in crude protein recovery as they did in liquid extraction.
This was caused by lower CP concentration in the liquid, and this effect was consistent between the two
types of presses.
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Figure 1. Effect of pre-treatments (frozen and melted; dried and rehydrated (dry)) on the liquid yields (A) and percentage of original crude
protein extracted into the liquid (B) of red clover (1% cut) and goat’s rue using two different methods for liquid separation when compared to
the freshly processed biomass.

Conclusions

Various species of legume biomass have potential to produce large protein yields per area cultivated.
The pre-treatments used here, i.e. freezing-and-melting, and drying-and-rewetting, increased the liquid
yields compared to fresh material, particularly when the less efficient pneumatic press was used. This can
be considered beneficial, because preserving the biomass allows the green biorefinery to operate year-
round, and preservation of the produced fractions can be done in smaller batches. Further optimization
of biomass production including aspects such as varieties within species, fertilization and harvesting
regime would be needed, and this can be supported by previous agronomic knowledge. Further, the
possibilities to include green biomass-based proteins into food products for direct human use should be
evaluated.
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Abstract

The beefindustryandlivestock production systemsare at the centre of debates questioning GHG emissions
and the environment more generally. To improve sustainability and to highlight the contributions of
the beef sector has thus become a national and international goal of involved actors. Along with other
solutions, grazing management techniques, such as adaptive multi-paddock grazing (AMP), have been
suggested to provide services related to production, carbon sequestration, biodiversity, landscape, farmers’
workloads and many other aspects at the farm level. Though, a number of studies have compared different
grazing systems around the world (e.g. rotational vs continuous), only few have performed integral multi-
criteria analyses. Hence, there is urgent need to assess advantages and disadvantages of climate-smart
grazing practices based on common and comparable indicators (e.g. ecosystem services). In the present
study, we will compare three different grazing systems including AMP, implemented in 27 commercial
farms on three pedo-climatic regions. For each grazing system we examine grassland production (quantity
and quality), carbon sequestration, biodiversity, and technical-economic results. This work will provide
relevant information for grazing management aiming to achieve desired environmental and economic
goals, and will put forward interesting grazing systems to meet multiple challenges (services).

Keywords: Cow, grazing system, services, carbon sequestration

Introduction

Grassland systems have strong assets to meet societal expectations related to livestock (Michaud e 4/,
2020). Indeed, the presence of sustainable vegetal cover over time, and grazing as the basis of feeding
system, are suggested to be beneficial for beef cattle, its well-being, farm economics and environment
(Mann and Sherren, 2018). There are several grazing systems that are an integrated combination
of animal, plant, soil, economic and social features, and management objectives designed to achieve
specific goals or results (Sollenberger ef /., 2020). Among those combinations, adaptive multi-paddock
grazing (AMP) has been proposed to provide services such as equivalent production as continuous or
slow rotational grazing, better carbon sequestration, better biodiversity, improvement of the landscape
organization and many other aspects on the farm (Mosier ez 2/ 2021; Shrestha ez 4l., 2020; Teague and
Barnes 2017; Teague ez a/., 201 3). AMP grazing uses high livestock densities for short durations between
long periods of forage rest to stimulate accelerated grass growth. Thus, AMP grazing is characterized by
rotational grazing of multiple paddocks, adapting animal loading according to herbage growth, starting
with late grazing season at a vegetation height of 12 cm or more (elongation stage), and moving animals to
paddocks that have not been assigned a rest period when half of initial herbage mass is consumed ( Teague
et al., 2011). The herd is moved back when the paddock has had sufficient time for defoliated plants
to fully recover. This approach leaves adequate residual plant biomass in grazed paddocks to maintain
high growth rates for plants and high forage quality for animals. The rest period depends on soil-climate
conditions and regrowth and can vary from 40 to 180 days between grazing events. The aim of this
project is to analyse the effects of different grazing systems on carbon sequestration, plant biodiversity
and grassland production and quality, as well as the sustainability of production systems. In the context
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of French beef production systems, this study will deliver intelligent, goal-directed key data on practices
to valorise and optimize grazing management to achieve sustainable goals. The results will provide a
better understanding on biophysical processes, and how to adjust them to answer to the challenges of
production systems in terms of climate adaptation and societal expectations.

Materials and methods

In order to assess the effect of major French grazing systems on the provision of services, literature analyses
were carried out using national census data on livestock production systems, including grey and peer
reviewed literature. In more detail, literature was screened to identify key elements such as the definition
of French grazing practices, animal stocking rates, grazing duration, paddock number, vegetation height
at grazing and fertilization. As for associated services, the literature research aimed to identify measurable
indicators (i.c. services and methods used) with regard to livestock farming systems, being a compromise
between ecological, agricultural and territory approaches (Dernat ez 4l., 2020; Ryschawy ez 4l., 2015).
Collected information was used to setup an AMP monitoring project.

Results and discussion

In brief, state-of-the-art literature analyses allowed to highlight (1) major grazing categories and markers
to characterize them (Table 1) and (2) identify measurable service bundles permitting to compare
different grazing systems. According to the analyses of French grazing systems (Table 1), a number of
choices have been made to setup the AMP-monitoring project. For instance, study area; the project will
be implemented in three contrasted pedo-climatic regions in France: Normandy, East of France and
central France. In each area, three commercial farms have been chosen for implementing AMP grazing
and allowing a comparison with a neighbouring practice; continuous grazing (GC), rotational grazing

(RG). In total, 27 farms will be monitored for 3 years. Each farm will be examined at several scale levels:

o Animal scale. A batch of heifers will be monitored on each farm throughout the project, grazing
on studied grasslands. Animal feeding, health and well-being of the batch will be followed, using
operational tools.

o Paddock scale. Fields dedicated to AMP, CC and RG grazing will be evaluated over the grazing season
concerning their botanical composition, biomass production, and nutritive value. Further, each of
the followed grass fields will be analysed twice (at the beginning and the end of the project, TO and
T36) for soil organic stocks (0-60 cm), pH and soil minerals (N, P, K). For soil analyses, a ‘control’
on each farm will be used.

o System scale. For each farm, technical-economic surveys will be carried out. Likewise, feed intake of
the herd will be defined and quantified by the HerbValo method (Delagarde ez 4/, 2018), and farmers
additional workload related to AMP grazing management will be quantified.

Table 1. Main grazing practices in France (literature analyses and agricultural census data).

Grazing systems Continuous (Leray et al., 2017) Rotational ‘Slow’ (Leray et al.,, 2017) AMP US (Mosier et al., 2021)

Meadow characteristics permanent/natural/temporary permanent/temporary NAN

Instantaneous livestock density (LU ha!) Lowerthan0.5LUha"to1.8LUha™"  Depends on the type of rotation: 10-50  60-460

Global surface (are LU 30-80 25-60 0.03-0.1

Grazing duration per paddock (days) 90-200 3-mei 1-2

Resting period (days) No resting time (winter) 20-40 45-90

Number of paddocks available 1-3 5-15 5-50

Entry mark; vegetation height cm) 71020 8-15 15 or more

Exit mark; vegetation height (cm) the animals stay on the same paddock 3-6 10 (50% of the entrance biomass)
throughout the year

Fertilization N (Kg ha'!) 0-200 0-150 0-90; ideally zero

Plant development stage (entry) vegetative stage of grass sward vegetative stage of grass sward elongation or more
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Abstract

Permanent grasslands cover 34% of the European Union’s agricultural area and are vital for the delivery
of essential ecosystem services. Over recent decades, permanent grasslands have suffered a significant
decline and land use change continues to threaten their area. We performed a systematic review on the
multifunctionality of permanent grasslands in Europe, examining the effects of land use change and
management practices on 18 ecosystem service indicators. Based on the evidence in 696 out of 70,456
screened papers, we found that both land use change and intensification decreased multifunctionality. A
lower management intensity was associated with benefits for biodiversity, climate regulation and water
purification, but had a negative effect on the provision of high-quality animal feed. Increasing the number
of species in the sward enhanced multifunctionality of permanent grassland without significant trade-
offs such as losses in production. We suggest that a combined approach of protection and management
extensification will help secure multiple benefits from permanent grasslands.

Keywords: agro-ecology, land use change, management, multifunctionality

Introduction

Permanent grasslands cover 34% of the European Union’s agricultural area and are vital for human
wellbeing as they contribute to a wide variety of essential ecosystem services. For centuries, permanent
grasslands have been the basis for livestock production on farms all over Europe. However, over the
past decades, permanent grasslands have suffered a significant decline and land use change continues
to threaten their area (Schils ez 4/, 2020). In addition to the provision of feed, permanent grasslands
sustain a broad range of additional ecosystem services, including climate regulation through carbon
sequestration, preservation of biodiversity and cultural values, protection against erosion and flooding,
and pollination of food crops (c.g. Bengtsson ez 4/., 2019). For European permanent grasslands we have a
restricted understanding of land use and management effects on multifunctionality. Here, we analyse the
body of, mainly monodisciplinary, studies across Europe in a comprehensive multidisciplinary systematic
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literature review with a focus on experimental contrasts in land use and management aspects. Our study
addressed two central research questions: first, what are the reported effects of land use change on the
delivery of ecosystem services? Second, what are the reported effects of intensification and specific
management options on the delivery of ecosystem services by permanent grassland?

Materials and methods

We systematically searched the scientific literature for grassland studies on 18 indicators of ecosystem
services in Europe, published in the English language between 1980 and 2019. The indicators were
pollinators, threatened species, and plant richness for biodiversity; nitrous oxide, methane and carbon
dioxide emissions, and carbon sequestration for c/imate regulation; nitrogen, phosphorus in groundwater
and surface water for provision of fresh water; recreational value and aesthetics for cultural values; hydraulic
conductivity, bulk density, soil loss and runoff for erosion and flood control; energy and protein content,
and forage yield for provision of animal feed. In our study, permanent grasslands are defined as land used
to grow grasses or other herbaceous forages that has not been included in a crop rotation for a duration
of five years or longer.

We screened 70,456 papers and retained 696 papers that contained at least one of eight experimental
contrasts, either in land use (permanent grassland versus cropland, forest or temporary grassland) or
in management options (sward renewal, defoliation frequency, nitrogen input, legume presence, and
number of sward species). The 696 papers contained 1,032 cligible experimental contrasts. For cach
contrast, we registered the outcome, i.e. the effect of the contrast on the value of the ecosystem service
indicator: no conclusion, favourable, neutral, unfavourable. For the analysis, outcomes were transformed
to numerical values (favourable=1, neutral=0, unfavourable=-1). More details are presented in Schils ez
al. (2022).

Results

Most of the extracted papers included in this review were identified in regions where over 40% of the
utilized agricultural area was covered by permanent grasslands. Around two thirds of the extracted papers
originated from the Atlantic or Continental biogeographic regions.

We found consistent trade-offs in the reported outcomes between indicators for feed on the one hand,
and non-feed ecosystem services on the other, for three management intensity indicators, i.e. nitrogen
input, increasing defoliation frequency and grass renewal (Figure 1). The reported outcomes of increased
number of species in the sward showed mainly favourable effects on the indicators for biodiversity,
cultural values and water purification and mixed effects on provision of animal feed (not shown). Grass
renewal showed significant favourable effects on forage yield, but no consistent effect on forage quality.
In contrast, we found that grassland renewal significantly increased nitrous oxide emissions and nitrogen
losses to water. Considering land use change, we found that most studies reported favourable outcomes
for maintaining permanent grasslands compared to conversion to croplands across all ecosystem service
indicators, apart from forage yield and energy content (not shown).

Discussion and conclusions

The outcomes of our review suggest that, in spite of apparent changes in human dietary preferences, the
protection of permanent grasslands in Europe has to be prioritized to prevent further losses of the area
and their ecosystem services. At the same time, in view of the need to reduce ruminant livestock’s impact
on climate change and the apparent benefits of lower management intensity on biodiversity and water
quality, the time seems ripe to increase support for areduced management intensity on existing European
permanent grasslands.
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Figure 1. Effects of management intervention on indicators for ecosystem services. The boundary between the shaded zones represents a mean
score of 0. Light shaded outer zone represents a favourable score for permanent grassland (moving outwards, the mean score increases from
0to 1), darker shaded inner zone represents an unfavourable score (moving inwards, the mean score decreases from 0 to -1). Dot size indicates
number of underlying cases (small: <5 cases, medium: 5-9 cases. Large: >9 cases).

Acknowledgements

This work was funded by the EU Horizon 2020 Research and Innovation programme (Grant 774124,
‘Developing SUstainable PERmanent Grassland systems and policies, SUPER-G).

References

Bengtsson J., Bullock J.M., Egoh B., Everson C., Everson T., O’Connor, ... and Lindborg R. (2019) Grasslands — more important for
ecosystem services than you might think. Ecosphere 10, 1-20.

Schils R.L.M., Newell Price P., Klaus V.H., Tonn B., Hejduk S., Stypinski P. ... and Korevaar H. (2020) European permanent
grasslands mainly threatened by abandonment, heat and drought, and conversion to temporary grassland. Grassland Science
in Europe 25, 553-555.

Schils R.L.M., Bufe C., Rhymer, C.M., Francksen R.M., Klaus V.H, Abdalla M.... and Newell Price J.P. (2022) Permanent grasslands
in Europe: land use change and intensification decrease their multifunctionality. Agriculture Ecosystems and Environment 330,
107891.

276 Grassland Science in Europe, Vol. 27 — Grassland at the heart of circular and sustainable food systems
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Abstract

Managed grasslands are an important part of the pre-Alpine landscape. Besides feed provision, they fulfil
important services like carbon and nitrogen storage, water retention, and habitats for wildlife. Changing
climatic conditions and different management systems may affect, e.g. water fluxes, biogeochemical
processes and species composition, and hence ecosystem services of grasslands. This study analysed the
effects of climate change and management on dry matter yields, soil organic carbon and N storage, and
greenhouse gas emissions in pre-Alpine grasslands by combining experimental and modelling studies. We
utilized data of the German TERENO pre-Alpine observatory from 2012-2020. Large soil monoliths
(lysimeters) were translocated down an elevation gradient to simulate climate change and are operated
with two management intensities (differing in cuts and fertilization). Data analyses were accompanied
by simulation studies with the biogeochemical model LandscapeDNDC to realize a spatial upscaling.
Results indicate a greater effect of management on yields and soil organic carbon and nitrogen stocks
compared to climate change effects. Intensively managed lysimeters under climate change conditions had
the highest average yields, but showed a pronounced decrease during droughts while extensively managed
lysimeters were more robust against these climate extremes. Process understanding and the consideration
of different services is necessary to develop sustainable management strategies for these grasslands.

Keywords: biomass, soil organic carbon, nitrogen, lysimeters, process-based model

Introduction

Managed grasslands are a major land use in pre-Alpine regions and fulfil a variety of ecosystem services
like feed provision for livestock, carbon (C) and nitrogen (N) storage, water retention and habitat for
wildlife (Bengtsson e al., 2019; Reynolds and Frame, 2005; White e a/., 2000). These services may be
affected by climate and management changes. A profound knowledge about these effects is needed to
develop sustainable management strategies. This study aims to analyse the effects of climate change and
management on dry matter (DM) yields, soil organic carbon (SOC) and N stocks, as well as greenhouse
gas (GHG) emissions of pre-Alpine grasslands by combining experimental and modelling studies.

Materials and methods

This study was conducted in the TERENO pre-Alpine observatory in southern Germany (Kiese ez
al., 2018). The observatory adopts a space-for-time approach, where large undisturbed soil monoliths
(lysimeters) were translocated down an elevation gradient to simulate climate change with a temperature
increase and precipitation decrease. These grassland lysimeters are operated with two management
intensities (ext = extensive: 3 cuts and 1-2 slurry fertilizations; int = intensive: 4-5 cuts and 4-5 slurry
fertilizations) according to the local farmers’ practice. Various environmental parameters like air
temperature (T, ), precipitation (P), soil temperature and moisture, drainage, and GHG fluxes (via
automatic chamber systems) are monitored. Furthermore, DM yields as well as C and N content of the
harvested biomass are determined for each cut and lysimeter. We analysed annual DM yields of lysimeters
from the highest elevation site (CTRL = control; 860 m a.sl; P = 1,295 mm a™; T, = 6.9 °C) and
of lysimeters from the highest elevation site translocated to the lowest elevation site (CC = climate
change; 600 m a.s.l; P =962 mmal; T, = 8.9 °C) from 2012-2020. Additionally, we studied GHG
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fluxes (CH,, CH,, N,O) of lysimeters from the medium elevation site (CTRL2; 770 ma.s.1; P = 1,111
mm a’l; T, = 8.8 °C) compared to lysimeters from the medium elevation site translocated to the low
clevation site from 2016-2018. Each treatment (e.g. CTRL_ext) was represented by 3 replicates.

Analyses of experimental data were accompanied by simulation studies with the biogeochemical model
LandscapeDNDC (Haas ez a/., 2013). These modelling studies offer the possibility to extent the spatial
scale (e.g. regional analysis) and test different climate and management scenarios. Here, we show some
applications for the Ammer region.

Results and discussion

Annual DM yield

Mean annual DM yields of intensively managed lysimeters were significantly higher than those of
extensively managed lysimeters, but showed also higher annual variations (Figure 1). There was no
significant difference between the mean annual DM of the CTRL and CC treatment (P>0.4), cither for
extensive or for intensive management.

GHG emissions

During the study period, the analysed soils acted as a N, O source and a CH,; sink. Annual CO, emissions
ranged from 15.1 to 24.6 t C ha'! a! and ecosystem respiration was strongly temperature driven.
Climate change conditions significantly increased CO, and N, O emissions, while management did not
significantly affect these GHG emissions (Figure 2).
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Figure 1. Annual DM yields per treatment (A; significantly different means are indicated: **** P<0.0001) and (B) time series of annual DM
yield anomalies per treatment for TERENO pre-Alpine lysimeters (2012-2020).
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Figure 2. (A) Mean annual C0, emissions (ecosystem respiration) and (B) mean annual N,0 fluxes per treatment for TERENO pre-Alpine
lysimeters (2016-2018). * indicates a significant difference of CC_int compared to CTRL2_int; A indicates a significant difference between
(C_ext compared to CTRL2_ext.
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Modelling

Simulation results and other experimental studies (Kithnel ez 4/, 2019) show that SOC and N stocks
strongly depend on management. Historical fertilization with solid manure resulted in a build-up of humus
and associated C and N stocks in these pre-Alpine grasslands. The currently widespread fertilization with
liquid manure with its lower C content as well as climate change lead to a decrease in SOC and N stocks.
Regional model applications (Figure 3) can be used for risk assessment (e.g. identifying areas of concern
due to nitrate leaching) and the optimization of grassland management (e.g. via simulating different
management scenarios).
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Figure 3. Results for the regional application of the LDNDC model in the Ammer catchment for 2020 under current management: DM yield [t
haa™"] (A) and nitrate leaching [kg N ha™ a”'] (B).

