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Abstract: Elevating plant diversity and functional group composition amount in the swards may
contribute to lower N fertiliser use. The excessive use of fertilisers in agriculture is one of the causes of
environmental pollution issues. We investigated the effects of plant diversity, functional community
composition, and fertilisation on the dry matter yield and its quality at the Lithuanian Research Centre
for Agriculture and Forestry, Central Lithuania. The study aimed to determine the productivity
potential of single-species and multi-species swards with three, four, six, and eight plant species
in the mixtures including four grasses and four legumes. Two experimental backgrounds were
used with Ny and Nysg kg ha~! yr~! for all treatments. In the two-year experiment manipulating
species richness and functional group diversity had a positive effect on the dry matter yield and
produced better quality of the forage when compared with single-species swards. Crude protein in the
forage of grass-legume mixtures was significantly greater than for grass monocultures. Investigating
fertilisation background was a concern; it had a positive effect on the single-species sward yield but
decreased the yield of multi-species swards.
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1. Introduction

Grasslands are a determinant part in global food security and are economically im-
portant [1,2] in temperate regions since they comprise about 50% of the European land
area covered by vegetation [3]. In the last decades many field experiments were performed
to find out how functional traits of different plant species influence the productivity of
swards [4-8]. Functional traits are physiological, morphological, or phenological charac-
teristics that describe a plant’s fitness by representing its ability to grow, reproduce, and
survive [9]. Highly productive sward plants are characterised by dense root traits and
long-lived tissue, which could inhibit nutrient deficiencies [10].

In agriculture, legumes are very important [10] and are designed to respond to nutrient
deficiencies in the soil [11]. The consumption of plant-based protein is on the rise [12].
To match the global requirement for plant-based products, crop productivity must be
ensured; however, this might be undermined by either environmental [13] or anthropogenic
pressures [14] that lead to soil nutrient disturbance [15].

Legumes are significant for sustainable agriculture through their ability to improve
soil health and fertility [16]. Legumes, having a mutually symbiotic relationship with
some bacteria in soil, can improve the nitrogen (N) amount through biological N-fixation
(BNF) [17]. Permanent grasslands host a high plant diversity, which sustains many ecosys-
tem services [18]. Cultivating mixtures of different plants can be a sustainable means of
increasing agricultural productivity, but it is very important to optimise functional diver-
sity by combining different species characteristics that are well-adapted to local growing
conditions [8]. The mixture composition affects total herbage in various harvests [19].

Multi-species sward field experiments can be used to investigate and understand
vegetation dynamics [20]. They also demonstrate that species richness is important because
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it provides a pool of species with potentially relevant traits [21]. Different plant species
may turn out to be valid performers or partners in new interspecific interactions [22] after
environmental change.

Compared with perennial ryegrass swards, multi-species swards can sustain herbage
yields [23] at reduced mineral N fertiliser inputs or increase herbage yields at high mineral
N inputs, depending on the species composition of the cultivated swards [24]. The issue
of fertilisation use in the high plant diversity swards has received considerable critical
attention recently [24]. More research is needed on how different plant species swards and
their functions are affected when using additional fertilisation treatment. The plant diversity
and biomass production relationship in swards has aroused great interest among ecologists
in the 21st century based on the principles of ecosystem stability, productivity, and nutrient
dynamics. Therefore, the N-fixing plants that can capture biological nitrogen from the
atmosphere [25] are important for swards to reduce the need for synthetic fertilisers.
Reduced use of N fertiliser application may mitigate N,O emissions [26].

The aim of the present study was to identify the influence of monocultures and
different grass-legume mixtures with different species composition and functional groups
on the yield productivity and quality in the first and second years of sward use.

2. Materials and Methods
2.1. Field Experiments

The field experiment was established in 2018 and will be continued until 2022 at the
Lithuanian Research Centre for Agriculture and Forestry, located in Akademija (55°22/59.7” N
23°51'42.1" E), Central Lithuania. The sward was planted on 4 May 2018. Lithuania is
in a temperate climatic zone, where the growing season lasts from 169 to 202 days. The
duration of plant vegetation in the first year of sward use was 182 days (from 7 April to
1 September 2019), and in the second year—217 days (from 3 March to 10 September 2020).
In the second year of sward growth, plant vegetation started earlier than in the first year,
ended later, and was 35 days longer. Grasses (Poaceae) seeding rates of perennial ryegrass
(Lolium perenne L.) ‘Elena DS’, Festulolium (Festulolium) ‘Vétra’, meadow fescue (Festuca
pratensis L.) ‘Raskila’, and timothy (Phleum pratense L.) ‘Dubingiai” were 18, 18, 20, and
12 kg pure live seed ha !, respectively. Legumes (Fabaceae) seeding rates of white clover
(Trifolium repens L.) "‘Dotnuviai’, red clover (Trifolium pratense L.) ‘Sadunai’, lucerne (Medicago
sativa L.) ‘Malvina’, and sainfoin (Onobrychis viciifolia L.) ‘Meduviai’ were 10, 15, 15, and
80 kg pure live seed ha™!, respectively. The main agrochemical characteristics of the arable
(025 cm) layer were measured prior to undertaking the experiment in 2018 (Table 1).

Table 1. The main agrochemical soil characteristics before the experiment.

