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Abstract

:

Since grasslands provide many ecosystem services, there are often different opinions on their management (e.g., agronomy, ecology, botany). Multidisciplinary research on this topic is therefore needed. This article focuses on the impact of ecological conditions, functional groups, ecological strategies, floristic composition (through habitat preference of species), major floristic gradients (presented as first two NMDS axes), and the management on forage quality. We estimated the forage quality using indicator values. All of the available vegetation plots in the region on wet and mesic meadows, managed pastures, and tall-herb meadow/pasture fringes on deeper or shallower soils (i.e., grasslands) were collected, organized in a database, and elaborated according to standard procedure. We used a widely accepted grassland classification system that uses floristic composition to define grassland types. Based on an NMDS ordination diagram and according to functional groups, ecological strategies, and habitat preferences (behavior of species) and management, we defined three major groups: mesic meadows (mowed), wet meadows (mowed), and pastures (grazed). We correlated all groups’ functional groups, ecological strategies, habitat preferences (behavior of species), major floristic gradients, management, and forage quality. We found that forage quality mainly depends on moisture conditions and that nutrients and grazing are less important. Within the grasslands under consideration, mesic meadows and mesic pastures have the highest forage quality.






Keywords:


functional group; ecological strategy; grazing; mowing; vegetation












1. Introduction


The category of anthropogenic managed pastures, meadows, and tall-herb meadow fringes on fertile deep soils at low and mid-altitudes of Europe (further on in the text, the term grasslands will be used for all of these vegetation types) includes wet and mesic meadows, managed pastures, and tall-herb meadow/pasture fringes in deeper or shallower soils. This vegetation type is widespread in the study area and is classified according to the Central European method in the class Molinio-Arrhenatheretea [1,2]. These habitats are among the most endangered, and their existence depends on human activities, such as hay production, grazing, or conservation efforts [3,4]. Grassland biodiversity is the result of particular environments and management systems and contributes to the objectives of multifunctional land use systems [5]. As nature protection has a significant impact on the research agenda in recent years, grassland research has shifted from classical floristic and ecological studies to more multidisciplinary and integrated research [4]. Plant biodiversity is often associated with low biomass yield and forage quality, but recent findings do not support this assumption [6].



We estimated the forage quality through the forage indicator values for individual plants that were settled by Briemle and co-workers [7]. They prepared a list of species in which they estimated grassland plants on a 9-degree scale, from poisonous to plants with high fodder value. This scale can be used as a basis the estimate the forage quality of grasslands by calculating the weighted mean of plants appearing in an individual grassland [8]. This approach allows estimation of various grasslands on a large scale. It has some limitations in terms of precision (types of livestock, season, management) but enables a rough estimation of grasslands on a large scale. For a detailed study, a more advanced method should be used [9].



A multidisciplinary approach was used in the present research to classify the grasslands in the study area. A large database was based on floristic inventory [10] was elaborated in combination with a functional strategies [11], ecological conditions, and management [12], all which provide a conceptual and methodological framework for the analysis of the relationships among biodiversity, ecological processes, and function, and we tried to evaluate the forage quality of these grasslands using this database. Such integrative research is necessary as we seek solutions and ideas to maintain the balance between economic interests and sustainability [13].



Our research studied the forage quality of grassland habitats from the ecological and functional points of view, but forage quality is also result of multiple other factors, e.g., macroclimate, management, and landscape [14,15], that are, in part, also integrated in the definition of grassland habitats [3,16,17]. We tried to establish the correlation between the forage quality and functional trait composition of grasslands since it has been established that the latter is an important predictor of grassland productivity [18].



The aim of the study was to collect all of the available vegetation plot data on grasslands along the southern margin of the Pannonian Plain and to compare grassland types defined according to their biodiversity (floristic composition) and to their functional groups, ecological strategies, ecological conditions, management, and forage quality. We tried to discover the most significant features that correlate to forage quality and evaluate them.




2. Materials and Methods


2.1. Study Area


The study area extended along the southern margin of the Pannonian Basin, which encompassing the north-eastern part of Slovenia and northern parts of Croatia and Serbia (Figure 1). This area extends from the southern outcrops of the Alps in the west and along the northern margin of the Dinaric Alps to outcrops of the Southern Carpathians. The annual precipitation ranges from 2400 mm in the west to 530 mm in the east, and the average annual temperature ranges from 4.1 °C to 12.1 °C along the same gradient [19].




