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Grasslands are crucial for the conservation of biodiversity across the world. Current agricultural practices have increasingly replaced grasslands by crops or managed them more intensively, resulting in a dramatic reduction of biodiversity. Is it possible to reconcile profitable grassland production with conservation of biodiversity? This chapter reviews research on the relationship between biodiversity and the quantity and quality of biomass produced by grasslands. The chapter shows it is possible to manage grasslands to reconcile production and biodiversity of grasslands.

Introduction

Agriculture in the 21 st century faces two major challenges: the need to increase food and non food production to meet the needs of a growing population and, at the same time, to ensure that production will not damage the environment. These needs are often seen as contradictory, with one prioritized at the expense of the other, or resolved by subsidizing farmers to compensate them for losses of production from more environmentallyfriendly management. However, this solution is not sustainable in the long run since it is a drain on the often constrained finances of governments.

Agroecology is a potential solution to resolve this problem, because it proposes to use biodiversity in the production process, substituting energy and chemical inputs (e.g. fertilizers and pesticides) with biological and ecological processes. In this way production and the quality of the environment become linked. Although the principles of agroecology are well-established, their implementation is still limited by many factors, including:

-1) The willingness of farmers, extension services and policy makers to change their views on how to assess and manage agricultural systems -2) the availability of scientific and technical knowledge about production-biodiversity relationships Grasslands are particularly affected by these issues. According to FAO (2019), 26% of the world's land area and 70% of the world's agricultural land are covered by grasslands, contributing to the livelihoods of over 800 million people. The environmental benefits provided by grasslands are now well recognized, including:

-preservation of biodiversity (flora, above and below-ground fauna and microflora) -prevention of chemical pollution -soil erosion and water control -carbon sequestration -reduction of greenhouse gases In Europe half of the region's flora is dependent on grassland habitats (Eckhard et al. in [START_REF] Veen | Grasslands in Europe of high nature value[END_REF]). However, in recent decades there has been a significant decline in Europe in the quality of semi-natural grasslands, particularly by conversion to production of forage crops such as silage maize, the shift to more temporary grasslands (e.g. as part of a rotation) or more intensive cultivation of existing grasslands. Semi-natural grasslands are defined by [START_REF] Peeters | Grassland term definitions and classifications adapted to the diversity of european grassland-based systems[END_REF] as: " Low-yielding permanent grasslands, dominated by indigenous, naturally occurring grass communities, other herbaceous species and, in some cases, shrubs and/or trees. These mown and/or grazed ecosystems have not been substantially modified by fertilization, liming, drainage, soil cultivation, herbicide use, introduction of exotic species and (over)sowing." This increase in intensification in grassland management has resulted in a drastic reduction in the extent and quality of seminatural grasslands, and sometimes even in chemical pollution (such as leaching of nitrates and herbicides used in more intensive grassland management). In most cases intensive grass production is incompatible with biodiversity maintenance [START_REF] Plantureux | Biodiversity in intensive grasslands: Effect of management, improvement and challenges[END_REF]. From the environmental point of view, temporary grasslands or intensive permanent grasslands have some benefits (e.g. prevention of soil erosion), but semi-natural grasslands offer the greatest environmental benefits because of their greater biodiversity.

Intensification or replacement of semi-natural grasslands is, however, not the only possible way to improve grassland production. Agroecology is a potential solution to balancing forage production with preservation of environment quality. This requires changing methods of assessing the agronomic and environmental value of grasslands. This chapter reviews the concepts underlying this change of paradigm. Based on current knowledge of the relationship between biodiversity of grasslands and production, it will show how production should not be assessed just on annual production of dry matter. Factors such as nutritive value of forage, quality of products such as milk, animal health and profitability need also to be taken into account. The chapter then reviews methods to manage grasslands agro-ecologically. Finally, the experience of a "flowering meadows competition" will be described to illustrate how farmers can ensure a successful trade-off between production and biodiversity in grasslands. Though all the types of grassland are discussed, the main focus is on semi-natural grasslands.

Analyzing the relationship between biodiversity and productivity in grasslands

The relationship between biodiversity and productivity of crop agroecosystems has been studied since the 19 th century, but research intensified in the second half of the 20 th century [START_REF] Macarthur | Fluctuations of Animal Populations and a Measure of Community Stability[END_REF]. This research covered all terrestrial and aquatic ecosystems with some work focused on grasslands. These studies are based on three types of approach:

-i) observation: observation in natural, poorly-controlled conditions of permanent or semi-natural grasslands with various levels of biodiversity -ii) experimentation: setting up of experiments where the number and the nature of the species is controlled either by sowing of pure stands or mixtures, by overseeding of an existing sward, by removing species, or by changing the composition of grasslands through management -iii) synthesis: more recently through meta-analyses based on the compilation and analysis of results of individual observations or experiments In experimental studies, the aboveground net primary productivity (NPP) (increase of green biomass by unit of surface and time) is generally chosen to measure the productivity of grasslands. In contrast, observation studies rely on proxy measures of NPP (e.g., annual yield harvested). Productivity is estimated on annual, intra-or inter-annual time scales. Comparing annual results makes it possible to assess temporal stability in the productivity and resilience of grasslands. The following sections of this chapter will demonstrate that evaluation of agronomical value of grasslands should not be limited to NPP, and that many other criteria must be taken into account. Unlike productivity, biodiversity needs to be assessed using a much larger range of criteria. If species richness is the most commonly used of these criteria, many other may also be considered, such as specific composition, functional diversity, phylogenetic diversity, or evenness.

The various methods used to study the BP relationship each have their advantages and disadvantages. Experimentation compares grasslands with differing levels of biodiversity under comparable soil, climate and management conditions. Experimentation makes it possible to control species richness, functional diversity or botanical composition. Controlled experiments have been criticized for their lack of representativeness of actual semi-natural grasslands. They differ e.g. in terms of factors such as type of sown species, low number of species, immaturity of grassland communities, lower frequency of harvest and low rates of grazing [START_REF] Isselstein | Enhancing grassland biodiversity consequences grassland management utilisation[END_REF].

If observations of grasslands in more "natural conditions" are more realistic, there is a much higher risk of confusion between the effects of biodiversity and the effects of environmental and management factors on productivity ("hidden treatments"). Species removal or oversowing of semi-natural grasslands is an intermediate experimental system to reduce the number of variables to take into account. After having sown a mixture, It is important to wait a few years before beginning to measure BP relationships [START_REF] Lepš | Variability in population and community biomass in a grassland community affected by environmental productivity and diversity[END_REF]. While ecologists compare species mixtures with monocultures, agronomists usually compare mixtures with the most productive species or species combination [START_REF] Schulze | Management breaks the natural productivity-biodiversity relationship in forests and grassland: an opinion[END_REF].

It is clear that there is no unique biodiversity-production (BP) relationship for grasslands. This relationship varies according to the choice of criteria measuring productivity and biodiversity, methods of study (experiment vs observation), diversity gradients, or environmental and management conditions. The relationship also depends on spatial scale [START_REF] Li | Relationships between plant diversity and biomass production of alpine grasslands are dependent on the spatial scale and the dimension of biodiversity[END_REF]. Biodiversity may be favorable, unfavorable or have no effect on the productivity of grasslands, resulting in the absence of consensus on the BP relationship in grasslands. Some important advances have been made over recent decades to better understand the BP relationship. This can help to avoid errors like the "hidden treatments" (or unidentified causes) highlighted by [START_REF] Huston | Hidden treatments in ecological experiments: re-evaluating the ecosystem function of biodiversity[END_REF] in the study of complex ecosystems. This understanding also avoids the controversies raised by the assertion that biodiversity always increases the productivity of grasslands, or often unsuccessful attempts to extrapolate experimental results to real farm conditions.