Soil Depth cm Phosphorus (P) Potassium (K) Co. o Total Nitrogen
P Suspension Concentration mg kg~!  Concentration mg kg—! org 7 (N) %
0-10 101 179 1.87 0.245
10-25 94 109 1.64 0.248

The soil of the experimental site was loamy Endocalcaric Epigleyic Cambisol (WRB,
2014) [27]. The characteristics of the soil’s arable (025 cm) layer were as follows: neutral
soil (pH 6.9) and relatively high soil organic carbon (1.76%) with a high content of plant
available phosphorus (P) (98 mg kg~ !) and potassium (K) (144 mg kg~ !). 2018 was the
year of sowing with 3 cleaning cuts; 2019 was the first and 2020 the second year of sward
use. On 2 May 2018, NPK fertilisers were applied at a rate of N-P-K 5-20.5-36 kg ha~".
In 2019 and 2020 two fertilisation backgrounds were used at Nj59p and Ny. The fertilised
experiment received N fertiliser at 150 kg_1 ha™! yr‘lz Ngo in spring, Nys after the first and
Nys after the second cut. The swards were cut 4 and 5 times in 2019 and 2020, respectively.
The site was managed with no extra irrigation, and no pesticides were used.
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2.2. Climatic Conditions

The weather data were collected at the stationary meteorological station located in
Akademija using the temperature and rainfall sensors (Figure 1). Lithuania is in a temperate
climatic zone where the mean annual air temperature is 6.9 °C and precipitation 695 mm.
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Figure 1. Meteorological conditions during the experimental years (2019 and 2020).

In the first year of sward growth, at the beginning of vegetation, which was the
beginning of April, there was a very dry period—the amount of precipitation did not
exceed 1 mm. In the second year of sward growth, the beginning of vegetation was more
favourable for grasses. Assessing the agrometeorological conditions according to the values
of the hydrothermal coefficient (HTC < 0.5), the prolonged very dry period in June of 2019
reached the indicators of a dangerous meteorological phenomenon, and in the middle
of the month it reached the indicators of natural drought. Although the average annual
temperature and precipitation varied slightly in both experimental years, the year 2020
was warmer and wetter. After the climatic conditions in certain months of vegetation were
observed, it could be seen that there was no precipitation in April 2019.

2.3. Experimental Design, Treatments and Measurements

Two factors were investigated: A—different grass/legume mixtures (2 monoculture
swards and 10 multi-species swards), and B—two levels of nitrogen (N) fertilisation (Ny
(no N fertilisation) and Njsp). The dominant plant species were perennial ryegrass (G1),
Festulolium (G2), meadow fescue (G3), timothy (G4); legumes—white clover (L1), red
clover (L2), lucerne (L3), and sainfoin (L4). Each plot was 1.5 m wide and 10.0 m long.
The experiment had a randomised block design with four replications. The experiment
included 12 treatments consisting of perennial ryegrass and Festulolium single-cultivar
swards and mixtures of grasses and legumes (Table 2). The legume and grass ratio in the
sown mixtures was 40:60.

All cuts were taken depending on the predominant plant species. Grass growth stage
before cut was when the flower head was enclosed in the flag leaf sheath and not showing
or only partly showing. Meanwhile, legume growth stage was the start of flowering. The
first yield of swards was taken 8 and 6 weeks after the start of vegetation in 2019 and
2020, respectively. All cuts were taken at the same time for all treatments. To determine
the dry matter (DM) yield, samples of 1-1.5 kg fresh biomass were oven-dried at 105 °C
temperature to a constant weight. Grass and legume aboveground biomass was harvested
and separated by performing the sward botanical composition analysis for each species
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in every cut. Plant chemical analysis was performed to assess the quality of the swards.
Determination of crude protein was done with an NIRS 6500 spectrometer (FOSS, Denmark)
in dried grass biomass.

Table 2. Composition of single-species swards and mixtures with legumes.

Treatments FG  Spr EG of FG of Grasses Legumes
Grasses Legumes G1 G2 G3 G4 L1 L2 L3 L4

1 a1 1 1 1 1
2 G2 1 1 1 1
3) L1+L2/G1 2 3 0.6 0.4 0.6 02 02
4) L1+L2/G2 2 3 0.6 0.4 0.6 02 02
5) L1+L2/Gl1+G2 2 4 0.6 0.4 03 03 02 02
6) L1+L2/G1+G2+G3+G4 2 6 0.6 0.4 015 015 015 0.15 02 02
(7) L3+L1/Gl1+G2 2 4 0.6 0.4 03 03 0.2 0.2
8 L3+L1/G1+G2+G3+G4 2 6 0.6 0.4 015 015 015 015 0.2 0.2
9 L4+L1/Gl+G2 2 4 0.6 0.4 03 03 0.2 0.2
(10) L4+L1/G1+G2+G3 + G4 2 6 0.6 0.4 015 015 015 015 0.2 0.2
(11) L1+L2+1L3+14/G1+G2 2 6 0.6 0.4 03 03 01 01 01 01
(12) L1+L2+1L3+14/G1+G2+G3+G4 2 8 0.6 0.4 015 015 015 015 01 01 01 0.1

FG—functional group, i.e., combination of forage species that comprises grasses and legumes; SP-r—species richness.

2.4. Statistical Analysis

Two-way factorial ANOVA was conducted for the interaction of N fertilisers and
manipulation diversity of mixtures. Significant differences between the experimental
treatments were determined using post hoc exploratory analysis at the 5% probability level
(p < 0.05). To analyse the effects of the treatment on crude protein, an analysis of variance
(one-way factorial ANOVA) was conducted.

3. Results
3.1. Productivity of Monoculture and Multi-Species Swards

The results obtained from the preliminary analysis of the two-year experiment are
summarised in Figure 2. In the first and in the second year of sward use a two-way ANOVA
revealed that statistically significant differences were obtained between monocultures and
mixtures, fertilisation, and the interaction between factors A and B (p < 0.05). In the first
year of sward use without N fertilisation significant effects (p < 0.05) by species richness
on yield productivity were found (Figure 2A). The mixture with the highest plant species
diversity (eight plants in sowing mixture) had a 48% higher dry matter yield compared
to the average annual yield of perennial ryegrass and Festulolium. In the first year of
sward use, 9611 kg ha~! was the remarkable result of six plant species in a sown mixture
including two legumes, white clover and lucerne, and it was grown without N fertilisation.
However, swards with six plant species in a mixture of another composition provided
lower productivity. The difference between the most productive mixture of six plant species
compared with eight plant species was 7%. A comparison of the two mixtures’ results, with
white and red clovers, revealed that the sward with Festulolium was 10% more productive
than the one with perennial ryegrass. No significant differences were found between
single swards of perennial ryegrass and Festulolium. It was found that lucerne and red
clover had the most positive effect on DM yields. No increase in effect on DM yield for
mixtures with white clover and sainfoin was detected. The results in this section indicated
that the most productive plant species in mixtures in the first year of sward use, without
using mineral fertilisers, was lucerne, which indicated significant differences between
DM yields. A comparison of the remaining mixture results revealed 26% lower DM yield.
The DM yields were significantly increased by the diversity of multi-species, but not all
species individually had a significant effect on sward productivity. The strong evidence
of fertilisation in the first year of sward use was found in the single-species swards with
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42% higher compared with non-fertilised swards. Fertilisation also had a significant impact
and red clover did not grow in these swards.

