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Abstract: Melica uniflora Retz., commonly known as wood melick, is a grass species that is native to
most of Europe. Melica uniflora grows in hardwood forests near Fagus species, providing vital food
and shelter for forest wildlife. The nutritional status of wood melick is not sufficiently recognized. The
study aims to identify the intrapopulation variability of Melica uniflora plants collected from natural
forest habitats in Poland in terms of nutritional status variability in relation to stage development and
the course of weather conditions. The research was conducted for two consecutive years: 2021 and
2022, in the area of the Ślęża Massif, near the town of Sobótka in Lower Silesia voivodeship (Poland).
The material for analyses was collected from 10 natural forest sites twice: in July (I) and October (II).
The content of nutritive components: crude protein (CP), crude ash (CA), neutral detergent fiber
(NDF), acid detergent fiber (ADF), acid detergent lignin (ADL), and water-soluble carbohydrates
(WSC) was evaluated. Relative feed value (RFV), dry matter digestibility (DDM), dry matter intake
(DMI), cellulose (CL), and hemicellulose (HCL) content were calculated based on ADF and NDF.
Melica uniflora plants contained 75.2 g·kg−1 DM of CP, 290.6 g·kg−1 DM of CF, 120.0 g·kg−1 DM of
CA, and 25.9 g·kg−1 DM of WSC. The content of NDF was 637.6 g·kg−1 DM, ADF 407.5 g·kg−1 DM,
and ADL 58.0 g·kg−1 DM. The nutritional status of wood melick depended on the course of weather
conditions in the following years and its location, which changed during the growing season. Plants
collected in the first year of the study contained more CL, NDF, and ADF fractions and less CA, ADL,
and WSC. Melica uniflora plants harvested in June were characterized by higher CP (102.1 g·kg−1 DM)
and WSC (30.1 g·kg−1 DM) content and lower content of remaining nutrients. It can be concluded
that Melica uniflora plants can be a valuable source of these nutrients in the forage of forest animals.

Keywords: forest grass; crude protein; crude ash; fiber fraction; water-soluble carbohydrates; cellulose;
hemicelluloses; relative feed value

1. Introduction

Grasses play a key role in maintaining the world’s ecosystems and biodiversity. They
have a significant role in the nutrition of wildlife and domesticated species, mainly rumi-
nants [1]. Wild grasses supplement forage resources, improve herbivore productivity in
natural forests, and are a potentially good protein supplement, especially during critical
periods of the year with scant quality and quantity of grass [2–5]. Knowledge of the forage
value of wild grasses enables us to improve the condition of natural wildlife habitats [6].
The chemical composition of grasses is a factor that affects the attractiveness of wild grasses
by influencing their forage value, while the presence of specific substances can enhance or
reduce their palatability (e.g., tannin compounds) [7].

The grasses that make up the sward of traditional grasslands are well recognized, and
as shown by studies, individual species vary in chemical composition. For instance, in
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terms of CP content, the amounts can range from 107–166 g·kg−1 of dry matter in species
growing in Europe [8,9] and 59.4–119.4 g·kg−1 of dry matter in grasses in humid and
mountainous areas of the west coast of the Indian Peninsula [2] to 97–124 g·kg−1 [10] in
dry and extremely hot areas of the Arabian Peninsula. Chemical composition and the
resulting forage value are also related to soil pH and nutrient abundance [10–12], the course
of weather conditions (amount and distribution of precipitation and air temperature) [13],
and the developmental stage of plants [14].

Among the 150 grass species described in Poland, the genus Melica L. is repre-
sented by five native species, two of which are forest species. The native species include
Melica uniflora Retz. [8,15], Melica picta K. Koch [16], Melica transsilvanica Schur [17,18],
Melica altissima L. [19], and Melica nutans L. [8,15,20]. These species are well-recognized
botanically and in terms of their occurrence [20]. However, there is a lack of information
on their chemical composition and nutritional value. Importantly, the forest species Melica
uniflora and Melica nutans can supplement forage for wild ruminants, such as Capreolus
capreolus (roe deer) [21], in forested areas in Poland. Thus, further research is needed to
complete the information on the feed value of Melica uniflora species in particular.

Melica uniflora is mainly found in southern and western Poland, both in the lowlands
and the foothills, and occasionally in the lower regale [22]. The species is often observed in
the undergrowth layer on fertile beech sites, where it grows locally, often in patches [15,23].
In such a case, it makes up a larger share of the forage of herbivorous forest animals. In
the classification of plant communities, Melica uniflora is characteristic of the association
Galio odorati-Fagetum Rübel 1930 ex Sougnez et Thill (1959), of the alliance Fagion sylvaticae
R.Tx. et Diem., of the class Fagetalia sylvaticae Pawł. in. Pawł., Sokoł. et Wall. (1928), and
of the class Querco-Fagetea Br.-Bl. et Vlieg. (1937) [24]. Galio odorati-Fagetum is a relatively
poor form of fertile beech. The composition of this association is dominated by Fagus L.,
sometimes with admixtures of other tree species, including Quercus L. and Carpinus L.

The chemical composition of Melica uniflora is similar to that exhibited by Melica nutans.
However, some minor differences are noticeable. Firstly, Melica uniflora is characterized by
a lower proportion of sugars and a tendency to produce larger amounts of lignin. Also, its
mineral composition indicates a deficiency of phosphorus and the presence of cyanogenic
glycosides [8,25]. The analysis of the chemical composition assessing the content of ascorbic
acid, proline, and antioxidant activity showed that wood melick (Melica uniflora) can be
classified as a plant with a high content of ascorbic acid (about 43 mg %) [26,27] which is
favorable in terms of animal feed value. In addition, research conducted in Turkey [28]
showed that Melica uniflora may be an important forage for Capreolus capreolus (roe deer) in
Yenice Forests due to its antibacterial properties—both phenolic and antioxidant content.
Results showed that an ethanolic extract from fresh leaves of Melica uniflora inhibited both
Gram-positive and Gram-negative bacteria and yeasts.

Forest habitats are difficult environments for grasses to grow and develop, especially
due to moisture, light, and nutrient deficiencies in the soil. There is also competition for
water and light and a shortage of nutrients in the soil. These factors have a crucial impact
on the nutritional value of grass species native to these habitats. The forage value of grasses
is not constant and changes during the growing season. Knowing the forage value of
plants available to wild ruminants during the full growing season (in July) and before the
winter period (in October), when animals are preparing for the period of food shortage,
is significant.

Information on the quality of forage for wild ruminants (knowledge of the forage
value of wild grasses) is important, especially because the number of these animals in
Poland has doubled in the last ten years to a state of more than 70,669 thousand [29], and
grasses and other graminoids can account for 1/3 of the forage consumed (depending on
the animal species) [4]. Due to the scarcity of information on the forage value of grasses of
the genus Melica, research on Melica uniflora was undertaken.
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The study aims to identify the intrapopulation variability of Melica uniflora plants
growing in natural forest habitats in terms of nutritional status variability in relation to
stage development and the course of weather conditions.

2. Materials and Methods
2.1. Study Area Characteristics

The research was conducted in Poland in the area of the Ślęża Massif (Figure 1).
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Figure 1. Location of Melica uniflora harvesting sites. Numbers 1–10 indicate the locations of plant
sampling.

According to the physic-geographical division of Poland [30], the Ślęża Massif belongs
to the province of the Bohemian Massif, a subprovince of the Sudetes and Sudeten Foreland,
and is the highest elevation of the Sudeten Foreland. The massif is located in the Ślężanski
Landscape Park. The highest elevation of the massif is Ślęża (50◦51′54′′ N, 16◦42′31′′ E)
which reaches 718 m above sea level, and its relative height is about 500 m [31,32]. Most of
the Ślęża Massif is composed of alkaline and ultramafic rocks. [31–34]. The forest cover of
the massif area is 84%, 20% of which is coniferous forests dominated by spruce (Picea sp.),
23% by deciduous forests with a high proportion of oak (Quercus sp.) and beech (Fagus sp.),
and 41% by mixed forests. The remaining 16% comprises agricultural habitats.