Biodiversity factors affecting grassland productivity

Species richness

Many experiments conducted by artificially manipulating species diversity over a long period have shown a very positive effect of biodiversity on the productivity of grasslands. These studies include research in North America [START_REF] Tilman | Productivity and sustainability influenced by biodiversity in grassland ecosystems[END_REF] [START_REF] Tilman | Diversity and Productivity in a Long-Term Grassland Experiment[END_REF] [START_REF] Prieto | Complementary effects of species and genetic diversity on productivity and stability of sown grasslands[END_REF] and, for example, the Biodepth Project in Europe [START_REF] Hector | Plant Diversity and Productivity Experiments in European Grasslands[END_REF]). This positive effect of an increasing number of species (or number of functional groups) is mainly linked to factors such as the complementary use of resources by plant species, niche differentiation and the increasing probability of encountering highly productive species for a particular environment (the "selection probability effect"). Numerous experiments have demonstrated the particular effect of adding legumes to grassdominated grasslands. A meta-analysis of 2753 studies carried out over 50 years has concluded that combining legumes with grasses increases biodiversity, but has very little effect on productivity on any grassland mixture containing more than two legume species [START_REF] Ashworth | Global meta-analysis reveals agro-grassland productivity varies based on species diversity over time[END_REF]. This positive BP relationship in some experimental situations is in contrast to other experimental results and the observation of the lower productivity of grasslands with high biodiversity in natural conditions [START_REF] Seither | Biomass production of LolioCynosuretum grassland is not increased by plantspecies richness[END_REF]. [START_REF] Grace | Integrative modelling reveals mechanisms linking productivity and plant species richness[END_REF] have highlighted the need for models to help explain the complex relations between productivity and biodiversity and the various processes driving both productivity and biodiversity.

Many theories and models have been proposed to explain why the BP relationship is not constant (e.g. linear, log-linear, unimodal, decreasing or increasing). On the basis of the 'hump-backed' model proposed by [START_REF] Grime | Control of species density in herbaceous vegetation[END_REF], [START_REF] Schmid | The species richness-productivity controversy[END_REF] proposed a theoretical framework to resolve the apparent contradiction between the beneficial effect of biodiversity on productivity generally observed in experimental situations (fig 1a), and the negative effect observed in actual semi-natural grasslands conditions (fig 1 b). [START_REF] Schmid | The species richness-productivity controversy[END_REF] The level of soil fertility can be seen as a key element in explaining the different ways productivity changes with biodiversity (fig 2). The lower productivity of semi-natural grasslands with high biodiversity can be seen to be clearly related to lower levels of soil fertility. By assessing soil fertility and species richness, [START_REF] Fridley | Resource availability dominates and alters the relationship between species diversity and ecosystem productivity in experimental plant communities[END_REF] showed that the beneficial effect of biodiversity on productivity increases with the level of fertility. However, by analyzing 16 grassland experiments in North America, [START_REF] Craven | Plant diversity effects on grassland productivity are robust to both nutrient enrichment and drought[END_REF] showed that the fertility of the soil (as well as the level of water stress) does not alter the biodiversity-productivity relationship. They suggested that this relationship is primarily determined by taxonomical plant species richness. Beside the fertility of the soil, the density of seedlings of species also influence the BP relationship. The increase in the number of species has a greater effect on productivity at low than at high density, because of density-dependent reductions in growth rate of individuals of different species within the grassland community [START_REF] He | Density may alter diversity-productivity relationships in experimental plant communities[END_REF].

Other biodiversity parameters affecting grassland productivity

The link between productivity and species richness is not constant. The effect of particular species and their relative contribution to biomass production also has a very strong effect on productivity, factors which are not taken into account by focusing just on species richness. Grassland diversity should therefore be assessed by parameters other than species richness. Other parameters include genetic and phylogenetic diversity, botanical composition, evenness of species composition and functional group diversity. Numerous studies have demonstrated that these criteria are better predictors of productivity than species richness.

Ecosystem functioning, including productivity, can be explained by mean plant trait values, following the socalled "mass ratio hypothesis". The "mass ratio hypothesis" means that the relative abundance of a given species in a community is a better predictor of ecological processes than just the fact of its presence in a grassland community. [START_REF] Duru | Modelling above-ground herbage mass for a wide range of grassland community types[END_REF] demonstrated that grouping species in plant functional types (PFT) can be used to predict the herbage biomass accumulation rate of grasslands under different management practices for a wide range of plant communities.

Studying 10 native grassland sites in Australia, [START_REF] Mokany | Functional identity is more important than diversity in influencing ecosystem processes in a temperate native grassland: Determinants of ecosystem processes[END_REF] found that aboveground NPP was determined by the traits of the dominant species rather than by grassland diversity. Analyzing the annual biomass production of a national network of 190 semi-natural grasslands, [START_REF] Michaud | Links between functional composition, biomass production and forage quality in permanent grasslands over a broad gradient of conditions[END_REF] found that production was more correlated to functional composition and botanical composition than species richness. In the BIODEPTH project based on a group of European experimental grasslands, [START_REF] Hector | Plant Diversity and Productivity Experiments in European Grasslands[END_REF] demonstrated that grassland productivity is positively related to functional diversity. Species evenness can also be more predictive of productivity than species richness [START_REF] Assaf | The relationship between plant diversity and productivity in natural and in managed grasslands[END_REF].

Using a mathematical model, [START_REF] Nijs | How important are species richness, species evenness and interspecific differences to productivity? A mathematical model[END_REF] found that, while the level of species richness does not correlate with productivity, the response of productivity to species evenness and functional diversity are respectively linear and exponential. However, re-examining 16 grassland biodiversity studies [START_REF] Venail | Species richness, but not phylogenetic diversity, influences community biomass production and temporal stability in a re-examination of 16 grassland biodiversity studies[END_REF] showed non-significant relationships between productivity, phylogenetic diversity, biomass and stability, whereas species richness was found to increase biomass. Other research suggests that plant genetic diversity and species diversity may have different but complementary effects on productivity [START_REF] Prieto | Complementary effects of species and genetic diversity on productivity and stability of sown grasslands[END_REF]. Overall, functional diversity, in its various forms, appears as the best predictor of grassland productivity compared to species richness.

Biodiversity factors affecting grassland productivity over time

Beyond annual productivity or NPP, performance at different times of the year (intra-annual production) and over a number of years (inter-annual production) must also be taken into account in assessing the agronomic value of a grassland. The productivity performance of grasslands is associated with resistance (i.e. ability to resist biotic and abiotic stresses) and resilience (i.e. the capacity to return quickly to an initial state after stress). Resistance and resilience together define stability. From a farmer's point of view, intra-annual production is related to use. In the case of forage stocks (hay or silage), concentrating production, generally in the spring and early autumn, limits the number of harvests needed. In case of grazing, it is best to let grass grow regularly during the whole growing season. The economic sustainability of farming systems is also determined by interannual stability of production i.e. the ability to maintain a consistent quality and quantity of output. This is becoming more critical with climate change which tends to increase the frequency of extreme events, especially droughts.

