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Abstract: The production and forage quality of semi-natural hay meadows of Arrenatheretalia in
the southern central Pyrenees were studied according to the time of mowing within the vegetative
cycle, to determine its optimum moment. The results show important variations according to the
meadows and the year. Higher productions (56% in kg DM ha−1, 42% in UFL ha−1) and lower
qualities (−12% in CP, −11% in UFL kg DM−1, −7% in PDI and −17% in RFV) were obtained in the
year in which temperatures and rainfalls were the highest. It is concluded that the timing (advance
or delay) concerning the maximum value of production and the quality (two years) do not have a
direct relationship with the variations of accumulated rainfalls and the growing degree days. The
decreases in production (18% in kg DM ha−1 and 25% in UFL ha−1 until 24 June) and quality (26% in
CP, 16% in UFL kg DM−1, 13% in PDI and 20% in RFV until 24 June) were also quantified from their
maximum values within the traditional mowing period. The optimal time for mowing is between
20 May and 20 June, depending on the annual weather and the meadow characteristics.

Keywords: grassland; forage; feed value; mountain; management practices; accumulated temperature;
growing degree days

1. Introduction

Livestock exploitation systems are subject to discussions related to the maintenance
of populations and agricultural income, technical adaptations regarding the use of en-
dogenous resources, the intensification–extensification of livestock systems, competition
between the production of plant foods for human and animal consumption, evaluation
of ecosystem services, diversity maintenance, climate change, eutrophication of water, a
reduction in meat consumption, and an increase in the consumption of dairy products [1–5].

Within this context, hay meadows in mountain areas have specific characteristics
within livestock systems. From a vegetation perspective, they are included in the semi-
natural grasslands category, due to having high diversity and low intensification [6],
which, in the central Spanish Pyrenees, correspond to various associations of Arrhenatherion
elatioris and Triseto-Polygonion bistortae. Council Directive 92/43/EEC (European Economic
Community) considers these meadows as natural habitats of interest (6510 and 6520)
and the Natura 2000 Network has established the need for their conservation and to
define specific geographical areas. As they are forest substitution communities, and, in
many cases, have been established on cultivated areas (until the mid-20th century), their
floristic compositions depend on mowing, grazing, and fertilizing with manure. Even
within relatively small surfaces—with respect to the total territory—the botanical and
phytocoenological diversities are high [7–16].

In the southern central Pyrenees, meadows are used within beef cattle breeding sys-
tems with various management strategies [17,18]. The main use occurs at the end of
spring/beginning of summer, via mowing, to conserve silage or hay. In addition, grazing
is frequent in autumn and, in some cases, at the end of winter. Exceptionally, a second cut
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can be produced at the end of the summer when it is especially rainy. In general, these
are surfaces that are not suitable for other agricultural uses due to their physiographic
characteristics (slope, small size, and access difficulties), climate, and productivity. Conse-
quently, they are non-competitive resources with agricultural production, for direct human
consumption [5].

One relevant fact involves the reduction of mountain meadows from the 1970s to
the present, both in Europe [19] and in the Pyrenees [20,21]. The reduction is linked to
economic profitability in the face of competition, with more intensified forage crops and
urbanization, as well as limitations imposed by physiographic and climatic characteristics
of the mountains. Thus, the Common Agricultural Policy (CAP) of the European Union,
through public administration, has implemented a series of measures to facilitate the com-
petitiveness, conservation, and maintenance of diversity [22]. As of 2023, these measures
will be developed within a framework of eco-schemes [23], whose objectives will be to
reconcile the improvement of the use with the adaptation to the maintenance of diversity,
to the reduction of energy consumption, to gas emission and to the waste reuse.

One aspect that affects mountain hay meadows involves the mowing date of the
main use in the spring. The practice of mowing in semi-natural plant communities is
necessary, both to obtain forage for conservation and to maintain floristic composition.
The moment at which the harvest occurs determines the production and quality of the
forage [24], the botanical composition [25,26], and the dynamics of other living organisms
of this medium [27,28]. After the start of vegetative development at the end of winter,
there is progressive increase in production and a decrease in energy, protein, and forage
digestibility. Production and quality are linked to the botanical composition, climatic
conditions, the characteristics of each meadow (soil, fertility, water retention capacity, etc.),
and fertilization. In turn, these factors are interrelated and evolve together.

The amount and temporal distribution within the vegetative cycle of rainfall, heat,
and water availability are related to production, quality, and evolution, over time. Several
studies have shown that the estimation of heat through the growing degree days is related to
the seasonality of production, phenology, and forage quality [29–38]. Likewise, rainfall and
water availability [33,34,39–43] also impact production, quality, and temporal distribution.
However, the complex relationship between these climatic factors and production/quality
still needs to be clarified [40,42,44]; it is complicated by aspects related to the floristic
composition of meadows and management.

From an agronomical perspective, it is of interest to know the moment when pro-
duction and quality are optimal, as well as the relationship with rainfall and temperature.
Likewise, it is convenient to know the effects of delayed harvesting on production and
quality, the dynamics of plant species (reproduction, competition, etc.), and on the conser-
vation of ecosystem organisms. The quantification of loss is essential, from the livestock
perspective and to establish conservation measures based on delayed mowing.

The aim of this work was to analyze the variations in the production and quality of
hay meadows, to decide the optimal mowing moment, the relationship with the climatic
year, and the physiographic/fertilization characteristics.