2.2. Data


The following types of wet to mesic semi-natural grasslands can be found in the region [2]: montane meadows (Triseto-Polygonion bistortae), semi-dry meadows (Salvio nemorosae-Arrhenatherion), mesic meadows (Arrhenatherion), mesic pastures (Cynosurion), mesic to wet meadows in the western part of the area (Alopecurion), wet oligotrophic meadows (Molinion), wet eutrophic meadows (Calthion), intermittent wet meadows (Deschampsion), mesic to wet meadows in the eastern part of the area (Trifolion pallidi), salt grasslands (Trifolion-Ranunculion pedati), wet fringe pastures (Mentho longifoliae-Junicion inflexi), wet fringe meadows (Filipendulio-Petasition), and wet pastures (Potentillon anserinae); we eliminated a rather aberrant and scarcely sampled group presenting as the vegetation of forest roads (Alchemillo-Ranunulion repentis). We extracted all of these vegetation types from the publicly available database, the European Vegetation Archive [10]. We obtained a table of 1026 species × 2016 vegetation plots. The majority of the plots date from the second half of the previous century. Grazing and mowing are practiced over the entire region [2]. The plots were sampled during May and at the beginning of June, when plants are in flower, allowing an easy estimation of their cover. After eliminating species that appear in less than 5% of vegetation plots, the final matrix consisted of 471 species. The elimination did not influence the results significantly [20]. We classified the plots into grassland types as suggested by Škvorc et al. [2] and calculated the constant species in each type. In Table A1, we present the species that occurred in at least 60% of the vegetation plots of at least one type.




2.3. Nomenclature


The taxonomic nomenclature follows that of the Euro+Med Plantbase [21]. The nomenclature of vegetation types is according to Škvorc et al. [2] for grasslands and according to Mucina et al. [1] for other vegetation types.




2.4. Numerical Analysis


We calculated the functional composition of the studied vegetation plots through the community-weighted means (CWM) of each trait. This is the average trait value in the vegetation plot that is reflective of the relative abundances of species. Similarly, we used the forage value indicators proposed by Briemle and co-workers [7] since they have been identified as a reliable predictor of plant species selection for cattle [22,23]. We also calculated indicator values that classify grassland species according to their performance in agricultural use: their tolerance to mowing and grazing [7,24]. In some cases, the values of species with a Central European distribution were used for their vicariant species in SE Europe that appear in the same ecological conditions. In this way that we obtained data for the forage indicator values for 434 species (92.1%) and for data regarding the mowing/grazing for 441 (93.5%) species.



Because plant functional groups are crucial to ecosystem functioning and because species of the same group have similar strategies to cope with similar environments [25], we calculated the plant functional groups according to plant growth forms that frequently occur in grassland ecosystems, such as grasses, forbs, sedges, legumes, and woody plants [26].



We also calculated ecological strategies, for which we used Grime’s model of CSR [27]. This model is based on how plants or plant communities deal with stress and disturbance. Three main strategies can be identified here: those of competitors, stress-tolerators and ruderals, and their combinations. The data were provided by the Biolflora database [28]. The position of each species as well as the positions of communities can be determined in a CSR triangle. The community thus acquires a functional signature [29].



Unweighted Ellenberg indicator values (EIVs) for moisture (EIV Moisture) and nutrients (EIV Nutrients) were calculated using the Juice program [30,31] and were used for the ecological interpretation of the vegetation pattern [31].