One of the largest forest communities in terms of area is acid beech, which overgrows
a large part of the Ślęża mountain with its peaks and middle parts. The habitat is character-
ized by a relatively species-poor groundcover mainly overgrown by grasses of little value
to wildlife, mosses, and ferns [35,36]. Several scattered forest communities with small areas
occur on the massif. These include fertile beech with a stand dominated by common beech
(Fagus sylvatica L.). Such habitat occurs in the top parts of Mt. Ślęża in a mosaic with acid
beech [37].

2.1.1. Weather Conditions

Weather data for the study area came from a public database of archived data available
electronically, provided by OpenWeather-Map.org. [38]. The characterization of pluviother-
mic conditions was presented using the Sielianinov hydrothermal coefficient (HCT) [39].
Uses temperature and precipitation values and is sensitive to dry conditions specific to
the climate regime being monitored. It is flexible enough to be used in both monthly and



Forests 2023, 14, 1605 4 of 28

decadal applications. Useful in the monitoring of agricultural drought conditions and has
also been used in climate classifications.

It is calculated according to the following formula:

HTC = (P·10)/Σt (1)

where:
P—the total monthly rainfall (mm),
Σt—the monthly total of average daily air temperatures > 0 ◦C.
A division into 10 classes of HTC–value was used:
extremely dry HTC ≤ 0.4, very dry 0.4 < HTC ≤ 0.7, dry 0.7 < HTC ≤ 1.0, fairly dry

1.0 < HTC ≤ 1.3, optimal 1.3 < HTC ≤ 1.6, fairly wet 1.6 < HTC ≤ 2.0, wet 2.0 < HTC ≤ 2.5,
very wet 2.5 < HTC ≤ 3.0, and extremely wet HTC > 3.0.

2.1.2. Soil Conditions

In order to characterize soil conditions in the first year of the study, topsoil samples
(0–10 cm) were taken from each site on the first harvest date. The following parameters
were determined in the soil samples: soil pH measured in 1 mol KCl by the potentiometric
method [40], soil abundance in N—modified by the Kjeldahl method; P—total phosphorus
by the colorimetric method using ammonium molybdate and sodium metabisulphate;
K—by the emission method; and Mg and Ca—by atomic absorption spectrometry (S Series
AA Spectrometer, Thermo Fisher Scientific, Waltham, MA, USA).

2.2. Collection and Analysis of Plant Material

The study was conducted for two consecutive years (2021 and 2022), each year on two
dates. Material for the analysis of the content of selected nutrients in wood melick (Melica
uniflora) was collected from 10 natural forest sites located in the Ślęża Massif, near Sobótka,
Lower Silesia Province (Poland).

The selection of sites for the surveys was done using the marshaling method [41]. The
field marshaling method used in this study was aimed at a detailed penetration of the study
area. Consisted of moving on foot in the study area and locating sites of Melica uniflora
occurrence in it. A total of 10 localizations were found. In both survey years, samples
of plant material for the study were taken from each site every year on two dates: on
13 July (the 1st date) and on 9 October (the 2nd date). The analytical material consisted
of aboveground parts of the shoots of Melica uniflora. Plants for analysis were collected at
the stages of full generative development (in July) and seed ripening (in October). In each
location (1–10), four test plots with an area of 1 m2 were selected within 3 m of each other.
From each plot, one 25 g subsample was collected. The total mass of the plant sample from
the location intended for chemical analyses was 100 g of fresh mass (4 × 25 g).

To mark where the plant material was harvested and allow it to be harvested from the
same locations the next year, numbered markers were placed at each site. Locations were
pointed out using a Trimble Juno SB GPS receiver (Westminster, CO, USA). For each study
site, the altitude was read and then the exposure was determined, as shown in Table 1.

The material for analyses of the nutritional quality of Melica uniflora was dried at 70
degrees Celsius to a constant weight to determine dry matter (DM) content. A chemical
composition including crude protein (CP), crude ash (CA), neutral detergent fiber (NDF),
acid detergent fiber (ADF), acid detergent lignin (ADL), and water-soluble carbohydrates
(WSC) was determined with near infrared reflectance spectroscopy (NIRS) technology
(NIRFlex N-500, Buchu, Flawil, Switzerland), using calibration for meadow hay. Analyses
in three replications were performed. Cellulose (CL) and hemicellulose (HCL) contents
were calculated by the following formulas:

CL = ADF − ADL (2)
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HCL = NDF − ADF (3)

Table 1. Characteristics of Melica uniflora study sites.

Site No. Geographical
Coordinates Altitude Exposition Location

M

1 50◦53′16.7′′ N
16◦43′56.5′′ E 335 N-E

Mount Wieżyca
(another name for

Mount Kościuszko)

2 50◦53′13.3′′ N
16◦43′44.4′′ E 411 N Mount Wieżyca

3 50◦53′13.1′′ N
16◦43′44.4′′ E 413 N Mount Wieżyca

4 50◦53′10.3′′ N
16◦43′43.5′′ E 414 S Mount Wieżyca

5 50◦53′02.5′′ N
16◦43′44.1′′ E 381 N Mount Bartoszek

6 50◦52′51.7′′ N
16◦43′30.0′′ E 389 S-W Mount Bartoszek

7 50◦52′51.4′′ N
16◦43′30.1′′ E 390 S-W Mount Bartoszek

8 50◦52′56.3′′ N
16◦43′47.4′′ E 368 S-E Mount Bartoszek

9 50◦52′ ′56.5′′ N
16◦43′49.6′′ E 367 S-E Mount Bartoszek

10 50◦52′57.7′′ N
16◦43′55.8′′ E 358 S-E Mount Bartoszek

The RFV (dimensionless quantity) 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, respectively, using the formulas [42]:

DDM = 88.9 − 0.779 × ADF (% of DM) (4)

DMI = 120/NDF (% of body weight) (5)

RFV = (DDM × DMI)/1.29 (6)

Based on the RFV index, the resulting forage was assigned to each quality class (quality
class):

prime (RFV > 151), 1st (RFV 151–125), 2nd (RFV 124–103), 3rd (RFV 102–87), 4th (RFV
86–75), and 5th (RFV < 75).

2.3. Statistical Analysis

Statistical processing of the results was performed using Statistica v. 6.0 programs
(Statsoft, Krakow, Poland). Before statistical analyses, the data were statistically tested
for normality using the Shapiro–Wilk test and variance homogeneity using the Levene
test. The results allow us to conclude that the distributions of the measured variables
do not differ significantly from the normal distribution. The model included the fixed
effects of year (Y), harvesting term (HT), and location (L). Random effects were: Y*HT,
HT*L, Y*L, and Y*HT*L. Thereafter, a three-way analysis of variance (ANOVA) was used
to examine variations between treatments. When the treatment effect was found to be
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significant, Tukey’s pairwise comparison was performed to isolate which treatment means
were significantly different at a 5% significance level. Next, correlations between the
parameters were calculated using Spearman’s rank order.