From an ecological point of view, a better stability of productivity in time is an insurance to secure ecosystem functioning [START_REF] Eisenhauer | Plant diversity maintains multiple soil functions in future environments[END_REF]. Intra-annual dynamics and inter-annual stability are both influenced by the level of biodiversity of grasslands. The diversity of responses to environmental change among species is crucial for the resilience of ecosystem functioning [START_REF] Elmqvist | Response diversity, ecosystem change, and resilience[END_REF]. A high level of biodiversity of grasslands is usually associated with better stability of production, because of overyielding by some species, species asynchrony and portfolio effects (i.e. statistical averaging) [START_REF] Richardson | The ecology of invasions by animals and plants[END_REF] [START_REF] Caldeira | Species richness, temporal variability and resistance of biomass production in a Mediterranean grassland[END_REF]. Portfolio theory was first used by economists to explain why diversification can stabilize returns. In ecology it is used to explain links between ecosystem performances and diversity. Species richness and evenness may produce this effect [START_REF] Hillebrand | Consequences of dominance: a review of evenness effects on local and regional ecosystem processes[END_REF].

Productivity and stability appear to be relatively independent of each other [START_REF] Cardinale | Biodiversity simultaneously enhances the production and stability of community biomass, but the effects are independent[END_REF]. [START_REF] Küchenmeister | Yield and yield stability in mixtures of productive grassland species: Does species number or functional group composition matter?: Diversity and functional groups[END_REF] found e.g. that more legumes in temporary grassland mixtures increased yield but decreased yield stability, whereas forbs decreased both yield and stability. Temporal stability also depends on species abundance and growth-related traits [START_REF] Polley | Plant functional traits improve diversity-based predictions of temporal stability of grassland productivity[END_REF]. Studying the production stability of individual species in a species-rich meadow, [START_REF] Lepš | Variability in population and community biomass in a grassland community affected by environmental productivity and diversity[END_REF] found that dominant species had more impact on stability than the whole community. By combining a legume, two grasses and thee forbs, [START_REF] Küchenmeister | Yield and yield stability in mixtures of productive grassland species: Does species number or functional group composition matter?: Diversity and functional groups[END_REF] showed that species identity and functional composition affect productivity and stability differently.

Most studies assessing the stability of grassland production have been conducted with experimental plots, and have generally tested drought stress and sometimes temperature (heat or frost) stress. Some studies have shown the beneficial effect of grassland diversity (species richness, evenness) on resistance to invasive species [START_REF] Mattingly | Species evenness and invasion resistance of experimental grassland communities[END_REF], including weed species [START_REF] Abernathy | Productivity and resistance to weed invasion in four prairie biomass feedstocks with different diversity[END_REF], though other have not shown this effect [START_REF] Ganguli | Plant community diversity and composition provide little resistance to Juniperus encroachment[END_REF].

The link between stability of grassland production submitted to drought and biodiversity is still an open question. Analyzing 46 experiments studying different types of grasslands composition, [START_REF] Isbell | Biodiversity increases the resistance of ecosystem productivity to climate extremes[END_REF] found that communities with 16-32 species were twice as resilient to extreme wet or dry conditions of varying lengths compared to less diverse communities. In both cases, there was a full recovery of production after the stress event. These results are similar to those of (van Ruijven and Berendse, 2007) who also found greater resilience from more diverse experimental plots. Re-analysing 27 experiments [START_REF] Gross | Species Richness and the Temporal Stability of Biomass Production: A New Analysis of Recent Biodiversity Experiments[END_REF] suggested that interspecific interactions explain the stabilization of productivity in diverse communities. [START_REF] Prieto | Complementary effects of species and genetic diversity on productivity and stability of sown grasslands[END_REF] demonstrated in experimental conditions (124 plots, 5 species, 10 genotypes) that temporal stability of productivity increased with the number of genotypes but not with the number of species, under both drought and non-drought conditions. An interaction between management and species richness was found by [START_REF] Vogel | Grassland Resistance and Resilience after Drought Depends on Management Intensity and Species Richness[END_REF] when submitting experimental plots (1-60 species, 4 management regimes) to drought. As with NPP, species richness may not be the best predictor of production stability, compared to functional or species composition [START_REF] Xu | Species composition but not diversity explains recovery from the 2011 drought in Texas grasslands[END_REF]. Contrasted results were also observed in natural conditions. Comparing intensively managed poor-species grasslands to semi-natural grasslands in the Netherlands, [START_REF] De Keersmaecker | Species-rich semi-natural grasslands have a higher resistance but a lower resilience than intensively managed agricultural grasslands in response to climate anomalies[END_REF] showed that the resistance of semi-natural grasslands was higher than that of intensive grasslands, whereas an opposite trend was observed for resilience. However, these authors note that management may affect resilience, and results should be consequently interpreted with care.

Biodiversity factors affecting the quality of forage and animal products

In semi-natural grasslands, conservation of biodiversity and of the related ecosystem services generally requires limiting intensification practices (e.g. fertilizer input, grazing intensity or mowing frequency). It is thus difficult, but not impossible, to combine a high level of productivity and biodiversity. Do farmers have to choose between these two objectives? The answer is no because biomass production from species-rich grasslands may be more consistent over time or more resilient in response to an extreme event, which may partly compensate for the loss of productivity. Another advantage of species-rich grasslands is potentially in higher forage quality, though this depends on the quality criteria chosen [START_REF] Farruggia | Quels intérêts de la diversité floristique des prairies permanentes pour les ruminants et les produits animaux ? INRA Productions animales 20[END_REF]. There are main types of criteria:

-1) feeding value of grass forage (nutritive value, ingestibility and digestibility) -2) medicinal value of grass for animals and for humans (in terms of animal products) -3) organoleptic value that eating a particular grass gives to animal products These types of criteria are influenced by grassland biodiversity. They may result in higher profitability (e.g. in reduction in production costs, better product quality and thus better selling prices and market access).

Biodiversity and the feeding value of grass forage

The feeding value of grass forage encompasses [START_REF] Baumont | Palatability and feeding behaviour in ruminants. A review[END_REF]:

-its nutritive content (energy, protein, minerals, vitamins, …) -its digestibility (the fraction that will be really assimilated by animals) -its ingestibililty (quantity of forage voluntarily ingested by animal) -its palatability (i.e. forage characteristics (taste, smell, appearance, …) which modify animal feeding behaviour Each single species in a grassland community has its own characteristics, which may vary with phenological stage, type of organ (leaf/stem/inflorescence) and environmental conditions (nutritive and water status, temperature, biotic interactions…). These values have been measured for a few of the most common species, mainly sown grasses and legumes which are also found in semi-natural grasslands. However, the number of species described is very low compared to the number of grassland species found in species-rich grasslands. In addition, feeding values differ for the various types of animal (cattle, sheep, goat, horse etc.) because their physiological requirements, feeding behavior and learning processes determining diet choices vary [START_REF] Duncan | How do herbivores trade-off the positive and negative consequences of diet selection decisions?[END_REF]. For all these reasons, the relationship between biodiversity and feeding value of forage is complex and not fully understood. The studies that have compared the feeding value of grasslands report either positive or negative effects of biodiversity, depending on the situation (botanical composition, fertility level, type of animal).

Numerous species in a grassland influence the grass feeding value because of differences in digestibility between species at the same phenological stage and differences in maturity between species at the same date [START_REF] Farruggia | Quels intérêts de la diversité floristique des prairies permanentes pour les ruminants et les produits animaux ? INRA Productions animales 20[END_REF]. In species-rich grasslands, the proportion of forbs (and sometimes legumes) and the diversity of grasses are generally higher than in species-poor grasslands, and are major drivers of forage feeding value. In terms of chemical composition, forbs can increase mineral and secondary metabolites content of forage, and legumes increase the protein content. Based on the analysis of 30 grasslands in UK, [START_REF] French | Species composition determines forage quality and medicinal value of high diversity grasslands in lowland England[END_REF] found 56% more phosphorus, 106% more potassium, and 183% more calcium in this type of grassland than in conventional hay.