Conclusions

Our results show that grassland management and climate change differently affect yields and ecosystem
matter fluxes in our study region. Therefore, a thorough understanding of processes, drivers and their
interaction is needed to develop sustainable management strategies for pre-Alpine grasslands that
consider different ecosystem services. Studies combining experimental and modelling approaches can
help to improve this understanding.
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Abstract

The European Union’s Farm to Fork strategy aims to enhance environmentally friendly management
practices, improve nitrogen-use efficiency (NUE) and reduce risk of nitrate leaching. Nutrient balances
and NUEs were studied in grass silage production on 50 dairy farms and 100 fields around Finland
(2019-2021). Pilot farmers followed a grassland standard, where plant nutrition was optimized based
on soil analysis and plant requirement. Grass yield was measured and analysed for quality as well as for
macro- and micronutrient contents. The analysis results were used for the calculation of field-specific
nutrient balances and NUEs. The average grass yield was 9,350+440 kg DM ha'! and the crude protein
content reached the target level each year. Nitrogen (N) balances were negative and NUEs were high,
ranging from 89+8 to 127+16 between the different harvests. The Product Carbon Footprint (PCF) of
grass silage (CO,-¢ t1 DMkg!) was significantly affected by both the NUE and grass yields. Based on
our results we discuss how farmers can ensure good quality yields and high NUEs under variable growing
conditions in conventional farming systems.

Keywords: dairy farms, grass, nutrient use efficiency, nutrient balance, silage

Introduction

The largest dairy company in Finland, Valio Ltd., has set a goal to reach zero carbon footprint of milk
by 2035. In grass silage production greenhouse gas (GHG) emissions will be reduced by more resource-
efficient production of high-quality grass silage, increased use of recycled nutrients as well as carbon
farming methods. In a mainly indoor-housing system of milk production the main sources of GHG
emissions are methane from enteric fermentation and manure management, and nitrous oxide emissions
from manure and mineral fertilizer nitrogen (Flysjé ez 4/, 2011). Thus, the optimized use of nitrogen
inputs plays an important role in reaching the target of zero carbon footprint of milk. Nutrient balances
(N, P) and the NUE can be used as indicators of successful nutrient management. The aim of this farm-
scale study was to evaluate the effect of optimized plant nutrition on grass silage yield and quality as well
as on nutrient balances and NUE.

Materials and methods

Fifty Valio Ltd. dairy farms located between 60°47 to 64°13 N were sclected as Carbo pilot farms (Figure
1). Carbo pilot farms were equipped with Vaisala AWS310 weather stations, SoilScout soil sensors (at 5,
15,25 cm depth) measuring soil moisture and temperature, DG60 axel scales as well as with Yara Atfarm
satellite services for the creation of variable rate mineral fertilizer application maps. Soil samples from
each pilot field were analysed for macro- and micronutrients and soil health (Eurofins, Finland). Grass
mixtures were classified into four groups: grass mixtures, grass mixtures with clover, multiple-species
mixtures (more than four different species) and grass mixture including Festuca arundinacea var. aspera.
The optimal harvesting time was predicted by taking grass samples for the analysis of digestibility one
to four times prior to each cut (Valio Ltd. laboratories). Grass yield was measured, and a representative
sample was analysed for nutritional quality including macro- and micronutrient contents. Field-specific
nutrient balances and NUE was calculated based on these measurements. The Product Carbon Footprint
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(PCF) of grass silage (CO,-e t 1 kg 'DM!) was calculated for 16 pilot fields with common PCF methods
and using IPCC (2019) methods and emission factors where relevant.

Results and discussion

Carbo pilot farmers followed the grassland standard where plant nutrition and harvesting time was
optimized to gain high yield with good quality. One third of the used seed mixtures had red clover. Pure
grass mixtures dominated in north-eastern and northern Finland, whereas multispecies mixtures and
clover containing mixtures were more typical in southern Finland, where severe drought periods were
common. Total nitrogen use was 200 to 240 kg N ha'! for two to three cuts, respectively. On average 30%
of N and 60% of the P was derived from organic fertilizers. High NUE was ensured by balanced crop
nutrition. The target value for digestibility was 680 to 700 g kg'1 DM ! and for crude protein content
130-160 gkg! DML

Total grass silage yield ranged from 8,760 to 9,820 kg DM ha'! 2019-2021 (Table 1) and the target
values for quality parameters were reached each year for all harvests. The variation in grass yield as well
as nutrient balances and NUE was significant when some of the fields experienced severe droughts (2"
cut 2019 and 2021) or damage from winter kill (winter 2019-2020). The N balance is suggested as a
tool to predict N leaching risk in crop production. The acceptable N balance in grass silage production
has been set to +60 kg N ha'! year! (Salo ef 4/, 2013). This maximum N balance was reached at 325 kg
N ha'! in an N response trial (Termonen ef 4/, 2020). In pilot fields the N balances were negative with
the exception of 2020 when it was slightly positive with +5 kg N ha'! (Table 1). In 2019 and 2021 the
severe summer droughts resulted in yield losses and positive N balances for the 274 cut (15 and 19.7 kg
ha'l, respectively). It is noteworthy that the surplus N was utilized by the 3 cut where the N balance
was again negative (-24.6 in 2019 and -27.5 kg ha'! in 2021). Due to the negative N balances, the NUE
was also high, ranging from 97 to 110 across the cuts. At present there is no set target values for NUE in
grass production. For winter wheat the desirable NUE is between 50 and 80, where values over 80 refer
to soil mining of N. The average silage grass yield in Finland is around 5000 kg DM ha'l (Luke, 2020-
2021) and the average use of N is 140 kg ha'l (Composed from the Statistics of Finnish Food Authority,
2018). Based on these values, the average N balance in grass silage production is around 36 and NUE 74.

The PCF varied between 132 and 1239 kg CO,e vl kg‘1 DM-! between farms, fields and individual cuts.
Fertilization dominated the PCF, and a lower PCF was found in the plots and cuts that had a higher and
NUE. Grass yield also significantly affected PCF. This means that improved fertilization management
(in particular N management) is of major importance for reducing PCFs in these systems.

0
oﬂ
AL
AR
& 89
9 Q
Q Q
9 0
Q
0 o 9%

Figure 1. The location of the 50 pilot farms in Finland.
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Table 1. Average values of grass yield, N- and P-balances of all pilot fields in years 2019-2021.!

Cut 2019 2020 2021 Mean SD
Yield (tDM ha™") 1 4,415 3,375.5 4,311 3,949.4 497.0
2 3,229.2 3,417.9 2,672.7 3,106.6 3874
3 2,356.2 1,964.6 2,556.0 2,2923 3009
all cuts 9,826.9 8,758.0 9,459.8 9,348.2 4434
N-balance 1 -39 154 23 3.1 10.7
2 15.0 -0.2 19.7 1.5 104
3 -24.6 -103 -27.5 -208 9.2
all cuts -13.4 5.0 -10.0
P-balance 1 47 1.0 -2.5 -2.1 2.9
2 25 23 33 12 3.0
3 -7.8 32 -4.1 5.0 24
all cuts -10.0 -4.6 -33

" Grass silage was cut 2 to 3 times in the growing season.

Conclusions

Grass silage production with optimized plant nutrition ensured high yields with desired quality for
pilot farmers. As a result, NUE was improved, risk for N leaching reduced and the PCF was low. Thus,
optimized grass silage production can have a significant contribution to carbon neutrality in milk
production.
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Abstract

Several studies conclude that permanent and temporary swards are equally productive, given equal
management. In Norway, one experimental field trial has been maintained since 1974 (Fureneset;
61°18'N, 5°4’F). This ongoing experiment includes long-term/permanent ley (no—tillage over 25 and
45 years) next to temporary leys reseeded regularly. The objective of the study was to test reseeding/
renovation methods that may maintain long-term forage productivity. We hypothesized that sod-
seeding after chemical fallowing improves grassland productivity equally to that from reseeding after
ploughing. In 2017, the frequently ploughed treatments, and half of the 25-year-old sward, were renewed
by ploughing and reseeding with grass-clover seed mixtures. The second half of the 25-year-old sward
was chemically fallowed and sod-seeded. The treatments included three different fertilizer strategies:
mineral fertilizer (210 N kg ha'!) and cattle slurry in combination with mineral fertilizer (210 and 340
kg total-N kg ha'!). On average for four production years (2018-2021) the dry matter yield (DMY) of
permanent sod-seeded 25-year-old ley was about 11 t ha'l, and these yields were equal to swards renewed

by ploughing and reseeding.

Keywords: forage, ley, permanent, sod-seeding, yield

Introduction

More than 90% of crops grown on Norwegian soils are turned into food through animal production
systems. Sward establishment by ploughing, cultivation and sowing is energy demanding and time
consuming. Moreover, Norwegian grassland farming is often located in marginal areas with unfavourable
weather conditions resulting in limiting ploughing and reseeding activities. Therefore, there is a need
for alternative renovation strategies, particularly in long-term grasslands where productive grass species
have given way to herbs and weeds (Lundekvam and Myhr, 1975). Jones and Roberts (1989) concluded
that reseeding without ploughing might increase yields by up to 30% if successful. In Canada, improving
naturalized pastures by sod-seeding with legumes has been accepted as an inexpensive renovation method
(Graves et al., 2012). Here, we present results from an experimental field trial at Fureneset (61°18'N
5°4’E) in West Norway. This trial, which has been maintained since 1974, includes plots which have been
maintained without ploughing for over 45 and 25 years, as well as frequently ploughed and reseeded
treatments. We hypothesized that sod-seeding of long-term grassland maintains or increases permanent
grassland productivity equally as well as renewal of long-term grassland by ploughing and reseeding.

Materials and methods

The long-term trial was established at NIBIO research stations in West Norway, Fureneset, Vestlandet
(61°18'N 5°4°E; 15 m a.s.l.) in 1974. The soil has developed on morainic material and consists of a
medium peaty topsoil that merges with a poorly drained subsoil. Until 2016, the trials included four
main-plot treatments with different sward ages established with three replicates per trial. These were: PG,
Permanent grassland established in 1974; S-PG, Semi-permanent grassland established in 1992; LEY-6,
6-year ley; and LEY-3, 3-year ley.

In 2016, the S-PG treatment was cither renewed by chemical fallowing and ploughing (S-PGp) or
chemical fallowing and direct sod-seeding (S-PGs). LEY-6 and LEY-3 were also ploughed, reseeded
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and the production period extended to 12 (LEY-12) and 6 years (LEY-6), respectively. A grass-clover
mixture was used in all plots renewed by ploughing and sod-seeding. Extremely high precipitation in
summer 2016 limited sward establishment and a new direct seeding was carried out in 2017. Repeated
sod-seeding was carried out in the 25-year-old S-PGs plots in 2020. Three different fertilization practices
were included on sub-sub-plots. Nitrogen (N) applied in the form of mineral fertilizer only (MF; 210
kg N ha'!) and cattle slurry combined with mineral fertilizer (CS+MF; 210 and 340 kg N ha!). Plant
biomass was harvested according to common practice in the region, three times during the growing
season. In 2017, however, only one cut was performed in the renewed plots because of repeated sod-
seeding and excessive precipitation in the second part of the growing season. The herbage yields were
determined after each cut. The data were analysed by general linear model and one-way ANOVAs. For
pairwise comparisons of treatments, Tukey’s post-hoc test was used.

Results and discussion

On average for four production years, the renewed semi-permanent grassland and reseeded leys had
significantly higher forage yield than the permanent grassland (>45 years without ploughing and
resceding), regardless of fertilization strategy (P2<0.001; Figure 1A). The DM yields from reseeded
treatments were 1.2 to 1.3-fold higher than from PG treatments. The results from this field experiment
suggest that cultivated PG can maintain good and stable forage production under appropriate fertilization
practice over several decades. This agrees with several studies, which have concluded that under equal
management conditions, permanent and temporary swards are equally productive (Hopkins ez 4/., 1990;
Nevens and Reheul, 2003). Acceptable drainage and lime conditions are important to maintain good
yields over time (Lundekvam and Myhr, 1975).

Results from our study support our hypothesis that sod-seeding can be a good alternative to ploughing.
In the two first production years after renewal there were no differences in forage DM yields (Figure 1B).
After repeated sod-seeding, S-PGs yielded significantly more than S-PGp (P<0.05), particularly in the
first and second cuts. Assessment of botanical composition showed that forage biomass contained more
timothy (Phleum pratensis) and perennial ryegrass (Lolium perenne) in S-PGs than in S-PGp treatments
(data not shown). This may be a plausible explanation for significantly greater yields in S-PGs than in
S-PGp (Figure 1B). Thus, if sod-seeding is successful, it may also provide environmental benefits as
grasslands may store significant amounts of C (Soussana ez 4/, 2004).
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Figure 1. Average DM yield for four production years for permanent grassland (PG; A), semi-permanent grassland sod-seeded (S-PGs) and
reseeded after ploughing (S-PGp; A and B) and reseeded ley in 2016/2017 (LEY-6 and LEY12; (A) fertilized with mineral fertilizer only (210
MF) or cattle slurry in combination with mineral fertilizer (210 CS+MF and 340 CS+MF). Different letters denote significant differences within
renewal strategies.
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Fertilization strategy significantly affected forage production. In particular, treatment 210 CS+MF had
significantly lower forage DM yield (2<0.05) than treatments 210 MF and 340 CS+ME. On average,
for all production years, the DM yields of treatment 210 MF were equal to the 340 CS+MF treatment
(data not shown). The lowest level of N applied in spring as cattle slurry resulted in the lowest yields,
indicating that only a part of N from cattle slurry is available for the first cut. However, fertilization
strategies that include cattle slurry might be a good management practice and might give more advantages
than disadvantages in the long-term.

Conclusions

Our findings show that permanent grasslands are productive and can give good yields over several
decades. However, both reseeding by ploughing and also without ploughing essentially increased sward
productivity compared to that of permanent grassland. Thus, sod-seeding can be a good alternative to

ploughing.
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Abstract

In order to determine microelement contents in soil, plants and animals, tissue and excrement samples
were collected from the research area. Plant material was collected from fallow grasslands with a history
of varying intensity of agricultural management. Average contents of microelements in meadow sward
were typical of acidic soils. Levels of copper, zinc and iron were all very low. The examined materials
showed that forage for animals from the examined sites varied in terms of its contents of micronutrient,
but this did not exclude the occurrence of their deficiencies, or excess in the case of heavy metals.

Keywords: forage quality, wild animals, microelements

Introduction

Agricultural abandonment on many marginal grazing areas has had profound impacts on the nature
conservation value and landscape integrity throughout much of Europe (Hopkins and Holz, 2006).
In addition to environmental functions such as biodiversity, fallow agricultural land beside forest areas
constitutes the fodder base for deer (Zarzycki and Szewczyk, 2013). The quality of the forage correlates
with the chemical composition of the soil, and nutrient deficiencies that affect the health or rate of
growth of ruminant animals are generally more widespread than those affecting grass growth (Kope¢,
2002; Whitehead, 2000). This study attempts to determine the relationships between contents of
selected microelements in soil, and their concentrations in plants and animal tissues. Roe deer were
sclected as the diagnostic species due to their specific life routine. Roe deer (Caprelous capreolus L.) is
a species meeting a number of criteria which are required for sensitive bioindicator animals, because of
the confirmed correlation between the level of environmental pollution and the degree of accumulation
of toxic compounds in the tissues (Cygan-Szczegiclniak and Stasiak, 2022). Roe deer is considered an
example of a species with a strong attachment to its habitat, with little tendency to migrate (Ossi ez
al., 2020). It can therefore be assumed that there are significant relationships between the content of
microelements in soil, plants and the animals that eat these plants.

Materials and methods

The research was carried out on semi-natural grassland communities located in the Czarny Potok valley
near Krynica. The research area covered an area of approx. 50 ha. Based on observations of places of
appearance and feeding of roe deer, 16 locations were selected. Soil, plant and animal excrement samples
were collected from spring 2019 to the summer 2021. Samples after preliminary treatment (drying,
grinding) were analysed for the content of selected minerals. Animal samples in the form of a liver
fragment (11 pieces) from the research area were obtained with the help of a hunting club operating in
the research area. In order to determine the content of elements in the samples from the studied area,
plant material was collected and, after mineralization and transfer to solution, was analysed using the
inductively coupled plasma mass spectrometry (ICP-MS) technique.

Results and discussion

The area covered by the research is very diverse in terms of micronutrient contents (‘Table 1). The contents
of microelements in soils of fallow land did not exceed the standard values for unpolluted soils (Lipinski,
2013). Increased contents of Pb, Zn, Cu, Cr and Ni in some of the samples were presumably related to the
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source rock. This and its mineralogical composition, is a factor determining the amount of microelements,
especially in the case of soils subject to mountain weathering. The content of microelements also depends
on the granulometric composition and the amount of organic matter (Letkowska and Bogacz, 2000).

Table 1.The content (mg kg’1) and variability (V) of microelements in tested soils.

Item (€] Cr Cu Fe Mn Ni Pb In
Min. 0.05 8.2 16 3,533 3.1 3.81 47 23.18
Max. 141 171 29.6 6,832 3263 125 308 74.8
Mean 0.52 16.13 17.76 6,432 277 10.60 16.9 62.6
V (%) 30 31 13 10 26 40 78 29

V9% = SD x 100/Mean.

The average content of trace elements (Table 2) in the sward is typical of swards on acidic soils. Very
low levels were found for copper, zinc, and also iron. The coeflicients of variation in the content of trace
elements are small, which indicates a slight variation within the sites. Cu is a component of enzymes
involved in iron metabolism, and deficiency of this element could cause anaemia (Whitehead, 2000).

Table 2. The content of micronutrients (mg kg™") in the DM biomass of fallow grasslands.

Item (€] Cr Cu Fe Mn Ni Pb In
Min. 0.19 0.13 1.96 17.72 141.13 0.53 0.23 23.22
Max 0.46 0.42 429 80.38 285.64 0.99 0.53 46.87
Mean 0.31 0.32 3.56 45.23 22442 0.73 0.42 34.81
V (%) 22 22 15 29 20 17 18 22

V9% = SD x 100/Mean.

The contents of trace elements in the examined animal tissues were characterized by high variability
(Table 3). According to Tajchman ez 4/ (2020, 2021) animals living in an uncontaminated area can
have higher concentrations of some heavy metals than values reported from industrial regions. The
high coeflicient of variation and the small size of the population do not allow for the formulation of
unambiguous relationships in the soil-plant-animal chain. Cygan-Szczegiclniak and Stasiak (2022) found
some cases of higher levels of heavy metal contents in tissues of female roe deer. Age-related differences
in the content of individual metals were also confirmed but the directions of changes were inconsistent.
The chemical composition of animal excrements (Table 4) appeared less variable.

Table 3. Variation in the chemical composition of roe-deer liver samples (mg kg‘1).

Item (€] Cr Cu Fe Mn Ni Pb In
Min. 0.24 0.91 8.40 113 6.66 0.18 0.45 39.9
Max. 6.64 58.27 279 3,539 51.07 35.32 14.65 3,721
Mean 173 17.74 69.44 379 19.18 10.85 1.50 180
V (%) 83 80 92 103 49 80 136 275

V9% = SD x 100/Mean.
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Table 4. Variation in the chemical composition of roe-deer faeces samples (mg kg'1).

Item (€] Cr Cu Fe Mn Ni In
Min. 0.064 0.56 51 132 66,6 1.03 26.1
Max. 2.025 545 340 3,753 2,967 31.74 222
Mean 0.650 128 125 459 865 9.45 81.1
V (%) 70 83 57 132 92 66 56

1V 9% = SD x 100/Mean.

Conclusions

The analysis of mineral compounds, including heavy metal contents in animal tissues, can be used for the
evaluation of exposure of wild animals to these pollutants. High coeflicients of variation in the chemical
composition of soil, plants and animal tissues do not allow for an unambiguous formulation of the
relationship between animals and the quality of the habitat. However, this research showed that there
was no risk of heavy metals presenting a hazard to roe-deer in the research area. A possible natural higher
content of heavy metals in soils could be related to the food chain of animals with a limited territorial
range. The results of the analysis of animal tissues could also be partially modified by the influence of
winter feeding of free-living animals.