We also calculated habitat preferences of different species (behavior), which were estimated according to the accepted phytosociological placement of each species in the syntaxonomic system [1]. The floristic structure in an individual grassland type reflects ecological conditions, dynamics, and relationship within the community [32]. We considered the following types: species of wet and mesic grasslands (Molinio-Arrhenatheretea), species of weed and ruderal habitats (Artemisietea, Chenopodietea, Digitario-Agrostietea, Mulgedio-Aconitetea, Parietarietea, Polygono-Poetea annuae, Sisymbrietea), species belong to a humid environment (Bidentetea, Isoeto-Nanojuncetea, Littorelletea, Montio-Cardaminetea, Phragmitetea, Scheuzerio-Caricetea), species belonging to salt habitats (Crithmo-Staticetea, Festuco-Pucinellietea, Juncetea maritimi, Saginetea maritimae), species belonging to dry grasslands (Calluno-Ulicetea, Coynephoretea, Elyno-Seslerietea, Festuco-Brometea, Helianthemetea, Nardetea, Ononidetea striati, Sedo-Scleranthetea, Stipo-Agrostietea, Stipo-Trachynietea, Thlaspietea), and species belonging to forests and their successional series (Alno-Populetea, Brachypodio-Betuletea, Carpino-Fagetea, Epilobietea, Franguletea, Quercetea pubescentis, Rhamno-Prunetea, Robinietea, Trifolio-Geranietea).



We examined the relationships among floristic composition, functional groups, tolerance to mowing and grazing, EIV Moisture, EIV Nutrients, and forage quality by Non-Metric Multidimensional scaling (NMDS) using the Bray–Curtis dissimilarity matrix on square-root-transformed percentage cover values. The first two NMDS axes with passive projection of the variables were created using the R package “vegan” in the R package (https.//cran.r.r-project.org/web/packages/vegan (accessed on 1 September 2021)), which was created in the Juice program [30]. The forage quality by individual grassland types is presented by box-whiskers plots. Kruskal–Wallis ANOVA and multiple comparisons of the mean ranks were used to identify significant differences in the forage quality among the studied grassland types. Finally, forage quality were correlated to EIV Nutrients, EIV Moisture, functional groups, ecological strategies, the habitat preference of species (behavior), and management (tolerance to mowing and grazing) using the Spearman correlation (p < 0.001). The latter analyses were conducted in the Statistica program [33].





3. Results


3.1. Ordination with Projected Growth Forms, Tolerance to Mowing, Grazing and EIV Moisture, Nutrients


We calculated the NMDS and plotted the first two axes on the graph with passive projected forage quality, functional groups, mowing and grazing tolerance, and EIV Moisture and Nutrients (Figure 2). It can be seen that the first axis reflects the correlation with forage quality, functional groups, and EIV Moisture. The second axis reflects the correlation with grazing tolerance and EIV Nutrients.



Three groups of grasslands can be identified in the ordination plane (Figure 2). To the first group, we can assign mesic meadows in the broader sense: mesic meadows in a strict sense (number 2 in the ordination plane), semi-dry meadows (number 1), mesic to wet meadows in the eastern (9) and western part of the area (4) and montane meadows (6); and salt grasslands (10) are transitional to pastures. The second group consists of pastures in the broader sense: mesic pastures (3), wet pastures (13), and wet fringe pastures (11), and the third group consists of wet meadows in the broader sense: wet oligotrophic meadows (5), wet eutrophic meadows (7), intermittent wet meadows (8), and wet fringe meadows (12).



Mesic meadows in the broader sense and mesic pastures have the highest forage quality. These communities are built of a high proportion of grasses and legumes and grow on the driest sites among all of the grassland types. They share good tolerance to mowing. Pastures are built of grazing-tolerant species and occur on nutrient-rich sites. Wet meadows are composed of a high proportion of sedges and forbs; they are the most sensitive to mowing and grazing and occur on the wettest sites.




3.2. Ecological Strategies


The ecological signatures of the grassland types are based on the ecological strategies of the species and show how species or plant communities cope with stress and disturbance (Figure 3). It can be seen that the most disturbed (near the R angle) are wet pastures (13), salt grasslands (10) and mesic pastures (3) and that the least disturbed are wet fringe meadows (12). The most stressful conditions (near the S angle) are in salt grasslands (10) and wet pastures (13) as well as wet meadows in the broader sense, oligotrophic (5), intermittent (8), and eutrophic wet meadows (7); the least stressful conditions are in semi-dry (1) and mesic (2) meadows. The most favorable conditions (near angle C) are for wet fringe meadows (12), semi-dry (1) and mesic (2) meadows, and wet fringe pastures (11), and least favorable conditions are in salt grasslands (10) and wet pastures 13).