However, the impact of grassland diversity on digestibility can be both positive or negative [START_REF] Bruinenberg | Factors affecting digestibility of temperate forages from seminatural grasslands: a review[END_REF]. The lowest fertilization of species-rich grasslands, rather than their higher diversity, explains some results demonstrating lower mineral and protein content. As grasses are more diverse, the shift in their phenology over time make energy and protein content of grass more stable. Biodiversity also improves palatability and digestibility of forage. However, the ingestibility of forage from species-rich grasslands is frequently lower and there is an increasing risk of consumption of toxic species.

In complex plant mixtures like in semi-natural grasslands, the interaction effects between species influence forage quality. Based on a literature review, [START_REF] Niderkorn | Associative effects between forages on feed intake and digestion in ruminants[END_REF] demonstrated that feed intake and digestion in ruminants are modified by the interactions between grasses and legumes in the rumen, as well as the impact of bioactive secondary metabolites on digestive processes in the rumen. The lack of knowledge on all species and all interactions between species make difficult to directly predict grass feeding value from grassland plant diversity. However, [START_REF] Jouven | Model predicting dynamics of biomass, structure and digestibility of herbage in managed permanent pastures. 1. Model description[END_REF] has proposed a model predicting digestibility of forage from permanent pastures, describing grassland biodiversity through plant functional types (PFT).

Two types of studies have been conducted to estimate the feeding value of grass in relation with biodiversity:

-1) experiments comparing the feeding value of individual plant species (or genotypes) or simple mixtures -2) empirical estimations analyzing the forage value of semi-natural grasslands.

As an example of the first type of study, [START_REF] Pontes | Seasonal productivity and nutritive value of temperate grasses found in semi-natural pastures in Europe: responses to cutting frequency and N supply[END_REF] measured the crude protein (CP) concentration and pepsin cellulase dry matter digestibility of 13 native grasses cultivated in pure stands. The results show that, if phenological stage and nitrogen status are the main factors explaining these nutritive criteria, there is a great variability between species, and differences occur between early and late flowering species. [START_REF] Duru | Relevance of Plant Functional Types based on Leaf Dry Matter Content for Assessing Digestibility of Native Grass Species and Species-Rich Grassland Communities in Spring[END_REF] demonstrated that a plant functional trait like leaf dry matter content (LDMC) can be a good predictor of organic matter digestibility (OMD) of 19 grasses cultivated in pure stands. These authors found similar results at the community level in semi natural grasslands.

In semi-natural grasslands, each grassland community can be considered as a unique mixture of species and phenological stages, and this complexity makes it difficult to assess the effect of biodiversity on feeding value. Analyzing 190 semi-natural and intensive permanent grasslands in France, [START_REF] Michaud | Links between functional composition, biomass production and forage quality in permanent grasslands over a broad gradient of conditions[END_REF] found that grass nutritive value (energy, crude protein, organic matter digestibility, mineral content) was mainly explained by botanical families, plant stage and sward dry matter content. Other plant functional traits than botanical family, and other biodiversity criteria (species richness, evenness), were less predictive.

Biodiversity and the medicinal value of grass forage for animal and human health

Species in species-rich grasslands, especially forbs and legumes, have a higher secondary metabolite content than most grasses. These molecules belong to several chemical families [START_REF] Poutaraud | Grasslands: A Source of secondary metabolites for livestock health[END_REF]: phenolic compounds, terpenoids, carotenoids, alkaloids, vitamins and enzymes. The link between grassland botanical composition and secondary metabolites content of grass forage has been clearly demonstrated by authors like [START_REF] Reynaud | Variation in Content and Composition of Phenolic Compounds in Permanent Pastures According to Botanical Variation[END_REF]. The probability of finding a large diversity of molecules increases with the diversity of species and botanical families in a grassland. [START_REF] French | Species composition determines forage quality and medicinal value of high diversity grasslands in lowland England[END_REF] showed that grass produced by UK native species-rich grasslands had a greater abundance of medicinal compounds than intensively-managed and species-poor grasslands.

Some studies have demonstrated a wide range of anti-inflammatory, antimicrobial, anti-cancer, cardio-protective, neuro-protective, anti-osteoporotic, estrogenic/anti-estrogenic, anxiolytic, analgesic, and anti-oxidant activities of secondary metabolites in forage in laboratory animals and/or herbivores [START_REF] Poutaraud | Grasslands: A Source of secondary metabolites for livestock health[END_REF]. Recently attention has focused on the role of condensed tannins, which can prevent bloat in cattle, control parasites like coccidian as well as control flystrike [START_REF] Lüscher | Potential of legumebased grassland-livestock systems in Europe: a review[END_REF], but which can be toxic above a threshold level [START_REF] Makkar | Effects and fate of tannins in ruminant animals, adaptation to tannins, and strategies to overcome detrimental effects of feeding tannin-rich feeds[END_REF]. Some species are particularly rich in condensed tannin, like legumes (Onobrychis sp., Lotus sp., Acacia sp.) and species like Taraxacum sp. [START_REF] Jayanegara | Tannins determined by various methods as predictors of methane production reduction potential of plants by an in vitro rumen fermentation system[END_REF]. Other studies have focused on the role of plant polyphenols in preventing oxidative stress and improving animal health and production performance [START_REF] Gessner | Potential of plant polyphenols to combat oxidative stress and inflammatory processes in farm animals[END_REF].

On-farm surveys and experimental results show that there is also an effect of animal diet composition on human health. The main components involved are fatty acids (FA), vitamins and polyphenols [START_REF] Duru | Consommer des produits dont les animaux ont été alimentés à l'herbe est-il suffisant pour équilibrer notre alimentation en acides gras poly-insaturés ?[END_REF]. Research suggests grass in animal diets has a very positive effect on unsaturated FA [START_REF] Couvreur | The Linear Relationship Between the Proportion of Fresh Grass in the Cow Diet, Milk Fatty Acid Composition, and Butter Properties[END_REF] [START_REF] Coppa | Prediction of bulk milk fatty acid composition based on farming practices collected through on-farm surveys[END_REF]. When comparing meat quality of beef cattle grazing intensive or molinia dominated semi-natural grasslands, [START_REF] Fraser | Effect on upland beef production of incorporating winter feeding of red clover silage or summer grazing of Molinia-dominated semi-natural pastures[END_REF] found that there is a positive effect of grassland diversity on unsaturated FA content. FA composition is related both to the proportion of grass in animal diets and to the occurrence of different plant species or families [START_REF] Collomb | Correlation between fatty acids in cows' milk fat produced in the Lowlands, Mountains and Highlands of Switzerland and botanical composition of the fodder[END_REF]. [START_REF] Gorlier | Changes in pasture and cow milk compositions during a summer transhumance in the western Italian Alps[END_REF] found significant correlations between FA concentration in milk and the contribution of the main botanical families found in alpine grasslands. [START_REF] Ravetto Enri | Relationships between botanical and chemical composition of forages: a multivariate approach to grasslands in the Western Italian Alps: Composition of forages in the Italian Alps[END_REF] found FA profile less dependent on botanical family than on the presence of given species in six types of alpine semi-natural grasslands. As an example linoleic acid was negatively correlated with species composition (SC) of grasses and positively correlated with the SC of legumes.