2. Materials and Methods

The study area is located on the southern slope of the central Pyrenees (province of
Huesca). The meadows are located on the slopes or valley bottoms of the heterogeneous
substrates of moraines, slope debris, or terraces of fluvial or fluvio-lacustrine origin. These
meadows are mowed at the end of spring/beginning of summer for the production of
hay or silage. In summers with high rainfall, they could receive a 2nd cut at the end of
August. The cows, after a stay at the summer ports, graze in the meadows between October
and December. Fertilization (through manure) is applied in the winter at a rate of about
30,000 kg ha−1 year−1 and through droppings during the grazing period. In some cases,
inorganic fertilizer is applied or only grazing droppings.
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Eight meadows were selected with the aim of representing different physiographic,
management, and botanical composition characteristics. They were located between
902 and 1615 m in altitude. In each meadow, an enclosure with exclusion for cattle was
established for botanical inventory and control of production and quality. The enclosures
measured 13 by 10 m and were maintained for 2 years (2019 and 2020). The enclosures had
12 plots of 4 m2 (2 m × 2 m) corresponding to 4 mowing times, with 3 repetitions for each
mowing. The plots had corridors of 1 m that separated them.

Flora inventories were carried out according to the Braun-Blanquet method [45] in the
enclosure of the control plots, without considering the entire meadow. For each meadow,
the altitude, soil, fertilization type, and slope parameters were characterized. The altitude
is expressed in meters from the cartography of Instituto Geográfico Nacional [46]. Four soil
categories were established: (1) soil with depth < 20 cm; (2) soil with depths between 20 and
60 cm, with an abundance of coarse elements that prevented the entry of the auger; (3) soil
with depths greater than 60 cm, with an abundance of coarse elements that prevented the
entry of the auger; (4) soil with depth greater than 60 cm. The type of fertilization was
estimated from farmers’ surveys; four categories were considered in addition to grazing
droppings: (1) excess fertilization (>200 kg N ha−1); (2) low fertilization (only grazing
droppings 0 kg N ha−1); (3) medium fertilization (<100 kg N ha−1); (4) high fertilization
(100–200 kg N ha−1). The slope is expressed in degrees. These physiographic characteristics
of the eight meadows are specified in Table S1 (Supplementary Material).

The climatic parameters were obtained from the climatic stations: 9446, 9789A, 9784P,
9814X, 9838A, 9838B, and 9843A of the network of the Agencia Estatal de Meteorología [47].
The accumulated rainfall and the accumulated evapotranspiration (ETo) Penman-Monteith
were calculated daily since March 1. Evapotranspiration was calculated from temperature
data according to CROPWAT 8.0 procedures [48]. The growing degree days were calculated
since 1 February, by the sum of the daily average temperatures when they were between
0 and 18 ◦C. If the averages were negative, we limited them to 0 ◦C, and to 18 ◦C when
they were >18 ◦C [49,50].

The production and quality control was carried out four time during the vegetative
cycles in 2019 and 2020. The first one (cut 0) was made during the second half of April and
served as an initial reference to estimate the daily production and quality values up to cut 1.
Cuts 1, 2, and 3 were distributed between 20 May and 10 July. They were experimental
cuts sequenced over time in that order, to study the best time to conduct the only mowing
for haymaking. Production has been obtained from the green weight measured in the
field in the 4 m2 plots multiplied by the proportion of dry matter in the oven at 65 ◦C
during a 48 h period. Quality parameters were obtained in a laboratory, from 1 kg of
samples taken from the field, from the total harvested in each plot. Forage samples were
frozen until processing in the laboratory. The grass was cut (5 cm from the ground) using a
battery-powered hedge trimmer. A total of 192 samples were collected (8 meadows, 4 cuts
per meadow, 3 repetitions, 2 years). In each enclosure, autumn grazing was simulated via
mechanical mowing.

Laboratory determinations are as follows: laboratory dry matter at 105 ◦C for 4 h;
nitrogen content (N) was determined using the Kjeldahl method and crude protein (CP)
concentrations were calculated from it by multiplying (N × 6.25). Ash-free neutral detergent
fiber (NDF) and acid detergent fiber (ADF) were quantified using an Ankom 200 fiber
analyzer (Ankom Technol. Corp., Fairport, NY, USA), according to Van Soest et al. [51]. The
net energy value of fodder UFL (“Unité fourragère lait”, feed units for milk UFL (kg DM)−1)
and the metabolizable protein content PDI (“protéines digestibles dans l’intestin”, digestible
crude proteins in the gut, g (kg DM)−1) have been calculated according to INRA [52].
Relative feed value (RFV) is an index that combines important nutritional factors (potential
intake and digestibility) into a single number, providing a quick and effective method for
evaluating feed value or quality. The RFV was calculated using the estimates of digestible
dry matter (DDM%) and potential dry matter intake (DMI% of body weight) of the forage,
based on the ADF and the NDF fractions [53]. The parameter UFL ha−1 was calculated to
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combine the amount of forage produced (kg DM ha−1) in each meadow with its energy
content (UFL (kg DM)−1).