3.3. Correlations


We attempted to correlate the forage quality to EIV Moisture, EIV Nutrients, species habitat preferences (behavior), functional groups, and ecological strategies (Table 1). The forage quality is highly positively correlated with mowing and negatively correlated with EIV Moisture as well as with the proportion of stress tolerators and sedges in terms of floristic composition.




3.4. Forage Quality of Individual Meadow Types


The box-whiskers diagram (Figure 4) shows that mesic meadows and pastures (number 3 and 2 in Figure 4) possess the highest forage quality; then, there is a group of mesic to wet meadows spanning from the eastern and western parts of the research area (9, 4). Next, there are semi-dry meadows and montane meadows (1, 6) followed by salt grasslands and wet pastures (10, 13) and then intermittent, eutrophic, and oligotrophic wet meadows (8, 7, 5). Finally, wet fringe pastures and meadows are represented (11, 12).





4. Discussion


The ordination diagram (Figure 2) shows that vegetation plots can be assigned to three groups of grassland types: mesic and wet meadows and pastures. A similar grassland classification has been proposed in Poland based on plant traits [34]. The accepted classification scheme often distinguishes among six groups of grasslands in the region: (1) montane meadows, (2) mesic meadows and pastures, (3) wet meadows, (4) mesic to wet meadows under the influence of a submediterranean climate, (5) wet fringe pastures and meadows, and (6) wet pastures [1,2,35]. Perhaps classification based on traits can reveal a new classification scheme, at least on a local scale, since management (i.e., disturbance) is a strong driver of trait differentiation and species coexistence [36]. Such a classification would be closer to the main ecosystem processes than a classification based on floristics since communities may be built up of different species but have similar functional traits and therefore would function similarly. They can thus be unified not by floristic inventory but by function [34].



We can divide our material into two principal groups according to grazing and nutrient status (Figure 2) [2]. The first group is composed of pastures that are grazed and trampled and the excrement remains in the major parts within the habitat [32,33]. The transitional position of mesic pastures (group 3) could reflect their transitional character since they can be mown during spring/summer and grazed during summer/autumn [37]. The other group is composed of meadows that are mown, and biomass is completely removed from the habitat. This makes these habitats poorer in nutrients. The further division of meadows corresponds to forage quality and, at the same time, with moisture regime. Meadows can be divided into two groups; mesic meadows that are mown twice/three times a year [38] and wet meadows, which are mown once a year at most (late July-September) or even periodically [39,40]. This classification into three groups is similar to that based on plant traits [34].



Grasses have been found to dominate mesic habitats [41], while in wetter site conditions in wet meadows, they are co-dominated by sedges [42]. Tall forbs do not withstand dry conditions and therefore appear more abundantly in wet meadows [43]; some of them (e.g., Succisa pratensis) are even suppressed by mowing [44]. It must be borne in mind that grasses tolerate mowing and grazing better [45]. The higher proportion of N-fixing legumes in mesic meadows has not been confirmed in other studies [41] and requires further investigation.



We found that higher EIV Nutrient is perpendicular to the direction of distinction of mesic and wet meadows, so it can be concluded that nutrients have a small effect on the differentiation of mesic and wet meadows [41]. EIV Moisture shows that mesic meadows appear on drier sites than wet ones and that they are less rarely flooded and/or have deeper ground water [46].



Ecological strategies can be combined in the C-S-R signature, which is useful in comparative studies, also within large geographic areas [47]. Movements in the signature can be used to indicate the degree of resistance, resilience, eutrophication, etc. [29]. In productive, undisturbed habitats, C-type species or “competitors” can be found (e.g., Arrhenatherum elatius, Poa pratensis). These are robust perennials with high potential growth rates that build dense stands with fast-growing biomass above and below ground. Protection from herbivores and the resulting loss of ingested mineral nutrients is a consistent characteristic of S-type species or “stress tolerators”. These are slow-growing, stress-tolerant species of chronically unproductive habitats, such as Carex nigra or Limonium gmelinii. R-type species or “ruderals” are found on disturbed sites (e.g., Crepis setosa, Medicago arabica) and are characterized by the early onset of an often-prolonged reproductive phase [27].