perennial ryegrass and Festulolium. The annual yields of these monocultures were 36 and
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G3+G4,7—L3+L1/G1+G2,8—L3+L1/G1 +G2+G3 +G4,9—L4 +L1/G1 + G2,10—L4 + L1/
Gl+G2+G3+G4, 11—L1+12+1L3+14/Gl1 +G2, 12—L1+ L2+ L3+ L4/G1 + G2 + G3 + G4;
Grasses: Gl—perennial ryegrass, G2—Festulolium, G3—meadow fescue, G4—timothy; Legumes:
L1—white clover, L2—Red clover, L3—lucerne, L4—sainfoin.; level of N fertiliser per year: Nisp;

Figure 2. Annual dry matter (DM) yield kg ha~1 in the first (A) and second (B) years of sward use.

different letters indicate significant differences between the treatments (p < 0.05).
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In the second year of sward use fertilisation had a significantly marked effect on
monoculture swards with perennial ryegrass and Festulolium (Figure 2B) and the DM yield
increased by 53 and 59%, accordingly. Indeed, this was equivalent to the yield that can be
obtained by using at least two legumes suitable for growing together in a mixture with
these grasses. Fertilisation did not cause a significant increase in the DM yield of swards of
different species composition. Different plant species and their amounts, such as in the first
year of swards use, showed significant differences between DM yields. Comparing the two
years’ results, it was seen that in the multi-species swards dry matter yields were higher in
the second year of sward use, both using and not using N fertilisers.

To assess multi-species swards and fertilisation separately, one-way analyses of vari-
ance (ANOVAs) were used. No significant differences were found between the treatments
when using additional fertilisation in both experimental years. For example, comparing
monoculture and multi-species swards with no additional N, the result was significant at
the p = 0.05 level. The obtained results showed that N fertilisers contributed to the growth
of grasses in mixtures but reduced the growth potential of legumes.

Data are not shown, but in summary, the average of the two-year experiment results
revealed that the most productive mixture, with 9758 kg ha~! DM yield of the sward,
was six plant species with white clover, lucerne, perennial ryegrass, Festulolium, meadow
fescue, and timothy with Ny rate. The monoculture sward of Festulolium showed the
highest productivity with 8759 kg ha~! when Nj5y was used; however, there were no
significant differences between the most productive monoculture sward of Festulolium
and multi-species swards that were fertilised at Nj5.

The two-year average total sward productivity with Ny fertilisers in mixtures with
white and red clovers was 8254 kg ha~1; with white clover and lucerne—9309 kg ha~1;
with white clover and sainfoin—6026 kg ha~1; with white clover, red clover, lucerne and
sainfoin—8929 kg ha~!. The proportions of legumes in these swards were 51, 61, 32, and
61%, respectively. Meanwhile, total sward productivity using mineral N5 fertilisers in
mixtures with white and red clovers was 8181 kg ha~1; with white clover and lucerne—
8586 kg ha~—1; with white clover and sainfoin—7937 kg ha~1; with white clover, red clover,
lucerne and sainfoin—8438 kg ha~!. The proportions of legumes in these swards were 16,
26, 6, and 23%, respectively.

Meanwhile, unfertilised monoculture swards with perennial ryegrass and Festulolium
showed a decreased yield in 2020 compared with 2019, by 1022 and 810 kg ha~! per year,
respectively. This indicated that for monoculture swards it is necessary to use additional
nutrients such as mineral nitrogen fertilisers or legumes suitable for growing together with
selected grasses.

3.2. Botanical Composition of the Swards

Botanical analysis was used to determine the competitive plant properties individually
in the mixtures with different functional group and species richness (Figure 3). From the
data of botanical composition, it was apparent that the fertilisation had a negative effect
on the survival of legumes in the mixtures. Already in the first year of the sward use,
after the application of the rate of N fertilisers at the beginning of vegetation, a high
decrease in legumes was observed. The most productive species of legumes were lucerne
and red clover; their average contents in the mixtures after N fertilisation decreased by
63 and 78%, respectively. In the second year the contents decreased by 57 and 82%. Further
analysis showed that white clover yield in mixtures was the highest in the second year of
sward use and only in interaction with sainfoin at N fertiliser rate; however, the total yield
of these mixtures was the lowest in both experimental years. Interestingly, the white clover
was observed to have better growth properties in mixtures with lucerne rather than with
red clover. The single most striking observation to emerge from the data comparison was
that sainfoin in mixtures did not increase the total sward productivity in any conditions.
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Figure 3. Two-year average botanical compositions of the swards; unfertilised Ny (A), fertilised at
Njsg rate (B). Treatments: 1—G1, 2—G2, 3—L1 + L2/G1,4—L1 + L2/G2, 5—L1 + L2/G1 + G2, 6—L1
+12/G1+G2+G3+G4,7—L3+L1/G1+G2,8—L3+L1/Gl1+G2+G3 +G4,9—L4 +L1/G1 + G2,
10—L4+L1/G1+G2+G3 +G4,11—L1 + L2+ L3+ L4/G1+ G2, 12—L1 + L2+ L3 + L4/G1 + G2 +
G3 + G4.