Biodiversity and the organoleptic value of animal products

There is a significant body of research showing that, among other factors, grassland botanical composition has a major effect on the sensory quality of animal products as shown in the example of cheese (Fig 3) [START_REF] Buchin | Influence of the composition of Alpine highland pasture on the chemical, rheological and sensory properties of cheese[END_REF] [START_REF] Coulon | Relationships between ruminant management and sensory characteristics of cheeses: a review[END_REF]. There are many mechanisms that help to explain the link between organoleptic product quality and botanical composition of grasslands [START_REF] Martin | How do the nature of forages and pasture diversity influence the sensory quality of dairy livestock products[END_REF] [START_REF] Coulon | Relationships between ruminant management and sensory characteristics of cheeses: a review[END_REF]:

-1) direct transfer of molecules from grass to milk and cheese (e.g. aromatic compounds like terpernes and sesquiterpenes)

-2) indirect chemical (protein and fat), enzymological (effect on lipolysis and proteolysis) and microbial activity (in rumen, milk and cheese). An indirect effect can, for example, result in the chemical transformation of a molecule present in the forage by a rumen microorganism Comparing cheeses made from cows grazing in a mountain area either on species-rich semi-natural grasslands or temporary grasslands, [START_REF] Coppa | Effect of different grazing systems on upland pastures compared with hay diet on cheese sensory properties evaluated at different ripening times[END_REF] found that cheese coming from species-rich grasslands had more intense odour and aroma, and a sourer, more pungent and saltier taste. [START_REF] Buchin | Influence of the composition of Alpine highland pasture on the chemical, rheological and sensory properties of cheese[END_REF] found alpine cheese produced from grasslands with different botanical composition showed significant differences in aroma type and intensity. [START_REF] Bovolenta | Volatile compounds and sensory properties of Montasio cheese made from the milk of Simmental cows grazing on alpine pastures[END_REF] showed that species-rich pastures produced cheese with more volatile compounds (ketones, phenolic compounds and terpenes) than species-poor pastures. The 2005 United Nations report on the Millennium Ecosystem Assessment popularized the concept of ecosystem services (ES). These include provisioning, regulating, cultural and supporting services. Economists like [START_REF] Costanza | The value of the world's ecosystem services and natural capital[END_REF] define ES as: "the benefits human populations derive, directly or indirectly, from ecosystem functions". However, for ecologists like [START_REF] Daily | Ecosystem Services: Benefits Supplied to Human Societies by Natural Ecosystems[END_REF] ES are a "wide range of conditions and processes through which natural ecosystems, and the species that are a part of them, help sustain and fulfill human life". One definition focuses on (measurable) outcomes whilst the other focuses on processes. Daily's conceptualization is that ES are a part of the ecosystem and, with the addition of anthropogenic capital, humans derive benefits from them. Thus, there is a more economically sound definition and a purely ecological definition of ES. This poses a problem, because in order to successfully identify and evaluate ES whether it be their monetary value or their potentiality, it is important that studies carried out on the subject use the same definition. The second problem is that the ES definition from the Millennium Ecosystem Assessment does not clearly distinguishes conditions and determinants, functions, processes, mechanisms, goods, benefits and profits. The scientific literature about ES delivered by grasslands uses both definitions. The latest European initiatives refer to the ecologists' definition, especially the "Mapping of Ecosystems and Ecosystem Services (MAES)" or the "Common International Classification of Ecosystem Services (CICES)" developed from the work on environmental accounting undertaken by the European Environment Agency (EEA). In the majority of frameworks, biodiversity is considered, by definition, as a key determinant of ES. In the conceptual framework of IBPES (Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services), ES are considered as dependent on biological and ecological processes [START_REF] Díaz | The IPBES Conceptual Frameworkconnecting nature and people[END_REF]. Biodiversity conservation itself is considered as a key objective to enable ecosystems to provide ES.

Grasslands contribute numerous potential ES, including: pollination (of natural and agricultural species), control of invasive and weed species, pest control, maintenance of soil biological activity, soil stabilization and structure, erosion prevention, flood regulation, mineral recycling, pollution attenuation (pesticides or fertilizers), reduction of cattle methane emissions, water quality regulation, climate regulation, carbon sequestration, biodiversity conservation (flora, soil and aerial fauna, soil microflora), production of forage, bioenergy, medicinal and aromatic plants [START_REF] Bengtsson | Grasslands-more important for ecosystem services than you might think[END_REF].

Different characteristics of grassland affect different ES. Biodiversity conservation, pollination, control of invasions, cultural services, maintenance of soil biological activity and even reduction of cattle methane emissions clearly depend on the overall level of biodiversity. ES related to water and physical soil processes (soil stabilization and structure, erosion prevention, flood regulation, pollution prevention) mainly depend on above grass biomass. Biomass and bioenergy production are generally maximized in intensified and species-poor grasslands, including temporary grasslands [START_REF] Yang | Soil carbon sequestration accelerated by restoration of grassland biodiversity[END_REF]. Analyzing 147 plants species studied in 17 experiments, [START_REF] Isbell | High plant diversity is needed to maintain ecosystem services[END_REF] concluded that the conservation of numerous species, including those apparently "redundant" for ecosystem functioning, is essential to provide multiple ES.

Biodiversity conservation

Conservation of species-rich grasslands by definition conserves floral diversity. Many animal and microbial taxa are reliant on plant diversity for habitat and food. As an example, (Kruess and Tscharntke, 2002a) have established a link between plant species richness and the diversity of grasshoppers, butterflies, bees and wasps, in interaction with grazing activity.

Pollination and pollinators

There is a close link between grassland plant biodiversity and pollinator abundance and diversity [START_REF] Potts | Linking bees and flowers: how do floral communities structure pollinator communities?[END_REF]. As shown by [START_REF] Orford | Modest enhancements to conventional grassland diversity improve the provision of pollination services[END_REF] in a grassland field experiment manipulating species mixtures, even a modest enhancement in plant diversity, by addition of legumes and forbs, results in a better functional diversity of grassland pollinator communities. Beyond the diversity of a single grassland community, the co-occurrence of several plant communities may improve the type, number and frequency of contacts between plant and pollinators [START_REF] Fantinato | The co-occurrence of different grassland communities increases the stability of pollination networks[END_REF].

Soil biological activity

Grassland plant diversity is correlated with soil microbial diversity (fungi, bacteria) [START_REF] Spehn | Plant diversity effects on soil heterotrophic activity in experimental grassland ecosystems[END_REF] [START_REF] Benizri | Relationship between plants and soil microbial communities in fertilized grasslands[END_REF]. Similar effects have been observed for other soil taxa like earthworms [START_REF] Piotrowska | Evenness and plant species identity affect earthworm diversity and community structure in grassland soils[END_REF]. Plant functional traits also improve the structure of the microbial community (de Vries et al., 2012) [START_REF] Strecker | Effects of Plant Diversity, Functional Group Composition, and Fertilization on Soil Microbial Properties in Experimental Grassland[END_REF]. In a long term grassland diversity experiment, [START_REF] Eisenhauer | Plant diversity maintains multiple soil functions in future environments[END_REF] showed that plant diversity also improves root biomass and soil respiration as well as soil microbial biomass.

Mitigation of cattle methane emissions and reduction of global warming

Assessing the role of grassland biodiversity in mitigating cattle methane emissions is complex for a number of reasons:

-1) a realistic evaluation must take into account not only the direct effect of grass composition and diversity on animal physiology, but also indirect farm level effects such as consumption of concentrates or forage crop cultivation. -2) Findings may change according to the units measured. Examples include greenhouse gas emissions calculated per animal, per kg of meat or milk, or per ha. In an on-farm experiment comparing beef grazing species-poor or species-rich grasslands, [START_REF] Richmond | Methane emissions from beef cattle grazing on semi-natural upland and improved lowland grasslands[END_REF] found that biodiversity reduced daily methane emissions per animal, but not per kg of weight gain.

-3) it is crucial to consider all fluxes contributing both positively (C sequestration) and negatively (CH4, CO2, N2O) to global warming at farm level. [START_REF] Macheboeuf | Screening of plants from diversified natural grasslands for their potential to combine high digestibility, and low methane and ammonia production[END_REF] screened 156 grassland plant species, and evaluated their methane emission potential in artificial rumens. They concluded that the botanical families that reduced methane most efficiently were the Rosaceae, Onagraceae, Polygonaceae and Dipsacaceae.