References

Cygan-Szczegielniak D. and Stasiak K. (2022) Effects of age and sex on the content of heavy metals in the hair, liver and the
longissimus lumborum muscle of roe deer Capreolus capreolus L. Environmental Science and Pollution Research 29,10782-10790.
https://doi.org/10.1007/s11356-021-16425-6

Hopkins A. and Holz B. (2006) Grassland for agriculture and nature conservation: production, quality and multi-functionality.
Agronomy Research 4(1), 3-20.

Kopec M. (2002) Causes of mountain meadow soil chemical degradation in long-term fertiliser experiment. Rostlinna Vyjroba 48,
159-166.

Letkowska A. and Bogacz A. (2000) Zawartoé¢ mikroelementéw w glebach odtogowanych Dolnego Slaska (Microelement contents
in fallowed soils of Lower Silesia), Zesz. Probl. Post. Nauk Rol. 2000 z. 471: 379-386

Lipinski W. (2013). Zasobnos¢ gleb Polski w mikroelementy (Abundance of microelements in Polish soils). Studia i raporty IUNG-
PIB,Z.24(8), 121-131. https://doi.org/10.26114/sir.iung.2013.34.09

Ossi, F,Ranc, N.,Moorcroft, P., Bonanni, P. and Cagnacci, F. (2020) Ecological and behavioral drivers of supplemental feeding use
by roe deer Capreolus capreolus in a peri-urban context. Animals 10, 2088. https://doi.org/10.3390/anil10112088

Tajchman, K., Ukalska-Jaruga, A., Bogdaszewski M., Pecio, M. and Dziki-Michalska, K. (2020) Accumulation of toxic elements
in bone and bone marrow of deer living in various ecosystems. a case study of farmed and wild-living deer. Animals 20, 2151.
https://doi.org/10.3390/anil0112151

Tajchman, K., Ukalska-Jaruga, A., Bogdaszewski, M. et 4/. (2021) Comparison of the accumulation of macro- and microelements
in the bone marrow and bone of wild and farmed red deer (Cervus elaphus). BMC Veterinary Research 17, 324. heeps://doi.
org/10.1186/s12917-021-03041-2

Whitehead D. C. (2000) Nutrient elements in grassland: soil-plant—animal relationships. CABI Publishing, Wallingford, UK.

Zarzycki J. and Szewczyk W. (2013) Impact of abandonment on the floristic composition of permanent grassland and grassland

created on former arable land. Grassland Science in Europe 18, 421-423.

288 Grassland Science in Europe, Vol. 27 — Grassland at the heart of circular and sustainable food systems


https://doi.org/10.1007/s11356-021-16425-6
https://doi.org/10.26114/sir.iung.2013.34.09
https://doi.org/10.3390/ani10112088
https://doi.org/10.3390/ani10112151
https://doi.org/10.1186/s12917-021-03041-2
https://doi.org/10.1186/s12917-021-03041-2

Establishment and production of lucerne in Sweden is affected
by inoculation product choice

Tang L.}, Ohlund L. and Parsons D.!
IDepartment of Agricultural Research for Northern Sweden, Swedish University of Agricultural Sciences,
Umed 90183 Sweden; >Lantménnen Lantbruk, Svalov 26881, Sweden

Abstract

Lucerne (Medjcago sativa L.) is an important perennial forage legume in Sweden, but its potential cultivation
area is constrained by uncertainty of successful establishment. This study aimed to identify management
practices that could lead to improved establishment of lucerne. Lucerne cultivar SW Nexus was grown at
four different locations in southern Sweden over two establishment/production cycles. At all locations
except Svaldy, lucerne had not previously been cultivated in the plot location for at least seven years. One
control (C), one standard rhizobia inoculation treatment (SI), three micronutrient (M1-M3) and eight
inoculation treatments (11-18) were assessed for their effects on plant growth and development. At Svaldy,
where lucerne had previously been grown, there was no effect of any of the treatments. The largest contrast
between inoculation treatments was at Radde in the first year, where the best treatment yielded 12,000 kg
DM ha'! across three harvests, nearly twice that of the control. There was no evidence that the soil-applied
micronutrients improved yield at any location. In conclusion, inoculation is essential at locations where
there is no history of lucerne cultivation, and choice of inoculation product can affect establishment and yield.

Keywords: agricultural management, field experiment, forage legume, nodulation, yield

Introduction

Lucerne (Medicago sativa L.) is an important crop in Sweden, but somewhat constrained in its potential
cultivation area by issues with establishment. It has specific environmental requirements for growth,
including soils with high pH, adequate drainage, sufficient macro and micronutrients, and specific
rhizobia (Xu ez a/., 2016). If these conditions are met then it can fix atmospheric nitrogen, persist, and be
highly productive and drought tolerant (Liet al.,2019). However, failure to provide these conditions can
result in establishment failure. The objective of this paper is to identify inoculation treatments that could
lead to improved lucerne establishment. The general hypothesis is that where lucerne has not previously
been cultivated, there will be significant differences between inoculation products/techniques.

Materials and methods

The experiment was conducted at four sites in southern Sweden: Svalév (Skane), Tenhult (Sméland),
Radde (Vistergotland) and Lilla Béslid (Halland), over two establishment and production years
(2019/2020 and 2020/2021). At Tenhult, Ridde and Lilla Béslid, lucerne had not previously been
cultivated in the plot location for at least seven years. Svalév was a control site, where lucerne was known
to have been grown recently. The experiment had a randomized complete block design with three
replicates in 2019/2020 and four replicates in 2020/2021. The sowing plot sizes were 9.60x1.13 m at
Svaldv, 15.4x1.75 m at Tenhult, 12.0x1.75 m at Ridde and 12x1.5 m at Lilla Béslid. The adjacent plots
were separated by a buffer zone (0.5 m). After field preparation, macronutrient fertilizers (P, K and S)
were applied according to soil tests and standard recommendations.

The experimental treatments (Table 1) included one control (C), one standard inoculant (SI), three SI
combined with single micronutrient treatments (M1-M3) and eight alternative inoculant treatments
(I1-I8) (seven in experiment 1). Lucerne seeds (SW Nexus) were sown as a monoculture (without a
cover crop) with ten rows per plot (nine at Svalév). Inoculants of individual treatment were prepared to
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Table 1. Details of individual treatments in field experiments.

Code Treatments Details

C Control, no treatment

S| Nitragin Gold Novozymes A/S, Bagsvaerd, Denmark
M1 Sl + Molybdenum Novozymes A/S, Bagsvaerd, Denmark
M2 Sl + Cobalt Novozymes A/S, Bagsvaerd, Denmark
M3 SI+ Boron Novozymes A/S, Bagsvaerd, Denmark
1 SI5% rate Novozymes A/S, Bagsvaerd, Denmark
12 SAS Gold Jouffray-Drillaud, Cisse, France

13 SAS GRO1 Jouffray-Drillaud, Cisse, France

14 SAS Life Jouffray-Drillaud, Cisse, France

15 Thermoseed + SI Lantmannen BioAgri, Uppsala, Sweden
16 Pellifix Legume Technology, East Bridgford, UK
17 LegumefFix + Lime coating Legume Technology, East Bridgford, UK
18 Prolime 100 Prolime AG, Laingsburg, USA

manufacturers’ instructions. All management operations, such as weed and pest control, were performed
according to standard practices.

Lucerne was harvested with a stubble height of approximately 8 cm, three times per production year.
It was harvested in the establishment year only if there was enough biomass. The harvest plot size was
8.80, 11.0, 10.4 and 12.5 m? at Svalév, Tenhult, Ridde and Lilla Béslid, respectively. Biomass samples
were collected from each plot and dried at 105 °C until a constant weight was reached, to determine the
dry matter (DM) content and calculate the DM yield of each harvest. Treatment results are means of
three replicates. The statistical analyses were conducted separately for each site using Proc Glimmix in
SAS (version 9.4, SAS Institute Inc., Cray, USA). Differences among treatments were determined using
Tukey’s test at a significance level of P<0.05.

Results and discussion

In the first establishment/production year (2019/2020), lucerne DM yield showed significant variation
among different treatments at Tenhult and Radde, where lucerne had not previously been cultivated,
confirming that Rhizobia inoculation is essential for sites without lucerne cultivation history (Jauregui
et al., 2019). Lucerne at Svalév was not harvested in the establishment year, as biomass was lower due to
an earlier cut to remove weeds. There were no significant differences between yield treatments at Svalév in
the production year (Figure 1). At Tenhult, in the establishment year and at harvest 1 of the production
year, SI, two micronutrient and four alternative inoculant treatments achieved significantly higher yield
than the control (C), but no treatments were significantly different from each other. For harvest 2, SI,
one micronutrient and five alternative inoculant treatments yielded higher than C, and the best treatment
yielded significantly higher than the worst one. No significant differences were found in harvest 3. For
the total yield, all but one treatment were more productive than C. At Rddde, in the first establishment
year, four alternative inoculant treatments achieved significantly higher yield than C, and the two best
alternative inoculant treatments yielded significantly higher than SI. For three harvests of the production
year, all treatments yielded significantly higher than C, alternative inoculant treatments yielded higher
than ST and micronutrient treatments; there were no significant differences among SI and micronutrient
treatments, suggesting that applying micronutrients to the soils was not effective for increasing lucerne
production. At Lilla Béslid, there were very few differences between treatments; results not shown due
to the influence of weeds at this site in 2019/2020.

In the second establishment/production year (2020/2021), variations among treatments at all sites
were less than the first year (Figure 2). At Radde, in the second establishment year, only one alternative
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inoculant treatment (I4) yielded higher than C, with no significant differences among other treatments.
No significant differences were observed at any harvest (H1-H3) in the production year. At Lilla Béslid,
the difference in yield among treatments were not significant at any harvest. The reason for distinct
differences between the two establishment years is unknown but could be due to pre-existing soil rhizobia
or contamination between plots. This suggests that fields for inoculation experiments should be chosen
carefully, and the effects of inoculation may vary between different fields and years. Similar to the first
year, there were no significant differences among treatments at Svalév in the second year (Figure 2). The
2020/2021 experiment at Tenhult was discarded due to the poor establishment.
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Figure 1. Dry matter yield of lucerne in response to different treatments, at three sites in southern Sweden (year 2019/2020). E: establishment
year. H: harvest.
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Figure 2. Dry matter yield of lucerne in response to different treatments, at three sites in southern Sweden (year 2020/2021). E: establishment
year. H: harvest.

Conclusions

This study suggested that alternative inoculants were better than SI, particularly in the first production year
at Rddde. There was no added benefit of soil-applied micronutrients at any site. Where there is recent history
of successful lucerne cultivation (Svalév), lucerne could be well established and productive without pre-
inoculation of seed before sowing. However, effects of inoculation vary between different fields and years
and therefore seed treatment could serve as an insurance for a well-established and productive lucerne crop.
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Abstract

The biorefinery technology aiming at green biomass protein extraction for monogastric animals is
increasing and this raises the need to identify suitable inputs. Forage crops have previously been evaluated
by the Cornell Net Carbohydrate and Protein System (CNCPS), and the results used as proxies for
extractable protein, but validation is lacking. Validation and application of the method are the aims of
this study with two experiments. Experiment I (validation) included spring cut of two grasses (perennial
ryegrass and tall fescue) and three legumes (lucerne, red and white clover) processed in a lab-scale refinery.
The initial biomass, the pulp fraction and the precipitated protein concentrate were CNCPS analysed.
Total recovery in concentrate was highest for legumes, which points to an advantage of these species in
protein extraction setups. In experiment II (application), four annual cuts during two full seasons for the
two grasses and three legumes were CNCPS analysed and translated into potential extraction of protein
concentrate by applying the results from experiment I. Results show that red clover and lucerne had the
highest protein concentrate yield per ha (835 and 803 kg CP ha'!) and reveal that the entire season needs
attention for optimization.

Keywords: CNCPS, crude protein, grass, red clover, white clover, lucerne

Introduction

Green forage plants, such as legumes and grasses have long been used as high-quality protein sources for
ruminants, while monogastrics generally cannot efficiently utilize these protein sources (Buxton, 1996;
Stedkilde ez al., 2019). Protein concentrate obtained from green biomass of grasses and forage legume
species has shown promising properties both in terms of protein concentration and balanced amino acid
composition (Damborg er 4/, 2020). However, possible forage crop species, and their combinations,
management, etc. are numerous and thus a fast evaluation of biorefinery potentials is needed. CNCPS
divides crude protein (CP) into fractions, e.g. based on solubsility, why relative recovery in refinery output
products expectedly differ between these fractions. Here we (1) validate the capability of applying the
CNCPS to estimate potential protein concentrate biorefinery output from forage crops in experiment
L, and (2) apply the method on a full year field trial on forage species following a four-cut strategy in
experiment II.

Materials and methods

Field trials were carried out at Foulumgard (56°30'N, 9°35'E), Denmark. Forage crops for experiment I
were sampled in 2016 (May 17, May 24, May 31, and June 6) and subsamples were analysed according to
CNCPS into A, B1, B2, B3 and C fractions according to the protein properties and solubility (Licitra
et al., 1996; Tylutki ez al., 2008) (see further in Thers ez a/. (2021)). Legume species were white clover
(Trifolium repens L.), red clover (Trifolium pratense L.), and lucerne (Medicago sativa L.) and the grass
species were perennial ryegrass (Lolium perenne L.) and tall fescue (Festuca arundinacea L.). Samples were
processed in a lab scale biorefinery and the protein concentrate and pulp were CNCPS analysed. Based
on CNCPS protein fractions before and after refinery, the species-specific recovery of plant CNCPS
protein fractions into the biorefinery protein concentrate output was calculated.
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In experiment II the same five species were included for full-season CP yield evaluation following a four-
cut strategy in 2015 and 2016 (cut in May, July, August and October at 7 cm height). The two grasses
were fertilized at three nitrogen (N) levels (175, 350 and 525 kg N ha'!), whereas legumes were non-N-
fertilized, resulting in a total of nine forage crop treatments. Subsamples were analysed according to the
CNCPS method. The relative flow of CNCPS protein fractions from plants into refinery output derived
from experiment I was applied to experiment II results and in that way potential full-season refinery
output was estimated.

Statistical tests were done using R (R Core Team, 2020) and test of differences between treatments and
species was performed by the Ime mixed linear model in the nlme package followed by a post hoc Tukey
test (¢ = 0.05) using the glht function in the multcomp package.

Results and discussion

For the total CP recovery (Table 1), the legumes showed significantly higher recovery than grasses in the
protein concentrate (and opposite for the pulp protein recovery). Biorefinery managers will presumably
focus on the concentrate output since this has the higher economic value, and thus, these results point
to an advantage of legumes as compared to grasses.

Plant crude protein yield from experiment II showed that red clover had the highest CP yield in 2015,
whereas the highest N fertilizer level of tall fescue and lucerne gave the highest yield in 2016 (Figure 1).
When the recovery obtained from experiment I was applied on the plant CP yield, red clover (2015) and
lucerne (2016) had the highest potential protein concentrate output (Figure 2).

Table 1. Percentage of plant CP that is recovered in the protein concentrate.!

Species A(%) B1(%) B2 (%) B3 (%) C(%) Total (%)
White clover 22 (4)AB 33(1.4)A 51(5A 8(1.2)B 12(5A 35(3)A
Red clover 17 (3)AB 45 (12)A 58 (6)A 21(5)A 5(.1)8 35(5)A
Lucerne 26 (1.1)A 20 (4)A 58 (3)A 8(1.3)B 7(0.7)AB 39(1.9A
Per. ryegrass 16 (2.1)B 22 (9)A 29(2.5)B 22 (3)A 6(1.9)AB 23(2.0B
Tall fescue 19(1.5)AB 38(12)A 33(15)B 18(5 A 6(2.1)AB 26(5)B

"The recovered CP is shown as total (in column 6) and as divided on CNCPS fractions (i.e. A, B1, B2, B3, and C) for each of the five forage species. Values are means of 8 samples for each
species (average of four harvest dates). Numbers in parenthesis indicate standard errors. Letters indicate significance in the vertical direction (P<0.05).
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Figure 1. Total crude protein yield across four cuts in CNCPS fractions. Lequmes are non N-fertilized and grasses are fertilized at three levels
(175,350 and 525 kg N ha™1). Capital and lower-case letters indicate significance in 2015 and 2016. Error bars indicate standard error for the
full bar (all CNCPS fractions).
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Figure 2. Potential extraction of protein concentrate across four cuts. Leqgumes are non N-fertilized and grasses are fertilized at three levels
(175,350 and 525 kg N ha™"). Capital and lower-case letters indicate significance in 2015 and 2016. Error bars indicate standard error for the
full bar (all CNCPS fractions).

Conclusions

Accounting for potential recovery of plant CP into protein concentrate revealed that red clover and
lucerne yielded the highest potential for protein concentrate. The non-N fertilized legumes thus exceeded
highly fertilized grass species. Further, a higher proportion of the soluble B2 fraction could be extracted
from the legumes compared to the grasses, pointing to a potentially higher quality of protein concentrate
for monogastric animals.
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Abstract

The existence and management of permanent grassland (PG) is key to the delivery of multiple ecosystem
services (ES) across Europe. The development of a farm-level decision support tool (DST) is being
undertaken as part of the EU-H2020 project ‘SUPER-G’ to help inform farmers’ decision process. The
aim of the tool is to provide the farmer (user of the tool) with an overview of the various ES delivered
through the management of PG within their farm. A multi-actor approach, with discussions between
farmers, landowners and their advisers, non-governmental organizations and researchers was undertaken
to develop the tool. The user needs to answer a series of questions which will calculate values for six ES.
These ES indicators are then combined using simple additive weighting to provide the user with scores for
six ES. This paper assesses the farmer perception of currently available tools and introduces the proposed
alternative tool. Feedback from farmers revealed current tools did not fulfil requirements, and there was
appetite for a new ES tool. The new tool was demonstrated to a working group of farmers and was found
to provide useful, intuitive feedback on farm ES. The working groups’ feedback will be integrated into
the building of the tool.

Keywords: €cosystem service, decision support

Introduction

The SUPER-G project aims to improve the understanding of the distribution and state of permanent
grasslands (PG) in Europe and their ability to deliver a range of ES. This is being achieved through meeting
specific objectives, one of which is the development of a farm level decision support tool (DST) for the
management of PG to enhance productivity and the delivery of ES to society. A review of existing DSTs
was carried out by Rankin and Lively (2020) and identified farmer demand for an alternative custom-
built tool that simultaneously addresses several ES. Furthermore, generally few DSTs were found in
Eastern Europe and it was concluded that existing DSTs should be tested in this area (Rankin and Lively,
2020). This paper assesses the farmer perception of currently available tools and introduces the proposed
alternative tool. Feedback from users will be used to assess whether the development of a new tool is
necessary, and if so, how the user responds to the custom tool to direct further development of the tool.