In individual growth years, no significant differences were found between monocul-
ture swards of perennial ryegrass and Festulolium using Ny and those with N159; however,
significant differences were observed between these monoculture yields when additional
legume plants, white and red clover, were used in the swards. Only in the first year of
sward use when using N5 fertilisers were no significant differences found. However, in
the mixtures with white and red clovers, Festulolium grasses had insignificantly higher
content in herbage: in the first year of sward use using Ny fertilisation by 10%, in the second
by 12%. When using N5 fertilisers Festulolium swards were more productive by 2% in
the first and in the second years. Two-year average botanical composition data showed
that N fertilisers strongly affected legumes in the mixtures. Decreases of 94, 68, 59, and 14%
were observed for white clover, red clover, lucerne, and sainfoin, respectively. Meanwhile,
the effect on Poaceae grasses was opposite; their productivity in swards was increased
by 48, 42, 25 and 60% of perennial ryegrass, Festulolium, meadow fescue and timothy
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grass, respectively. Together these results provided important insights into fertilisation,
biodiversity, and plant diversity in the multi-species swards.

3.3. The Yield of Cuts in Experimental Years

Cuttings and annual sward yield depended on meteorological conditions in the grow-
ing season. Statistically significant differences (p < 0.05) in cuts between treatments were
found in both experimental years when no mineral N fertilisers were used. Further analysis
showed that the largest portion of the annual yield was obtained in the first cuts. In the
first year of sward use, the first cut accounted for 60% of the annual yield with Ny fertiliser
rate and 68% with Nysp. In the second year of sward use, these yields were 49 and 60%,
respectively. It is apparent in Figure 4 that in both cases, with Ny and N5y, this accounted
for more than half of the annual yield, regardless of the different number of cuts in each
year of sward growth. No differences were found between the mixtures in which lucerne
was grown in the first year of sward in all cuts using Ny. The mixtures of white clover and
lucerne with four plant species of Poaceae were the most productive in all cuts, but there
were no significant differences compared to the other three mixtures, which also included
lucerne. Statistically significant differences between these treatments were found only in
the third cut. However, in the second year of sward use, mixtures of white clover, red
clover and Festulolium were the most productive in the three cuts. With the use of mineral
N fertilisers, no trends were found between the treatments in both experimental years.

In the second year of sward use, the most productive in the first, third, and fourth
cuts was a mixture of red clover, white clover, and Festulolium; however, no statistically
significant differences among the mixtures of white clover and lucerne with four plant
species of Poaceae were found in the first three most productive harvests compared with
the mixture of red clover, white clover, and Festulolium plant. Without mineral N fertilisers
in swards in both experimental years in all cuts, the lowest dry matter (DM) yields were
monoculture swards with perennial ryegrass and Festulolium and two other mixtures
containing white clover and sainfoin with two and four Poaceae plant species, respectively,
except the first cut of the first year of sward use.

As shown in Figure 4, when evaluating annual yield, no statistically significant dif-
ferences were found between the treatments in both experimental years using N mineral
fertilisers. In the first year of sward use, using mineral N fertilisers on the mixture with
lucerne, white clover, and two Poaceae plant species was the most productive, but no
significant differences in yields were found compared to other swards. In the second year
of sward use, a significantly low yield was produced by the sward with the monoculture
of perennial ryegrass. N fertilisers influenced swards by reducing species composition,
biodiversity, and stability, especially in adverse environmental conditions in the first year
of sward use. A decrease in yield was observed compared to the unfertilised experiment; a
dry period occurred before the second cut and at the end of plant vegetation in fourth cut.
In the first year of sward use, significant differences were found in these two cuts between
treatments with N fertilisers, so legumes improved enough to resist adverse environmental
conditions, especially in mixtures with lucerne, which had good growth properties. For
instance, no significant differences were found in the first and third cuts between the
treatments. Meanwhile in the unfertilised experiment significant differences in yields were
found in all cases.
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Figure 4. Dry matter (DM) yield of different treatments, by different harvest cuts in the two-year
experiment: (A) first and (B) second year of sward use; p-value between treatments in cuts; n.s.—not
significant. Treatments: 1—G1, 2—G2, 3—L1 + L2/G1,4—L1 + L2/G2,5—L1 + L2/G1 + G2, 6—L1 +
12/G1+G2+G3+G4,7—1L3+L1/G1 +G2,8—13+L1/G1 +G2+G3+G4,9—14+L1/G1 + G2,
10—L4+1L1/G1+G2+G3+G4,11—L1+1L2+13+14/G1 +G2,12—L1+ L2+ L3+ 14/G1 + G2 +
G3 + G4.

3.4. Crude Protein in Herbage

The results of the crude protein analysis are shown in Table 3. The data showed that
the quality indicator depended on the species diversity of swards. The average crude
protein of monoculture swards of perennial ryegrass and Festulolium ranged from 10 to
12% using Ng and N5, respectively. In other grass/legume mixtures, the content of crude
protein ranged from 12.4 to 18.6% without the use of mineral N fertilisers and from 12.8
to 15.9% with Njysp, depending on the species composition of the swards. Comparing the
highest average dry matter yields of the two years, the mixture with legumes using Ny was
more productive than the monoculture sward with Festulolium using N5, the difference
in yield of these swards was 999 kg ha~!. In addition, the content of crude protein in the
fertilised monoculture sward was 12%, while in the grass/legume mixture using N it was
17.6%. This mixture of six plant species with white clover, lucerne, and four Poaceae plant
species also showed good productivity and good forage quality even when using Nysg. It is
interesting to note that in both cases of this study in mixtures with sainfoin and white clover,
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no significant differences between crude protein were found compared with monoculture
swards. In the current study, comparing two legumes with four in mixtures showed that it
was not the number of legume plants that increased yield quality or productivity but the
selected species by growth properties in the mixtures with other legumes or grasses.