A non-parametric contrast treatment was carried out via the Mann–Whitney U Test
for climatic, production, and quality parameters, considering the year and cutting number
factors. The analysis of the relationship between production and quality and the climatic
and characterization parameters of the meadow were carried out using multiple linear
regression (MLR). For the selection of the dependent variables of the regression, the contrast
of the production and quality parameters was carried out using Pearson’s correlation. The
MLR analysis was conducted for UFL ha−1 and UFL (kg DM)−1 as dependent variables.
Cumulative rainfall, cumulative evapotranspiration, growing degree days, altitude, soil
(4 categories), fertilization (4 categories), and slope were considered as explanatory vari-
ables. For the production and quality variables, daily data obtained by linear interpolation
among cuts 0, 1, 2, and 3 were used. MLR analyses were conducted for (i) UFL ha−1 with
the daily values from 20 May to the date corresponding to the cut of the maximum value of
the parameter of each meadow and year; (ii) UFL (kg DM)−1 with the daily values from
20 May to the date corresponding to the cut of the maximum value of the parameter of each
meadow and year; (iii) UFL (kg DM)−1 with the daily values from the dates corresponding
to the maximum quality values, and 24 June, when they were minimum.

Quantitative differences for the same parameters are expressed in percentages of
relative increases or decreases (X2 − X1) X1

−1 100.
Statistical analyses were performed with IBM SPSS Advanced Statistics software ver.

26 (SPSS Statistics 26.0, International Business Machines Corporation, Armonk, NY, USA).

3. Results
3.1. Flora

The floristic inventories of the meadows are attributed to Rhinantho mediterranei-
Trisetum flavescentis of Arrhenatherion, with 118 species belonging to 32 families. The
taxa per inventory varies between 31 and 54 (Table 1). The Gramineae family has the
greatest coverage in most inventories (23–62%). It has 22 taxa; the most frequent and
abundant are Dactylis glomerata, Poa pratensis, Trisetum flavescens, Festuca arundinacea, and
Arrhenatherum elatius. The Leguminosae are represented by 10 species with high covers,
between 19 and 38%. The most frequent and abundant are Trifolium pratense, Trifolium repens,
Lotus corniculatus, Vicia cracca, Medicago lupulina, and Lathyrus pratensis. Other families with
high representation are Compositae (13), Caryophyllaceae (7), and Scrophulaciaceae (7). The list
of species identified in each meadow can be found in Table S1 (Supplementary Material).

Table 1. Synthesis of the floristic composition of the meadows studied. Data expressed in % coverage.

Meadows
Number of Species

01 02 03 04 05 06 07 08

Gramineae 44 55 34 23 31 53 62 47 22
Leguminosae 21 20 20 26 38 24 19 26 10

Other families 35 24 46 52 31 24 19 28 86
Number of species 44 45 41 53 35 31 35 54 118

3.2. Climatological Data

The average rainfall of the seven stations studied for the last 40 years was 1236.4 mm,
with maximums in autumn and minimums in winter (Figure 1). The rainfall in the years
2019 and 2020 were 1170.7 and 1122.7 mm, respectively, with maximums in autumn in the
first year and spring in the second year studied. The average annual temperature for the
period 1981–2020 was 7.6 ◦C, 11.3 ◦C in 2019 and 11.5 ◦C in 2020. The annual distributions
involved maximums in the summer; in 2019 and 2020, it was higher compared to the last
40 years, in all months.
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Figure 1. Average values of rainfall (left) and temperature (right) of the seven stations in the study
area. Blue: the average for the period 1981–2020; red: the values for 2019; yellow: the values for 2020.
Error bars represent maximum and minimum values.

Figure 1 shows that, in the 1981–2020 period, the annual rainfall histograms (left)
exceeded the temperature curves (right), indicating the absence of dry months. However, in
2019 and 2020, the difference is tighter. The interannual variability of rainfall was very high.
For example, in March 2019, the lowest annual value was reached, and in the following
year, 2020, the highest. The intra-annual variability was also high, especially with rainfall
during the autumn and winter months; depending on the location of the meteorological
station, there were differences of up to 170 mm of rainfall per month (error bars, Figure 1,
left). A greater availability of water in the soil for the growth of grass in 2020 was also
perceived. In addition to the maximum annual rainfall in spring, well above the average,
rainfall in the last three months of 2019 was also above average.

In all of the climatic stations associated with the meadows, the accumulated rainfall
and growing degree days were greater in 2020 than in 2019, but in the cases of growing
degree days without significant differences. The accumulated potential evapotranspiration
was significatively greater in 2019. All three parameters increased significantly according
to the order of the cut (Table 2).

Table 2. Average values and standard deviations of the three climatic parameters studied: cumulative
rainfall, cumulative evapotranspiration ETo, and growing degree days, by year and cutting date.
Sig: significance differences for p < 0.001; different letters in the same column indicate differences
(Mann–Whitney U Test).

Accumulated Rainfall (mm) Accumulated ETo (mm) Growing Degree Days (◦C)

Year Cut n Average S.D. Sig. Sig. Average S.D. Sig. Sig. Average S.D. Sig. Sig.

2019 1 24 274 ±35 277 ±24 797 ±92
2 24 314 ±38 375 ±38 1090 ±157
3 24 357 ±61 503 ±30 1451 ±151

Total 72 315 ±57 a 385 ±98 b 1113 ±301 a

2020 1 24 396 ±45 284 ±29 988 ±79
2 24 450 ±47 332 ±38 1141 ±113
3 24 498 ±37 383 ±44 1308 ±138

Total 72 448 ±60 b 333 ±55 a 1146 ±172 a

Total 1 48 335 ±74 a 281 ±27 a 893 ±128 a
2 48 382 ±80 b 354 ±43 b 1116 ±138 b
3 48 428 ±87 c 443 ±72 c 1379 ±160 c

Total 144 381 ±89 359 ±83 1129 ±245
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3.3. Characteristics of the Meadows

The characteristics of the meadows varied between 902 and 1615 m of altitude, between
1 and 4 in the soil category, between 1 and 15◦ in slope, and between 1 and 4 in the
fertilization type (Figure 2).
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Figure 2. Proportional distributions by meadow classes, according to the altitude (m), soil (categories
1–4), fertilization (categories 1–4), and slope (◦) parameters.