Materials and methods

The novel DST is being created following a user-based design process, which includes four steps:
information gathering, development, evaluation, and implementation (Abelse ez 4/, 1998). Information
gathering was undertaken to identify a short-list of agri-environmental indicators for the delivery of six
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ecosystem services (ES) covered by the project: food, wool and biomass production; climate regulation;
biodiversity; landscape aesthetics, flood and erosion control; and water quality. During ideation, it was
agreed that a suitable method would be simple additive weighting (SAW; Nurmalini and Rahim, 2017).
Thus, each ES indicator will be assigned a percentage weighting, with increasing percentage indicating
increasing importance for the final ES. The user will answer a series of questions to calculate the score for
cach ES indicator. The ES indicator score will be normalized to a score between 0 and 1 and multiplied by
the ES indicator weighting to give a user score. The normalized score would also be presented on a chart to
allow the user to benchmark against expected values. A score for each ES would be calculated by summing
all user scores for each parameter pertaining to the ES. The report generated by the tool would provide an
casy and intuitive traffic light system to identify where no improvement (green), moderate improvement
(amber) or urgent action (red) was required (Figure 1). Suggestions for remedial action that the farmer can
implement to improve the score will be provided. The tool will be provided free of charge to the end user.

Two working groups were set up, one in Hungary and one in Northern Ireland (NI). In Hungary,
existing farm decision support tools were reviewed by Hungarian SUPER-G members together with a
farm adviser who was in contact with local farmers. In NI, a group of farmers were invited to an online
meeting to discuss existing tools and preview the proposed custom-built tool. Further options of whether
the tool should allow users to register a profile to allow access from multiple devices, and whether the tool
should collect user data to allow future benchmarking and research analyses of user inputs were discussed.
Feedback was received in open discussion and through an online survey.

Results and discussion

In NI, 28 farmers took part in the working group. Of the respondents, 38% were dairy farmers, 38%
were beef farmers, 19% were sheep farmers and 3% stated that they were ‘other farm type’ Half of the
respondents were from lowland farms, with 27% from disadvantaged areas and 23% from severely
disadvantaged areas. 15% of respondents already used multiple farm management software tools and
29% of respondents did not use any software. Of those who used software, the same proportion (74%) of
respondents used commercial software packages as used freely available software provided by government
extension services. The Hungarian group reported that farmers were more likely to depend on advisors
and word of mouth and generally did not use software DSTs.

In total, 11 DSTs were discussed (nine by the Hungarian team, three by the NI working group). Four
tools were discarded because they were published in a language other than English, the working language
of the consortium. A further four tools were excluded as they did not suit the farming system employed
by the respondents or were too expensive. The Hungarian working group found the most suitable tool
was a virtual fencing technology, which could potentially be used to manage ES, but it would not directly
measure any impacts or monitor change. The NI working group concluded the tools presented were not

Ecosystem Service Name

ES score (%) Indicator Name User score | jial action (if required)
Indicatorl X No action required
Indicator2 X - To improve ... (remedial action) ... this may impact ...
Indicator3 X - To improve ... (remedial action) ... this may impact ...
) Indicatord X - To improve ... (remedial action) ... this may impact ...
A A

Remedial action and recommendations how the
user can improve

Overall ES score(%) and score for each indicator
clearly presented

!

“Traffic light” system, Green (Good), Amber (Requires attention), Red (Urgent action needed). (represented in
grayscale: light to dark, lightest represents green, darkest represents red)

Figure 1. Example report presented to working group. One such table would be produced for each ecosystem service. Final user score given in
colours of a traffic-light system.
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applicable to all land types and only had limited influence on the daily decisions made when managing
afarm. It was agreed that none of the tools fulfilled the role of a dedicated ES analysis and a custom tool
was required for this specific purpose.

The proposed SUPER-G tool was presented to the NI working group. Table 1 shows that none of the
respondents replied negatively to the proposed features of the tool. Some respondents were ‘unsure’
about the helpfulness of the tools. This suggests that these users were not comfortable interpreting the
report. Thus it is essential that when introducing a novel reporting system there are clear instructions on
how the information should be understood and used. The majority of users were happy to share their
farm information for the generation of future benchmarking scales (provided data was anonymous and
GDPR regulations followed).

Table 1. End user feedback on the proposed report generated by a custom designed ecosystem services decision support tool.

Yes (% (n))! No (% (n))! Unsure (% (n))!

Is the overall ecosystem service score helpful? 73(22) 0(0) 27 (8)
Is the traffic light system for each indicator helpful? 76 (22) 0(0) 24(7)
Is the benchmarking chart intuitive? 79(22) 0(0) 21(6)
Would you be happy to anonymously share your answers to develop future benchmarking scales? 89 (24) 0(0) 1(3)

" Denotes the proportion (%) of respondents who selected that answer and the number, n, in brackets.

Both the Hungarian and NI working groups suggested in that incorporating maps of the user’s farm
into the tool would increase its utility. Furthermore, prepopulating the tool with information (e.g. from
existing farm management tools) would make it easier and more convenient to use. The large geographical
and legislative area that the proposed tool is covering means it is not feasible to introduce maps or
integration with existing systems whilst remaining free of charge to the end user. However, the tool will
be designed to be agile and, if subsequently taken under custody of more localised areas, the tool will be
equipped to incorporate these suggestions.

Conclusions

Feedback from multiple potential end users has shown an appetite for a tool which is specific to grassland
ES. Subsequent workshop feedback has shown that the proposed tool is suitable and promising. A pilot of
the tool will be built and evaluated by experts and farmer user groups. Where working group suggestions
could not be included, they have been recorded and considered for future iterations and developments
within the tool.

Acknowledgements

The authors thank those who attended the workshops. SUPER-G project (Grant Agreement 774124)
received funding from EU Horizon 2020 Research & Innovation Programme.

References

Abelse E.G. et al. (1998). A user-based design process for web sites. Internet Research 8(1), 39-48.

Newell-Price, P, ez al. (2020). Quantifying ecosystem services on permanent grassland - A short list of agri-environmental indicators.
Horizon 2020 SUPER-G project (Grant Agreement No.: 774124) Deliverable report 2.2b. 25pp.

Nurmalini and Rahim R. (2017). Study approach of simple additive weighting for decision support system. International Journal of
Scientific Research in Science and Technology 3, 541-544.

Rankin J. and Lively F. (2020) Set of requirements for a farmer DST that would attract maximum farmer adoption Horizon 2020
SUPER-G project (Grant Agreement No.: 774124) Deliverable report 5.2b.

Grassland Science in Europe, Vol. 27 — Grassland at the heart of circular and sustainable food systems 297



Holistic environmental assessment of high nature value farming
systems in Europe

Torres-Miralles M.1:2, Kytta V2, Jeanneret P.3, Lamminen M.2, Manzano P.1’4’5, Tuomisto H.L.1:26
and Herzon 1.1-2

! Helsinki Institute of Sustainability Science (HELSUS), Yliopistonkatu 3, 00100 University of Helsinki,
Finland; *Department of Agricultural Sciences, Faculty of Agriculture and Forestry, PO. Box 27,
Latokartanonkaari S, 00014 University of Helsinki, Finland; > Agroscope, Reckenholzstrasse 191,

8046 Ziirich, Switzerland; *Global Change and Conservation research group, Faculty of Biological

and Environmental Sciences, Viikinkaari 1, 00790 University of Helsinki, Finland; *Basque Centre for
Climate Change — BC3, 48940 Leioa, Spain; ®Natural Resources Institute Finland, Latokartanonkaari 9,

00790 Helsinki, Finland

Abstract

Many life cycle assessment (LCA) studies comparing environmental impacts of different beef production
systems are incomplete as they exclude biodiversity impacts and soil carbon stock changes. This study
aims to assess the environmental impact of ruminant production on semi-natural grasslands or so-called
high nature value (HNV) farms at the European level. We collected data for 24 HNV farms in Europe (in
Finland, Estonia and France). The studied farms are extensive beef, sheep and goat production systems.
We used LCA to assess the potential environmental impact of HNV farms according to global warming
potential (GWP, ), eutrophication, fossil fuels and water use, by using the Solagro carbon calculator
and OpenLCA software. Results showed that HNV farming systems have the potential to maintain
unique biodiversity, act as carbon sinks, reduce greenhouse gas emissions and reduce nutrient losses and
water use while producing animal-derived food. There were significant differences between HNV farms
among countries in their greenhouse gas emissions at the farm level (tCO,eq ha'!) and N inputs (kg N
ha'!). Better regional understanding of the environmental impact performance of HNV farming systems
in relation to sustainable ruminant production will be achieved as the undergoing study progresses.

Keywords: biodiversity, LCA, carbon calculator, carbon storage, sustainable ruminant production

Introduction

Livestock production systems vary greatly along the gradient of production intensity, which is likely
to influence the overall environmental impact. Although intensive production has shown to result in
lower greenhouse gas emissions (GHG) at the product level, extensive production is known to produce
other environmental benefits such as biodiversity maintenance or carbon storage (Garnett, 2010),
which are not commonly included in life cycle assessment (LCA)-based studies. When the discourse
around livestock production sustainability focuses mainly on the global warming potential (GWP), and
biodiversity and carbon storage gains are not properly accounted for, there is a high risk of depreciating
other mitigation opportunities that are alternatives to intensifying production.

High nature value (HNV) farming systems are extensive production systems known for supporting
farmland areas in Europe ‘where agriculture is a major land use and where that agriculture supports,
or is associated with, either a high species and habitat diversity or the presence of species of European
conservation concern or both (Andersen et 4/., 2003). No research to date has estimated the potential of
HNYV production systems across the continent in their sustainable ruminant production. The objective
of the study is to assess the environmental impact of 24 HNV farms in three regions in Europe in terms
of GWP, ., eutrophication and depletion of resources such as fossil fuels and water.
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Material and methods

Our dataset corresponds to HNV type 1 farms (i.e. farms that utilize semi-natural vegetation for grazing
and/or hay production). A total of 24 farms enrolled in the study: 18 beef cattle, 2 sheep, 2 dairy, 2 beef-
and-sheep combined. The assessment of the environmental impact was based on a yearly cycle production
system estimated upon 5-year average farm data.

We assessed the potential environmental impact of HNV farms by applying the LCA method using
two types of software: the Solagro carbon calculator and OpenLCA 1.10. We applied the ReCiPe
Midpoint 2016 (H) impact method to estimate GWP |, fossil resource scarcity, land use, fresh water
and marine eutrophication for the 24 farms in Finland, Estonia and France. We applied AWARE method
for regionalized water use. The system boundary applied in this study was from cradle to farm gate. We
estimate the contribution from farming practices such as manure management, and six environmental
impact parameters: GHG emissions at the farm and product level (tCO,eq hal and tCO,eq 1 LW),
total N inputs and outputs (N kgha'!), total C storage (tC). Biodiversity scores will be added as the study
progresses. We will apply SALCA-BD approach to assess biodiversity in HNV farms. We ran ANOVA
to test statistical differences between HNV farms within and between countries and Kruskal-Wallis test
to assess the differences between farming practices among the conjoint of HNV farms.

Results and discussion

The environmental impact of HNV farms showed a wide variation between and within countries.
There were significant differences in relation to GHG emissions at the farm level (kgCO2eq ha!), N
inputs (kgN ha!) between countries (P<0.001 and P<0.01, respectively). Average values for GWP,
were marginally significantly different (2<0.08) between countries. Similarly, there were no significant

differences at the product level (kgCO,eq kgl LW).

Most of the environmental impact in terms of GWP, ), occur at the farm (Garnett ez al., 2017). Our
results showed enteric fermentation to contribute most to the average overall emission of 46%, followed
by mineral fertilization, and indirect and direct N,O emissions as 25, 22 and 13%, respectively. HNV
farming practices such as circulation of on-farm manure and utilization of cover crops in temporary-
grassland fields reduce nutrient loses. Therefore, the application of external inputs, i.e. mineral fertilizers,
in HNV farms appeared to cause marginally significant differences between farms in the overall emissions
(P<0.09). However, HNV systems tend to have negative N balances compared to organic systems (R66s
et al., 2018) resulting in low eutrophication values (2.4 kg Neq kg'! LW). Similarly, our results showed
low water use values (5.68 m? kg'! LW) caused mainly by the use of natural water sources in HNV
farming systems.

The utilization of semi-natural grasslands and permanent grasslands reduces the requirements of
purchasing feed. This reduces the overall emissions, as our results suggested (P<0.006) and also
contributes to carbon storage (Torres-Miralles, unpublished data) Therefore, intensive practices such as
application of mineral fertilizers or feed purchases tend to negatively influence the overall performance
of HNV farming systems.

There is, however, a wide range of performance among the HNV farms. HNV beef and sheep production
had average levels of GWP, , at 18.67 and 18.63 kg CO,eq kg1 LW, respectively. Farms with the highest
GWP,, at the product level corresponded to those that have started their production recently or that
retain the animals longer on farm premises, as is the case of two Finnish farms. When such farms (two
out of eleven) are excluded, the average GWP |, falls t0 2.3 kg CO,eq kg! LW per t of LW, lower than
the mainstream Finnish beef production systems, 32.1 kg CO,eq kg LW per kg of LW (Hictala ez 4.,
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2021). Compared to other farms under mainstream production, according to other European studies,
HNV beef have lower GWP, , (Nguyen et al., 2010). However, GWP, , of beef products may not be
comparable when livestock environmental assessments operate with different scopes and are potentially
based on global averages.

Further analysis is required to reveal the nuances of the performance of HNV farms in relation to
sustainable production. However, our results suggest that product-based environmental impact
assessments alone may not reveal a complete sustainability picture of farming systems, HNV included.
We demonstrate that, in order to assess sustainability for ruminant production systems, LCA assessments
should account for biodiversity and carbon storage, and be framed in the sustainability discourse
around farming practices. Assuming that a drastic reduction of animal products is necessary due to the
unsustainability of western dietary patterns (Ré6s e al., 2017), HNV farms, despite their lower yields,
have the potential to supply sufficient animal source foods while supporting environmental benefits.

Conclusions

The relationship between the environmental impacts and associated benefits in livestock production
is not simple. HNV farms, due to their circularity practices, tend to act as carbon sinks, maintain
biodiversity, perform with low eutrophication and water use while reducing the overall GWP and produce
animal-sourced food. This study contributes to attempts to quantify the potential of extensive ruminant
production to minimize GWP while maintaining biodiversity and other environmental benefits.

References

Andersen, E., Baldock, D., Bennett, H., Beaufoy, G., Bignal, E., Brouwer, E. e 4/. (2003) Developing a high nature value indicator.
Report for the European Environment Agency. Copenhagen, Denmark.

Garnett, T. (2010) Intensive versus extensive livestock systems and greenhouse gas emissions. Food Climate Research Network
briefing paper.

Hietala, S., Heusala, H., Katajajuuri, J. M., Jirvenranta, K., Virkajirvi, P., Huuskonen, A. and Nousiainen, J. (2021) Environmental
life cycle assessment of Finnish beef-cradle-to-farm gate analysis of dairy and beef breed beef production. Agricultural Systems
194, 103250.

Nguyen, T.L.T., Hermansen, J.E. and Mogensen, L. (2010) Environmental consequences of different beef production systems in the
EU. Journal of Cleaner Production, 18(8), 756-766.

R&6s, E., Bajzelj, B., Smith, P., Patel, M., Little, D. and Garnett, T. (2017) Greedy or needy? Land use and climate impacts of food
in 2050 under different livestock futures. Global Environmental Change 47, 1-12.

R&6s, E., Mie, A., Wivstad, M., Salomon, E., Johansson, B., Gunnarsson, S., Wallenbeck, A., Hoffmann, R., Nilsson, U, Sundberg,
C.and Watson, C.A. (2018) Risks and opportunities of increasing yields in organic farming. A review. Agronomy for Sustainable
Development 38(2), 1-21.

300 Grassland Science in Europe, Vol. 27 — Grassland at the heart of circular and sustainable food systems



The repeatability of perennial ryegrass grazing efficiency as
measured by Residual Grazed Height

Tubritt T.}, Delaby L.? and O’'Donovan M.!
ITeagasc Animal and Grassland Research and Innovation centre, Teagasc Moorepark, Fermoy, Co. Cork,
Ireland; ’INRAE, Agrocampus Ouest, UMR Pegase, 16 Le Clos 35590 Saint Gilles, France

Abstract

A key grassland management strategy is to graze to low post-grazing height (4 cm) to maximize grass
utilization and maintain/increase sward quality in future rotations. Perennial ryegrass varieties differ in
their ability to be grazed to low post-grazing heights, as indicated from on-farm variety assessments and
plot studies. Residual grazed height has been developed as a measure of perennial ryegrass variety grazing
efficiency and has been included as a trait within the 2021 pasture profit index (PPI). The PPI is a variety
selection tool used by the Irish seed industry. Variety grazing efficiency has been evaluated since 2015,
but only now enough data exist from a number of studies to investigate the long-term variety grazing
efficiency. The current study analysed data from four perennial ryegrass plot evaluations. Moderate
to strong correlations were found between trials and evaluation years indicating that variety grazing
efficiency is a repeatable trait. Such results provide confidence to the seed industry when making variety
selections decisions.

Keywords: perennial ryegrass, variety, grazing efliciency, residual grazed height

Introduction

Perennial ryegrass (Lolium perenne L.; PRG) is the predominantly sown forage species in Ireland,
producing large quantities (>15 t dry matter (DM) ha!) of high quality dry matter for animal
production. Irish dairy farms operate a 300-day grazing season where grazed grass accounts for 80%
of the cow’s diet (O’Brien ¢ 4l., 2018). A key grassland management strategy is to graze to low post-
grazing heights to maximize grass utilization and maintain/increase sward quality in future rotations.
On-farm variety evaluations conducted in Ireland have provided an innovative new data set with which to
investigate variety performance in a more varying and reflective environment compared to mechanically
cut evaluation trials (Byrne ez 4/, 2017). Variety feedback from participating commercial farmers in
the on-farm evaluations reported that certain PRG varieties were easier to graze to lower post-grazing
heights (i.c. these varieties displayed greater grazing efficiency) and that varieties displaying improved
grazing efficiency were demanded. Additionally, farmers highlighted that no indication of a variety’s
grazing efficiency was available within the pasture profit index (PPI) prior to sowing. The PPIis a variety
selection tool used by the Irish grassland industry when making variety selection decisions. It is made up
of a number of traits that influence the profitability of dairy farms in Ireland (O’'Donovan et 4., 2016).
In 2021, a new grazing utilization sub-index was introduced to the PPI. The sub-index uses data from
variety grazing trials conducted at Teagasc Moorepark over a minimum of 2 years (Tubritt ez a/., 2021).
A number of varieties have been examined under a number of varying harvest and sowing years. The aim
of this paper was to evaluate the repeatability of grazing efficiency among PRG varieties.

Materials and methods

Grazing efficiency evaluations took place in Teagasc Moorepark, Co. Cork, Ireland (50°70° N, 8°16” W).
Average rainfall for the area is 1000 mm and average temperature ranges from 5.3 to 15.5 °C. Four studies
evaluating grazing efficiency conducted over varying years were used in the analysis. Three of these studies
(Study 1,2, and 3) had greater than 2 years harvest data and were used for between-years comparisons.
Study 4 had one year of harvest data and was included with the other studies to determine correlations
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between trials (sowing years). The protocol used was common across all studies. The protocol consisted
of PRG monoculture plots sown in a complete randomized block design. These plots were then managed
under a rotational grazing system where dairy cows grazed plots when the average cover across the plots
was 1,400 kg DM ha'! (above 3.5 cm). Prior to grazing, individual pre-grazing height was recorded on
cach plot using a rising plate meter (Jenquip, Fielding, New Zealand). A herd of cows then grazed the
plots with the cows given free choice to graze whichever variety plot they wished. When the average
post-grazing height across the plots was 4 cm, cows were removed and individual post-grazing height
was recorded from each plot. Increasing pre-grazing height was shown to increase post-grazing height
thereby creating bias by using post-grazing height as the sole measure of grazing efficiency. To account
for this a regression model was created using SAS 9.4 to predict the post-grazing height of each variety.
This model was:

Postheight = Trial(year) + harvest + Trial(block) + pregrazing height (Tubritt ez 4/, 2020)

The predicted post-grazing height of a variety was then subtracted from the actual post-grazing height of
the same variety. This figure is termed the residual grazed height (RGH). Where a variety’s actual post-
grazing height is lower than predicted, the RGH value is negative which is indicative of high grazing
efficiency. Where a variety’s actual post-grazing height is higher than predicted, the RGH value is positive
which indicates the variety has low grazing efficiency.