3. Results
3.1. Weather Conditions

The weather pattern during the study period (i.e., precipitation and temperature) is
presented in Figure 2.
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The Sielianinov hydrothermal coefficient (HTC) calculated from these meteorological
data is presented in Table 2. For both years, the lowest values of the HTC occurred in
October (0.2). This indicates that this month was extremely dry (HTC ≤ 0.4), mainly due to
low rainfall (Figure 2). Also, September 2021 and July 2022 were very dry months, when
the HTC was 0.6. In 2021, the highest value of the HTC (2.8) coefficient was reached in
May, classifying it as a very wet month (2.5 < HTC ≤ 3.0), while in 2022, the highest value
occurred in August, classifying it as quite wet. The average value of the HTC for the
period April–October 2021 was 1.36, indicating that this period was optimal while the 2022
April–October period was fairly dry (HTC = 1.1).

Table 2. Values of the Selyaninov hydrothermal coefficient (HTC).

Year/Month IV V VI VII VIII IX X

2021 1.6 2.8 1.1 1.2 2.0 0.6 0.2

2022 1.6 1.3 1.2 0.6 1.7 1.2 0.2

extremely dry HTC ≤ 0.4, very dry 0.4 < HTC ≤ 0.7, dry 0.7 < HTC ≤ 1.0, fairly dry 1.0 < HTC ≤ 1.3, optimal
1.3 < HTC ≤ 1.6, fairly wet 1.6 < HTC ≤ 2.0, wet 2.0 < HTC ≤ 2.5, very wet 2.5 < HTC ≤ 3.0, and extremely wet
HTC > 3.0.

3.2. Soil Conditions

The characteristics of soil conditions (pH, soil abundance in N, P, K, Mg, and Ca) at
each test site are shown in Table 3.
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Table 3. Characteristics of soil conditions of Melica uniflora harvesting sites.

Site No. Soil Reaction N P K Mg Ca

pH g·100 g−1 Soil g·100 g−1 Soil g·100 g−1 Soil g·100 g−1 Soil g·100 g−1 Soil

1 3.6 0.507 0.016 0.005 0.013 0.071

2 4.9 0.678 0.030 0.005 0.047 0.334

3 3.8 0.971 0.010 0.004 0.016 0.305

4 4.1 0.332 0.021 0.003 0.017 0.044

5 3.9 0.635 0.020 0.004 0.020 0.049

6 2.4 0.727 0.027 0.005 0.007 0.019

7 3.5 0.724 0.038 0.004 0.011 0.085

8 5.8 0.764 0.014 0.004 0.033 0.379

9 6.1 0.501 0.014 0.003 0.037 0.430

10 3.9 0.209 0.011 0.003 0.016 0.019

3.3. Chemical Composition

The effects of different factors and the interactions between them on studied parame-
ters of Melica uniflora plants are shown in Table 4.

Table 4. Effect of different study factors and their interactions on studied parameters of Melica uniflora
plants.

Factors
Item Y HT L Y*HT HT*L Y*L Y*HT*L

p-value

DM g·kg−1 FM 0.043 <0.001 0.054 <0.001 <0.001 0.153 <0.001
CP g·kg−1 DM 0.563 <0.001 <0.001 <0.001 <0.001 0.005 <0.001
CA g·kg−1 DM 0.124 <0.001 0.026 <0.001 <0.001 0.054 <0.001
CL g·kg−1 DM <0.001 <0.001 0.002 <0.001 <0.001 <0.001 <0.001

HCL g·kg−1 DM 0.495 0.926 <0.001 0.069 0.001 0.002 <0.001
ADL g·kg−1 DM 0.014 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
WSC g·kg−1 DM 0.048 0.013 0.048 <0.001 <0.001 <0.001 <0.001
NDF g·kg−1 DM 0.007 <0.001 0.003 <0.001 <0.001 <0.001 <0.001
ADF g·kg−1 DM <0.001 <0.001 0.002 <0.001 <0.001 <0.001 <0.001
DDM % of DM <0.001 <0.001 0.002 <0.001 <0.001 <0.001 <0.001

DMI % of body weight 0.007 <0.001 0.002 <0.001 <0.001 <0.001 <0.001
RFV 0.001 <0.001 0.002 <0.001 <0.001 <0.001 <0.001

Y—year; HT—term of harvesting; L—location; DM—dry matter; FM—fresh matter; CP—crude protein;
CA—crude ash; CL—cellulose; HCL—hemicellulose; ADL—acid detergent lignin; WSC—water-soluble car-
bohydrates; NDF—neutral detergent fiber; ADF—acid detergent fiber; DDM—digestible dry matter; DMI—dry
matter intake; RFV—relative forage value.

The DM content in Melica uniflora plants was quite high, averaging more than
470 g·kg−1 FM, differed significantly between the study years (Y), sites (L), and term of
harvesting (HT), and significantly depended on the interaction of Y*HT, HT*L, and Y*HT*L
(Tables 4–7). Plants collected on the 1st date—in July—were characterized by a higher DM
concentration than those collected on the 2nd date, i.e., in late autumn (Table 5).
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Table 5. Average values of the chemical composition of Melica uniflora.

Factors Level of Factors DM CP CA CL HCL ADL WSC

g·kg−1 FM g·kg−1 DM g·kg−1 DM g·kg−1 DM g·kg−1 DM g·kg−1 DM g·kg−1 DM

Y 2021 482.1 b 73.2 a 117.7 a 362.0 b 228.5 a 56.2 a 22.5 a
2022 465.4 a 77.2 a 126.3 a 337.0 a 231.5 a 59.8 b 29.3 b

HT I 380.8 a 102.1 b 97.2 a 331.6 a 230.2 a 53.3 a 30.1 b
II 566.7 b 48.2 a 146.8 b 367.4 b 229.8 a 62.7 b 21.7 a

L

1 389.8 a 105.0 f 128.1 cd 318.2 a 216.2 ab 50.2 a 37.0 b
2 472.8 a 88.2 cde 116.1 b 349.0 abc 230.2 abc 60.8 cd 27.9 ab
3 506.8 a 77.2 bcd 104.3 a 355.5 abc 218.6 abc 64.1 d 20.3 a
4 507.5 a 70.9 bc 102.8 a 354.6 abc 246.8 c 59.6 cd 24.9 ab
5 491.0 a 39.2 a 121.2 bc 373.8 c 240.9 abc 61.0 cd 38.7 b
6 409.6 a 81.1 bcd 134.8 de 344.8 abc 234.6 abc 53.9 ab 19.1 a
7 439.6 a 97.6 ef 127.8 cd 333.5 ab 234.3 abc 54.7 ab 19.3 a
8 499.9 a 63.6 b 140.0 e 352.0 abc 219.1 a 57.8 bc 27.4 ab
9 512.2 a 62.9 b 131.0 d 361.9 bc 215.3 a 61.2 cd 19.8 a
10 508.4 a 65.9 b 113.9 b 352.0 abc 244.1 bc 56.9 bc 24.6 ab

Average 473.8 75.2 122.0 349.5 230.0 58.0 25.9

Y–year; HT–term of harvesting; L–location; DM–dry matter; FM–fresh matter; CP–crude protein; CA–crude ash;
CL–cellulose; HCL–hemicellulose; ADL–acid detergent lignin; WSC–water-soluble carbohydrates. Means with
the same letter do not differ significantly at p < 0.05 in Tukey’s HSD test.

Table 6. Average values of the chemical composition of Melica uniflora for the combination of the year
(Y) and term of harvesting (HT).

Y HT DM CP CA CL HCL ADL WSC
g·kg−1 FM g·kg−1 DM g·kg−1 DM g·kg−1 DM g·kg−1 DM g·kg−1 DM g·kg−1 DM

2021 I 393.0 a 96.8 b 97.7 a 345.4 b 223.2 a 55.8 b 2.20 a
II 571.2 b 49.6 a 137.8 b 378.6 c 233.8 a 63.9 d 2.30 a

2022 I 368.7 a 107.5 b 96.8 a 317.8 a 237.2 a 50.9 a 3.82 b
II 562.1 b 46.8 a 155.8 c 356.3 b 225.8 a 61.6 c 2.03 a

Y—year; HT—term of harvesting; DM—dry matter; FM—fresh matter; CP—crude protein; CA—crude ash;
CL—cellulose; HCL—hemicellulose; ADL—acid detergent lignin; WSC—water-soluble carbohydrates. Means
with the same letter do not differ significantly at p < 0.05 in Tukey’s HSD test.