3.4. Production and Quality

The mass production (kg DM ha−1) and energy (UFL ha−1) of the eight meadows, in
the three cutting dates, in the 2 years, was greater in 2020 than in 2019 for the set of three
cuts, with significant differences (Table 3). Regarding the cuts, significant differences were
observed only between the third and the first two.

Table 3. Average values and standard deviations of the production parameters studied: kg DM ha−1

and UFL ha−1, by year and cutting date. Sig: significance differences for p < 0.001; different letters in
the same column indicate differences (Mann–Whitney U Test). DM = dry matter, UFL = feed units
for milk.

kg DM ha−1 UFL ha−1

Year Cut n Average S.D. Sig. Sig. Average S.D. Sig. Sig.

2019 1 24 2809 ±1363 2779 ±1347
2 24 3296 ±1221 2916 ±1177
3 24 2678 ±1271 1982 ±1009

Total 72 2928 ±1296 a 2559 ±1240 a

2020 1 24 5046 ±1018 4344 ±933
2 24 5143 ±1013 4366 ±970
3 24 3767 ±1451 2903 ±1271

Total 72 4652 ±1322 b 3871 ±1259 b

Total 1 48 3928 ±1641 b 3562 ±1393 b
2 48 4220 ±1450 b 3641 ±1294 b
3 48 3223 ±1457 a 2442 ±1227 a

Total 144 3790 ±1566 3215 ±1409

The quality values, contrary to what happened with production, were higher in 2019
than in 2020, with significant differences in UFL (kg DM)−1 and RFV and non-significant
with CP and PDI (Tables 4 and 5). From the beginning of the cycle, the quality was
decreasing for the four parameters, with significant differences between cuts.

The maximum values within the cycle in kg DM ha−1 and in UFL ha−1 occurred in
the first or second cut, without showing significant differences between them (Table 3).
Both parameters coincided on the same date, except in two cases. Consequently, from the
0 reference cut of April, they were increasing values, and from the maximum of the first or
second, they decreased until the third cut. The maximum production values were lower in
2019 than in 2020, with an increase between the annual averages of 56% in kg DM ha−1 and
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42% in UFL ha−1. The maximum production values were obtained between 21 May and
19 June (Table 6). The difference in the number of days between the two vegetative cycles
for each meadow corresponding to their maximum production was negative or positive
(Table 7). The accumulated rainfall and the growing degree days corresponding to the
maximum production were lower in 2019 than in 2020 (Table 6, Figure 3) and in all of the
meadows (Table 7). The accumulated evapotranspiration was lower in 2020 and showed
negative and positive values in the two years, according to the meadows (Table 7).

Table 4. Average values and standard deviations of the quality parameters studied: crude protein CP
(in g (kg DM)−1) and feed units for milk UFL (kg DM)−1, by year and cutting date. Sig: significance
differences for p < 0.001; different letters in the same column indicate differences (Mann–Whitney U
Test). DM = dry matter.

CP UFL (kg DM)−1

Year Cut n Average S.D. Sig. Sig. Average S.D. Sig. Sig.

2019 1 24 135.9 ±26 0.99 ±0.09
2 24 102.6 ±23 0.88 ±0.10
3 24 87.4 ±31 0.75 ±0.10

Total 72 108.6 ±33 a 0.87 ±0.14 b

2020 1 24 106.6 ±17 0.86 ±0.06
2 24 106.5 ±17 0.85 ±0.06
3 24 98.1 ±14 0.76 ±0.09

Total 72 103.7 ±16 a 0.82 ±0.09 a

Total 1 48 121.3 ±26 c 0.93 ±0.10 c
2 48 104.5 ±20 b 0.86 ±0.09 b
3 48 92.8 ±25 a 0.75 ±0.10 a

Total 144 106.2 ±26 0.85 ±0.12

Table 5. Average values and standard deviations of the quality parameters studied: digestible crude
proteins in the gut PDI (in g (kg DM)−1) and relative feed value RFV, by year and cutting date.
Sig: significance differences for p < 0.001; different letters in the same column indicate differences
(Mann–Whitney U Test). DM = dry matter.

PDI RFV

Year Cut n Average S.D. Sig. Sig. Average S.D. Sig. Sig.

2019 1 24 86 ±7 137 ±24
2 24 77 ±7 116 ±22
3 24 70 ±8 96 ±14

Total 72 78 ±10 a 116 ±26 b

2020 1 24 77 ±4 111 ±10
2 24 77 ±4 107 ±16
3 24 73 ±5 96 ±12

Total 72 76 ±8 a 105 ±14 a

Total 1 48 82 ±7 c 124 ±23 c
2 48 77 ±6 b 111 ±19 b
3 48 71 ±7 a 96 ±13 a

Total 144 77 ±8 110 ±22

The maximum quality values within the cycle were decreasing from the beginning
of the cycle and showed significant differences between cuts for the four parameters.
The maximum quality values were higher in 2019 than in 2020 with negative increases
between the annual averages of −12% in CP, −11% in UFL kg DM−1, −7% in PDI, and
−17% in RFV (Table 8). The amplitude of the maximum values of the meadows was
also greater in the year 2019 than in 2020; the CP varied the most (Table 8). Maximum
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quality occurred between 20 May and 19 June. However, in 75% of the meadows it was
before 22 May. Similar to production, the differences in the number of days within each
vegetative cycle between the maximum qualities of the two years, were negative, null, or
positive, depending on the meadows (Table 7). The accumulated rainfall and the growing
degree days (Figure 4, Table 8) corresponding to the maximum quality were lower in 2019
than in 2020 and in all of the meadows (Table 7). Similar to production, the accumulated
evapotranspiration was lower in 2020 and showed negative and positive values in both
years, according to the meadows (Table 7).