Repeatability of grazing efficiency was determined between harvest years (i.e. within trial) and sowing
years (i.e. between varieties common to separate trials). The SAS procedure Proc Corr was used to
determine the correlations in variety RGH between harvest years and between varieties with differing
sowing years. Pearson’s and Spearman’s rank correlations were derived from the analysis. Correlations
between years within each study were calculated using annual variety RGH and correlating these values
between each evaluation year (i.e. Year 1 RGH of variety X was correlated to Year 2 RGH of variety X).
The second analysis determined correlations for varieties common between studies.

Results and discussion

RGH was found to be moderately correlated between harvest years for both Pearson’s and Spearman’s
rank correlation. The average Pearson’s and Spearman’s rank correlation between years for all studies was
0.61 and 0.64 respectively, with minimal variation between studies (Table 1). Variable growth conditions
occurred between years with drought conditions experienced in 2018 reducing annual DM yield by
3t DM ha! (PastureBase Ireland, 2020). Despite this, grazing efficiency correlations between years
remained moderately strong indicating that variety grazing efficiency is poorly influenced by weather
conditions. Variety growth habit influences grazing efficiency and is controlled by a variety’s genetics
rather than meteorological conditions, which may explain why yearly correlations are stronger than those

recorded for herbage yield (Mitchell, 1956).

Reseeding of pasture is an expensive investment on commercial farms. The PPI is designed to give an
indication of variety performance and must be repeatable on-farm. Moderate to strong correlations were

Table 1. Average Pearson’s and Spearman’s rank correlations between evaluation years within trials.

Trial codes (years) Study 1(2015-2018) Study 2 (2017-2019) Study 3 (2019-2021)
Pearson’s correlation 0.58 (P<0.001) 0.61 (P<0.005) 0.62 (P<0.004)
Spearman’s rank correlation 0.60 (P<0.001) 0.67 (P<0.001) 0.64 (P<0.002)
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found between trials evaluating grazing efficiency for the same varieties (Table 2). This indicates that
variety RGH is repeatable between trials, and varieties should perform similarly on-farm under animal
grazing. Including data from additional trial(s) to create an average RGH value improves the accuracy
and consistency of variety grazing efficiency, with correlations between trials and average RGH in the
range 0.86 to 0.94 (P<0.001).

Table 2. Pearson’s correlation between perennial ryegrass Residual Grazed Height evaluated in separately sown plot evaluations (differing in
sowing years) and the average residual grazed height value for each variety across all trials.

Trial Study 1 Study 2 Study 3 Study 4 Average
Study 1 - 0.84(14)" 0.51(8) 1.0(2) 0.94(21)
Study 2 - - 1.0(2) 0.64(3) 0.93(3)
Study 3 - - - 0.83(5) 0.91(5)
Study 4 - - - - 0.86 (6)

"Values in brackets indicate the number of varieties common between trials.

Conclusions

Perennial ryegrass variety grazing eﬁiciency isa repeatable trait over years. Moderate correlations were
found between trials for variety grazing efficiency indicating that single sowing years are relatively accurate
in their evaluation. Evaluating varieties over additional sowing year(s) provides a robust indication of a
Variety’s grazing eﬂiciency.
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Abstract

Forage intake is known to be linked to animal performance. The aim of this study was to evaluate the
potential for using grazing offtake to detect differences between perennial ryegrass varieties of the same
ploidy and maturity categories, as well as enable an evaluation of consistency for this trait between trials.
Four separate plot-based trials (intermediate—heading diploid, intermediate-heading tetraploid, late-
heading diploid and late-heading tetraploid) were sown in 2018, 2019 and 2020, including 8 varicties
each of perennial ryegrass, and rotationally grazed by 15 hoggets across a 1-2 year period depending on
sowing year. Two common varieties were included in all three sowing years to allow for comparison of
these two varieties across years; other varieties included were unique to each trial. Pre-grazing and post-
grazing compressed sward heights were measured with a rising plate meter, with the difference presented
as a measure of offtake. No significant differences were detected in mean annual grazing offtake between
varieties in 10 of the 12 grazing eficiency trials investigated. Significant differences in offtake between
varieties were observed, however, in 2 of the 3 late tetraploid trials (2019 and 2020 sowings; £<0.01
and P<0.05, respectively). A multi-trial, over-year analysis of the intermediate tetraploid data revealed a
significant difference in seasonal grazing offtake between the two common varieties, with one tetraploid
variety grazed more in July than the other in two of the three field trials. These results support the view
that ryegrass evaluation should be carried out over a number of years and seasons due to environmental
variability.

Keywords: grazing eﬂiciency, yield, variety testing, perennial ryegrass

Introduction

Grazing efficiency has been defined as the proportion of herbage ingested by grazing animals relative to
that presented (Tubritt ez 4/., 2020), and has been used to describe how suitable a variety is for grazing.
Grazing efficiency has increased in importance in recent years along with a recognition that perennial
ryegrasses can differ in their levels of grazing efficiency, and that this is a desirable trait. This study aimed
to evaluate variability for grazing offtake between varieties of similar heading date and ploidy, as well as
assess the potential for breeding for this trait in perennial ryegrass with the aim of increasing grazing
efficiency.

Materials and methods

Grazing offtake studies were carried out at AFBI Loughgall (54°27'N, 6°04"W) over three grazing seasons
from 2019-2021. Twelve separate trials were sown: four trials in each year from 2018-2020, including
one trial each containing material of intermediate diploid, intermediate tetraploid, late diploid and late
tetraploid origin. Each trial contained eight varieties of perennial ryegrass, all of which derived from the
AFBI grass-breeding programme (either pre- or post-commercialized). The same two common varieties
were included in each of the trials sown depending on maturity and ploidy. Varieties were sown in a
randomized complete block design with 3 replicates each (24 plots per trial). Each plot measured 2x4.5
m (9 m2). Diploid and tetraploid varieties were sown at 25 and 37 kg seed hal, respectively, to account
for differences in seed size. Fertilizer was applied on 4 occasions throughout each season, (total of 288 kg
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N ha'l; 156 kg K,O ha'!). Plots were rotationally grazed using 30 hoggets in total divided into 2 groups
of 15 each. Plots were grazed based on visual estimates of approximate mean sward height; grazing was
initiated at 7-9 cm and ceased at 4 cm. A total of 54 grazing events occurred in total. Plots were mown
back throughout the season after each grazing event to avoid carry over of non-grazed material into the
next grazing event. Pre- and post-grazing sward heights were measured by assessing mean compressed
sward height (function of sward height and density) using a rising plate meter (Jenquip, EC09). Trials
were continued for two growing seasons each, except for trials sown in 2020, which were assessed for
one full season. Offtake was calculated as the difference between pre-grazing and post-grazing height.
Differences in offtake were analysed using analysis of variance, both for each trial (over-year) and across
trials (multi-trial, over-year) to assess the effects of variety using Trial Wizard statistical analysis software.
Randomization was designed to enable Nearest Neighbour analysis to adjust for environmental variability
in the field. Means were separated by Fisher’s least significant difference (LSD) test at £<0.05.

Results and discussion

No significant differences were detected in offtake between varieties in 10 of the 12 grazing efficiency
trials investigated. Significant differences were observed, however, in two of the three late tetraploid trials
(2019 and 2020 sowings; P<0.01 and P<0.05, respectively). The apparent small differences between
varieties would suggest that there may be low levels of variation within elite breeding populations for
grazing offtake, once major sources of variation such as heading date and ploidy are removed. This could
reduce the potential for breeding for this trait based on screening alone, although the high variability
observed may also have obscured varietal differences. This study contrasts with others that have detected
significant differences between perennial ryegrass varieties in grazing efficiency amongst and between
varieties of differing ploidy and heading date (Byrne ez 4/., 2018; O’ Donovan and Delaby; 2005; Tubritt
et al., 2020). It should be noted, however, that the trials in this study differed from those carried out
previously: animal type; smaller size of plots; and mechanical defoliation between grazing events.
Regarding the two common varieties included, there were no significant differences in mean annual
offtake. However, a multi-trial, over-year analysis of intermediate tetraploid offtake revealed a seasonal
effect, whereby one variety had a greater offtake than the other in July (Table 1). This significant difference
was present in two of the three trials investigated (2018 and 2019 sowings), suggesting that this was a
truc varietal effect (Table 2). The two intermediate varieties included in these trials differed in heading
date by a period of 10 days, which may explain the differences observed in mid-summer. Dry matter
digestibility (DMD) is known to decrease following maturation, with carlier heading varieties tending
to have lower DMD compared with later heading varieties at the same time point later in the season.
Herbage digestibility has been previously shown to correlate with grazing efficiency of varieties across
ploidy and heading date groups (Byrne ez al., 2018).

Table 1. Over-trial and over-year analysis of seasonal differences between pre-and post-grazing heights of two common intermediate tetraploid
varieties sown in 2018, 2019 and 2020.

Variety Heading date  April (cm) May (cm) June (cm) July (cm) August (cm)  September (cm) October (cm)
Variety A 20-May 76 7.1 3.9 29 5.9 4.6 33

Variety B 30-May 6.8 6.3 43 5.1 5.6 54 29

cv. (plots) 219 343 17 258 26.5 17.9 38.7

LSD (0.05) 1.00

F Varieties -0.7 0.6 -1 216 -0.1 -39 04

P-value' NS NS NS P<0.001 NS NS NS

NS = not significant.
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Table 2. Over-year analyses of differences between pre-and post-grazing heights in July of two common intermediate tetraploid varieties sown
in 2018, 2019 and 2020 (single trial and multi-trial).

Variety Heading date Sown 2018 Sown 2019 Sown 2020 Multi-trial (2018-2020)
Variety A 20-May 14 3.6 47 2.9

Variety B 30-May 44 6.0 3.9 51

cv. (plots) 19.4 20.0 233 25.8

LSD (0.05) 11 17 1.0

F Varieties 6.2 3.2 -1.8 21.6

P-value' P<0.001 P<0.001 NS P<0.001

TNS = not significant.

Conclusions

These studies revealed few differences in grazing offtake between varieties of the same ploidy and of the
same heading date category, suggesting that genetic variability for grazing offtake may be low. The data
from these trials will now be further analysed to assess the impact of differences in pre-grazing height on
grazing offtake and the link between grazing offtake and grazing efficiency. The low variability for grazing
offtake noted in this trial suggests that breeding efforts for beneficial traits linked to grazing may be more
successful if the focus is shifted to known traits that increase grazing efficiency, such as digestibility,
free leaf lamina or tiller mass (Byrne ez a/., 2018), rather than testing for grazing traits directly. Seasonal
differences were observed, however, in some of the trials investigated, suggesting that differences can
be detected using methods such as described here. These differences highlight the need for multi-trial

analyses to account for variability.
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Abstract

Climate change associated with a greater variability of inter- and intra-annual droughts and the occurrence
of extreme events, act in combination to present challenges for semi-natural and sown productive
grasslands in Europe. Successful plant strategies under drought strongly depend on stress intensity.
Drought resistance to maintain leaf growth under moderate stress exhibits trade-offs with drought
survival after cessation of growth under life-threatening drought conditions. Substantial intra-specific
variability exists in key forage grasses originating from the Mediterranean to the cool-temperate climates,
and represents a great potential for adaptation of future ecotypes and cultivars to a larger range of drought
intensities. Plant species diversity offers an opportunity to stabilize forage production in two ways. First,
growth reduction under stress is significantly smaller for diverse compared to simple plant communities
because diverse communities offer the opportunity to include drought-resistant (or drought-surviving)
species. Second, positive interactions among species increase ecosystem functioning of more diverse
plant communities under moderate drought, allowing them to compensate for drought-induced yield
reductions. Currently, available cultivars of perennial forage species adapted to dry climate are still rare,
and only a few forage species are used in productive systems. Thus, both intra- and inter-specific plant
diversity should be better valued to reduce vulnerability and increase resilience of productive grasslands.

Keywords: drought stress severity, resistance, survival, insurance effect, ecosystem functioning,
complementarity

The wide environmental range of global grassland distribution demonstrates its
huge adaptation potential

Grasslands cover about 40% of the world’s land area (White ez 4/, 2000) and are among the most
important agroecosystems delivering services ranging from forage supply for ruminants and soil carbon
storage to habitats of high biodiversity. Reflected by the pedo-climatic conditions, these grasslands
include a large variety of ecosystems such as steppe vegetation, savannah, tundra, alpine grassland and
temperate grasslands. Moreover, large areas of land across temperate regions that would otherwise be
covered by shrubs and trees are maintained as grassland by regular cutting and/or grazing. In short,
grasslands can thrive across a vast range of pedo-climatic conditions and extremes, where shrubs and trees
cannot grow and/or other agricultural systems are not economically profitable. This strongly suggests that
grasslands benefit from plant strategies and ecological processes that ensure that they can grow, survive,
resist, recover from, and/or adapt to strongly differing mean environmental conditions and to a multitude
of extremes of environmental conditions experienced at different locations. With global climate change,
both the mean and variation in climatic conditions are predicted to change (Orlowsky and Seneviratne,
2012), which will give rise to a change in biotic (e.g. weeds, disease, pests) and abiotic stresses (e.g. timing
of the seasons, increased incidence of severe weather events, such as summer drought, heatwave, extreme

cold, waterlogging).
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Objectives

Although climate change will also affect natural and semi-natural (managed at low intensity, less
productive, often species-rich) grasslands, we focus here on the effects of drought stress on productive
grasslands that are highly modified and generally fertilized to maximize the production of aboveground
forage yield and quality. Studies of semi-natural grasslands are referenced to underpin ecological theory
and to highlight some specificities of the productive grasslands. The productive grasslands are sown with
alow diversity (or even monoculture) of selected species (and cultivars) or are permanent grasslands with
arelatively low plant diversity, both offering adaptation through changes in (1) species and (2) genotype
composition, as well as (3) their diversity. We focus on the whole range of drought stress, from severe and
predictable under Mediterranean climates to moderate and less predictable in temperate to cool climates,
suggesting that a range of adaptive strategies are required.

A diversity of plant strategies to face drought

Better understanding of the adaptive strategies of forage plants to face drought is crucial to efficiently
manage grasslands and breed cultivars that enhance the resilience of grasslands, i.e. a sufficient post-
stress recovery to achieve a comparable post- vs pre-drought productivity. The two major plant response
strategies under moderate and severe water deficit are ‘drought resistance) i.e. the maintenance of leaf
growth and biomass production, and ‘drought survival, ie. the plant ability to survive after growth
cessation due to severe life-threatening drought (Volaire, 2018). Drought resistance is more relevant
under moderate drought stress while drought survival is key under severe drought stress (Figure 1), but
they can both enhance post-drought recovery and therefore resilience of plant communities.

Regarding plant strategies (Figure 1), ‘dehydration escape’ allows plants to shorten and complete the
reproductive cycle before the onset of drought, e.g. annuals overcome drought as desiccation-tolerant
seeds. For plants subjected to water deficit, drought resistance is associated mainly with a ‘dehydration
avoidance’ strategy that maximizes water uptake and/or minimizes water loss to maintain high leaf
water content and turgor ensuring growth maintenance. In contrast, drought survival is associated with
a ‘dehydration tolerance’ strategy, allowing plants to tolerate moderate tissue dehydration in leaves and
meristems. In some cases, dehydration tolerance rests on ‘summer dormancy, which is an endogenous
controlled strategy that reduces or stops meristem activity to render it relatively insensitive to growth-
promoting signals (Volaire and Norton, 2006). Finally, the ‘embolism resistance’ strategy prevents xylem
conduits from becoming air-filled or embolized under negative pressure (hydraulic failure) and hence
underpins plant survival as drought drastically intensifies.

Plant performance

DROUGHT
SURVIVAL
Growth | .
. ~ Dehydration
cessation tol
olerance
DROUGHT Dahydration Embolism
RESISTANCE ol resistance
Dehyd; )
escape Moderate Severe  Increasing
Before drought
drought High tissue water content Low tissue water content

Water acquisition Water conservation
‘Fast’ strategy ‘Slow’ strategy

Figure 1. Plant strategies to face increasing water deficit. Dehydration avoidance enhances drought resistance (maintenance of growth at
moderate drought), while dehydration tolerance, dormancy and embolism resistance enhance drought survival (Volaire, 2018).
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1o grow or to survive: a drought resistance vs drought survival trade-off

Most strategies can be combined to some extent, depending on species and populations. Growth
maintenance (dehydration avoidance) is associated with fast water use under moderate drought (‘water
spender’ strategy), while plant survival after growth cessation (dehydration and embolism tolerance,
dormancy) is associated with slow water use under severe drought (‘water saver’ strategy). To ‘stay green’
and keep growingin dry conditions may contribute to depleting soil water and thus make plants extremely
vulnerable to an extended and extreme drought (Zhao ez 4/., 2017). Consequently, dehydration avoidance
is a strategy that does not enable plant survival under severe drought (Yates ¢z 4/., 2019). ‘Knowing when
not to grow’ or ‘when to senesce’” enhance survival in the face of potentially lethal conditions. This is the
case for summer dormancy, which confers to genotypes of some grass species the endogenous ability
to cease or reduce acrial growth and senesce irrespective of the water supply in summer (Gillespie and
Volaire, 2017). Summer dormancy confers superior survival after severe and repeated summer droughts
(Norton ez al., 2006a,b), revealing that the endogenous and programmed ability to stop growth (or
strongly reduce growth) during the drought period is the most efficient response to maximize plant
drought survival.

Decoupling plant responses, i.e. growth under favourable summers/winters and plant survival under
harsh summers/winters (Keep et 4/.,2021), showed a general trade-off between seasonal growth potential
and scasonal dehydration survival in 385 European populations of ryegrass (Lolium perenne L.). Three
groups of ryegrass populations were identified according to their origin and contrasting strategies to
face seasonal stresses, revealing a trade-off between dehydration avoidance and dehydration tolerance
strategies. Populations from northern sites, where low-to-moderate summer drought occurs, mostly had
a dehydration avoidance strategy and could maintain growth during summer without being threatened
by drought. In contrast, populations from the southern sites, where intense summer drought occurs, had a
dehydration-tolerant or a dehydration-escape strategy and survived prolonged drought by reducing their
growth potential. Endogenous reduced seasonal growth potentials are phenological adaptations that can
be regarded as dormancy levels. They were also identified within European populations of cocksfoot,
Dactylis glomerata L. (Bristicl et al.,2017), raising a possible generalized adaptive seasonal pattern within
herbaceous species. Thus, the balance between productivity and stress survival is becoming a central issue
in plant breeding for drought (and frost) survival (Ergon ez al., 2018; Volaire ¢f al., 2014) and therefore
grassland resistance and resilience.