Table 7. Average values of chemical composition parameters of Melica uniflora for the combination of
the term of harvesting (HT) and location (L).

HT L DM CP CA CL HCL ADL WSC
g·kg−1 FM g·kg−1 DM g·kg−1 DM g·kg−1 DM g·kg−1 DM g·kg−1 DM g·kg−1 DM

I

1 337.0 a 120.4 e 103.5 abcde 309.3 a 222.1 ab 48.5 a 38.7 ab
2 379.0 ab 117.5 e 88.1 ab 328.9 abc 239.2 ab 54.7 abcd 14.4 a
3 454.0 bc 94.6 de 77.6 a 342.6 abcd 231.4 ab 58.7 abcdef 30.5 ab
4 455.5 bc 91.9 de 77.3 a 342.2 abcd 249.6 b 55.4 abcd 27.4 ab
5 376.5 ab 63.8 bcd 91.9 abc 348.2 abcd 232.8 ab 53.3 abcd 53.2 b
6 317.5 a 118.5 e 107.3 bcdef 325.0 abc 228.8 ab 51.0 ab 20.7 ab
7 340.5 a 124.2 e 100.3 abcd 316.4 ab 240.9 ab 50.2 ab 23.5 ab
8 400.0 ab 97.8 de 119.4 cdefg 330.8 abc 210.6 ab 53.2 abcd 40.5 ab
9 362.2 ab 98.4 de 112.0 bcdef 336.1 abc 207.0 ab 55.3 abcd 27.9 ab
10 386.2 ab 94.1 de 95.1 abc 336.5 abc 239.7 ab 53.1 abcd 24.4 ab

II

1 443.0 bc 89.6 de 152.6 hij 327.1 abc 210.2 ab 51.9 abc 35.4 ab
2 566.5 efg 59.0 bcd 144.1 ghij 369.0 cde 221.2 ab 66.8 ef 41.4 ab
3 559.3 de 59.8 bcd 130.9 efgh 368.4 cde 205.7 a 69.6 f 10.1 a
4 559.8 de 49.8 abc 128.3 defgh 367.0 cde 243.9 ab 63.9 def 22.4 ab
5 605.3 fg 14.5 a 150.6 hij 399.4 e 249.1 ab 68.7 f 24.2 ab
6 501.5 cd 43.8 abc 162.4 j 364.5 bcde 240.5 ab 56.9 abcde 17.5 a
7 538.7 cde 71.0 cd 155.4 hij 350.5 abcd 227.7 ab 59.2 abcdef 15.1 a
8 599.5 efg 29.4 ab 160.7 ij 373.2 cde 227.6 ab 62.5 cdef 14.4 a
9 662.5 g 27.4 ab 149.9 hij 387.7 de 223.7 ab 67.0 ef 11.7 a
10 630.5 fg 37.7 abc 132.8 fghi 367.4 cde 248.5 ab 60.7 bcdef 24.7 ab

HT—term of harvesting; L—location; DM—dry matter; FM—fresh matter; CP—crude protein; CA—crude ash;
CL—cellulose; HCL—hemicellulose; ADL–acid detergent lignin; WSC—water-soluble carbohydrates. Means with
the same letter do not differ significantly at p < 0.05 in Tukey’s HSD test.

The CP content of Melica uniflora plants was influenced both by the harvesting date
and location. On the first harvest date, plants contained significantly more CP than on the
second. Regardless of the harvest date, on average, the highest CP content was found in
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plants from sites No. 1 and 7, and significantly the lowest in site No. 5. No significant
differences were found between the years of the study (Table 5). CP content significantly
depended on interactions Y*HT, Y*L, H*L, and Y*HT*L (Tables 4 and 6–8).

Table 8. Average values of chemical composition parameters of Melica uniflora for the combination of
the year (Y) and location (L).

Y L DM CP CA CL HCL ADL WSC
g·kg−1 FM g·kg−1 DM g·kg−1 DM g·kg−1 DM g·kg−1 DM g·kg−1 DM g·kg−1 DM

2021

1 374.5 a 121.2 c 120.6 ab 326.0 abcd 208.5 a 53.3 abcd 18.8 a
2 535.5 a 68.9 abc 109.5 ab 382.1 fg 230.1 ab 67.2 de 41.2 ab
3 552.0 a 71.1 abc 84.3 a 380.5 efg 229.7 ab 68.7 e 13.5 a
4 522.5 a 72.9 abc 103.3 ab 356.8 abcdefg 237.8 ab 58.8 abcde 14.9 a
5 517.5 a 38.7 a 123.2 ab 393.8 g 240.2 ab 66.2 cde 32.1 ab
6 370.0 a 82.3 abc 126.0 ab 354.1 abcdefg 233.5 ab 55.5 abcde 15.4 a
7 436.5 a 83.9 abc 129.2 ab 354.4 abcdefg 238.6 ab 57.3 abcde 16.8 a
8 518.5 a 60.3 abc 126.4 ab 364.2 cdefg 222.0 ab 59.3 abcde 25.3 ab
9 505.0 a 59.4 abc 136.3 ab 366.9 defg 214.1 ab 58.9 abcde 19.6 a
10 488.8 a 72.8 abc 118.3 ab 341.2 abcdef 230.8 ab 53.2 abc 27.7 ab

2022

1 405.5 a 88.8 abc 135.5 ab 310.4 a 223.8 ab 47.2 a 55.3 b
2 410.0 a 107.6 abc 122.7 ab 315.9 abc 230.3 ab 54.4 abcd 14.6 a
3 461.3 a 83.3 abc 124.3 ab 330.5 abcde 207.5 a 59.6 abcde 27.0 ab
4 492.8 a 68.9 abc 102.3 ab 352.4 abcdefg 255.8 b 60.4 abcde 34.9 ab
5 464.3 a 39.6 ab 119.3 ab 353.9 abcdefg 241.7 ab 55.9 abcde 45.3 ab
6 449.0 a 80.0 abc 143.7 ab 335.4 abcdef 235.7 ab 52.4 abc 22.8 ab
7 442.7 a 111.3 bc 126.5 ab 312.5 ab 230.0 ab 52.1 ab 21.7 ab
8 481.0 a 66.9 abc 153.7 b 339.8 abcdef 216.2 ab 56.4 abcde 29.6 ab
9 519.6 a 66.3 abc 125.7 ab 356.8 abcdefg 216.6 ab 63.4 bcde 20.0 a
10 527.8 a 58.9 abc 109.6 ab 362.7 bcdefg 257.3 b 60.5 abcde 21.4 ab

Y—year; L—location; DM—dry matter; FM—fresh matter; CP—crude protein; CA—crude ash; CL—cellulose;
HCL—hemicellulose; ADL—acid detergent lignin; WSC—water-soluble carbohydrates. Means with the same
letter do not differ significantly at p < 0.05 in Tukey’s HSD test.

The figures show the results of the nutritional indicators of the Melica unfilora plant
material sampled from each site over the years and harvest dates.