The differences in production and quality among years, meadows, and cuts can be
synthesized and related to the responsible variables through an MLR analysis. To represent
the production, the UFL ha−1 were used since it has a high correlation with kg DM ha−1

(R = 0.969, p < 0.001). In quality, it was performed with UFL kg DM−1 because the other
quality parameters present high correlations (CP: R = 0.828, PDI: R = 0.943; RFV = 0.954)
and significance (p < 0.001). The MLR analysis was done for UFL ha−1 and UFL kg DM−1

with the daily values from 20 May to the date corresponding to the maximum of param-
eter of each meadow and year. The MLR was also carried out between quality in UFL
kg DM−1 and the parameters from the maximum quality values, and on 24 June, where
they were minimum. The independent variables are the accumulated rainfall, accumulated
evapotranspiration, growing degree days, altitude, soil, fertilization, and slope.

Table 6. Maximum productions in the vegetative cycle and corresponding values of the accumulated
rainfall (AR, mm), accumulated potential evapotranspiration (AETo, mm), growing degree days
(GDD, ◦C) and days of the year. Minimum, maximum, and average values of the eight meadows
studied and percentage increase of the averages between the two years. DM = dry matter, UFL = feed
units for milk.

2019 2020

Min Max Average S.D. Min Max Average S.D. Increase (%)

kg DM ha−1 1697 4843 3415 ±1028 3839 6181 5321 ±861 56
UFL ha−1 1563 4554 3202 ±1057 3283 5662 4550 ±839 42
AR (mm) 223 355 299 ±42 337 517 433 ±65 45

AETo (mm) 255 392 335 ±42 266 335 312 ±26 −7
GDD (◦C) 982 1446 1150 ±178 1109 1494 1309 ±124 14

Days from 1 January 141 170 161 ±9 146 168 159 ±6 −1

Table 7. Daily and climatic differences associated with the maximum values of production
(kg DM ha−1 and UFL ha−1) and quality (CP, UFL kg DM−1, PDI, and RFV) in the two years
studied for each meadow. Minimum, maximum, and average values of the eight meadows studied
and percentage increases between the two years. AR = accumulated rainfall, AETo = accumulated
potential evapotranspiration, GDD = growing degree days.

Production Quality

Days AR (mm) AETo (mm) GDD (◦C) Days AR (mm) AETo (mm) GDD (◦C)

Min Units −8 53 −61 47 −2 54 −36 115
Increase (%) −5 18 −16 3 −1 22 −16 11

Max Units 6 190 22 317 16 225 64 407
Increase (%) 4 72 7 30 11 78 26 42

Average Units −2 134 −24 160 5 123 9 240
Increase (%) −1 46 −6 15 3 48 3 27
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years from 20 May to 24 June.

Table 8. Maximum quality in the vegetative cycle and corresponding values of accumulated rainfall
(AR, mm), accumulated potential evapotranspiration (AETo, mm), growing degree days (GDD, ◦C),
and days of the year. Minimum, maximum, and average values of the eight meadows studied and
percentage increase of the averages between the two years. CP = crude protein, DM = dry matter,
UFL = feed units for milk, PDI = digestible crude proteins in the gut, RFV = relative feed value.

2019 2020

Min Max Average S.D. Min Max Average S.D. Increase (%)

CP (g (kg DM)−1) 101.5 177.7 144.0 ±21.9 106.1 138.5 127.1 ±10.5 −12
UFL kg DM−1 0.92 1.11 1.00 ±0.06 0.84 0.97 0.89 ±0.04 −11

PDI (g (kg DM)−1) 78 96 88 ±5 76 86 82 ±3 −7
RFV 115 166 141 ±17 102 129 116 ±10 −17

AR (mm) 197 355 266 ±46 287 513 381 ±69 43
AETo (mm) 221 366 262 ±43 185 332 252 ±46 −4
GDD (◦C) 771 1147 931 ±150 884 1485 1110 ±201 19