Plant diversity offers opportunities to stabilize forage production under drought
stress

Lessons from semi-natural grasslands illustrate the stabilizing effect of diversity

The role of diversity in promoting resistance and resilience of ecosystem function in the face of environmental
disturbance is well-established in ecosystems and experiments based in semi-natural grasslands (e.g. Craven
et al.,2016). For example, a meta-analysis of 46 plant association experiments by Isbell ez /. (2015) revealed
that biomass of low-diversity communities with one or two grassland plant species changed by approximately
50% during [severe] weather events, whereas that of high-diversity communities with 16-32 species changed
by only approximately 25% Which ecological processes underlie such benefits of diversity? The ‘insurance
effect’ refers to multiple biological processes that result in a stabilising effect of biodiversity on ecosystem
function when subjected to environmental disturbance. The insurance effect includes: (1) the ‘portfolio
effect’ which arises from independent (or sufficiently decoupled) fluctuations in species’ abundances over
time; (2) beneficial effects of biodiversity on both the mean and the variability of ecosystem properties, and;
(3) spatial variability between patches or locations in heterogencous landscapes (adapted from Loreau ez 4.,
2021). A key question is: do insurance effects occur in productive grasslands?
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Species diversity in productive grasslands enhanced ecosystem function under drought

In productive temperate grasslands, where primarily resistance to moderate drought stress is targeted,
there are few manipulations of environmental levels to test the role of diversity in maintaining ecosystem
function under stress. Under experimentally imposed drought, species diversity enhanced yield stability
(Grange ez al., 2022; Haughey ez al., 2018), reflecting the insurance effects of diversity through reduced
temporal variance or mean-to-variance ratio. There is some evidence that the stabilizing effect in more
diverse communities was caused by asynchrony of species’ growth (Haughey ez /., 2018). Enhanced
yield stability of mixtures compared to monocultures was also found in the AgroDiversity experiment
among 16 sites with different climates (Schaub ez 4/, 2020). In the meta-analysis by Isbell ez 2/ (2015),
24 of the 46 experiments contained monocultures and mixtures of two grasses and two legumes, so their
conclusion that diversity confers higher resistance and stability in biomass productivity is also relevant
to simple mixtures in productive grassland communities.

Under drought, more diverse forage mixtures were associated with higher (or at least equal) yield than
less diverse mixtures or monocultures (overyielding; Hofer ez 4/., 2016; Komainda ez 4/., 2020; Skinner
et al., 2004), reflecting that positive complementarity effects on biomass production also occur under
drought. Some studies have even shown that these positive effects were so strong that drought-stressed
mixtures at least attained the yield of the average of the rainfed monocultures (Finn et al., 2018; Grange
et al., 2021; Hofer ez al., 2016). Thus, growing mixtures instead of monocultures can mitigate negative
effects of (moderate) drought. The use of drought-resistant forage species in such mixtures helps to partly
overcome the limitations in nutrient uptake arising as a consequence of soil water limitation. Resistance
to moderate drought has been shown to occur by sustained symbiotic N, fixation in legumes (Hofer ez
al., 2017) or by increased resource uptake from deeper soil layers (Hoekstra e 4/., 2015). Importantly,
both beneficial species interactions and species’ asynchrony are not mutually exclusive and can act
simultancously to increase stability in more diverse communities (Haughey e 4/., 2018), including under
conditions of environmental disturbance.

Improved drought-resistance by mixing species can also occur through the ‘portfolio effect’. If mixtures
contain at least one species that contributes substantially to community yield and that can cope with
stress-induced reductions in growth (decoupled from other species performances), the overall community
performance under drought is improved. This may be an important yield stabilising process in mixtures
of legumes which were found to be drought resistant and grasses which showed a strong recovery after
drought stopped (Hahn ez /., 2021; Haughey et 4l., 2018; Hofer ez al., 2016). Interestingly, the portfolio
effect can arise solely through (statistical) averaging of species performances over time (Loreau e 4/,
2021). This has been little studied in productive grasslands. One line of evidence for the occurrence of
averaging would be switching in the rank order of monoculture yields over time (and/or space), and
especially switching in the identity of the best-performing monoculture. Such switching effects have been
demonstrated to be important in the AgroDiversity experiment, which was conducted across 31 different
international locations and broad climatic gradients (Finn ez 4/, 2013). Importantly, given that many
agronomic studies compare mixture performance against the best-performing monoculture (which is
sclected in retrospect), and if switching continues over multiple years (and sites), then the relative benefit
of mixtures would be expected to increase in comparison to the highest-yielding monoculture over that
time period (and spatial scale). In such retrospective comparisons, the selection of the ‘best-performing’
monoculture enjoys the benefit of hindsight; however, past performance is not always a good predictor
of future performance, and even less so when the future has more variable conditions.

Finally, the positive effects of species diversity on productivity and stability are context-dependent and
may weaken under severe drought stress. For instance, complementarity effects (Barry ef al., 2018) that
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enable species-rich mixtures to achieve higher yields than monocultures during a moderate drought were
not detected for the recovery and resilience of grass communities subjected to a severe drought (Barkaoui
et al., 2016). Low levels of soil water can make resource-partitioning among species inefficient. Most
expectations are based on vertical segregation of root systems (Oram e# 4/., 2018), assuming that deep soil
horizons represent an ‘unused’ pool of resources by shallow-rooted species, giving an opportunity to use
additional water with deep-rooting species. However, deep soil horizons may completely dry out under
asevere drought, making surface horizons the only ones with possible water recharge by episodic rainfall,
therefore selecting shallow-rooted species only and limiting the complementarity effects. Similarly,
facilitation, another facet of complementarity (Wright ez a/., 2017), usually expected to positively affect
productivity with increasing environmental severity (He ez 4/., 2013), may collapse among herbaceous
species in areas prone to severe drought (Michalet and Pugnaire, 2016). Nevertheless, the portfolio effect
should support the recovery capacity and resilience of species-rich mixtures subjected to severe drought
(Kreyling ez 4l., 2017).

Saturation of diversity effects in semi-natural grassland experiments

The evidence given above suggests that species diversity is key to increase drought resistance and resilience
of permanent and sown productive grasslands. In the following sections, we evaluate more closely the
diversity-ecoystem function relationship. We discuss specific strategies to maximize the ‘performance-
enhancing effect’ of diversity and the degree of diversity needed for adaptation of mixtures to drought
stress.

Across a range of studies in semi-natural experimental grasslands, the yield benefits of adding species
saturate at a relatively low number (Tilman ez 4/, 1997, 2014). Both theory (Tilman et 4/, 1997) and
empirical research (Hector et al., 1999; Isbell et al., 2017; Nacem ez al., 1994) have demonstrated a
declining rate of increase in the overall diversity effect with increasing species richness. For example,
in the BIODEPTH experiment (Hector ef l., 1999), the average biomass increase from doubling the
number of species was approximately 80 g m2. This means that adding one species to a monoculture
increased yields by ca. 23%, yet, adding one species to a four-species mixture increased yields by only 5%,
and addinga further species to an eight-species mixture improved yields by 2%. The same principle in the
performance-diversity relationship was also shown in two of the largest and longest-running biodiversity
experiments, which are at Jena (Scherber ez /., 2010; Weisser ez 4/., 2017) and Cedar Creek (Tilman ez
al., 2001), and for ecosystem processes such as community respiration, plant material decomposition,
nutrient and water retention (Naeem ez 4l., 1994; Tilman et al.,2014). A first reason to explain saturation
of overall performance is the ‘selection effect’ In the case of a random selection of species for the assembly
of experimental communities, mixtures with a higher number of species have a higher likelihood of
containing the most productive species, which shifts the performance towards the potential maximum
(assuming that the most productive species becomes dominant in that community). A second reason for
saturation comes from niche theory (Tilman ez 4/, 1997, 2014). Although more diverse communities
have a higher chance for niche complementarity among particular species, the amount of unused
resources gets increasingly smaller. Thus, the potential benefit of species interactions becomes smaller
with increasing species richness. Moreover, species interactions can also be neutral or negative (e.g. Hofer
et al., 2016; Husse ez al., 2017), and the probability for the latter to occur might also increase with
increasing species richness.

In productive grassland mixtures, diversity effects saturate even faster

Productive grasslands can show strong responses to diversity

Given the considerable differences between them, it is not necessarily the case that principles from semi-
natural grasslands translate to productive grasslands. Over the past 20 years, however, research on forage
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mixtures in productive grasslands has provided strong evidence that legume-based mixtures with up to five
species improve grassland performance (or compare well) relative to the respective monocultures. This has
been observed in several responses, including yield, weed suppression, nitrogen yield, yield stability, forage
quality, nitrous oxide emissions intensity and overall multifunctionality (Cong ez al.,2018; Connolly ez al.,
2018; Cummins ez 4/.,2021; Finn ez 4l., 2013; Kiichenmeister ez a/., 2012; Liischer et al., 2014; Suter et al.,
2015, 2017, 2021c). This performance-enhancing effect of diversity is one of the key insurance effects to
generate a stabilising effect of diversity on ecosystem function in a fluctuating environment such as severe
drought events (Haughey ez al., 2018; Hofer et al., 2016;. Most of the recent research on mixture benefits
uses a modest number of species and less is known regarding mixture gains from more species-rich mixtures
with >10 species (but see Jing ez 4/., 2017; Sanderson ef 4l., 2004; Tracy and Sanderson, 2004a).

In productive grassland mixtures the diversity response ro yield saturates even faster than in low productive
grasslands

In the applied context of production-oriented systems, the saturation of yield is expected to occur even
faster than in semi-natural grassland communities. This is because forage mixtures can be designed
according to the following principles: (1) selecting the best-performing species — generally evaluated in
monoculture — for use in mixtures, which ensures high performance at a lower number of species; (2)
targeting species that maximize complementarity for desired functions, which enhances performance
without the need for many species; (3) selecting species that maintain a stable community composition
over time or that respond to adaptive management to ensure this (Liischer e# 4/, 2011). Indeed, saturation
has been demonstrated for forage mixtures (including herbs), where there were no or only marginal yield
increases beyond two species in mixtures compared to nine species (Grace e 4l., 2018), three species
compared to cight (Lorenz ez 4l., 2020), three species compared to nine (Sanderson, 2010), four species
compared to five (Moloney ez al., 2020a), four species compared to six (Grange ¢ 4/., 2021), and six
species compared to 15 (Tracy and Sanderson, 2004a). In line with the trend for rapid saturation, the
average beneficial interaction effect in a six-species mixture containing herbs was only marginally greater
than that of a four-species grass-legume mixture (Grange ¢f al., 2021). Contradictory results also show
increases in yield from two species in a mixture compared to five (Skinner et 4/, 2004), and from ten
species compared to twelve (due to high-yielding lucerne in the twelve-species mixture, Jing ez 4/.,2017).

Importantly, all of these studies focused on yield alone, and, all else being equal, more species diversity
is likely to be needed to simultaneously sustain multiple ecosystem functions: (1) other than yield, (2)
over longer time scales, and (3) over more variable environmental conditions (Isbell ez 4l., 2011, 2015,
2017; Lefcheck e al., 2015). Although forage yields often do not, or only marginally, differ between
high-yielding grass-clover swards and more complex mixtures, intra-annual yield stability (Lorenz ez 4/.,
2020), weed suppression (Tracy and Sanderson, 2004b), and resource availability to pollinators (Cong
et al.,2020) can be enhanced by higher diversity. Analyses of forage quality from more complex mixtures
indicate that although it can be reduced compared to grass-legume stands (Jing ez a/., 2017), there are
multiple examples where complex mixtures have similar or higher forage quality regarding, amongst
others, crude protein and digestibility (Grace ez a/., 2018; Moloney ez al., 2020b; Sanderson, 2010). On
grazed multi-species swards, dry matter intake, milk production and soil C accumulation were enhanced
and N losses reduced compared to more simple swards (reviewed in Jaramillo ez 2/, 2021).

Compared to the scale of the challenge posed by climate change and the demand for more environmentally
sustainable farming practice, the science underpinning the potential benefits of multi-species swards
should become a stronger focus of future research. There is still plenty to learn about the extent to which
mixture benefits are affected by specific combinations of species rather than species richness, management
practices (especially grazing), cultivar diversity, as well as variation in environmental conditions, such as
soil type, fertility and moisture level. Cultivar selection and adaptive management to promote persistence
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in mixtures also deserve further attention. It is still not well established whether more, and how many,
species in production-oriented grasslands are needed to simultaneously sustain multiple ecosystem
functions, such as resistance and resilience to extreme weather events, soil C sequestration or conservation
of faunal diversity. There is an indication that trade-offs can occur among different functions (Grange ez
al., 2022), and that a distinct mixture and management can maximize either production or a variety of
ecosystem services related to sustainability (Savage ez al., 2021).

For productive species with good forage quality, the range of traits for functional
complementarity and drought adaptation is quite limited

A key to higher mixture performance is the targeted and designed combination of species with functional
complementary in terms of relevant traits with the aim to increase total resource acquisition and resource
use efficiency (Frankow-Lindberg, 2012; Gross ¢f al., 2007; Mason ez al., 2020; Tilman e al., 2014). In
forage grassland, substantial yield gains can be achieved by the distinct combination of grasses that have
efficient resource uptake, in particular of N, and legumes with their ability for symbiotic N, fixation
(Frankow-Lindberg and Dahlin, 2013; Nyfeler et a/., 2011; Pirhofer-Walzl ez al., 2013). A further way
of achieving complementarity has been identified in the different temporal development of species over
years (Finn ef al., 2013; Nyfeler et al., 2009) and within the growing season (Husse ez 4., 2016). By
segregating the periods during which species acquire resources, the total biomass production of mixtures
is enhanced by more complete resource use over time. Finally, combining species with differing rooting
depth allows for increased yields through spatial complementarity in resource uptake (Husse ez 4., 2017),
although the evidence for yield gains by vertical niche differentiation is inconsistent (Hockstra ez 4f.,
2015; Mommer et al., 2010; Oram et al., 2018; Pirhofer-Walzl ez 4l., 2013).

Comparing the complementarity benefits of specific combinations of plant functional traits or functional
types (the identity of the species present) with those achieved by species richness per se (the number of
species present), effects of identity were generally at least as large or clearly larger than those of richness
(Komainda ez 4/., 2020; Mokany e al., 2008; Skinner et 4/., 2004). This has led several authors to conclude
that low to intermediate levels of species richness are sufficient to reach an optimal balance of multiple
ecosystem services, but that these species should exhibit functional contrasts in growth habit and phenology
(Kiichenmeister ez al., 2012; Liischer ez al., 2011; Storkey et al., 2015; Tracy and Sanderson, 2004a).
Establishing distinct combinations of many forage species with complementary traits to optimize mixture
performance in terms of both forage yield and quality seems to be challenging, probably due to the increasing
complexity in isolating the effect of a single trait in a mixture with an increasing number of species with
multiple traits. Even less is known about how species functional complementarity can help to adapt mixtures
to environmental stress caused by severe weather events. Functional complementarity should be relevant
under moderate environmental stress and in productive environments, where resource partitioning allows
species to reduce competitive interactions (Gross ef /., 2007). Conversely, under severe environmental
disturbance or nutrient-poor environments, the importance of functional complementarity has been shown
to decrease (Mason e al., 2011) and facilitative processes among species should become more relevant (He
et al., 2013; Maestre et al., 2009). For example, nurse plants can cast shade and lead to lower transpiration
demands of neighbouring plants under heat and drought (Holmgren ez 4/., 2010). However, the evidence
for such effects in grasslands is rare (Martorell e 4/., 2015), and we are not aware of any study demonstrating
facilitation under severe drought for forage plants of productive grasslands.

Valuing and applying inter- and intra-specific variability

Valuing intra-specific variability

To assess the relative importance of dehydration avoidance vs tolerance of each species, plants should
be compared by combining tests in shallow soils (expression of dehydration tolerance) and deep soils
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(drought avoidance through water uptake) under different drought intensities. For instance, the
dehydration tolerance of cocksfoot is higher than that of tall fescue (Festuca arundinacea Schreb.), which
primarily relies on dehydration avoidance through an efficient and deep rooting system (Poirier ez al.,
2012). However, intra-specific variability was comparable or even higher than inter-specific variability
for these two perennial grass species under field conditions. Moreover in both species, the dehydration
tolerance was greater for the summer-dormant Mediterranean and semi-arid populations than for the
non-dormant temperate populations (Volaire, 2008). The intra-specific variability of cocksfoot (Shihan
et al., 2022) and perennial ryegrass (Keep ez 4/., 2021) analysed along environmental gradients allowed
mapping of the current and future areas for adaptation of Mediterranean populations under a climate
scenario. Areas suitable for the expression of; and adaptation to, summer dormancy are predicted to
extend northwards under climate change for cocksfoot and the Mediterranean types of perennial ryegrass
(Keep et al., 2021; Shihan ez 4/., 2022). Available cultivars of Mediterranean perennial forage species
adapted to a dry climate are rare (<2%) (Leli¢vre and Volaire, 2009). It is thus required to better identify
and valorize the role of this genetic diversity by (il) tapping into the Mediterranean and semi-arid
genetic resources, (2) testing plant material for summer growth potential (summer dormancy levels)
possibly associated to dehydration tolerance, and (3) measuring thresholds of dehydration tolerance in
standardized conditions, i.c. soil water potential leading to 50% plant mortality (Norton e 4l., 2016;
Volaire et al., 2014) or embolism resistance (Volaire e a/., 2018).

Valuing inter-specific variability

To assess how species diversity is used in today’s European sown grasslands and to exploit adaptation of
forage production in ley-farming systems to drier conditions, a survey was conducted. As an easy-to-derive
proxy for plant species’ suitability for growth under wet/dry conditions, we chose the Ellenberg indicator
value for moisture (F: ‘Feuchte’ in German; Ellenberg and Leuschner, 2010), and values were derived
from the TRY database (Kattge ez al., 2020). We are aware that, for more quantitative analyses, Ellenberg
indicator values would be too coarse a proxy. Figure 2 compares the means and ranges of F indicator values
for distinct sets of plant species. The potential range of F indicator values of grassland species available on
the commercial market are shown with the two sets of species ‘Central Europe wild types’ (116 species)
and ‘EU common catalogue’ (33 species). Both of these sets span a range of seven units ranging from an
F value of two (very dry) to nine (wet, often water-saturated). However, if one compares the species’ sets
of ‘recommended varieties’ from six countries (where such lists were available), only a small fraction of the
diversity potential is currently utilized in sown, production-oriented grasslands. This is indicated by both
the small number of species on the recommended lists (often below 10) and the narrow range of their F
indicator values (with the exception of CH, Suter ez 4/., 2021a). Surprisingly, the same picture is evident
with the ‘production mixtures’ (multi-species mixtures that are recommended for productive grassland).
Even though these mixtures were specifically designed to meet distinct growth conditions (wet or dry
but mostly in temperate environments), the means of F indicator values for mixtures (1) differ only
litele (0.40 units at maximum) and (2) are at about the centre of the total scale (balanced conditions).
In addition, (3) the ranges covered by the individual mixture’s component species are small, covering at
most two units (4 to 6). The only exception were the ‘biodiversity mixtures’ designed for improvement
of biodiversity rather than forage production. They contain a high number of species, differ distinctly
in the mixtures’ mean F indicator value (1.40 units between wet and dry), and the species within each
mixture cover a large range of F indicator values (up to 7 units).