In the first year of the study (2021), the content of CP in plants collected in July ranged
from 65.4 to 136.0 g·kg−1 DM. In autumn, at the end of the growing season, the content of
this component was several times lower, ranging from 12.0 to 106.4 g·kg−1. On both dates,
the highest CP content was found in plants from site 1 and significantly the lowest—in
plants from site 5 (Figure 3a,b). In the second year of the study (2022), CP content ranged
from 62.2 to 144.7 g·kg−1 DM on the first date and from 17.0 to 86.8 g·kg-1 DM on the
second date. On the first date, the highest CP content was found in plants growing in site
No. 2, and on the second date, in site No. 7. The lowest content of this component, as in
the previous year, was found in M. uniflora plants growing in site No. 5 (Figure 3c,d).

CA content depended on harvest date (HT) and location (L) and on interactions Y*HT,
HT*L, and Y*HT*L (Tables 4–7). This content was significantly lower on the first date of
plant collection than on the second date. On average, the highest CA content was recorded
in plants harvested from sites 6 and 8, while the lowest was recorded in plants harvested
from sites 3 and 4 (Table 5).

In the first year of the study, the content of CA in plants on subsequent dates was: on
the first date, from 74.6 to 119.3 g·kg−1 DM; and on the second, from 93.9 to 154.2 g·kg−1

DM. Indeed, the highest amount of this component was recorded in plants collected at site
No. 9 on the first date and in plants from sites No. 5, 6, 7, and 8 on the second date of the
harvest. The lowest CA concentration on both dates was recorded in plants from site No. 3
(Figure 4a,b). In the second year, CA content on the first date of plant collection ranged
from 68.9 to 124.5 g·kg−1 DM. On the second date, it was significantly higher, ranging from
133.4 to 183.0 g·kg−1 DM. On both harvest dates, the significantly highest CA content was
detected in plants growing at site No. 8. On the first harvest date, the significantly lowest
content of this component was recorded in plants from site No. 4, and on the second date,
in plants harvested from sites No. 4 and 10 (Figure 4c,d).
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Figure 3. CP–crude protein content in Melica uniflora plants depending on the interaction of the
location and term of harvesting (a) on the 1st date in 2021, (b) on the 2nd date in 2021, (c) on the 1st
date in 2022, (d) on the 2nd date in 2022. Means with the same letter do not differ significantly at
p < 0.05 in Tukey’s HSD test.
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The average CL content in Melica uniflora plants was 349.5 g·kg−1 DM and depended
on years (Y), harvest date (HT), and interactions Y*HT, HT*L, Y*L, and Y*HT*L (Tables 4–8).
Significantly more CL (by 25.0 g·kg−1 DM) was detected in plants harvested in the first
year and collected in October (by 55.6 g·kg−1 DM). On average, the highest content of this
component, regardless of harvest date and year of study, was found in plants from site
No. 5, and the lowest—from site No. 1 (Table 5).

In the first year of the study, the CL content varied—from 315.7 to 366.1 g·kg−1

DM in July and from 336.4 to 423.1 g·kg−1 DM in October. The significantly highest CL
concentration was recorded in plants harvested from site No. 5. On both test dates, the
lowest CL content was observed in plants from site No. 1 (Figure 5a,b). In the second year,
the CL content ranged from 298.2 to 335.7 g·kg−1 DM in July and from 317.8 to 389.8 g·kg−1

in October (Figure 5c,d). On average, the highest content of this component was found
in plants growing at site 10. The significantly lowest content of this component, as in the
previous year, was found in Melica uniflora plants growing in site No. 1 on both dates.
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The HCL content in the evaluated plant material depended only on the location (L)
and interactions: Y*HTL*L (Tables 4 and 5). Indeed, the highest average HCL content,
regardless of the collection date and the year, was found in plants growing at site 4, and the
lowest at sites 8 and 9 (Table 5).

In the first year of the study, HCL content ranged from 198.8 to 240.8 g·kg−1 DM
on the first date and from 203.0 to 252.2 g·kg−1 DM on the second date (Figure 6a,b).
In the second year, it varied from 215.2 to 258.5 DM g·kg−1 on the first date and from
181.5 to 265.0 g·kg−1 DM on the second date. In 2021, the highest content was significantly
characterized by plants from site No. 5, while the lowest was from site No. 1. In the
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following year, plants from site No. 10 contained significantly the most HCL and the least
from site No. 3 (Figure 6c,d).
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Figure 6. HCL–hemicellulose content in Melica uniflora plants depends on the interaction of the
location and term of harvesting (a) on the 1st date in 2021, (b) on the 2nd date in 2021, (c) on the 1st
date in 2022, (d) on the 2nd date in 2022. Means with the same letter do not differ significantly at
p < 0.05 in Tukey’s HSD test.

The ADL content of harvested plants depended on all the factors studied and their
interactions (Tables 4–8). Plants harvested on the first date contained significantly less
ADL than on the second harvest date. Melica uniflora, regardless of harvest date and year,
contained the least ADLs on the first date and the most at site 3. The difference between
the extreme values was 13.9 g·kg−1 DM. The average content of the component in question
in plants in the first year of the study was significantly lower than in the second year of the
study (by 6% on average) (Table 5).

In the first year of the study, ADL content in plants ranged from 52.3 to 65.2 g·kg−1

DM on the first date and from 54.2 to 75.3 g·kg−1 DM on the second date of plant harvest.
On the 1st date of harvest, significantly the highest content of this component was recorded
in plants harvested from site 3, and the lowest from sites 1, 6, 7, and 10 (Figure 7a,b). In the
second year of the study, the ADL content of the plants ranged from 44.8 to 56.0 g·kg−1

DM and 49.5 to 70.7 g·kg−1 DM on the first and 2nd dates of harvest, respectively. In that
year (2022), on the first and second dates of the harvest, significantly the highest content of
this component was recorded in plants harvested from site 9, and the lowest from site 1
(Figure 7a,b).
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For WSC content, significant differences were found in both harvesting dates (HT),
study years (Y), and site (L) and interactions between all tested factors (Tables 4–8). In the
July term, plants contained significantly more WSC (average 30.1 g·kg−1 DM) than in the
autumn harvest (21.7 g·kg−1 DM). It was lower in the first year of the study than in the
second year. On average, plants harvested at sites 1 and 5 had significantly the highest
WSC content, and the lowest at sites 3, 6, 7, and 9 (Table 5).

In the first year, in plants harvested on the first date, WSC contents ranged from 14.3
(site No. 3) to 37.6 g·kg−1 DM (site No. 8) and did not differ significantly between sites.
In the second term, the content of WSC ranged from 11.1 to 61.8 g·kg−1 DM. The highest
content was found in plants growing at site No. 2, and the lowest at sites No. 1, 3, 4, 6,
7, 8, and 9 (Figure 8a,b). In the second year of the study, on the first date of harvest, the
content of WSC varied between plants collected from different sites and ranged from 8.0
(site No. 2) to 78.8 g·kg−1 DM (site No. 5). On the second date, WSC content ranged from
7.4 to 49.5 g·kg−1 DM. The highest WSC content was recorded in plants growing at site
No. 1 and the lowest at sites 3, 5, 7, 8, and 9 (Figure 8c,d).
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Figure 8. WSC–water-soluble carbohydrates content in Melica uniflora plants depends on the inter-
action of the location and term of harvesting (a) on the 1st date in 2021, (b) on the 2nd date in 2021,
(c) on the 1st date in 2022, (d) on the 2nd date in 2022. Means with the same letter do not differ
significantly at p < 0.05 in Tukey’s HSD test.

3.4. Forage Quality Parameters

The content of NDF in the plants of the studied forest grass varied between dates (HT),
years (Y), and sites (L) (Table 9). On the first date, plants contained significantly less of this
component than on the second date (by 44.7 g·kg−1 DM). On average, the highest NDF
content was found in plants harvested at site 5 and the lowest at site 1. The year of the
study also significantly differentiated the NDF content, which was significantly higher in
the first year than in the second (by 25.7 g·kg−1 DM) (Table 9). It was also influenced by
interactions: Y*HT and Y*HT*L (Tables 4 and 10). There is no interaction between HT*L
(Table 11) but the interaction between Y*L was observed (Table 12).