Days from 1 January 140 170 145 ±10 140 156 145 ±7 0

Production in UFL ha−1 up to the most productive cut shows a model with a high
fit (R = 0.882; R2 = 0.675; F = 135.540; p < 0.0001) where the variables—accumulated
rainfall, growing degree days, soil, and slope—were significant (p < 0.001), and fertilization
(p = 0.007). The production was conditioned in the first place by the depth of the soil (CS
Beta 0.814). The climatic parameters that best fit were the accumulated rainfall since the
beginning of vegetative development (CS Beta 0.639) and the growing degree days (CS
Beta 0.17). For the maximum values of UFL ha−1, the average increase between the two
years was in the accumulated rainfall, 45%, and in the growing degree days, 14%, for an
average increase of UFL ha−1 of 42% (Table 6). The response to the accumulated rainfall
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and growing degree days by meadows was positive but heterogeneous since the increases
varied in the accumulated rainfall (between 18 and 72%) and in the growing degree days
(between 3 and 30%), Table 7. No significative pattern was found that related the advance
or delay of the dates of the maximums, as functions of the accumulated rainfall and the
growing degree days.
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The MLR model of quality in UFL kg DM−1 with data up to the maximum values
showed a medium fit (R = 0.713; R2 = 0.509; F = 83.955; p < 0.0001) where the variables—
accumulated rainfall, growing degree days, and fertilization—were significant (p < 0.001).
The quality was negatively conditioned by the accumulated rainfall (CS Beta −0.488) and
the growing degree days (CS Beta −0.214). Moreover, the positive effect of fertilization
(CS Beta 0.389) on quality was noteworthy. For the maximum values of UFL kg DM−1,
the average increase between the two years was in the accumulated rainfall of 43% and
in the growing degree days of 19% for an average decrease in UFL kg DM−1 of −11%
(Table 8). The response to the accumulated rainfall and growing degree days by meadows
was positive but heterogeneous since the increases varied in the accumulated rainfall
(between 22 and 78%) and in the growing degree days (between 11 and 42%), Table 7.

To explain the behavior of the quality of UFL kg DM−1 after the maximum values
and until 24 June, the MLR model shows a good fit (R = 0.927; R2 = 0.859; F = 326.172;
p < 0.0001) where the variables—accumulated rainfall, accumulated evapotranspiration,
growing degree days, altitude, soil, and slope—were significant (p < 0.001). The quality
was conditioned in the first place in a positive way by the altitude (CS Beta 0.725) and the
soil (CS Beta 0.169) and in a negative way by the accumulated rainfall (CS Beta −0.424),
the accumulated evapotranspiration (CS Beta −0.148), the growing degree days (CS Beta
−0.329), and the slope (CS Beta −0.320). Consequently, meadows that are located at higher
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altitudes have deeper soils and lower slopes, have a smaller decrease in quality after their
maximum values.

The production and quality decreases from the moment when the maximum values
were reached, and on 24 June, and between this date and 10 July, could be quantified by the
means of the daily decreases in the different parameters (Table 9). The decreases were more
pronounced for all parameters in the first period, except for the PDI.

Table 9. Minimum, maximum, and average daily decreases and a percentage decrease in production
and quality from the maximum average values of two years. DM = dry matter, UFL = feed units for
milk, CP = crude protein, PDI = digestible crude proteins in the gut, RFV = relative feed value.

Daily decrease from the maximum values to 24 June

kg DM ha−1 UFL ha−1 CP (g (kg DM)−1) UFL kg DM−1 PDI (g (kg DM)−1) RFV

Min 9 16 0.0302 0.0020 0.1514 0.1185
Max 177 206 0.1971 0.0116 0.7355 1.9851

Average 61 68 0.1217 0.0052 0.3752 0.9016
Variation (%) 18 25 26 16 13 20

Daily decrease from 24 June to 10 July

kg DM ha−1 UFL ha−1 CP (g (kg DM)−1) UFL kg DM−1 PDI (g (kg DM)−1) RFV

Min 2 3 0.0025 0.0004 0.0727 −0.2393
Max 116 97 0.2361 0.0134 0.9932 2.0765

Average 36 39 0.0855 0.0059 0.4473 0.7836
Variation (%) 31 41 36 26 21 30

4. Discussion

The results show the variability of forage production and quality between the mead-
ows, between years, and between the cutting dates within the year, as well as the relation-
ship with the climatic parameters and characteristics of the meadows.

4.1. Variability between Meadows

The floristic diversity of the meadows of the central Pyrenees is high, as numerous
studies have shown [7–14,16,54,55]. Although our inventories can be attributed to the
Rhinantho mediterranei-Trisetum flavescentis association of Arrhenatherion, there are quite
a few species that are only in one or two inventories, and some that show proximity to
Triseto-Polygonion bistortae and Bromion erecti. The experimental plots in the meadows have a
balanced flora between grasses (23–62%) and legumes (19–26%), with proportions between
0.83 and 3.33, and a high number of species (118). There are different floristic compositions
and relative abundant conditions, not only the production and quality of each meadow,
but also the response over time of the species to interannual and intra-annual variations in
climatic factors [24,30]. Moreover, in meadows of the southern central Pyrenees, it has been
observed that production is inversely related to floristic richness (and quality is directly
related) [56]. On the other hand, the limited number of inventories (concerning the design
of this work), the common presence of the most abundant species, and the high number of
unique species, do not take the species into consideration, regarding the relationship with
the climate and environment parameters.

Meadows can be considered different from production and quality parameter perspec-
tives. Consequently, they represent part of the variabilities of the mowing meadows of the
southern central Pyrenees. At the same time, the selection supposes a limitation, due to the
difficulty in confirming the relationship of the variables with several common cases. The
production and quality values are consistent with those reported by Maestro et al. [57] and
Reiné et al. [56] in meadows of the southern central Pyrenees. On the contrary, the lack of
works that have considered the variations between cuts on different dates does not allow
comparison within the same annual cycle.
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The characteristics of the soil, the slope, and fertilization are decisive in explaining the
production and quality variations between the meadows. The MLR, up to the maximum
production values in UFL ha−1, indicates to a greater extent the depth of the soil, and with
less importance, the slope and fertilization as the non-climatic environmental parameters
that explain the differences between meadows. Regarding quality, with MLR—up to the
maximum values in UFL kg DM−1—only fertilization presented a significant effect among
the non-climatic variables. Therefore, no relationship was found among quality and altitude,
soil depth, and slope. In this sense, several authors provided results that related edaphic and
fertility factors with Pyrenean meadow production [12,14,57–60]. Consequently, meadows
with low production and quality values are susceptible to improvements through manure
fertilization proportional to the potential determined by soil depth and slope.