Table 3. Crude protein in the herbage of swards of different composition.

Crude Protein in Dry Matter, %

1st Year of Sward Use
No Niso
Treatments 1st Cut 3rd Cut Mean 1st Cut 3rd Cut Mean
1.G1 7.7 ab 13.9 ab 10.8 ab 9.5 abcd 16.0 ab 12.7 ab
2. G2 7.3 a 12.8 a 10.1a 8.7a 149 a 11.8a
3.L1+L2/G1 10.6 de 19.1 cde 14.8 def 9.5 abed 16.1 ab 12.8 abc
4.1L1+L2/G2 9.6 bede 18.9 cde 14.2 cd 10.4 bcd 16.4 abed 13.4 bede
5.L1+L2/G1+G2 9.8 bede 18.9 cde 14.3 cd 9.4 ab 18.3 bed 13.8 bede
6.L1+12/G1+G2+G3+G4 9.8 bede 18.8 cde 14.3 cd 11.1d 18.3 bed 14.7 e
7.L3+L1/G1+ G2 11.1e 21.1 efg 16.1 def 8.9 ab 17.9 bed 13.4 bede
8.L3+L1/G1+G2+G3+G4 10.5 cde 227¢g 16.6 f 9.6 abcd 19.6d 14.6 cde
9.14+L1/Gl1+G2 7.9 ab 16.2 bc 12.0b 9.6 abed 16.2 abed 12.9 abc
10. 14 +L1/G1+G2+G3 + G4 8.1 abc 16.7 cd 12.4 bc 9.1ab 16.6 abed 12.9abc
11. L1+ L2+ L3+ L4/G1 + G2 10.8 de 21.1 efg 16.0 def 9.2 ab 16.9 abed 13.1 bc
12201 +12+13+14/G1+G2+G3 + G4 10.3 cde 19.4 de 14.9 def 9.6 abcd 16.8 abed 13.2 bc
p-value between treatments in cuts p <0.05 p <0.05 p <0.05 n.s. p <0.05 p <0.05
2nd year of sward use
No Nis0
Treatments Ist cut 3rd cut mean 1st cut 3rd cut mean
1.G1 9.0a 125a 10.8 a 9.2 ab 154 a 123 a
2. G2 9.0a 12.8 a 109 a 8.7a 15.8 abc 12.2a
3.L1+L2/G1 13.8 defg 21.1de 17.4 cd 10.6 cde 17.3 bed 14.0 bc
4 L1+L2/G2 13.9 defg 20.5 de 17.2 cd 11.1 cde 17.5 cd 14.3 bed
5. L1+L2/Gl+G2 13.7 de 19.7 bede 16.7 cd 10.4 bed 17.5 cd 13.9 be
6.L1+12/G1+G2+G3+G4 13.9 defg 20.8 de 17.3 cd 127¢g 17.6 cd 15.1 cdef
7.L3+L1/G1 +G2 14.4 efg 219e 18.2 cd 11.5 defg 19.8 ef 15.7 ef
8.L3+L1/G1+G2+G3+G4 158¢g 21.5de 18.7d 11.9 efg 19.8 f 159 f
9.14+L1/G1+G2 119 cd 16.8b 144Db 9.3 ab 15.4 ab 12.3a
10. 14 +L1/G1+G2+G3 + G4 11.0 bc 17.3 bc 14.2b 10.2 bc 16.4 abc 13.3 ab
11.L1+ L2+ L3+ L4/Gl1 + G2 15.0 efg 20.5 de 17.8 cd 11.0 cde 19.8 ef 15.4 def
12201 +1L2+1L3+1L4/G1+G2+G3 + G4 14.3 efg 20.0 cde 17.2 cd 11.4 defg 18.8 def 15.1 cdef
p-value between treatments in cuts p <0.05 p <0.05 p <0.05 p <0.05 p <0.05 p <0.05

Dominant plant species in the swards: perennial ryegrass (G1), Festulolium (G2), meadow fescue (G3), timothy
(G4); white clover (L1), red clover (L2), lucerne (L3) and sainfoin (L4). Different letters indicate significant
differences between the treatments (p < 0.05); n.s.—not sig-nificant.

4. Discussion

DM yield and impact of legumes and mineral N fertilisers. The current study found
higher forage yields in grass-legume mixtures, especially in 60-40% grass—legume mixtures,
than in monocultures. This might be due to better use of the spaces by various species
and the positive interaction between them. A strong relationship between species richness
and yield productivity has been reported in the literature; the strength of diversity effects
was improved with higher legume amounts [21,28]. The observed diversity effects may
be due to the important effects of legumes even at low richness, interaction between the
two grass species, or a store of N from the previous presence of legumes [28]. Strong yield
reductions (e.g., —48%) were observed in single-species harvests with Ny. Similar effects
were seen in monocultures and four-species and six-species mixtures containing legumes
such as sainfoin and white clover, and annual yield did not depend on grass amounts in
these mixtures, e.g., perennial ryegrass with Festulolium in mixture or perennial ryegrass,
Festulolium, meadow fescue, and timothy grass annual yield. These two legumes in the
mixtures did not have a significant effect on annual yield. Fertilisation increased yield by
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24% but remained the most unproductive. Another important finding was that replacing
one legume—sainfoin—in the mixture with lucerne can increase the yield of the same
mixture by 48%. Therefore, we can assume that not all legumes have the same effect on
sward yield and quality; prior studies have also noted the importance of this [29]. The
sensitivity of sainfoin to the cutting regime might be the reason for its low productivity in
this experiment, in addition to being influenced by soil properties; sainfoin shows better
growth properties in gravelly soils.