Control of plant invasions

Resistance of grasslands to invasive plant species generally increases with grassland diversity [START_REF] Hector | Community diversity and invasion resistance: An experimental test in a grassland ecosystem and a review of comparable studies[END_REF]. Maintaining a high plant functional diversity also helps to prevent invasive species [START_REF] Pokorny | Plant Functional Group Diversity as a Mechanism for Invasion Resistance[END_REF]. However, manipulating species evenness within native prairie grassland mesocosms, [START_REF] Mattingly | Species evenness and invasion resistance of experimental grassland communities[END_REF] found no effect on community invasion by exotic plants. The effect of grassland diversity on invasion resistance is generally explained by niche complementarity and better use of resources (light, water and minerals), as demonstrated by (Frankow-Lindberg, 2012)

Cultural services: recreation, education and research

Grasslands, and particularly species-rich semi-natural grasslands, are important for the whole of society and not just farmers [START_REF] Quétier | Social representations of an alpine grassland landscape and socio-political discourses on rural development[END_REF]. Society gains a set of "cultural" benefits that generally increase with grassland diversity, and the rarity of species or habitats. The whole of society can appreciate this biodiversity and the contribution of grasslands to the beauty of the landscape [START_REF] Marzetti | Conservation and recreational values from semi-natural grasslands for visitors to two Italian parks[END_REF].

Assessing the economic value of species-rich grasslands

From a macroeconomic point of view, awareness of the consequences of the loss of biodiversity and the potential profits from improving biodiversity has risen all over the world since the Millennium Ecosystem Assessment (2005). In 2007 the Governments of the G8 + 5 (bringing together both leading developed economies and leading countries in the developing world) proposed the setting up of TEEB (The Economics of Ecosystems and Biodiversity), a global initiative hosted by the United Nations Environment Programme to analyze the global economic benefit of biological diversity [START_REF] Balmford | The Economics of Biodiversity and Ecosystems: Scoping the Science[END_REF]. Given the importance of grasslands and rangelands (representing a third of the world's agricultural area), they are at the heart of the debate about the economic value of biodiversity. From a microeconomic point of view, the question is the economic incentive of farmers to promote systems, and in particular grasslands, with high biodiversity.

At the microeconomic (farm or field) level, the interest of conservation of grasslands biodiversity can be considered from different perspectives, using the typology of values proposed by [START_REF] Chevassus-Au-Louis | Approche économique de la biodiversité et des services liés aux écosystèmes : contribution à la décision publique[END_REF]:

-direct uses/value of biodiversity: including forage production (increased productivity, more resilient production (with reduced risk) or better quality of species-rich grasslands), production of medicinal and aromatic plants, better prices for grassland animal products and production of grass biofuel. -indirect uses/value of biodiversity: including prevention of soil erosion, better water retention, prevention of weeds and improved animal health. -"option value", i.e. the value of biodiversity for the future, for example by maintaining the fertility of the soil.

In addition to these three types of values, economists suggest a so-called non-use value, which covers the broader value of biodiversity for humankind, regardless of its direct usefulness, as well as the heritage value of passing on biodiversity to future generations. In a recent publication named "Biodiversity can pay" [START_REF] Binder | Grassland biodiversity can pay[END_REF]) used an economic model to find the optimum level of biodiversity in agricultural systems, and concluded that the optimal species richness falls "between the low levels currently found in commercial grasslands and the high levels found in natural grasslands". A key element in species-rich grassland profitability lies in the reduction of mid-and long-term risks.

Using data from the Jena biodiversity Experiment in Germany (plot experiments with a combination of 16 grasses, 12 legumes, and 20 tall and 16 small herbs) [START_REF] Finger | An ecological economic assessment of risk-reducing effects of species diversity in managed grasslands[END_REF] demonstrated significant insurance cost benefits associated with grassland diversity (e.g. in improving grassland resilience to more extreme weather events). Similar results were found by [START_REF] Schläpfer | Returns from hay cultivation in fertilized low diversity and non-fertilized high diversity grassland[END_REF] when assessing returns from hay cultivation in diverse vs non-diverse grasslands. There is a need for more research on the economic value of species-rich grasslands. This research needs to take into account many factors such as:

-the differences of quantity and quality of grass produced between species-rich and -poor grasslands -long-term stability of production in the face of climatic change -differences in production costs compared to more intensive, forage-based systems (e.g. fertilizer, harvesting and labour costs) -reduced costs of animal feed and veterinary costs -improved feed self-reliance (level of dependence on concentrate purchases) -the premium price allowed by grassland production (including protected designation of origin (POD) labelling) -future proofing in the light of the growing demand for more environmentally friendly animal production with higher standards of animal welfare -the payment of environmental subsidies to support biodiversity conservation These studies will help make the economic case for increasing biodiversity in grasslands.

Management of grasslands for both biodiversity and production

Is there a management system of grasslands that can both maintain an acceptable level of production for farmers and ensure conservation of biodiversity? Several answers can be given to this question:

-There is a wealth of research both on grassland management and on promoting grassland biodiversity which provides a foundation for improving management practices -many ecological studies linking the level of diversity and grassland production provide elements for management solutions (as discussed earlier). Although higher levels of biodiversity are not always compatible with high levels of production, stability of production over time is frequently associated with a minimum level of biodiversity -the previous discussion of economic value also indicates that it is possible to combine a high level of biodiversity and a good level of profitability -as noted earlier, annual production of biomass should not be the only criterion to evaluate agronomic value of grasslands for farmers; other factors such as quality affect management practices to adopt Because of the huge variety of different situations, a win-win situation is not possible for all grasslands. However, reconciling production and biodiversity is achievable on a case by case basis.

A key initial decision is whether to [START_REF] Green | Farming and the Fate of Wild Nature[END_REF]:

-promote biodiversity across the whole of a grassland (land sharing) -dedicate specific space to promote biodiversity (land sparing)

Both solutions have their advantages and limitations [START_REF] Balmford | Sparing land for nature: exploring the potential impact of changes in agricultural yield on the area needed for crop production[END_REF]. From the point of view of biodiversity conservation in grasslands, land sparing can ensure high levels of biodiversity (high level of flora and fauna, taxonomic and functional diversity, preservation of patrimonial or endangered species), though at the expense of forage production. The maintenance of dedicated areas often requires government subsidies to compensate for the loss of production. Because of this cost, the major ecological disadvantage is that the proportion of land allocated to these "high nature value" purposes may be low. This limits processes such as natural regeneration of grasslands from seed dispersal. Dividing land in this way may have benefits for farmers in allowing them to tailor production grassland precisely to the needs of their animals and optimize grass yields. On the other hand, land sharing helps to conserve biodiversity over the whole field and contributes to ecosystem services at the field and landscape scale. Its acceptance by farmers depends on the adoption of an extensive but profitable farming production system. [START_REF] Sabatier | Heterogeneity and the trade-off between ecological and productive functions of agro-landscapes: A model of cattle-bird interactions in a grassland agroecosystem[END_REF] concluded that heterogeneous landscape management (i.e. land sparing) is the best way to reconcile agricultural and ecological objectives. [START_REF] Loucougaray | Assessing the Effects of Grassland Management on Forage Production and Environmental Quality to Identify Paths to Ecological Intensification in Mountain Grasslands[END_REF] have also identified the advantages of a balance between sown and permanent grasslands in optimizing the ecological intensification of alpine grasslands. These results fit with other studies, for example on bird communities in tropical cloud forests of the Colombian Andes [START_REF] Cannon | Landsparing agriculture sustains higher levels of avian functional diversity than land sharing[END_REF], or on trade-offs between overall agricultural production and biodiversity in France [START_REF] Teillard | Optimal allocations of agricultural intensity reveal win-no loss solutions for food production and biodiversity[END_REF].