4.2. Variability between Years

The variability between years of production, of the same meadows, produces a dys-
function between the annual availability of hay and its quality, and the food needs of the
animals on the farm.

In this case, the interannual variations of the production and average quality of
the cuts of the maximum values are relevant (increases of 56% in kg DM ha−1, 42% in
UFL ha−1, −12% in CP, −11% in UFL kg DM−1, −7% in PDI, and −17% in RFV). For
both production and quality, the MLR highlights its relationship with the accumulated
rainfall and the growing degree days. For both parameters, the effect is positive with
respect to production and negative for quality. In addition, the amplitudes of the maximum
values of the meadows were also greater in the year 2019 than in 2020, especially with
the CP. It is difficult to discern between the effects of the accumulated rainfall and the
growing degree days with only two years of follow-up. It is also not easy to compare
interannual variations with works from other geographical areas due to differences in
climate, floristic compositions, meadow management, and the low number of contrasted
years. When comparing meadows in different years, regarding quality, Andueza et al. [29],
Perotti et al. [38], and Andueza et al. [37] found an inverse relationship between temperature
and quality; on the contrary, Michaud et al. [33] did not detect a relationship with dMO
(determinant of the UFL kg DM−1 and PDI). Regarding rainfall, Meisser et al. [34] pointed
out its inverse relationship with quality, except for CP, which did not vary as in our case. On
the contrary, Andueza et al. [29] obtained a lower quality in the year with a lower rainfall.
In relation to production variations, Michaud et al. [33] also pointed out the positive effects
of the growing degree days, although not of the water balance. However, in our case, we
observed that there was a water deficit in the year with lower rainfall and temperature.
Lastly, Maestro et al. [57], regarding the meadows of the southern central Pyrenees, did
not find differences in production or quality when comparing the same meadows in two
consecutive years, although they did not indicate whether there were climatic differences.

The interannual differences on the dates when the maximum production and quality
values occurred showed that there was no definite effect because they varied from one year
to another within the same meadow (Tables 6–8). On the contrary, the maximums were
systematically obtained with higher values in the second year in the accumulated rainfall
and growing degree days, both in production and quality. Therefore, in relation to the
advance and delay of the dates, our results are apparently contrary to what was stated by
Amaudruz et Meisser [35], regarding Swiss meadows, where the increase in the growing
degree days advanced the optimal phenology for mowing or grazing. This discrepancy is
probably related to the fact that these authors considered only temperature and that water
deficits occur in the southern central Pyrenees. In our case, water deficits were observed
between rainfall and evapotranspiration in 2019 but not in 2020, despite the fact that their
temperatures were higher. Water deficit was also detected in meadows with 4–5 cuts per
year in Switzerland, which occurred from July, but did not affect production due to the
reserve of useful water in the soil [42]. Vitra et al. [44], regarding meadows with induced
drought, directly related the production decrease to the decrease in rainfall. Duru et al. [39],
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although focused on the beginning of the vegetative activity, related plant growth to tem-
perature and water availability in the meadows of the north central Pyrenees, as factors that
advanced or delayed development, in addition to fertility. Lambert et al. [43], regarding the
Belgian meadows, attributed negative developmental effects on the temperature increases
in years with lower rainfall. This effect cannot be contrasted with our results since we do
not have data for a year with higher temperatures and lower rainfalls.

4.3. Variability in the Vegetative Cycle

Similar to other works, our results show an increase in production and a decrease in
forage quality within the cycle. In our case, the decrease in production was also detected
after a certain moment. The maximum values of production (dry matter and energy)
and quality (CP, UFL kg DM−1, PDI, and RFV) coincided within the vegetative cycle
(with some exceptions). When considering the relationship between crude protein and
digestibility (therefore also UFL kg DM−1 and PDI) within the vegetative cycle, some
studies show the same trend as ours [61,62] and others indicate that they do not maintain
this relationship [26].

Within the vegetative cycle, it was observed that the maximum values of production
and quality occurred at a long period between 20 May and 19 June, although, in quality,
in 75% of cases it was before 22 May. From the perspective of the accumulated rainfall
and the growing degree days, the maximum production and quality (Figures 3 and 4,
Tables 6 and 8) showed relatively large amplitudes, with ranges that varied between years.
If 25% of the later meadows are excluded, the differences (with respect to the maximum
quality values) are notably reduced.

The variation ranges of the growing degree days and of the maximum production dates
are of the same order or higher than those provided by Duru et al. [30] in the north central
Pyrenees, Carrère et al. [31] in the French Massif Central, or Michaud et al. [33] in France.
A comparison with the French Massif Central meadows [32] shows that the differences in
production between meadows was greater in ours for different accumulated degrees and
that the amplitudes of the production did not increase with growing degree days.

The amplitudes of the dates, accumulated rainfall, and growing degree days assumed
that the characteristics of the meadows determined the mowing dates by the farmers. This
allowed the distribution of the mowing work throughout the month between 20 May and
20 June.