Grazing has been found to cause disturbance that favors ruderals with an R strategy [48]. A shift in the C-S-R signature towards R and S strategies under grazing was therefore noted, and Figure 3 shows that most ruderal species occur on both wet and mesic pastures and salt grasslands [49,50]. Salt grasslands occupy a special position within grasslands since many salt-tolerant species (stress-tolerators) appear there, and these habitats are also partially grazed at the same time [51]. Other pastures that do not appear with this group are wet fringe pastures, which are only sparsely grazed [1]. The least amount of ruderals are found in wet fringe meadows that are dominated by Filipendula ulmaria and occur along watercourses and ditches. These habitats are only occasionally mown to stop the succession process [52]. The last two have hardly any economic value (Figure 4). The highest proportion of stress-tolerators is within wet meadows: oligotrophic, eutrophic, and intermittent, as well as within wet pastures and the salt grasslands mentioned earlier. This is consistent with other studies, which have observed a lower proportion of stress-tolerators on drier sides along a hydrological gradient [46]. The highest proportion of competitors was within semi-dry and mesic meadows and the already mentioned wet fringe meadows and pastures.



Correlation with the first two NMDS axes (Table 1) shows that the highest correlation along the first axis is EIV Moisture and forage quality, while the second axis is strongly correlated with grazing and EIV Nutrients. This is consistent with recent research that has found that fertilization accounts for about 20% of the variability in forage quality, and changes in yield and botanical composition explain about 50% of the fertilization effect [53,54]. At the same time, it must be taken into account that when nutrients are widely available, other variables could be the limiting factors [55].



This correlation confirms our previous findings [2] (Table 1). The forage quality correlates with moisture (negatively), a higher proportion of species from grasslands, dry grasslands, and weed and ruderal species. As functional groups, the highest proportion possess grasses and competitors as an ecological strategy.



Grasslands encompass a wide range of habitats that possess different biodiversity and functionality [56]. During the last few centuries, there has been widespread habitat loss resulting from agricultural intensification. The agriculture that was introduced into these areas was primarily orientated towards productivity among other also towards high forage quality [57]. This caused the abandonment of wet meadows, which were converted into mesic meadows with high productivity (forage quality) [58]. Policies that have contributed to these changes have been revisited in recent times and are orientated towards sustainability and contribute to a multi-functional land-use system [59]. However, the restoration process takes a long time [60].




5. Conclusions


The article brings a multidisciplinary approach to the elaboration of grasslands and their forage quality in relation to their floristic composition, functionality, ecological conditions, and management. It was found out that forage quality highly correlates with humidity, the proportion of weed and ruderal species, the proportion of sedges and stress tolerant species, and mowing. Using this approach, we confirmed that plant traits are a good predictor of grasslands productivity [18]. These are economically important habitats with high nature conservation value, providing many ecosystem services [11]. Since opposing opinions about their management often appear among stakeholders [6], it is important to elaborate upon the characteristics of grasslands from different perspectives.
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Table A1. Synthetic table of vegetation material.






Table A1. Synthetic table of vegetation material.





	Group No.
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13





	No. of vegetation plot
	109
	332
	95
	341
	179
	60
	130
	216
	142
	68
	54
	33
	257



	Pastinaca sativa
	85
	51
	8
	6
	1
	5
	1
	.
	17
	3
	7
	3
	1



	Lolium perenne
	8
	26
	97
	20
	.
	10
	7
	2
	7
	7
	20
	.
	30



	Trifolium repens
	28
	33
	89
	38
	6
	13
	18
	24
	29
	24
	52
	.
	59



	Taraxacum officinale
	34
	40
	89
	40
	6
	15
	10
	18
	43
	22
	17
	3
	38



	Plantago major
	11
	3
	61
	5
	1
	5
	6
	2
	6
	.
	24
	.
	47



	Cynosurus cristatus
	.
	34
	20
	90
	18
	27
	44
	36
	29
	.
	4
	.
	9



	Trifolium patens
	6
	11
	.
	71
	10
	.
	38
	37
	31
	4
	4
	.
	4



	Galium verum
	46
	43
	2
	65
	45
	55
	8
	16
	53
	43
	2
	9
	1



	Succisa pratensis
	.
	.
	.
	17
	69
	3
	20
	14
	.
	.
	2
	33
	.