Before screening the main factors explaining the impact of management on grassland production and biodiversity at field level, it is important to keep in mind two elements:

-1) the configuration of the surrounding landscape partly helps to explain grassland biodiversity [START_REF] Gaujour | Factors and processes affecting plant biodiversity in permanent grasslands. A review[END_REF], but this effect is low compared to local factors [START_REF] Klimek | Plant species richness and composition in managed grasslands: The relative importance of field management and environmental factors[END_REF]) -2) current management may be sometimes less predictive of current biodiversity level than historical grassland management [START_REF] Boeuf-Tremblay | Influence of mechanical impedance on root exudation of maize seedlings at two development stages[END_REF][START_REF] Gustavsson | Land use more than 200 years ago explains current grassland plant diversity in a Swedish agricultural landscape[END_REF] [START_REF] Yoshihara | Recent pasture management determines biodiversity and productivity, and past management determines forage quality[END_REF] An extensive review of factors influencing grassland biodiversity has been conducted by [START_REF] Isselstein | Protecting biodiversity in grasslands[END_REF]. Several management factors affect grassland biodiversity at field and farm scale, as reviewed by (Huguenin-Elie et al., 2012) [START_REF] Gaujour | Factors and processes affecting plant biodiversity in permanent grasslands. A review[END_REF] [START_REF] Tälle | Grazing vs. mowing: A meta-analysis of biodiversity benefits for grassland management[END_REF][START_REF] García | Grazing land management and biodiversity in the Atlantic European heathlands: a review[END_REF] [START_REF] Marini | Effects of local factors on plant species richness and composition of Alpine meadows[END_REF]. These studies suggest that management practices which particularly affect grassland biodiversity include intensity of grazing, frequency and intensity of cutting as well as fertilization practices (N, P, K and other elements from mineral and organic fertilization as well as animal droppings).

Nutrient inputs generally reduce plant diversity, as shown either in short-or long-term experiments [START_REF] Schellberg | Long-term effects of fertilizer on soil nutrient concentration, yield, forage quality and floristic composition of a hay meadow in the Eifel mountains, Germany[END_REF] [START_REF] Silvertown | The Park Grass Experiment 1856 -2006: its contribution to ecology[END_REF] or in farm conditions [START_REF] Isselstein | Enhancing grassland biodiversity consequences grassland management utilisation[END_REF] [START_REF] Riesch | Soil pH and phosphorus drive species composition and richness in semi-natural heathlands and grasslands unaffected by twentieth-century agricultural intensification[END_REF]. Mineral fertilization tends to be more detrimental for species richness than organic manure [START_REF] Kirkham | The impact of organic and inorganic fertilizers and lime on the species-richness and plant functional characteristics of hay meadow communities[END_REF]. Mineral nitrogen application may impact biodiversity even at low rates (30 kg N ha -1 year -1 ) (Plantureux, 1996a) [START_REF] Joyce | The sensitivity of a species-rich flood-meadow plant community to fertilizer nitrogen: the Lužnice river floodplain, Czech Republic[END_REF], and at even lower rates when considering some patrimonial species that are very sensitive to fertility levels [START_REF] Grevilliot | Comparative importance and interference of hydrological conditions and soil nutrient gradients in ¯oristic biodiversity in ¯ood meadows[END_REF].

Other management practices may be negative, neutral or positive in their effects on biodiversity [START_REF] Olff | Effects of herbivores on grassland plant diversity[END_REF]) [START_REF] Marriott | Long-term impacts of extensification of grassland management on biodiversity and productivity in upland areas[END_REF]. Analyzing 35 studies, [START_REF] Tälle | Grazing vs. mowing: A meta-analysis of biodiversity benefits for grassland management[END_REF] concluded that grazing was generally better for conservation of semi-natural grasslands than mowing. A meta-analysis conducted by [START_REF] Diaz | Incorporating plant functional diversity effects in ecosystem service assessments[END_REF] on 197 studies concluded that grazing is favorable to annual species, smaller and stoloniferous plants.

Animals do not only graze, but they also deposit huge amounts of nutrients (60 to 80% of their mineral intake), and plant diversity can be also depressed by this nutrient load. Medium intensity grazing (in terms of stocking rate and duration of grazing) generally appears more favorable than very low or very high grazing pressure (Kruess and Tscharntke, 2002b) [START_REF] Tichit | The role of grazing in creating suitable sward structures for breeding waders in agricultural landscapes[END_REF] [START_REF] Fischer | Effect of low-intensity grazing on the species-rich vegetation of traditionally mown subalpine meadows[END_REF]. For cutting regime, the date of the first cut is crucial, with an early cut excluding non-clonal species [START_REF] Zechmeister | The influence of landuse practices and economics on plant species richness in meadows[END_REF]) [START_REF] Smith | Soil seed banks and the effects of meadow management on vegetation change in a 10-year meadow field trial[END_REF].

The two main management factors determining grassland biodiversity -type of use and nutrient supply -also significantly impact grassland production and quality. When these two types of factors are maximized, annual grass biomass is generally optimized, but potentially at the expense of forage quality and biodiversity. In practice a few competitive grasses (like Lolium perenne or Dactylis glomerate), few legumes (Trifolium repens and T. pratense) and forbs (Taraxacum sp., Ranunculus sp.) are adapted to these intensive conditions and dominate almost all other grassland species. As previously mentioned, medium intensification is more favorable for biodiversity. This can be made profitable by the limitation of production costs (e.g. less reliance on fertilizers, animal feed and veterinary costs), but also by higher selling prices for animal products with better organoleptic quality, together with potential improvement animal welfare. This usually means not aiming for the highest animal yields (annual quantities of milk or meat per animal or per ha).

In many regions with significant livestock production, semi-natural grasslands that have not been replaced by forage crops or temporary grasslands are generally highly intensively managed, and their level of biodiversity is generally very low. Based on the French national database of permanent grasslands eflorasys (http://eflorasys.univ-lorraine.fr), (Plantureux, 1996b) suggest that only 20 to 25% of French permanent grasslands can be considered as species-rich semi-natural grasslands. Since the 1980s, this proportion has continuously decreased, due in part to practices such as more intensive grazing, early mowing, a greater focus on silage production as well as an increase in mineral and organic fertilization. There is now a move to 'extensification' of these grasslands i.e. to restore them as semi-natural grasslands. [START_REF] Marriott | Long-term impacts of extensification of grassland management on biodiversity and productivity in upland areas[END_REF]) has reviewed a number of studies of extensification. These show that reducing fertilization has a gradual impact on improving biodiversity. Some change in taxonomic composition can appear quite quickly, but species richness and functional composition generally remains stable, with major improvement taking a long time to occur (15 to 20 years). For example, [START_REF] Isbell | Low biodiversity state persists two decades after cessation of nutrient enrichment[END_REF] studied grasslands fertilized for 10 years (with 95-270 kg N ha -1 year -1 ) and then not fertilized for another 20 years, and found no observable recovery in species richness. Grassland response depends significantly on initial site fertility, and especially on phosphorus fertility which strongly influences the presence of oligotrophic species [START_REF] Janssens | Relationship between soil chemical factors and grassland diversity[END_REF]. In a 18-year study in southern England grasslands, cessation of fertilization decreased biomass by 50% after only two years, while species richness remained stable for 5 years, before increasing to 300% of the initial richness after 18 years [START_REF] Pallett | Changes in plant species richness and productivity in response to decreased nitrogen inputs in grassland in southern England[END_REF].