Table 9. Average values forage quality parameters of Melica uniflora plants.

Factors Level of
Factors

NDF
g·kg−1 DM

ADF
g·kg−1 DM

DDM
%

DMI
% of Body Weight RFV Quality

Class

Y
2021 650.4 b 421.8 b 55.5 a 1.86 a 80 a 4th
2022 624.7 a 393.3 a 57.7 b 1.93 b 87 b 3rd

HT
I 615.2 a 385.0 a 58.4 b 1.96 b 89 b 3rd
II 659.9 b 430.1 b 54.9 a 1.83 a 78 a 4th

L

1 584.6 a 368.4 a 59.6 b 2.06 b 95 b 3rd
2 640.0 bc 409.7 cde 56.4 ab 1.89 ab 83 ab 4th
3 638.2 bc 419.6 def 55.7 ab 1.89 ab 82 a 4th
4 661.0 bc 414.2 def 56.1 ab 1.82 a 79 a 4th
5 675.8 c 434.9 f 54.5 a 1.79 a 76 a 4th



Forests 2023, 14, 1605 15 of 28

Table 9. Cont.

Factors Level of
Factors

NDF
g·kg−1 DM

ADF
g·kg−1 DM

DDM
%

DMI
% of Body Weight RFV Quality

Class

6 633.3 bc 398.7 bc 57.3 ab 1.90 ab 85 ab 4th
7 622.4 ab 388.2 ab 58.1 ab 1.94 ab 87 ab 3rd
8 629.0 abc 409.9 cde 56.4 ab 1.92 ab 84 ab 4th
9 638.4 bc 423.0 ef 55.4 a 1.89 ab 82 a 4th
10 652.9 bc 408.8 cde 56.5 ab 1.85 a 81 a 4th

Average 637.6 407.5 56.6 1.89 83 4th

Y–year; HT–term of harvesting; L–location; NDF–neutral detergent fiber; ADF–acid detergent fiber; DDM–
digestible dry matter; DMI–dry matter intake; RFV–relative forage value; Quality class: prime (RFV > 151), 1st
(RFV = 151–125), 2nd (RFV = 124–103), 3rd (RFV = 102–87), 4th (RFV = 86–75), and 5th (RFV < 75). Means with
the same letter do not differ significantly at p < 0.05 in Tukey’s HSD test.

Table 10. Average values of forage quality parameters of Melica uniflora for the combination of the
year (Y) and term of harvesting (HT).

Y HT
NDF ADF DDM DMI RFV

g·kg−1 DM g·kg−1 DM % % of Body Weight

2021
I 624.5 ab 401.2 b 57.6 b 1.93 bc 86 a
II 676.3 c 442.5 c 54.4 a 1.78 a 76 b

2022
I 605.9 a 368.7 a 60.2 c 1.99 c 93 c
II 643.6 b 417.8 b 56.4 b 1.88 b 82 a

Y—year; HT–term of harvesting; NDF—neutral detergent fiber; ADF—acid detergent fiber; DDM—digestible dry
matter; DMI—dry matter intake; RFV—relative forage value. Means with the same letter do not differ significantly
at p < 0.05 in Tukey’s HSD test.

Table 11. Average values of forage quality parameters of Melica uniflora for the combination of term
of harvesting (HT) and location (L).

HT L NDF ADF DDM DMI RFV
g·kg−1 DM g·kg−1 DM % % of Body Weight

I

1 580.0 a 357.8 a 61.0 f 2.07 d 98.1 d
2 622.9 ab 383.7 abcd 59.0 cdef 1.93 abcd 88.7 bcd
3 632.7 abc 401.3 abcde 57.6 bcdef 1.90 abcd 85.3 abcd
4 647.1 abc 397.5 abcde 57.9 bcdef 1.86 abcd 83.6 abcd
5 634.3 abc 401.5 abcde 57.6 bcdef 1.90 abcd 84.9 abcd
6 604.8 ab 376.0 abc 59.6 def 1.99 bcd 92.0 cd
7 607.6 ab 366.6 ab 60.3 ef 1.98 bcd 92.8 cd
8 594.6 ab 384.0 abcd 59.0 cdef 2.02 bcd 92.6 cd
9 598.4 ab 391.4 abcd 58.4 cdef 2.01 bcd 91.1 bcd
10 629.3 abc 389.6 abcd 58.5 cdef 1.91 abcd 86.9 bcd

II

1 589.2 ab 379.1 abcd 59.4 cdef 2.04 cd 94.0 cd
2 657.0 abc 435.8 def 55.0 abc 1.84 abcd 78.9 abc
3 643.7 abc 438.0 def 54.8 abc 1.88 abcd 80.2 abc
4 674.9 bc 430.9 cdef 55.3 abcd 1.78 abc 76.5 abc
5 717.3 c 468.2 f 52.4 a 1.68 a 68.5 a
6 661.9 abc 421.4 bcdef 56.1 abcde 1.82 abcd 79.1 abc
7 637.3 abc 409.7 abcdef 57.0 abcdef 1.89 abcd 83.9 abcd
8 663.3 abc 435.7 def 55.0 abc 1.82 abcd 77.6 abc
9 678.3 bc 454.7 ef 53.5 ab 1.77 ab 73.6 ab
10 676.5 bc 428.1 cdef 55.6 abcd 1.78 abc 77.0 abc

HT—term of harvesting; L—location; NDF–neutral detergent fiber; ADF—acid detergent fiber; DDM—digestible
dry matter; DMI—dry matter intake; RFV—relative forage value. Means with the same letter do not differ
significantly at p < 0.05 in Tukey’s HSD test.
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Table 12. Average values of forage quality parameters of Melica uniflora for the combination of the
year (Y) and location (L).

Y L NDF ADF DDM DMI RFV
g·kg−1 DM g·kg−1 DM % % of Body Weight

2021

1 587.9 ab 379.4 ab 59.3 cd 2.05 c 94.2 cd
2 679.3 bc 449.2 cd 53.9 ab 1.77 ab 74.3 ab
3 678.9 bc 449.2 cd 53.9 ab 1.77 ab 74.2 ab
4 653.3 abc 415.6 abcd 56.5 abcd 1.84 abc 80.8 abcd
5 700.2 c 460.0 d 53.1 a 1.73 a 71.4 a
6 643.1 abc 409.6 abcd 57.0 abcd 1.87 abc 83.0 abcd
7 650.3 abc 411.7 abcd 56.8 abcd 1.85 abc 81.8 abcd
8 645.6 abc 423.5 bcd 55.9 abc 1.87 abc 81.5 abcd
9 639.9 abc 425.9 bcd 55.7 abc 1.89 abc 81.9 abcd
10 625.2 abc 394.4 abc 58.2 bcd 1.92 abc 86.7 abcd

2022

1 581.3 a 357.5 a 61.0 d 2.07 c 97.9 d
2 600.6 ab 370.3 ab 60.1 cd 2.00 bc 93.2 cd
3 597.5 ab 390.0 abc 58.5 bcd 2.01 bc 91.3 bcd
4 668.7 abc 412.9 abcd 56.7 abcd 1.80 abc 79.4 abc
5 651.4 abc 409.8 abcd 57.0 abcd 1.85 abc 82.0 abcd
6 623.6 abc 387.8 abc 58.7 bcd 1.93 abc 88.1 abcd
7 594.6 ab 364.6 ab 60.5 cd 2.02 bc 94.9 cd
8 612.4 abc 396.2 abcd 58.0 abcd 1.97 abc 88.6 abcd
9 636.8 abc 420.2 abcd 56.2 abcd 1.90 abc 82.8 abcd
10 680.6 bc 423.3 bcd 55.9 abc 1.77 ab 77.2 abc

Y—year; L—location; NDF—neutral detergent fiber; ADF—acid detergent fiber; DDM—digestible dry matter;
DMI—dry matter intake; RFV—relative forage value. Means with the same letter do not differ significantly at
p < 0.05 in Tukey’s HSD test.