	Carex panicea
	.
	2
	.
	17
	63
	.
	50
	25
	.
	.
	2
	6
	.



	Bellis perennis
	11
	29
	40
	18
	1
	93
	8
	.
	15
	10
	.
	.
	13



	Stellaria graminea
	5
	19
	6
	23
	26
	93
	8
	13
	37
	9
	2
	.
	3



	Briza media
	3
	50
	.
	48
	47
	92
	41
	16
	18
	1
	.
	.
	.



	Rhinanthus alectorolophus
	1
	11
	.
	5
	.
	85
	3
	4
	1
	.
	.
	.
	.



	Bromopsis erecta agg.
	1
	12
	.
	1
	.
	78
	.
	.
	.
	1
	.
	.
	.



	Knautia drymeia
	1
	10
	1
	3
	13
	78
	3
	.
	.
	.
	.
	.
	.



	Vicia cracca
	8
	45
	5
	19
	11
	77
	5
	17
	12
	1
	.
	33
	2



	Cruciata glabra
	1
	6
	.
	4
	25
	75
	5
	1
	1
	.
	.
	6
	.



	Trifolium alpestre
	.
	1
	.
	.
	.
	73
	.
	.
	1
	.
	.
	.
	.



	Trifolium medium
	.
	8
	.
	.
	.
	73
	.
	.
	7
	3
	.
	.
	.



	Galium album
	5
	21
	2
	9
	.
	68
	4
	1
	1
	.
	9
	18
	4



	Salvia pratensis
	9
	34
	2
	1
	.
	68
	2
	.
	13
	4
	.
	.
	.



	Leontodon hispidus
	11
	45
	7
	53
	32
	67
	24
	11
	17
	.
	2
	.
	3



	Luzula campestris
	1
	26
	.
	31
	22
	63
	5
	6
	4
	9
	.
	.
	.



	Avenula pubescens
	4
	14
	1
	4
	2
	62
	1
	1
	.
	.
	.
	.
	.



	Lysimachia nummularia
	6
	18
	4
	36
	16
	.
	65
	58
	27
	3
	28
	6
	35



	Equisetum palustre
	.
	2
	.
	6
	20
	.
	63
	10
	5
	.
	11
	45
	1



	Deschampsia cespitosa
	1
	4
	2
	23
	46
	17
	24
	76
	1
	.
	2
	24
	2



	Gratiola officinalis
	.
	1
	.
	26
	20
	.
	45
	71
	25
	.
	11
	6
	13



	Juncus effusus
	.
	1
	.
	18
	30
	.
	48
	64
	11
	1
	20
	24
	28



	Carex vulpina
	3
	1
	.
	11
	4
	.
	23
	60
	17
	4
	9
	.
	5



	Alopecurus pratensis
	20
	23
	16
	44
	25
	20
	9
	50
	92
	57
	7
	12
	8



	Poa pratensis
	57
	53
	33
	48
	17
	22
	20
	31
	69
	28
	.
	3
	8



	Trifolium pallidum
	.
	1
	.
	1
	.
	.
	.
	.
	68
	.
	.
	.
	.



	Ranunculus polyanthemos
	50
	3
	8
	1
	1
	27
	.
	.
	63
	16
	.
	.
	2



	Festuca valesiaca
	28
	2
	16
	.
	1
	.
	.
	.
	30
	91
	.
	.
	.



	Podospermum canum
	6
	.
	4
	.
	.
	.
	.
	.
	.
	65
	.
	.
	.



	Bromus hordeaceus
	24
	14
	11
	4
	.
	7
	4
	1
	24
	62
	.
	.
	3



	Mentha longifolia
	23
	2
	8
	2
	.
	.
	2
	.
	9
	.
	100
	18
	6



	Juncus inflexus
	1
	.
	2
	1
	4
	.
	22
	4
	1
	.
	96
	3
	12



	Filipendula ulmaria
	.
	1
	.
	11
	23
	.
	29
	17
	.
	.
	4
	100
	1



	Carex acuta
	.
	1
	.
	4
	8
	.
	8
	23
	.
	.
	4
	67
	.