Meeting the need for nutrients is important for the growth of quality swards, and
nutrient richness among the diverse species can help transform food systems [5]. Previous
study data have supported expectations of more rapid grass growth and augmented
nutrient uptake in the presence of a legume. Legumes grew more slowly in mixtures, and
the growth became more reliant on soil P [30]. In our experiment, when legumes were
used the effect was equivalent to the use of N fertilisers, with additional effects in mixtures
of different species composition. The value of the sward’s productivity suggested that
a weak link may exist between mixtures and additional fertilisation. N5 increased low
productivity legume or other grasses’” annual yield, but there was no significant effect on
other grass/legume swards. The general practice of highly fertilising single-species or multi-
species swards has often been criticised because of the environmental and financial costs
associated with high levels of fertiliser application [12] and the inability of a monoculture
to fully use system resources. Thus, there is a need for productive systems that demand
less fertiliser and have positive environmental impacts [24]. These results therefore need to
be interpreted with caution.

Response of legumes in multi-species swards using fertilisation. DM yield was strongly
related to functional group richness and species composition. As mentioned in the literature
review [26], reduced use of N fertiliser application may mitigate N,O emissions. Com-
parison of our findings with those of other studies confirmed that multi-species swards
have lower emissions than single-species swards. This result may be explained by the fact
that emissions are lowest in combinations of species with high root biomass and diverg-
ing root morphology. The results indicated that fertilisers reduced legume plants in the
multi-species swards [31]; the least resistant was white clover, followed by red clover and
lucerne. Sainfoin had no effect on sward productivity at all, only traces of it were found
in the mixtures. Taken together, these results suggested that there is no need to fertilise
swards of different species composition, as they are more productive compared to fertilised
swards. Furthermore, fertilisers could influence N, O emissions directly and, when reduced,
legumes indirectly.

Seasonal productivity and stability of multi-species cover. The present study raised
the possibility that plant species diversity in swards increases and stabilises biomass yields
under adverse climatic conditions. In the first year of sward use, evaluating second cut
productivity when natural drought conditions were identified before the cut, it was found
that the productivity of multi-species swards with legumes was about 50% higher with Ny
fertilisers compared with Ny59. Meanwhile, the average DM yield of monoculture swards
increased by only 14% under adverse climatic conditions using N15¢. Previous studies [23]
evaluating drought effects observed inconsistent results in the variability of monoculture
yields, depending on the year and species, with a 1-24% reduction and a 2-14% reduction
in separate years. This finding was also reported by [32], with a wide range of species-
specific drought effects on annual yield (from a 6% increase to a 40% reduction). This
study supported evidence from previous observations [32] that the impact of drought
is mitigated by increasing diversity. This study was able to demonstrate that drought
tolerance is determined by species identity and functional group diversity more than by
species diversity within multi-species swards; this finding was also reported by [33,34].
These results corroborated the findings of many previous works that biodiversity promotes
ecosystem functioning and stability [29,35]. In both the first and second years of sward
use, the first harvest was the most productive. This is important because it can be used to
make winter forage. Other harvests were also important in assessing the productivity and
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stability of swards. At the end of plant vegetation, yields were lowest in all cases. In our
experiment, the second year of sward use was more productive with five cuts, compared
to the first year with four cuts, because of drought conditions and a shorter vegetation
period. However, we need more data on how physiological and ecological mechanisms
drive diversity effects [36]. These results further supported the idea of studying how they
may interact with soil nutrient availability.

Strong effects of functional group richness and composition on crude protein. The
quality of the grasslands depended on the functional group and species composition [29].
In both experimental years no significant differences were found in the evaluation of
crude proteins between monoculture swards with perennial ryegrass and Festulolium.
Significantly, crude protein was increased in multi-species swards with N fertiliser rate
compared with monoculture swards. No higher amounts of crude protein in the swards
were found with Njs59. The highest production of crude protein in mixtures was improved
only by the presence of lucerne in the swards.

Forage legumes such as lucerne, red clover, and white clover are rich in proteins, and
the yield of crude proteins is known to depend on the proportion of legumes in the sward
and its productivity.

5. Conclusions

The two-year research into the productivity potential of multi-species swards grown
with mineral N5y fertilisers and without Ny showed variability and differences between
multi-species swards between and within growing seasons. The results suggested that
limited enrichment of grasslands by individual species (up to 6-8 species) is valuable for
the quantity and quality of sward yields in the Nemoral zone. Mixtures with legumes of
different species compositions give the swards more potential for productivity and good
forage quality without N fertilisers than with the use of 150 kg ha~! mineral N. N fertilisers
reduced legume DM yields in the multi-species swards. The use of lucerne, red clover, and
white clover at different compositions in mixtures, especially in the newest swards (first
two years of use), without N fertilisation avoided not only a loss of yield and quality but
also, most importantly, contributed to a more moderate use of mineral nitrogen fertilisers
in grasslands and thus mitigated other factors of climate change and farming systems.

The use of mineral N fertilisers had a significant impact on single-species grass sward
growth, but these swards were characterised by the lowest quality of crude protein. Grass-
lands with productive legumes had a more stable yield of dry matter, observing separate
cuts in the experimental years, but when using mineral N fertilisers, there was no trend between
the productivity of monoculture grasslands or swards with different species composition.

Author Contributions: Conceptualisation, G.S., VK, M.T. and ZK; methodology, G.S.and ZK;;
software, G.S., VK, M.T. and ZK; writing—original draft preparation, GS,; writing—review and
editing V.K. and 7.K.; visualisation, G.S., VK. and ZK; supervision, 7K. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: The research was part of the long-term LAMMC program “Biopotential and
Quality of Plants for Multifunctional Use”.

Conflicts of Interest: The authors declare no conflict of interest.