In the first year of the study, the NDF content on the first day of harvest in the
harvested plants from each site ranged from 582.0 to 660.7 g·kg−1 DM. On the second
harvest date, differences in the content of this component in plants from individual sites
were significant. The highest content was characterized by Melica uniflora harvested from
site No. 5 (750.6 g·kg−1 DM) and the lowest from site No. 1 (593.7 g·kg−1 DM) (Figure 9a,b).
In the second year of the study, on the first date of harvesting, the content of this component
in harvested plants at each site was similar. On the first date, plants from site 10 had the
highest NDF content, and those from site 1 had the lowest (Figure 9c,d).

The ADF content varied significantly across plant harvest dates (HT) and study years
(L) (Table 9). It was also dependent on interactions (Tables 4 and 10–12). On average,
plant material samples harvested on the second date contained more ADF than on the first
date (by 45.1 g·kg−1 DM). Melica uniflora harvested in the first year of the study contained
more of this component than in the second year. On average, the highest content of this
component was characterized by plants in site No. 5, significantly the lowest in site No. 1,
and the difference between them was 66.5 g·kg−1 DM (Table 9).

In the first year of the study, on the first date of harvest, the ADF content in plants
ranged from 368.0 to 431.3 g·kg−1 DM, while on the second date, it was higher, ranging
from 390.7 to 498.5 g·kg−1 DM. On the first date of harvest, the highest content of the
component was recorded in plants harvested at sites 3 and 5. Significantly, the lowest
content on both harvest dates was found in plants from site 1 (Figure 10a,b). In the second
year of the study, the ADF content of plants ranged from 345.7 to 389.7 on the first date of
harvest and from 367.4 to 457.3 on the second date. Plants harvested on the first date at
sites 9 and 10 had the highest ADF content, and from site 1, as in the first year of the study,
the lowest content of this component (Figure 10a,b).
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Figure 9. NDF–neutral detergent content in Melica uniflora plants depends on the interaction of the
location and term of harvesting (a) on the 1st date in 2021, (b) on the 2nd date in 2021, (c) on the 1st
date in 2022, (d) on the 2nd date in 2022. Means with the same letter do not differ significantly at
p < 0.05 in Tukey’s HSD test.
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Figure 10. ADF–acid detergent fiber content in Melica uniflora plants depends on the interaction of
the location and term of harvesting (a) on the 1st date in 2021, (b) on the 2nd date in 2021, (c) on the
1st date in 2022, (d) on the 2nd date in 2022. Means with the same letter do not differ significantly at
p < 0.05 in Tukey’s HSD test.
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Significant differences were found in DDM between study years (Y), harvest dates
(HT), and locations (L) (Table 9). Plants harvested in the second year of the study (57.7%),
as well as on the first date of harvest (57.7%), had significantly higher DDM content.
Regardless of the date and year of the study, on average, grass harvested from site No. 1
had significantly the highest DDM and the lowest from sites No. 5 and No. 9 (Table 9). The
DDM was also dependent on interactions (Tables 4 and 10–12).

In the first year of the study, DDM ranged from 53.4 to 60.9% on the first date of harvest
and from 48.2 to 59.3% on the second date. On both harvest dates, plants harvested from
site 1 had the highest DDM. On the first date, those from sites 3 and 5 had the lowest DDM,
and on the second date, the lowest DDM was found in plants from site 5 (Figure 11a,b). In
the second year, the DDM of the studied forest grass species ranged from 58.0 to 62.6% on
the first date and from 52.1 to 61.3% on the second date. On the first date of harvesting,
the highest significant DDM was found for plants harvested from sites 1 and 7, and the
lowest from sites 4, 5, 9, and 10. On the second date of harvesting, the highest significant
content was found for plants harvested from site 1, and the lowest from sites 9 and 10
(Figure 11c,d).
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Figure 11. DDM–digestible dry matter content in Melica uniflora plants depends on the interaction of
the location and term of harvesting (a) on the 1st date in 2021, (b) on the 2nd date in 2021, (c) on the
1st date in 2022, (d) on the 2nd date in 2022. Means with the same letter do not differ significantly at
p < 0.05 in Tukey’s HSD test.

The DMI was significantly different between locations (L), harvesting dates (HT) of
Melica uniflora, and years of the study (Y) (Table 9). It was also influenced by all interactions
among the studied factors (Tables 4 and 10–12). A higher mean DMI value in harvested
plants was found in the second year of the study as well as in the first. Plants from site 1
had the highest significant mean DMI value and the lowest from sites 4, 5, and 10 (Table 9).

In the first year of the study, DMI ranged from 1.82 to 2.07% on the first date and from
1.60 to 2.03% on the second harvest date. Only on the second harvest date did plants differ
significantly in DMI values between sites. Plants from site No. 1 had the highest DMI,
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while those from site No. 5 had the lowest (Figure 12a,b). In the second year of the study,
the DMI value on the first date ranged from 1.87 to 2.08%, and the DMI value on the second
date ranged from 1.67 to 2.06%. As in the first year of the study, significant differences in
DMI between sites were recorded only in the second term of plant harvesting. The highest
DMI was recorded in plants harvested from site 1 and the lowest from site 10 (Figure 12c,d).
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p < 0.05 in Tukey’s HSD test.

The RFV index of the tested plants differed significantly between years (Y), harvest
dates (HT), and locations (L) (Table 9). In the second year of the study, it was significantly
higher than in the first year and was within the range of the 3rd quality class. On the other
hand, the RFV index for the tested grass harvested on the first date was higher than on the
second harvest date. The forage obtained on the first date of harvesting could be classified
in the 3rd quality class, while on the second date, it could be classified in the 4th quality
class. Regardless of the years of testing and the harvest date, significantly the highest RFV
index (95) was found in the grass from site No. 1, which qualifies it for the 3rd quality class.
The forage harvested from site No. 7 (RFV = 87) also belongs to the same quality class. The
RFV index of plants from the other sites was lower, and the forage harvested from them
qualified for the 4th quality class (Table 9). The RFV was also dependent on interactions
(Tables 4 and 10–12).