According to the review by [START_REF] Marriott | Long-term impacts of extensification of grassland management on biodiversity and productivity in upland areas[END_REF], later cutting is favorable for plant species using sexual reproduction, and decreasing animal stocking rate increases local heterogeneity of soil resources and, consequently, species biodiversity. It is important to note that improvement of biodiversity by less intensive management generally results in reduction in total animal output and, in some cases, in individual animal performance. Abandonment of grassland management (cessation of grazing and harvesting) generally results in a short-term change in grassland composition, with the domination of tall herbs and coarse grasses, and woody plants. Species richness rapidly decreases (over 1 to 5 years), beginning a secondary succession to forest vegetation. In those situations, restoration of abandoned grasslands by grazing may efficiently restore biodiversity [START_REF] Pykala | Plant species responses to cattle grazing in mesic semi-natural grassland[END_REF].

Case study : flowering meadows competition

Although it is possible to reconcile biodiversity and production of grasslands, based both on scientific research and the practical experience of more innovative farmers, the vast majority of farmers and their advisers remain to be convinced. For most farmers, semi-natural grasslands have low productivity and provide poor quality forage. There is an important need to change minds through education.

In contrast to most agriculture competitions which focused on productivity, a "Flowered meadows competition" was organized for the first time in France in 2007 to reward farms achieving the best "agri-ecological equilibrium" in their grasslands [START_REF] Magda | Integrating Agricultural and Ecological Goals into the Management of Species-Rich Grasslands: Learning from the Flowering Meadows Competition in France[END_REF]) [START_REF] Plantureux | Analyse de la mise en oeuvre des mesures agri-environnementales à obligation de résultat sur les surfaces herbagères[END_REF]. It was based on the agrienvironmental MEKAII program in Germany in the Federal State of Baden Württemberg [START_REF] Oppermann | Nature balance scheme for farms-evaluation of the ecological situation[END_REF]. The A multi-disciplinary jury (consisting of farmers, naturalists (botanists, entomologists), beekeepers and scientists (agronomists and ecologists)) assess each grassland. The jury uses a scoring system developed nationally by a college of experts [START_REF] Magda | Integrating Agricultural and Ecological Goals into the Management of Species-Rich Grasslands: Learning from the Flowering Meadows Competition in France[END_REF]. This system evaluates not only the level of flora and fauna biodiversity of the grassland, and its agronomic value (level of production and forage quality), but also to what extent forage products correspond to the needs of the farmer (e.g. quality of forage, timing production, impact on animal product quality). The jury begins with an interview with the farmer about his/her practices and expectations. The jury then inspects the grassland along a diagonal cutting across the field. Ecological and agronomic criteria are measured at three points along this diagonal. At these points the grassland must contain at least 4 species from a regional list of species developed by experts to ensure the agri-ecological value of the grassland. At the end of the visit, which lasts about an hour, the jury tells the farmer the outcome of its assessment. -Situation 1: a productive and species-rich grassland -Situation 2: a grassland with several ecological and agronomic qualities -Situation 3: a grassland where agricultural properties depend on a high biodiversity, and agricultural practices maintain ecological quality Situation 1 is the most widely-used definition. It is usually based on a criterion for defining ecological value (usually plant species richness) and another for defining agronomic value (usually the annual return). The problem with this definition is that it is always a compromise that satisfies neither the farmer nor the naturalist. Finding highly productive grasslands (i.e. annual biomass production > 8-10 T DM.ha -1 .year -1 in temperate conditions) with very high species richness is impossible in practice.

Situation 2 depends on a wider range of criteria. The agronomic value may be evaluated both by annual biomass production and by timing of production, or the quality of forage from a nutritional, organoleptic or medicinal perspective. Ecological value can be defined by plant species richness, or the quality of the bloom for pollinating insects, and the shelter role of sward for birds and mammals. It is becoming more common to find compromises combining these different qualities. Reconciling biodiversity and production of grasslands is an issue for society as a whole which requires production of safe animal products in an environmentally-friendly way. The aspect which has been studied the most is the relationship between the level of taxonomic or functional biodiversity and biomass production as well as production qualities such as resilience and stability. Most studies are controlled experiments, where the composition of vegetation is managed artificially. These results cannot be extrapolated without care to seminatural species-rich grasslands. This relationship needs further investigation, and the relationship between biodiversity and biomass production should be studied in a larger number of semi-natural communities.

Recent research has focused on the quality of production rather than quantity. The effect of biodiversity on forage qualities (such as energy, protein and mineral content) is becoming clearer, even if further work is needed. Research is now focusing on the secondary metabolite content of meadow species and its effect on the organoleptic quality of animal products, animal and human health. Finally, in order to convince farmers, their advisers, governments and policy makers of the need to preserve the biodiversity of grasslands, it is necessary to conduct an appropriate economic and social assessment. This assessment needs to address both the microeconomic scale (farm-scale) and the macro-economic scale (regions, countries). 11 References FAO (2019): http://www.fao.org/agriculture/crops/core-themes/theme/spi/grasslands-rangelands-and-forage-1102 crops/en/ 1103
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 3 Fig 3. Sensory characteristics differentiation of French mountain cheeses (Beaufort, St-Nectaire, Abondance) according to grass botanical composition[START_REF] Coulon | Relationships between ruminant management and sensory characteristics of cheeses: a review[END_REF] 6 Grassland biodiversity and ecosystem services The 2005 United Nations report on the Millennium Ecosystem Assessment popularized the concept of ecosystem services (ES). These include provisioning, regulating, cultural and supporting services. Economists like[START_REF] Costanza | The value of the world's ecosystem services and natural capital[END_REF] define ES as: "the benefits human populations derive, directly or indirectly, from ecosystem functions". However, for ecologists like[START_REF] Daily | Ecosystem Services: Benefits Supplied to Human Societies by Natural Ecosystems[END_REF] ES are a "wide range of conditions and processes through which natural ecosystems, and the species that are a part of them, help sustain and fulfill human life". One definition focuses on (measurable) outcomes whilst the other focuses on processes. Daily's conceptualization is that ES are a part of the ecosystem and, with the addition of anthropogenic capital, humans derive benefits from them. Thus, there is a more economically sound definition and a purely ecological definition of ES. This poses a problem, because in order to successfully identify and evaluate ES whether it be their monetary value or their potentiality, it is important that studies carried out on the subject use the same definition. The second problem is that the ES definition from the Millennium Ecosystem Assessment does not

  first competition was organized in 2007 in collaboration between the Natural Regional Park (PNR) "Massif des Bauges" in the French Alps, and INRA, the French national agronomic research institute. In 2010, the competition was organized at a national level and, since 2010, about 50 competitions are held around France (Fig 4) involving 4-500 farmers each year. Local prizes are awarded, and the winners in each region compete for a national prize, awarded annually during the national agriculture fair ("salon de l'agriculture") jointly by the Ministers of Agriculture and the Environment.
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 6 Fig 6: Three possible definitions of agri-ecological equilibrium of grasslands. Each triangle represents an agronomic criterion, and each circle an ecological criterion. Source: Sylvain Plantureux, Univ Lorraine, FranceSituation 3 offers the opportunity for an agri-ecological balance which allows a reconciliation between biodiversity and production. In this situation, the agronomic value of grassland is totally dependent on its biodiversity. For example, maintaining forage energy value is related to the diversity of grasses with different development cycles. At the same time, agricultural practices are essential for the conservation of biodiversity. For example, mowing keeps open swards, or the type of grazing promotes biodiversity-friendly heterogeneity.