Sustainability 2022, 14, 1182 13 of 14

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Chen, H.; Dai, Z.; Jager, H.I.; Wullschleger, S.D.; Xu, J.; Schadt, C.W. Influences of nitrogen fertilization and climate regime on the
above-ground biomass yields of miscanthus and switchgrass: A meta-analysis. Renew. Sustain. Energy Rev. 2019, 108, 303-311.
[CrossRef]

Perkins, L.B.; Ahlering, M.; Larson, D.L. Looking to the future: Key points for sustainable management of northern Great Plains
grasslands. Restor. Ecol. 2019, 27, 1212-1219. [CrossRef]

Hetzer, J.; Huth, A.; Taubert, F. The importance of plant trait variability in grasslands: A modelling study. Ecol. Model. 2021,
453, 109606. [CrossRef]

Roeder, A.; Schweingruber, F.H.; Ebeling, A.; Eisenhauer, N.; Fischer, M.; Roscher, C. Plant diversity effects on plant longevity
and their relationships to population stability in experimental grasslands. J. Ecol. 2021, 109, 2566-2579. [CrossRef]

Grace, J.; Anderson, T.; Seabloom, E. Integrative modelling reveals mechanisms linking productivity and plant species richness.
Nature 2016, 529, 390-393. [CrossRef] [PubMed]

Schmid, J.S.; Huth, A.; Taubert, F. Influences of traits and processes on productivity and functional composition in grasslands:
A modeling study. Ecol. Model. 2021, 440, 109395. [CrossRef]

Isbell, F.; Adler, PR.; Eisenhauer, N.; Fornara, D.; Kimmel, K.; Kremen, C.; Letourneau, D.K.; Liebman, M.; Polley, HW.;
Quijas, S.; et al. Benefits of increasing plant diversity in sustainable agroecosystems. J. Ecol. 2017, 105, 871-879. [CrossRef]
Goslee, S.C.; Veith, T.L.; Skinner, H.; Comas, L.H. Optimizing ecosystem function by manipulating pasture community composi-
tion. Basic Appl. Ecol. 2013, 14, 630-641. [CrossRef]

Bogdziewicz, M.; Kelly, D.; Thomas, P.A. Climate warming disrupts mast seeding and its fitness benefits in European beech.
Nat. Plants 2020, 6, 88-94. [CrossRef]

Duarte, R.D.C.; Santos, C.S.; Vasconcelos, M.W. Legume Responses and Adaptations to Nutrient Deficiencies. In The Plant Family
Fabaceae; Springer: Singapore, 2020; pp. 373-392. [CrossRef]

Mitran, T.; Meena, R.S; Lal, R.; Layek, J.; Kumar, S.; Datta, R. Role of Soil Phosphorus on Legume Production. In Legumes for Soil
Health and Sustainable Management; Springer: Singapore, 2018; pp. 487-510. [CrossRef]

Schaub, S.; Finger, R.; Leiber, F. Plant diversity effects on forage quality, yield and revenues of semi-natural grasslands.
Nat. Commun. 2020, 11, 768. [CrossRef]

Radula, M.W,; Szymura, TH.; Szymura, M.; Swacha, G.; Kacki, Z. Effect of environmental gradients, habitat continuity and spatial
structure on vascular plant species richness in semi-natural grasslands. Agric. Ecosyst. Environ. 2020, 300, 106974. [CrossRef]
Van Oijen, M.; Bellocchi, G.; Hoglind, M. Effects of Climate Change on Grassland Biodiversity and Productivity: The Need for a
Diversity of Models. Agronomy 2018, 8, 14. [CrossRef]

Diksaityteé, A.; Virsile, A,; Zaltauskaité, J.; Januskaitieng, I.; Praspaliauskas, M.; Pedi$ius, N. Do plants respond and recover from a
combination of drought and heatwave in the same manner under adequate and deprived soil nutrient conditions? Plant Sci. 2020,
291, 110333. [CrossRef]

Gogoi, N.; Baruah, K.K.; Meena, R.S. Grain Legumes: Impact on Soil Health and Agroecosystem. Legumes Soil Health Sustain.
Manag. 2018, 58, 511-539. [CrossRef]

Clua, J.; Roda, C.; Zanetti, M.E.; Blanco, F.A. Compatibility between Legumes and Rhizobia for the Establishment of a Successful
Nitrogen-Fixing Symbiosis. Genes 2018, 9, 125. [CrossRef]

Tamburini, G.; Bommarco, R.; Wanger, C.T.; Kremen, C.; Heijden, M.G.A.; Liebman, M.; Sara, H. Agricultural diversification
promotes multiple ecosystem services without compromising yield. Ecology 2020, 6, 1715. [CrossRef] [PubMed]

Calanca, P,; Deléglise, C.; Martin, R.; Carreére, P.; Mosimann, E. Testing the ability of a simple grassland model to simulate the
seasonal effects of drought on herbage growth. Field Crops Res. 2016, 187, 12-23. [CrossRef]

Moulin, T.; Perasso, A.; Calanca, P,; Gillet, F. DynaGraM: A process-based model to simulate multi-species plant community
dynamics in managed grasslands. Ecol. Model. 2021, 439, 109345. [CrossRef]

Moloney, T.; Sheridan, H.; Grant, J.; O’'Riordan, E.G.; O’Kiely, P. Yield of binary and multi-species swards relative to single-species
swards in intensive silage systems. Ir. J. Agric. Food Res. 2020, 59, 12-26. [CrossRef]

Frew, A.; Weston, L.A.; Gurr, G.M. Silicon reduces herbivore performance via different mechanisms, depending on host—plant
species. Aust. Ecol. 2019, 44, 1092-1097. [CrossRef]

Grange, G.; Finn, J.A.; Brophy, C. Plant diversity enhanced yield and mitigated drought impacts in intensively managed grassland
communities. J. Appl. Ecol. 2021, 58, 1864-1875. [CrossRef]

Melts, I.; Lanno, K.; Sammul, M. Fertilising semi-natural grasslands may cause long-term negative effects on both biodiversity
and ecosystem stability. J. Appl. Ecol. 2018, 55, 1951-1955. [CrossRef]

Cummins, S.; Finn, J.A.; Richards, K.G.; Lanigan, G.J.; Grange, G.; Brophy, C.; Cardenas, L.M.; Misselbrook, T.H.; Reynolds, C.K,;
Krol, D.J. Beneficial effects of multi-species mixtures on N, O emissions from intensively managed grassland swards. Sci. Total
Environ. 2021, 792, 148163. [CrossRef] [PubMed]