	Rorippa sylvestris
	5
	1
	9
	1
	.
	.
	.
	6
	13
	9
	20
	3
	62



	Arrhenatherum elatius
	78
	96
	11
	13
	3
	58
	4
	.
	12
	4
	.
	6
	.



	Daucus carota
	67
	54
	23
	67
	11
	20
	9
	6
	36
	25
	19
	.
	11



	Trisetum flavescens
	3
	81
	3
	28
	3
	97
	5
	.
	4
	.
	.
	.
	1



	Rumex acetosa
	20
	64
	14
	65
	30
	12
	35
	28
	48
	1
	.
	15
	3



	Anthoxanthum odoratum
	4
	57
	.
	80
	34
	82
	58
	40
	47
	29
	.
	3
	.



	Lychnis flos-cuculi
	7
	21
	4
	66
	39
	20
	59
	63
	50
	4
	4
	21
	2



	Betonica officinalis
	.
	20
	.
	65
	72
	28
	36
	33
	31
	1
	.
	6
	.



	Potentilla erecta
	.
	6
	.
	26
	83
	67
	29
	16
	.
	3
	.
	6
	.



	Galium palustre
	.
	1
	.
	25
	31
	.
	65
	78
	7
	.
	17
	33
	30



	Lysimachia vulgaris
	.
	2
	2
	11
	50
	2
	61
	30
	4
	.
	4
	73
	1



	Agrostis stolonifera
	6
	5
	18
	28
	17
	.
	12
	26
	11
	3
	81
	21
	94



	Dactylis glomerata
	83
	85
	41
	26
	17
	95
	14
	1
	24
	3
	17
	12
	2



	Centaurea jacea agg.
	41
	81
	17
	58
	51
	85
	25
	24
	66
	21
	7
	12
	5



	Holcus lanatus
	6
	74
	12
	85
	53
	53
	84
	53
	13
	.
	13
	3
	5



	Leucanthemum vulgare agg.
	28
	73
	7
	76
	37
	90
	32
	33
	38
	4
	.
	6
	1



	Schedonorus pratensis
	19
	64
	20
	81
	25
	45
	56
	47
	81
	.
	.
	3
	12



	Lotus corniculatus
	46
	64
	42
	62
	50
	80
	22
	22
	49
	10
	2
	3
	11



	Prunella vulgaris
	15
	36
	26
	60
	51
	60
	49
	60
	23
	1
	43
	3
	32



	Ranunculus repens
	9
	11
	26
	47
	25
	.
	85
	85
	17
	.
	85
	27
	53



	Lythrum salicaria
	2
	2
	.
	14
	41
	2
	68
	63
	12
	1
	33
	91
	14



	Plantago lanceolata
	38
	80
	55
	89
	44
	62
	70
	57
	50
	34
	17
	3
	25



	Trifolium pratense
	72
	83
	43
	90
	27
	60
	60
	39
	55
	29
	9
	3
	12



	Ranunculus acris
	6
	79
	26
	90
	78
	38
	69
	60
	9
	.
	22
	12
	7



	Achillea millefolium agg.
	76
	77
	79
	44
	31
	88
	6
	4
	68
	63
	19
	3
	13







Plots are arranged by meadow types: 1-semidry meadows (Salvio nemorosae-Arrhenatherion); 2-mesic meadows (Arrhenatherion); 3-mesic pastures (Cynosurion); 4-mesic to wet meadows in the western part of the area (Alopecurion); 5-wet oligotrophic meadows (Molinion); 6-montain mesic grasslands (Triseto-Polygonion bistortae); 7-wet eutrophic meadows (Calthion); 8-intermittent wet meadows (Deschampsion); 9-mesic to wet meadows in the eastern part of the area (Trifolion pallidi); 10-salt grasslands (Trifolion-Ranunculion pedati); 11-wet fringe pastures (Mentho longifoliae-Junicion inflexi); 12-wet fringe meadows (Filipendulio-Petasition); and 13-wet pastures (Potentillon anserinae). Only species that reach at least a constancy of 60% in an individual group are presented.
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Figure 1. Position of the study area (rectangle) within SE Europe. 
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Figure 2. Ordination diagram of non-metric multidimensional scaling (NMDS) of vegetation plots with passively projected forage quality, growth forms, tolerance to mowing and grazing, EIV Moisture, and EIV Nutrient. NMDS stress is 0.2027. Legend: 1—semi-dry meadows (Salvio nemorosae-Arrhenatherion); 2—mesic meadows (Arrhenatherion); 3—mesic pastures (Cynosurion); 4—mesic to wet meadows in the western part of the area (Alopecurion); 5—wet oligotrophic meadows (Molinion); 6—montane meadows (Triseto-Polygonion bistortae), 7—wet eutrophic meadows (Calthion); 8—intermittent wet meadows (Deschampsion); 9—mesic to wet meadows in the eastern part of the area (Trifolion pallidi); 10—salt grasslands (Trifolion-Ranunculion pedati); 11—wet fringe pastures (Mentho longifoliae-Junicion inflexi); 12—wet fringe meadows (Filipendulio-Petasition) and 13—wet pastures (Potentillon anserinae). We indicated pastures in red, mesic meadows in black, and wet meadows in blue. 