From the maximum values of production and quality, a more or less pronounced
decrease occurred during the rest of the vegetative cycle. In production, the average
decrease per day until 24 June was 61 kg DM ha−1 day−1 and 68 UFL ha−1 day−1 and
from 24 June to 10 July it was 36 kg DM ha−1 day−1 and 39 UFL ha−1 day−1. Regarding
quality, the decreases until 24 June were 0.12 CP day−1, 0.0052 UFL kg DM−1 day−1,
0.38 PDI day−1, and 0.90 RFV day−1, and from 24 June until 10 July was 0.09 CP day−1,
0.0059 UFL kg DM−1 day−1, 0.45 PDI day−1, and 0.79 RFV day−1. The degree of daily
decrease is relevant in relation to the amplitude of the mowing period, in which the
production is more or less affected [30,62]. In this sense, our results show three things.
The first is that the decreases vary between meadows and between years, the second is
that the most productive year has greater daily decreases, and the third is that there is no
correlation between the maximum production and the correspondence decrease.

According to the MLR model of UF kg DM−1 quality, from the maximum values
onwards, it is evident that those meadows that are at higher altitudes have deeper soils,
and with less slope have a smaller decrease in quality after their maximum values. The
rate of decline in digestibility and protein over time was not found to be related to the ratio
of grasses to legumes [24]. In the meadows studied, legumes were in high proportions
(19–38%). Likewise, being meadows with high diversity (between 31 and 54 species in the
plots), trade-offs between species could occur according to their phenology and quality
over time and the additive effects of the mixture [24]. On the other hand, the results
by Reiné et al. [63] show that the quality (digestibility, protein, energy, and minerals) of
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legumes and some species of other families is higher than that of grasses in these same
meadows. The three umbelliferae from our inventories (Chaerophyllum aureum, Heracleum
sphondylium, and Laserpitium latifolium) show high quality values, contrary to what has
been said by some authors [24,26,64,65].

We consider these declines in production and quality as relevant facts given that our
surveys and some bibliographical references [18,57,66] show that a substantial part of the
meadows of the Pyrenees central south are mowed in the second half of June until 15 July.
The delay of the harvest dates, with respect to the maximum production and quality, may
be due to the erroneous appreciation that production increases, to traditional uses, to the
accumulation of work due to the transfer of animals to summer pastures, to inclement
weather, to the difficult access into the small areas of meadows and to environmental
guidelines recommendations [22,23].

However, there are few works regarding mowing meadows in the Pyrenees where we
can compare, in a quantified way, the decrease in production throughout the annual cycle,
while on the decrease in quality, there are more quantified (or not quantified) references.
From the results of Bossuyt et al. [36], regarding the Swiss meadows, it could be interpreted
that there is also a decrease in production at the end of the first vegetative cycle. After
an increase in the amplitude of production from 600–700 ◦C day (or 120 days), a decrease
in production and its amplitude was observed, around 1000 ◦C day or more (165 days).
The influence of the water deficit should be considered a factor related to the decrease in
production [40]. In this sense, Calanca et al. [41] linked the declines in daily productivity to
the water balance in Swiss meadows throughout the vegetative cycle. However, although
water deficits were detected in the first year and not in the second, the decrease in our case
occurred in both years. Maestro et al. [57], with results opposite to ours, showed a decrease
in CP, digestibility, UF kg DM−1, and UF ha−1 in five plots, but production in kg DM ha−1

increased. Duru [67], in the same sense, expressed as a percentage, with respect to the
production of 23 June, showed an increase in production until 9 July in four plots, and
decreases or increases (in meadows grazed in the spring) in the cut of 5 August.

It is evident that, when establishing conservation measures based on delaying harvest-
ing, in addition to the effects on the botanical composition, one must contemplate not only
compensating for the decrease in production, but also obtain low-quality forage that does
not allow adequate nutrition due to limitations in intake [68].

5. Conclusions

The differences in production and quality, when comparing the maximum values
between meadows, are important and are linked to soil depth, slope, and fertilization.
Therefore, low-productivity meadows or low forage quality are susceptible to improvement
through fertilization, proportional to the potential determined by the depth of the soil and
the slope.

The variabilities between the production years, of the same meadows, produces a
dysfunction between the annual availability of hay and its quality, and the food needs of
the animals on the farm during the winter. The increase in production (56% in kg DM ha−1,
42% in UFL ha−1) and the decrease in forage quality (−12% in CP, −11% in UFL kg DM−1,
−7% in PDI and −17% in RFV) is related to the increase in the accumulated rainfall and the
growing degree days between the two years. The interannual variations of accumulated
rainfall and growing degree days do not show definite effects in advances or delays of the
optimal mowing dates.

The maximum production values (in kg DM ha−1 and UFL ha−1) are produced in
a relatively wide range of dates, accumulated rainfall, and growing degree days. This
depends on the meadows and the year and implies that the decision of the mowing date
by the farmer adapts to the characteristics of the meadow. As an advantage, it allows a
staggering of the work, i.e., of mowing and making hay or silage during a month (20 May
to 20 June).
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The production losses that occurred with harvests after the maximum production and
the quality values were of the order of 18% in kg DM ha−1 and 25% in UFL ha−1, until
24 June and 31% in kg DM ha−1 and 41% in UFL ha−1 until 10 July. The quality decreases
were 26% in CP, 16% in UFL kg DM−1, 13% in PDI, and 20% in RFV until 24 June and
36% in CP, 26% in UFL kg DM−1, 21% in PDI, and 30% in RFV until 10 July. The decrease
in quality, after the maximum value was less in the meadows that were at higher altitudes,
had deeper soils and less slope.
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