The survey described above strongly suggests that currently only a small part of the inter-specific variability
with respect to moisture conditions is utilized in sown grasslands. This may be due to several reasons such
as (1) positive diversity effects saturating at low species numbers in the mixture (see above), (2) trade-
offs between growth maintenance under moderate drought and plant survival under severe drought
(discussed above), between drought resistance and forage quality (e.g. perennial ryegrass vs tall fescue),

316 Grassland Science in Europe, Vol. 27 — Grassland at the heart of circular and sustainable food systems



Recommended varieties CH (20)
FR (10)
GB (5)
IE o (2)
NL 9)
SE (13)
Production mixtures CH wet (5)
IT wet ° 8)
SE medium (5)
CH dry (5)
IT dry “)
SE dry 4)
sity mi; CH wet (35)
CHdry (44)
EU I (33)
Central Europe wild types (116)
P T R

1.2 3 4 5 6 7 8 9
Ellenberg F indicator value
Figure 2. Ellenberg indicator values for moisture (F: ‘Feuchte’) for different sets of plant species: as national recommended lists of forage
species varieties (six countries available), traded forage mixtures for production (three selected countries), mixtures to sustain biodiversity in
Switzerland, and the EU common catalogue of agricultural varieties as well as the traded wild type species in Central Europe. Mean (V) and
range displayed; number of species included on the right. 1 = extremely dry, soils that often dry out; 9 = wet, often water-saturated. The
species lists, on which the figure is based, can be received from the authors on demand.

or drought resistance and suitability for specific management aims such as grazing (e.g. white clover
(Trifolium repens L.) vs alfalfa (Medicago sativa L.)). An important, more general reason for the relatively
small and highly specific set of plant species utilized in intensive forage production is that plant species
have to be adapted to (very) high frequencies of defoliation (mowing or grazing), which is a prerequisite
for high forage quality and high yields in digestible energy and protein (Huguenin-Elie ez /., 2018).
Thus, we deem that only species with specific plant traits at the fast end of the “fast-slow’ plant economics
spectrum (Reich ez al., 1997) seem suitable for production-oriented grasslands in temperate climates.
This survey strongly suggests that the shortage of adapted plant material for areas with increasing severe
droughts is still insufficiently addressed.

We see two possible strategies to exploit inter-specific diversity to increase drought resistance and
resilience of productive grassland at the farm scale. A first strategy would be to increase ‘within-field
diversity’ by designing a more complex mixture that can adapt to different drought conditions. This
could be achieved by combining species with distinctly differing moisture requirements (i.c. a mixture
with a large range in Figure 2). However, in practice, it is hard to envisage an adequate combination
of many species that fulfils the multiple demands of productive grasslands regarding interspecific
competition (persistence), complementarity (Suter ez 4/, 2021c) as well as management suitability
(for grazing, cutting, silage) (Suter ez al., 2021b). A second strategy would be to increase ‘among-field
diversity’ enabling an insurance effect by growing a variety of simpler mixtures (or monocultures), cach
adapted to different drought conditions (i.c. different mixture means in Figure 2). In this strategy, it
might be easier to combine and maintain the persistence of a suitable set of species within each mixture
regarding management requirements of the plants, but management of the different fields might be more
complex. These strategies can be implemented in sown grassland with the targeted composition of the
seed mixture(s) sown and in permanent productive grassland by managing species composition and
richness through overseeding, self reseeding, and/or type and intensity of management. Both strategies
can be applied not only at the farm scale but also at a regional scale.

Conclusions

Grasslands cover a wide range of global pedo-climatic conditions. They can thrive under harsh growth
conditions where other agricultural systems are not economically viable. This demonstrates the
considerable adaptation potential of grasslands. The literature reviewed here provides evidence that
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both intra- and inter-specific diversity have great potential to contribute to the adaptation of permanent
and sown productive grassland to drought stress and variability in weather conditions. The choice of
a successful strategy to adapt to drought strongly depends on the type of stress. Under severe stress
that occurs regularly (as in the Mediterranean summer), drought survival, accompanied by cessation
of growth during the stress period, is key to enable fast recovery after the stress has ceased. Under less
severe drought and unpredictable weather conditions (as in cool-temperate climates), complementarity
is of primary importance in two ways: complementarity in resource use increases ecosystem functioning
during the periods of moderate stress and complementarity in water requirements allows for robustness to
fluctuating water availability. Nevertheless, both intra- and inter-specific variability seem not sufficiently
valued today and undoubtedly are a pillar for adaptation of productive grassland to future conditions.
In this context a crucial point is that even a small increase in diversity from monocultures to two- to six-
species mixtures already delivers substantial benefits. Diversity of genotypes and/or species on a farm/in a
region can be achieved in two ways: either ‘within fields’ by growing the same complex plant community
on all sites, or ‘among fields’ by growing different (simpler) plant communities on different sites. Both
these strategies are easily feasible in sown grassland leys through the targeted composition of the seed
mixture. In the long run, they are also applicable in productive permanent grasslands. Future research on
the value of diversity in productive grasslands needs to include the interactions of drought stress with
other factors (other stresses, soil type, management), and improve measurement of the effect of diversity
on multiple ecosystem services (multifunctionality) that include agronomic, environmental and socio-
economic responses.
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Abstract

Diversification of grassland-based systems is highly valued in agroecology, organic farming and other
forms of regenerative agriculture. For Mediterranean, mountain and lowland areas, we illustrate that
diversification of grassland types, livestock, products and farm labour allows coping with market, climatic
and workforce-related risks. However, diversification is not a one-size-fits-all strategy. Farmers’ technical
skills and ability to re-organize and monitor the system must be considered to avoid ineffectiveness of the
diversified system. Moreover, it is essential to account for site-specific conditions so that the ecological
processes to be optimized can provide the expected benefits. Diversification occurs on different levels,
from grassland and feed resources to the entire farm activity. There may be trade-offs among these
different levels impairing grassland ecosystem services. For instance, if diversification of farm activities
dilutes the workforce, simplified grassland management can lead to the loss of vegetation communities of
high ecological value. In contrast, case-adapted diversification benefits from local opportunities, available
resources and external supports to secure the system and favour sustainable resource management.
Thereby, diversification preserves grassland ecosystem services and enhances farm socio-economic
resilience to withstand perturbations.

Keywords: agroecology, biodiversity, ecosystem services, mixed grazing, site-adapted management,
trade-offs

Introduction

Over long periods of time, grassland-based systems were adapted to local conditions and external inputs
were limited. Therefore these systems were inevitably diverse and self-supplied. In the 20th century,
agricultural industrialization and the global market led to systems intensification and specialization.
In lowlands and on medium-altitude plateaux, specialization has increased the predominance of high-
yielding fertilized swards and grass-legume mixtures over less intensively managed grasslands. Although
productive, these high-yielding grassland-based systems are increasingly vulnerable to climate change
(Meles ez al., 2018; Stampfli ez a/., 2018). In uplands, where animals graze on steep slopes and sometimes
in more remote areas, grasslands are threatened by partial abandonment due to lack of economic
profitability and high opportunity costs.

Nowadays, the challenge is to replace the old paradigm based on simplification and standardization
of production systems for optimizing productivity per unit of human labour, with a new paradigm
emphasizing diversification at field, farm, and landscape scale to optimize productivity per unit of
natural resource and provide a number of ecosystem services (Lemaire e 4/., 2015). Diversification
is also widely employed by traditional livestock systems (Lépez-i-Gelats et 2/., 2011). Dumont et 4l.
(2020) have demonstrated that production and ecosystem services provided by animal production
systems are grounded in grassland type and feed resource diversity, herd variability (inter-individual,
inter-breed or inter-specific) and farm-scale interactions. Herd and product diversification also imply
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changes in sales management and in work organization (Martin ez 4/., 2020). System redesign can
even lead to a diversification of farm activities beyond the food-producing role of agriculture (Lépez-
i-Gelats ez al., 2011).

Diversification has the potential to reduce the vulnerability of grassland-based systems. Vulnerability not
only depends on the exposure and sensitivity to risks, but also on the ability to adapt to or recover from
perturbations (Smit and Wandel, 2006). Walker ez /. (2004) defined resilience as the capacity of a system
to absorb perturbations and reorganize while undergoing changes to maintain its function. Darnhofer
(2014) has discussed that resilience covers the buffer, adaptive and transformative capabilities of any
system. Buffer capability denotes the ability of a system to assimilate a perturbation without changing
its structure or function; adaptive capability that of temporarily adjusting to change while staying in the
current stability domain; and transformative capability implies transition to a new system. Biggs ez al.
(2012) proposed a hump-shaped relationship between the level of system diversity and the resilience of
ecosystem services. This suggests that there is a theoretical diversity optimum, below which low diversity
limits the buffer and adaptive capabilities of the system. Beyond the optimum, system resilience would
be compromised by being too complex. Farmers become unable to monitor and integrate all possibilities
and interconnections into their analysis and consequently, the system will ‘stagnate’

Building on Biggs e 4. (2012), we apply the hump-shaped relationship between diversification and
resilience to grassland-based systems and develop a critical understanding of diversification on different
levels. We discuss how the diversification of grassland types, livestock, products and farm labour can
improve resilience in grassland-based systems. Meanwhile, we identify diversification trade-offs and risks
leading to poor grassland management and therefore to a decrease in production and ecosystem services
resilience. Finally, we briefly discuss how private insurance and public support are complementary
levers to consider for achieving resilience. Some of the illustrative examples in this article emphasize
the specificities of mountain and Mediterranean systems. These areas face environmental constraints
that limit grassland productivity, so that grassland-based systems represent the main, and sometimes
only, agricultural option. These marginal areas can thus have a pioneering role in developing concepts of
diversification, which can also be applied in lowlands. Conversely, we hardly deal with integrated crop-
livestock diversification, where literature is abundant (Lemaire ef 4/., 2015; Regan ez al., 2017), nor with
landscape-scale diversification (Fahrig ez 4l., 2011).

Diversification of grassland types, feed resources and grassland management

Plant species diversity can increase grassland resilience (Liischer ez al., 2022), for example by buffering
drought events (e.g. Grange ez al., 2021) due to a broad range of plant traits. However, the diversity
of a single meadow or pasture can hardly buffer all potential perturbations to which it is exposed.
Diversification of grassland types is therefore needed to further increase resilience. In intensively managed
grazing systems, grassland type diversification can be achieved by cultivating drought-resistant mixtures
(Liischer e 4l., 2022), including for instance sainfoin (Kélliker e 4/, 2017) on some fields of a farm.
These resistant mixtures are not the most productive ones in average years, but they reduce the variability
of biomass yield in dry years and thereby increase farm resilience. French beef or sheep grazing farmers
also diversified forage resources by cultivating additional fodder crops such as corn silage and cover crops.
It allowed them to increase and stabilize the quantity of fodder harvested per livestock unit, but farm
income was neither higher nor less variable due to higher stocking density and production costs (Mosnier
et al., 2013). Diversification of fodder resources thus does not necessarily increase farm resilience but
should be considered as part of global risk management at farm scale. Fodder type diversification has
further advantages and can benefit animal performance as the result of improved pasture nutritive value,
of increased daily intake when animals are offered a more diversified diet, and of parasite control thanks
to tannin-rich plant species, such as sainfoin (Dumont ez 4/, 2020).
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Another possible source for diversification could be the integration of ‘poor agronomic value’ grasslands on
wet areas (which increases system resilience in dry years) or shallow soils (useful in wet years). Conservation
of such semi-natural grasslands with a generally high ecological value would thus also generate benefits
for fodder system resilience. In Mediterranean silvopastoral systems, grassland management creates a
balanced mix of trees, species-rich pastures and marginal habitats improving animal performance and
welfare (Moreno et /., 2018). Silvopastoral systems also preserve and increase biodiversity at farm and
landscape scales, especially in transhumant systems. Trees and shrubs providing fodder and shade, favour
the adaptation of these ecosystems to climate change and thereby increase their resilience. For instance,
leaves and acorns of oak trees are used as forage supplement in Iberian dehesas. In Mediterranean wood
pastures, livestock benefits from browsing pollard trees, shrubs or pruned branches. Releasing domestic
pigs in wooded areas (so-called pannaging) is still practised for fattening pigs with acorns, beechmast,
chestnuts or other nuts in dehesas and montados. Moreover, the introduction of trees into specialized
crops and farming systems increases soil carbon sequestration and creates microclimates under the canopy,
which limit water evaporation and offer insolation to plants and livestock. This diversification of radiation,
micro-topographic parameters (such as slope, exposure, convexity and concavity) and soil parameters
(such as pH) enhances the diversity of grassland types (Franca ez al., 2016).

Beyond the diversification of fodder system, adapting management intensity can enhance grassland
resilience. For instance, Vogel 4/. (2012) found that resilience of grasslands to summer drought depends
on management intensity. The higher the mowing frequency in years of drought events, the lower the
biomass yield in the subsequent year. Nyfeler ez 4/. (2011) demonstrated that if grasslands are heavily
fertilized, nitrogen yield increases. However, the additional yield is not provided by the grassland
ecosystem itself, but by the external input alone, leading to a decrease in nitrogen use efficiency. Hence, a
decrease in land-use intensity and of mineral fertilization could benefit the resilience of grasslands (Meles
et al., 2018; Stampfli ez 4l., 2018). Diversification towards site-adapted management allows for the use
of each grassland type at an appropriate intensity and provides the benefits of supporting and regulating
services. Grassland diversification often comes along with lower intensity of use, which may reduce forage
quality of some pastures and meadows. This trade-off may be addressed by grazinglower yielding animals,
such as non-lactating dairy cows, on grasslands managed at lower intensity. Differentiated grassland types
under site-adapted management can be harvested at different dates of the vegetation period. This reduces
farmer’s workload at peak times, and permits the use of agricultural machinery of lower volume and
price. Finally, diversification of the grassland mosaic increases landscape aesthetics, which improves the
perception of grazing systems by society.

Diversification of grazing livestock and herd management

Due to their nutritional requirements and morphological and digestive capacities, cattle, sheep, horses
and goats have contrasting abilities to graze on short swards, digest roughage and detoxify forb secondary
compounds. Mixed grazing with different livestock species can thus increase overall pasture use, due to
the complementary of feeding niches and grazing facilitation processes (Dumont ez 4/., 2012; Martin ez
al., 2020). Mixed grazing can sometimes produce the most species-rich and structurally diverse swards
(Loucougaray ez al., 2004) and enhance levels of ecosystem services provided by grassland-based systems
(Wanger al., 2019). Animal growth usually benefits from mixed grazing. D’Alexis ez a/. (2014) reported
enhanced lamb growth and meat production per hectare in mixed grazing systems of sheep and cattle.
Jerrentrup e al. (2020) confirmed this result and reported an additional increase in suckler cow weight
gain under mixed grazing. The pattern of animal growth according to sheep-cattle ratio is hump-shaped
with a plateau, which offers a wide range of ratios resulting in maximal, or quasi maximal, animal
performances. For this reason, fine-tuning the sheep-cattle ratio is not needed to take full advantage of
mixed grazing. Thus, the need for continuous monitoring and corrective adjustments of livestock species
ratio is eliminated and leaves the farmer free to focus on other tasks (Joly ez 4/, 2021).
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Due to dilution effects, mixed grazing is also an efficient strategy to reduce parasitic nematode infection
in small ruminants (Marley ez 4/., 2006) and horses (Forteau ez /., 2020), which is likely to decrease
treatment frequency, associated drug resistance and veterinary costs, and to reduce the negative
environmental side effects of drug metabolites on dung beetle assemblages (Sands and Wall, 2018).
Thanks to their two sets of incisors, horses graze close to the ground and maintain stable sward patches of
high nutritive value (Dumont ¢z 4/., 2012). Cattle are excluded from these short lawns where they cannot
meet their daily requirements, and switch to tall grass areas where they graze close to horse dungs and
reduce sward parasite burden (Figure 1A). Thereby, feed resources are used more equally. However, an
alternate stocking of cattle and horses grazing together on a mesophile grassland provided animals with
high-quality regrowth on the short patches. Consequently, cattle avoided tall areas with reproductive and
dead grass, which limited their consumption of strongyle larvae near the patches of horse dung (Figure
1B). This can explain why no significant benefits of mixed grazing on horse parasitism was measured
(Fleurance et al., 2022), and illustrates that co-grazing requires appropriate management to provide its
expected benefits.

Mixed farming systems are gaining interest to reduce inputs and production costs, and as a risk
management strategy. Recent surveys in cattle-sheep farms of the French Massif central have confirmed
that farmers mention the stability of farm economic performance and an efficient use of grassland
resources as the main benefits of mixed grazing systems (Mugnier e 4/., 2021). Mosnier ez al. (2022)
simulated that mixed farms have fewer work peaks, lower global warming potential and nitrogen balance,
lower production costs and higher and more stable net incomes than specialized farms. In the case of
a sheep-cattle mix, sheep production benefits more from the presence of cattle on the farm than cattle
benefit from the presence of sheep, which may encourage sheep farmers to diversify more than a beef
farmer. However, farm diversification may also reduce the performance of the production process due to
an increasing complexity of farming systems (De Roest ez 4l., 2018) and to a limited time that farmers can
spend on each activity. Some mixed organic beef-sheep farmers indeed justified the low performance of
their sheep flock because it was not their priority (Mosnier and Moufid, 2021). Modifying the ewe-cow
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Figure 1. Contrasting effects of mixed grazing by cattle and horses on horse parasite burden and plot use according to pasture management: (A)
continuous grazing (adapted from Forteau et al., 2020); (B) alternate grazing between two subplots (Fleurance et al., 2022). Under continuous
grazing, cattle were excluded from short lawns and switch to tall areas where they graze close to horse dung, which was not the case under
alternate grazing. Horse dung and nematode larvae are represented in each plot.
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ratio, usually by adjusting the number of ewes, is the main adaptation leverage used by mixed farmers to
cope with market, climatic and workforce-related risks in the short and medium term (Mugnier et al.,
2021; Nozieres et al., 2011). Although farmers usually consider high workload as a constraint, they also
mentioned the pleasure of varied work and the flexibility of work organization reducing overlaps between
calving and lambing periods, among the advantages of mixed farming (Mugnier ez a/., 2021). In contrast,
the benefits of mixed grazing for reducing parasitic nematode infection were not mentioned by these
farmers, who instead feared disease transmission among species. Also in mixed cattle-horse systems, two
thirds of the mixed farmers surveyed by Forteau ef 4/. (2020) were not aware of the benefits of mixed
grazing for parasite nematode management.

Beneficial diversification of livestock type does not necessarily imply grazing of different species
simultaneously. Case-adapted management can also include dual-purpose breeds or cross breeding to
ideally balance productivity and a sustainable use of available resources (Phocas ez 4/., 2016). Moreover
pasture management and resilience can be improved by keeping a ‘service herd’ of a hardy breed. These
low-productive animals still show a number of adaptive traits. Light and big-footed Highland cattle
cause less pressure on the ground. Thereby, they increase grassland resistance against erosion and allow a
site-adapted use of steep slopes (Figure 2A), wet pastures and shallow soils. Pauler ez /. (2020b) showed
that low-productive Highland cattle consume more thistles and woody plants (Figure 2C) than high-
productive cattle. Thereby, Highland cattle increase plant species richness (Figure 2B), pasture quality and
reduce workload needed for pasture management (Pauler ez 4/, 2019). Similar findings were presented
for low-productive Engadine sheep, consuming green alder shrubs in subalpine-systems most efficiently
and thereby hindering shrub encroachment and its numerous negative environmental effects (Pauler
et al., 2022). Under a low-nutritive value diet, so-called low-productive cattle gain more weight than
high-productive cattle (Pauler ef a/., 2020a). Consequently, a diversification of livestock increases farm
resilience in years of low forage quality. Finally, though the low output and the additional workload of
managing a service herd may prevent farmers from diversifying their herd, the products of a service herd
can benefit from the system’s ‘positive image’ and be directly sold on-farm.