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Figure 3. Functional signature of grassland types. Diagram with ecological strategies: competitor (indicated as c), stress-tolerator (s), and ruderal (r). (According to [27,29].) Legend: numbers correspond to those in Figure 2. 
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Figure 4. Box-whiskers diagram of forage quality of individual grassland types with multiple comparison of mean ranks (the same letter means that there is no significant difference). Legend is the same as in Figure 2. 
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Table 1. Spearman rank order correlations of forage quality with EIV Nutrients, EIV Moisture, habitat preference of species, functional groups, ecological strategies, and management. Only correlations that meet criterion p > 0.001 are presented.
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Variable

	
Forage Quality






	
EIV Moisture

	
−0.67




	
EIV Nutrients

	
-




	
Species with the following habitat preferences (behavior)




	
grasslands

	
0.27




	
forests and their successional series

	
−0.26




	
dry grasslands

	
0.28




	
weed and ruderal habitats

	
0.55




	
saline habitats

	
-




	
humid environment

	
−0.73




	
Functional groups




	
grasses

	
0.51




	
sedges

	
−0.61




	
legume

	
-




	
forbs

	
−0.36




	
Ecological strategies




	
c (competitor)

	
0.34




	
s (stress tolerator)

	
−0.63




	
r (ruderal)

	
-




	
Management




	
Mowing

	
0.75




	
Grazing

	
-

















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2021 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  agronomy-11-02132


  
    		
      agronomy-11-02132
    


  




  





media/file8.jpg
3 Cynosurion
2 Arthenatherion

9 Trfolon palidi

4 Alopecurion

1 Sahio-Arrhenatherion
6 Triseto-Polygonion

10 Trifoio-Ranunculon
13 Potentiion anserinae
8 Deschampsion

7 Cathion

5 Moinion

11 Mentho-Juncion

12 Filpenduo-Petasition

—{T d
—T 13— c
— <
—{ <
—{ c

— '} ——ib
—{5 11— &
—LT 31— a
—{E}— ab
—{ o+ a
—{a— a
3 4 s 6 7

Forage quality






media/file6.jpg
9.3
0.25 0.75
12
Bl

Zn

39 6y5

05 ‘ 05
13
10
0.75 0.25
0.25 05 0.75 1





media/file7.png
0 0.25 0.5 0.75 1





media/file9.png
3 Cynosurion

2 Arrhenatherion

9 Trifolion pallidi t

4 Alopecurion t

1 Salvio-Arrhenatherion
6 Triseto-Polygonion t
10 Trifolio-Ranunculion ¢
13 Potentillion anserinae
8 Deschampsion

7 Calthion ¢

5 Molinion ¢

11 Mentho-Juncion t

12 Filipendulo-Petasition t

: | 0 ——— ab
————- 0 —— ab

bc

9 4 5
Forage quality






media/file5.png
NMDS2

S = 10 Mowing Tolerance

Legume

—-|  Forage Quality

WoodyPlants Forb
o 5

EIV nutrients

Grazing Tolerance

13
11

EIV moisture
Sedge

12

NMDS1






media/file3.png
zX

Ha e






media/file0.png





media/file4.jpg
NMDS2

40 Mowing Tolerance

ENV nutrents

Grazing Tolerence






media/file2.jpg