Abalos, D.; De Deyn, G.B.; Kuyper, T.W.; Groenigen, J.W. Plant species identity surpasses species richness as a key driver of N,O
emissions from grassland. Glob. Chang. Biol. 2014, 20, 265-275. [CrossRef]

FAO. World Reference Base for Soil Resources; World Soil Resources Reports; FAO: Rome, Italy, 2014; Volume 106, pp. 187-189.


http://doi.org/10.1016/j.rser.2019.03.037
http://doi.org/10.1111/rec.13050
http://doi.org/10.1016/j.ecolmodel.2021.109606
http://doi.org/10.1111/1365-2745.13661
http://doi.org/10.1038/nature16524
http://www.ncbi.nlm.nih.gov/pubmed/26760203
http://doi.org/10.1016/j.ecolmodel.2020.109395
http://doi.org/10.1111/1365-2745.12789
http://doi.org/10.1016/j.baae.2013.09.009
http://doi.org/10.1038/s41477-020-0592-8
http://doi.org/10.1007/978-981-15-4752-2_14
http://doi.org/10.1007/978-981-13-0253-4_15
http://doi.org/10.1038/s41467-020-14541-4
http://doi.org/10.1016/j.agee.2020.106974
http://doi.org/10.3390/agronomy8020014
http://doi.org/10.1016/j.plantsci.2019.110333
http://doi.org/10.1007/978-981-13-0253-4_16
http://doi.org/10.3390/genes9030125
http://doi.org/10.1126/sciadv.aba1715
http://www.ncbi.nlm.nih.gov/pubmed/33148637
http://doi.org/10.1016/j.fcr.2015.12.008
http://doi.org/10.1016/j.ecolmodel.2020.109345
http://doi.org/10.2478/ijafr-2020-0002
http://doi.org/10.1111/aec.12767
http://doi.org/10.1111/1365-2664.13894
http://doi.org/10.1111/1365-2664.13129
http://doi.org/10.1016/j.scitotenv.2021.148163
http://www.ncbi.nlm.nih.gov/pubmed/34147803
http://doi.org/10.1111/gcb.12350

Sustainability 2022, 14, 1182 14 of 14

28.

29.

30.

31.

32.

33.

34.

35.

36.

Brophy, C.; Finn, J.A.; Liischer, A.; Suter, M.; Kirwan, L.; Sebastia, M.-T.; Helgadottir, A; Baadshaug, O.H.; Bélanger, G.;
Black, A.; et al. Major shifts in species’ relative abundance in grassland mixtures alongside positive effects of species diversity in
yield: A continental-scale experiment. J. Ecol. 2017, 105, 1210-1222. [CrossRef]

Schaub, S.; Buchmann, N.; Liischer, A.; Finger, R. Economic benefits from plant species diversity in intensively managed
grasslands. Ecol. Econ. 2020, 168, 106488. [CrossRef]

Ball, K.R.; Power, S.A.; Brien, C.; Woodin, S.; Jewell, N.; Berger, B. High-throughput, image-based phenotyping reveals nutrient-
dependent growth facilitation in a grass-legume mixture. PLoS ONE 2020, 15, €0239673. [CrossRef]

Weggler, K.; Thumm, U.; Elsaesser, M. Development of Legumes After Reseeding in Permanent Grassland, as Affected by
Nitrogen Fertilizer Applications. Agriculture 2019, 9, 207. [CrossRef]

Hofer, D.; Suter, M.; Haughey, E.; Finn, J.A.; Hoekstra, N.J.; Buchmann, N.; Liischer, A. Yield of temperate forage grassland
species is either largely resistant or resilient to experimental summer drought. J. Appl. Ecol. 2016, 53, 1023-1034. [CrossRef]
Ergon, A.; Seddaiu, G.; Korhonen, P; Virkajarvi, P; Bellocchi, G.; Jergensen, M.; Ustrem, L.; Reheul, D.; Volaire, F. How can
forage production in Nordic and Mediterranean Europe adapt to the challenges and opportunities arising from climate change?
Eur. ]. Agron. 2018, 92, 97-106. [CrossRef]

Komainda, M.; Kiichenmeister, F.; Kiichenmeister, K.; Kayser, M.; Wrage-Monnig, N.; Isselstein, J. Drought tolerance is determined
by species identity and functional group diversity rather than by species diversity within multi-species swards. Eur. J. Agron.
2020, 119, 126116. [CrossRef]

Finn, J.A,; Suter, M.; Haughey, E.; Hofer, D.; Liischer, A. Greater gains in annual yields from increased plant diversity than losses
from experimental drought in two temperate grasslands. Agric. Ecosyst. Environ. 2018, 258, 149-153. [CrossRef]

Dhakal, D.; Islam, M.A. Grass-Legume Mixtures for Improved Soil Health in Cultivated Agroecosystem. Sustainability 2018,
10, 2718. [CrossRef]


http://doi.org/10.1111/1365-2745.12754
http://doi.org/10.1016/j.ecolecon.2019.106488
http://doi.org/10.1371/journal.pone.0239673
http://doi.org/10.3390/agriculture9100207
http://doi.org/10.1111/1365-2664.12694
http://doi.org/10.1016/j.eja.2017.09.016
http://doi.org/10.1016/j.eja.2020.126116
http://doi.org/10.1016/j.agee.2018.02.014
http://doi.org/10.3390/su10082718

	Introduction 
	Materials and Methods 
	Field Experiments 
	Climatic Conditions 
	Experimental Design, Treatments and Measurements 
	Statistical Analysis 

	Results 
	Productivity of Monoculture and Multi-Species Swards 
	Botanical Composition of the Swards 
	The Yield of Cuts in Experimental Years 
	Crude Protein in Herbage 

	Discussion 
	Conclusions 
	References