Product and farm labour diversification

Transformative changes that enhance the resilience of pasture-based ruminant systems to market price
fluctuations can include product diversification, development of an on-farm processing enterprise and
short-distribution channels (Martin ¢ 4/., 2020). Beyond product diversification, transformative changes
can diversify farm activities beyond the food-producing role of agriculture (e.g. agritourism) and the full-
time dedication of family members to farming activity (Lépez-i-Gelats ez 4/, 2011).

Product diversification can be achieved by adding pigs or poultry with a short production cycle, to
ruminant livestock systems. This diversification allows a more regular cash inflows and more stable
incomes as cattle and monogastric meats are sold onto different markets. Moreover, offering a diversified
range of product for sale also facilitates the use of short supply channels and was shown to enhance the
demand for local beef and pig meat and consumers’ willingness to pay in rural areas of central France
(Vollet and Said, 2018). Combining monogastric and cattle production can thus be seen as part of
the securization strategy of farmers thereby indirectly enhancing farm resilience. Among 17 organic
mixed-species farms from French Massif central and Occitany, the two economically most efficient farms
associated beef cattle to monogastrics and had a processing enterprise on-farm (Steinmetz ez al., 2021).
Conversely, beef systems with large monogastric production units that sell the animals to cooperatives
were highly dependent on external inputs, which led to high excess of nitrogen per hectare without
gaining economic efficiency. Due to this high dependence on external inputs, pig production did not
reduce income variability compared to specialized cattle farms in this case (Mosnier and Moufid, 2021).
Diversification also enhances the need for new technical skills and sometimes high initial investments for
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Figure 2. Distribution of two cattle breeds in Swiss upland pastures and its consequences on vegetation community. (A) Low-productive
Highland cattle used the available resources on steep pastures of heterogeneous vegetation more evenly than the high-productive breed
(Pauler et al., 2020a). (B) Thereby, they increased plant species richness, as measured at 50 paired pastures along a broad environmental
gradient, and (C) reduced shrub encroachment, leading to higher pasture resilience. P-values represent the significance of the breed effect in
a generalized mixed-effect model (Pauler et al., 2019).

animal housing and waste management that can act as strong inhibitors of farm diversification (Dumont
et al., 2020). Moreover, there is a risk that farmers become less concerned with grassland management
if cereals and pulses are available on the farm. This could in turn negatively impact grassland nutritive
value and biodiversity.

Another illustrative example of feed resources, product and farm labour diversification was reported by
Vagnoni and Franca (2018). A dairy sheep farm located in the hilly territory of Sardinia diversified their
production from an intensive foraging system based on temporary grasslands and irrigated grain-cereal
crops towards semi-natural grasslands by exploiting the germination of native seedbank and over-seeding
of annual self-reseeding legumes and grasses. Sheep breed and farm stocking density were not modified.
This diversification toward site-adapted fodder production reduced production cost significantly,
increased the share of species-rich grasslands, reduced environmental impact (-43% kg CO,-eq per
hectare of utilized agricultural area) and increased soil C sequestration by 63% (Arca ez al., 2021). With
the aim of creating more added value, the whole milk produced on-farm was used to produce Pecorino
di Osilo cheese, which is included in the ministerial list of typical Italian agri-food products. This shift
in the product sold led to farm labour diversification, as it required know-how on cheese making and
marketing (direct selling), and highlighted the role of young family members employed in the renewed
farming system.
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Diversification is all the more important in regions prone to pastoral abandonment (Lépez-i-Gelats ez
al., 2011). The particular diversification strategy realized on a farm depends on access and allocation of
pastoral resources, such as land, labour, livestock, and capital. Labour diversification outside agriculture,
such as agritourism or off-farm employment, can be an attractive option for pastoral households in scenic
landscapes. On the one hand, this kind of diversification disconnects farm income from climatic and
economic risks (Lépez-i-Gelats et al., 2011). On the other hand, it may increase land abandonment
if the additional income is not reinvested into pastoral farming activities. There is also a risk that due
to the additional workload outside agriculture, marginal grasslands of high ecological value are poorly
managed and finally lost. In the Catalan Pyrenees, there is a gradual transition from sheep to cattle and
even horse production due to the low economic profitability of sheep farming. Sheep- and cattle-grazing
preserve the species-rich Arrhenatherion elatioris community that is typical of cut (or cut and grazed)
meadows (Figure 3). Extensive horse production associated with abandonment of mowing requires very
little workforce (Lépez-i-Gelats ez 4/., 2015) and are part of a simplifying management regime, which is
triggering a transition away form the typical Arrhenatherion elatioris community (Figure 3). Thus, while
the diversification of labour outside agriculture may enhance the resilience of pastoral households, it also
removes resources traditionally devoted to the livestock farming activity and thus threatens grasslands

of high ecological value.

External supports to foster system diversification

As diversification can reach its limits, external supports must be considered. Public support and private
insurance are important complementary levers to be considered to help farmers achieve sustainable and
resilient grassland-based production. Public support such as environmental payments could reduce farm
vulnerability by increasing farm income in all situations. In addition, a public safety net compensates
farmers in cases of extreme events (climate, market or animal health issues) in several EU countries,
which reduces the risk of significant economic loss. However, particular attention must be paid to the
conditions of these payments to prevent them becominga disincentive to farmers from managing normal
risks themselves (Tangerman, 2011), and to encourage specialized, capital- or input-intensive systems.
For instance, the per hectare and per animal head subsidies did not increase diversification but favoured
farm enlargement and simplification of practices (Veysset ez 4l., 2014), which may result in poor grassland
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Figure 3. Plot scores for the first two axes of a canonical correspondence analysis for species’ composition and vegetation community structure
of Arrhenatherion elatioris semi-natural grasslands of the Catalan Pyrenees under simplification practices resulting from the diversification of
pastoral household labour outside agriculture: horse grazing and abandonment of mowing (adapted from Lopez-i-Gelats et al., 2015). Arrows
represent different botanical parameters.
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In the most recent narrative of the Common Agricultural Policy ‘CAP for public goods, public subsidies
will target more specifically the habitat and cultural services provided by semi-natural grasslands, as they
fulfil important functions for biodiversity, recreation opportunities, and scenic and cultural landscapes
(e.g. open grassland in Swiss silvopastoral landscapes: Huber ez 4l., 2013). Moreover, European
agriculture receives subsidies that encourage livestock farmers to diversify their sources of income to
limit further land abandonment in upland areas and retain people in more remote regions (e.g. Pardini
and Nori, 2011).

Farmers are also encouraged to take out private insurance. Multi-peril grassland insurance scheme can also
reduce the variability and the probability of low farm income (Finger and Calanca, 2011). Conversely,
many farmers are reluctant to subscribe to such insurances as they find them too costly and prefer to
rely on on-farm options and the public safety net. As the cost of self-insurance increases for important
and rare losses (Mosnier, 2015), insurances could be an interesting option (Clarke and Dercon, 2009),
particularly if the public safety net is reduced. However, they should not be considered without assessing
beforehand the opportunities provided by the diversification of grassland types, livestock, products and
farm labour on each farm.

Conclusions

Diversification on different levels allows addressing risks of different nature. Numerous benefits arise
from this diversification for economic viability (Figure 4) and environmental goals such as input
reduction and habitat conservation. Supporting diversification aims at site-adapted management to
maintain extensive grassland-based systems in marginal areas. But diversification is not a one-size-fits-all
strategy. Local conditions and farmer requirements must be considered. Moreover, there are trade-offs
and levels of substitution between different levels of diversification. For instance, if farmer strategy leads
to diversified activities, the workforce could be diluted and farmers therefore run the risk of managing
each activity less well. This could negatively affect the potential of grassland biodiversity to stabilize
and deliver ecosystem services. A case-adapted diversification that fits with the available workforce and
benefits from local opportunities allows the preservation of grassland biodiversity, while enhancing
farm socio-economic resilience, and its mitigation and adaptation potential to climate change and other
perturbations. These opportunities are enabled by processes such as experimenting, knowledge sharing,
farmer networking and cooperating, which are developing in European grassland-based systems and
worldwide.
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Figure 4. An overall representation of the diversification of European grassland-based systems and of its effects on resilience.
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Abstract

Grasslands are biodiversity hotspots in Europe and provide a number of ecosystem services (ES) to farmers
and society. Grasslands are also some of the most threatened ecosystems on earth, due to land use change
and now climate change. Theoretical and empirical models suggest that plant diversity could play a key
role on forage biomass and stability, but there is little evidence that this occurs under farming conditions.
However, rising temperature, drier summers and increasing frequency of climatic extremes due to climate
change may alter biodiversity-ES relationships. Therefore, how biodiversity mediates ES in changing
conditions remains uncertain. We used data from 100 field plots from farms located in Massif Central
(France). We built regression models to understand the interplay between climate, management, plant
diversity and ES delivery (including biomass production, forage quality, carbon stock, habitat quality
for pollinators and plant rarity) to understand how plant diversity can be used as a driver to modulate
bundles of ESs. We found pervasive interactions between climate and biodiversity or management and
biodiversity on most studied ecosystem services. We discuss under which conditions plant diversity can
be used to optimize ES delivery in grasslands along climatic and management gradients.

Keywords: plant diversity, climate change, forage, carbon stock, fertilization

Introduction

Grasslands in French Massif Central provide multiple ecosystem services (ES), to society, and represent
70% of agricultural area in this region (Atlas cartographique, 2016). ES are defined as ‘the contributions
that ecosystems make to human well-being’ (Haines-Young, 2011). Climate change (CC) previsions
of IPCC predict a shift of climates towards the poles and climate hazards to become more frequent
in forthcoming decades (Lee ef al., 2021), which will impact the structure of vegetation communities
(Alexander et 4l., 2018). Biodiversity plays a key role in maintaining ecosystem functions that support
the provisioning of multiple ecosystem services (Cardinale ez 4/., 2012). Emerging evidence suggests that
the effect of biodiversity loss on ecosystems can be as strong as the effect of CC, although climate may
also alter the biodiversity-ecosystem services relationship (Garcia Palacios ez 4/., 2018). Yet, there is still
no consensus on the relationship between grassland diversity and ES delivery in real world ecosystems
(Hagan et al., 2021). Considering the decline of biodiversity and its variability around the globe, this
relationship should be defined at a local scale. Here, we aim to understand how plant diversity drives
the delivery of multiple ES in grasslands and how climate and local management practices modulate
biodiversity-ES relationships. Our goal is to identify under which conditions plant diversity can be used
as a lever to mitigate the effect of CC on ES delivery.

Materials and methods

We analysed data from 100 grassland plots from Massif Central farms. Data were collected in either 2008
and 2009, 2014 and 2015 or 2016 and 2017. Those data include elevation data, measurements of soil
attributes (pH, C/N and sand) and agricultural practices (management regime: grazing vs mowing, and
total nitrogen fertilization ranging from 0 to 132 kg N ha'!). The effects of climate were assessed through
the altitude gradient (ranging from 272 to 1,448 m). Plant diversity was assessed through the Braun-
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Blanquet method, which is based on the relative area covered by each plant species in at least two 49x49
cm quadrats per plot at flowering peak. From these surveys, two plant diversity metrics were calculated
at quadrat scale: plant species richness and the equitability in different functional groups (calculated
with Shannon index applied to five groups of plants: grasses, legumes, graminoids, forbs and ligneous).

We built linear models of five ES measured in the field. We first built a model for annual biomass
production (biomass in tons per hectare) as a biotic provisioning ES (Haines-Young and Potschin, 2018)
that was assessed as the sum of three cuts above 5 cm during spring, in four 70x70 cm quadrats, isolated
in 2 cages per plot. We then built a model of forage quality that was assessed using nitrogen concentration
in 500 g grass samples collected for biomass production that were analysed by infrared spectroscopy after
calibration by analytical methods. We also built models for two regulation services: carbon stock in the
soil, measured in the first 10 cm, and the habitat value of grasslands for pollinators (average of estimated
attractiveness to pollinators mark of each plant species multiplied by its relative cover area from Braun-
Blanquet recordings). The fifth ES we considered is a cultural service, plant species rarity in the context
of Massif Central. It was estimated using the local abundance of rare species in context of Massif Central
using regional data base from the Conservatoire Botanique du Massif Central.

We evaluated using regression models how climate (elevation), grassland management (mowing vs pasture,
fertilization) and local plant diversity (plant species richness, functional group diversity) modulate ES
delivery. All ES and predictors were scaled before building the models. The most parsimonious linear
models were chosen for each ES according to AIC with dredge function from MuMin package in R.

Results and discussion

Plant diversity metrics were significant in most models and influenced ES in different ways. First,
biodiversity could be directly correlated to ES as shown in carbon stock model, where functional
equitability had a direct positive effect (i.e. without interaction with other variables). Fertilization also
had a direct positive effect and it did not interact with biodiversity. This result suggested that functional
equitability and fertilization could be used together to increase carbon stock in the soil, at least in the
amplitude of fertilization of our sample.

For other ES, biodiversity effects were modulated by climate (Figure 1). For example, functional
equitability interacted with elevation on pollination service. Functional equitability increased with
habitat quality for pollinators only at low elevation. The opposite pattern happened for plant rarity.
Functional equitability was negatively correlated to plant rarity indicator at low altitude but this
correlation turned positive as elevation increased (Figure 1).

Third, biodiversity effects could also be modulated by management practices. In forage quality, the two
plant diversity metrics interacted differently with fertilization (Figure 2). Beneficial effect of functional

N N . N Predicted values of plant rarity according to

Predicted values of pollinators habitat quality th ol " bt
ing to the inali: effect of i

equitability and altitude interaction

e e
and altitude interaction

scaled

scaled altitude

altitude

scaled pollinators habitat quality
I
scaled plant rarity

i

/

/

|

sS4

on

=2

scaled functional equitability scaled functional equitability

Figure 1. Representations of the isolated effects of functional equitability and altitude interaction in pollinators habitat quality and plant
rarity models.

Grassland Science in Europe, Vol. 27 — Grassland at the heart of circular and sustainable food systems 335



Predicted values of forage quality according to Predicted values of forage quality according to
the marginalised effect of species richness the inali: fect of i itabili
and fertilisation interaction and fertilisation interaction

scaled
species
richness

scaled
fertilisation

[ -1.04
| -0.02
1

scaled forage quality
[
scaled forage quality

scaled fertilisation “scaled functional equitability

Figure 2. Representations of the isolated interaction effects with both plant diversity metrics in forage quality model.

equitability was only observed at low fertilization level. For species richness, we observed a positive
significant interaction with fertilization suggesting synergistical effect of species richness and fertilization
on forage quality.

Finally, biodiversity had no significant effect on biomass production, regardless of the biodiversity metric
used. Since we used linear models, this result does not eliminate the possibility of a non-linear relationship
between these variables (Grime, 1973). Elevation for climate substitution worked for temperature
(average daily temperature from 2000 to 2019 (Le Moigne, 2002) and elevation were correlated at -87%)
more than rainfall (average yearly rainfall from 2000 to 2019 and elevation are only correlated at 41%).
A way to improve models would be to use directly temperature and rainfall gradients to assess the effect
of climate change.

Conclusions

Linear models for ES showed different roles played by both plant diversity metrics in ES delivery.
Since plant diversity has significant direct effect in some ES, or appears significant in interactions with
fertilization or elevation/climate, it seems that taking account of different plant diversity metrics suggests
different levers or combination of levers to increase ES individually in the context of climate change. We
also found that the use of different biodiversity metrics can help understand how to optimize grassland
management to adapt to climate change as seen in the forage quality model where species richness and
functional equitability interact differently with fertilization.
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Abstract

The productivity of grasslands is affected by the response of plants to different weather conditions. Climate
change will increase the occurrence of extreme weather events, such as droughts and floods, highlighting
the importance of increased resilience of production systems. Multispecies swards are thought to be more
resilient to climate change. Therefore, the aim of this experiment was to determine the grass growth of
different multispecies swards under varying weather conditions such as drought and high temperatures.
For this purpose four different mixtures were sown, namely: perennial ryegrass with herbs, tall fescue with
herbs, perennial ryegrass with white clover, perennial ryegrass with red clover. Grass was harvested every
four weeks using the Corral and Fenlon methodology and was mown at 4 cm or 9 cm. Results show that,
under the average weather conditions in the Netherlands of 2021, grass mixtures with herbs had a higher
herbage growth in early grazing season and perennial ryegrass with red clover had a higher grass growth
mid-summer. Grass mown at 9 cm had a higher grass growth in the period between half of June and end
of June. Grass mown at 4 cm had a higher grass growth in the last two weeks of August.

Keywords: grass growth, resilience, multispecies swards, grass mixtures, cutting height

Introduction

Grasslands provide a variety of ecosystems services, such as carbon sequestration, biodiversity and
relatively inexpensive high-quality feed for livestock. In the Netherlands, 50% of agricultural land is
grassland (CBS, 2021). The Dutch dairy industry has established a committee to issue an advisory report
on how the dairy farming sector in the Netherlands could become land-based by 2040. An important step
in that advice is that, in 2025, 65% of the protein in the ration must come from the farmer’s own farm.
Increased grass production can contribute to that goal. The productivity of grasslands is affected by the
response of plants to different weather conditions. Climate change will increase the occurrence of extreme
weather events, such as droughts and floods and high temperatures, highlighting the importance of
increased resilience of production systems. Multispecies swards are thought to be more resilient to climate
change (Finn ¢z 4l., 2018). The aim of this study was therefore to determine the response of different
multispecies swards to weather conditions such as drought and high temperatures in the Netherlands.
For this purpose growth rates of different mixtures were monitored during the growing season of 2021.

Materials and methods

The study used a randomized block design with a factorial arrangement of two treatments (grass mown at
4 cm and at 9 cm above soil surface) in two replicates during the 2021 grazing season (April — October)
in four paddocks differing in botanical composition at the organic research farm of Aeres University of
Applied Sciences in Dronten, the Netherlands. The first mixture (LP Herb) consisted of Lolium perenne
+ seven types of herbs; the second mixture (FA Herb) consisted of Festuca arundinacea + seven types
of herbs; the third mixture (LP White) consisted of L. perenne + Trifolium repens (white clover); and
the fourth mixture (LP Red) consisted of L. perenne + Trifolium pratense (red clover). The herbs were
similar for LP Herb and FA Herb, namely: (1) 7. pratense (red clover); (2) T. repens (white clover); (3)
Onobrychis viciifolia (common sainfoin); (4) Carum carvi (caraway); (5) Cichorium intybus (common
chicory); (6) Lotus corniculatus (bird's-foot trefoil); and (7) Plantago lanceolata (ribwort plantain). LP
Red was sown in autumn 2020, LP Herb and FA Herb were sown autumn 2018, and LP White was sown
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autumn 2014. Herbage growth was measured using the Corral and Fenlon (1978) methodology which
estimates growth on a 4-week harvest interval. Four series of plots are harvested in rotation, spaced a
week apart so that there is a routine of harvesting a constant number of p