In the first year of the study, the RFV index of harvested plants from individual sites
ranged from 77 to 96 on the first date (quality classes 3rd and 4th) and from 62 to 91 (3rd,
4th, and 5th quality classes) on the second date of harvest. Only plants harvested on the
second date were characterized by significantly different RFV, with the highest harvested
from site 1 and the lowest from site 5 (Figure 13a,b). In the second year of the study, as in
the first year, differences significant for the RFV index between sites were shown for plants
harvested on the second date, and its value ranged from 68 to 95 (quality classes 3rd, 4th,
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and 5th). The highest RFV (3rd quality class) was characterized by grasses harvested from
site 1, and the lowest from site 2. In contrast, in the second year of the study, the RFV index
ranged from 85 to 99 (3rd and 4th quality classes) at the first harvest date (Figure 13c,d).
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3.5. Correlation between Nutrients

The results of the correlation analysis of individual nutrients in Melica uniflora plants
in the study years and harvest dates are shown in Figure 14. In both years and harvest
dates, a significant negative relationship was found between DM content and CP and DDM;
CP content and CL, NDF, ADF, and ADL; CL and HCL content and DDM; DMI and RFV
index; NDF content and DDM and RFV index; ADF content and DMI and RFV index;
ADL content and DDM, DMI, and RFV index. On the other hand, a significant positive
relationship in both harvest dates and years of the study was found between DM content
and CL and ADF, CP content and DDM, DMI, RFV index, CL content and DM, HCL, NDF,
ADF, ADL, HCL content and NDF and ADF, NDF content and CL, HCL, ADF, ADL, ADF
content and ADL, DDM content and DMI and RFV index, DMI content and RFV index.
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Figure 14. Correlations between nutrients in Melica uniflora plants depending on the interaction of
the location and term of harvesting (a) on the 1st date in 2021, (b) on the 2nd date in 2021, (c) on
the 1st date in 2022, (d) on the 2nd date in 2022. DM–dry matter; CP–crude protein; CA–crude ash;
CL–cellulose; HCL–hemicellulose; NDF–neutral detergent fiber; ADF–acid detergent fiber; ADL–acid
detergent lignin; WSC–water soluble carbohydrates; DDM–digestible dry matter; DMI–dry matter
intake; RFV–relative forage value.

4. Discussion

The study aims to identify intrapopulation variability in the nutritional status of Melica
uniflora plants harvested at the full generative development stage and towards the end of
the vegetation season, growing in ten natural locations in forest habitats in Poland. Forest
grasses are a group of plants whose biological, chemical, and morphological properties have
not yet been fully investigated and described. There are few publications on the content of
assimilation pigments in the leaves of forest grasses growing in Poland [6,27,43] and on se-
lected morphological properties [20]. However, studies on the evaluation of the nutritional
value of forest grasses growing in Poland have been published by Kozłowski et al. [8]. The
study included such forest grass species as Brachypodium pinnatum (L.) P.B., Brachypodium
silvaticum (Huds.) P. Beauv., Bromus Benekeni (Lange) Trimen, Calamagrostis epigejos (L.)
Roth, Dactylis glomerata subsp. lobata (Dactylis aschersoniana Graebn.), Deschampsia caespitosa
(L) P. Beauv., Deschampsia flexuosa L., Festuca ovina agg. L., Melica nutans, Melica uniflora,
Milium effusum L., Molinia coerulea L. Moench.
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The most important nutrient in grasses is CP. It is crucial, especially for forest animals,
for which grasses may be the only major source of this nutrient. Protein is essential for
animals because it is involved in the construction of their tissues and organs [5].

Protein content depends on many factors. Most importantly, it depends on the species,
harvest time, and growth stage [44]. In the studied Melica uniflora samples, the average CP
content was 75.2 ± 37.4 g·kg−1 DM and related to both post-harvest time and site location.
According to Kozłowski et al. [8], the CP content at the stage of full generative development
of Melica uniflora was 142.4 g·kg−1. Relating the CP content of the tested grass harvested on
the first date to the aforementioned value, it can be concluded that only in two sites (Nos. 2
and 7) was it at a similar level; in the other site, it was significantly lower.

An important criterion for evaluating the nutritive value of forage, besides the CP, is
the content of structural and non-structural carbohydrates [45]. The main non-structural
carbohydrates in temperate grasses are WSC. Its content in temperate grasses is variable
and normally low [46,47]. WSCs are completely digestible and play an important role in
animal nutrition because they are a primary source of the readily available energy necessary
for efficient microbial fermentation in the rumen [48]. The WSC content of the Melica uniflora
plants studied was lower than that of the cultivated grass species [49] and also lower than
that of the Melica uniflora plants reported by Kozłowski et al. [8].

The content of structural carbohydrates, i.e., cellulose, hemicellulose, and lignin, de-
pends on many independent factors, including, among others, plant species and their
development stage during the harvest and climatic conditions, mainly the amount of rain-
fall [44,50,51]. The content of structural carbohydrates in forage determines its nutritional
value, digestibility, and intake by animals [52,53]. The content of structural carbohydrates
determines the structure and stability of shoots and their positioning, as well as the deposi-
tion of leaves on them. Structural carbohydrates and lignins also determine the ability of
shoots, especially generative shoots and the clumps that form them, to persist in specific
habitats, making it easier for forest grasses to cover the lower floor of the mid-forest with
turf. According to Kozłowski et al. [8], Melica uniflora, compared to other forest grass
species, is a grass with rather low concentrations of cellulose (295.1 g·kg−1 DM) and hemi-
celluloses (193.8 g·kg−1 DM) and medium lignins (27.7 g·kg−1 DM). The average content
of the above-mentioned components in the plants we examined was higher, especially in
those harvested on the second date.

In the analyzed samples of Melica uniflora, the content of NDF averaged 637.6± 52.4 g·kg−1

DM, ADF—407.5 ± 39.1 g·kg−1 DM, ADL 58.0 ± 8.0 g·kg−1 and depended on all analyzed
factors. On the first test date, plants contained significantly less NDF, ADF, and ADL than
on the 2nd date.

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. This indicator was also used, among others,
by the team of Reiné et al. [45] to evaluate plant species present in the vegetation of the
Pyrenean Mountain hay meadows, as well as by Stopa W. et al. [54] to assess the quality
of the first swath of meadow sward harvested at different times or to assess the quality of
roughage on organic farms [55].

The value of the RFV index for Melica uniflora in this study depended on both the study
year and the harvesting date. Plants harvested in the second year and on the first date, i.e.,
in summer, had a significantly higher value of this indicator. Significant variation between
locations was also observed. On average, the values were similar to those obtained for
grasses included in extensively used meadows located in the Pyrenean Mountain area [45]
and to the values of some hay samples on organic farms [55] and significantly lower than
the values recorded for cultivated grass species [56,57] or legumes [58]. According to
the quality categories described by Linn and Martin [42], the herb Melica uniflora can be
classified into forage quality classes 3–4.
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4.1. Impact of the Study Year

The different pluvio–thermal conditions in the following years of the study proved to
be a significant factor in shaping the content of most of the nutrients evaluated. This was
due to differences in the course of weather conditions in each year of the study. According
to the literature data [13,50,59–62], weather conditions during plant growth, particularly
temperature, and precipitation, can significantly affect forage quality. The effect of drought
on forage quality is usually low or even positive, particularly if the stress on leaf mass is
not severe. But temperature usually has a greater effect on the digestibility of grasses than
other environmental factors. High temperatures typically increase plant growth rates and
reduce leaf/stem ratios and digestibility.

Melica uniflora plants harvested in the second year of the study, 2022, were on average
characterized by higher CP, CA, ADL, and WSC contents and lower NDF and ADF frac-
tions due to different amounts of precipitation in the two growing seasons. The weather
conditions in 2021 were optimal for plant development, while 2022 was quite dry; hence,
the observed differences in the chemical composition of the plants of the studied grass were
the effect of moderate drought stress. According to Halim et al. [63], moderate water stress,
as observed in the second year of the study, usually delays plant maturation and results in
maintaining forage quality at a higher level. Therefore, if drought-related leaf loss is not
severe, a water deficit may even improve forage digestibility. The results of our study are
consistent with those of other forage crop studies. A reduction of fiber fractions in grasses
under drought conditions was also noticed by Borawska-Jarmułowicz et al. [64]. Similar
reactions of grasses to drought stress consisting of significant WSC increases and decreases
of NDF and ADF were observed by Fariaszewska et al. [65], Küchenmeister et al. [66], and
Turner et al. [67].

4.2. Impact of Harvest Date

Plants of Melica uniflora were harvested twice during the season: in the full season
(in the phase of full flowering) and at the end of the growing season, at the moment
of the plant’s transition into the winter dormancy phase. As expected [50,68,69], the
timing of harvesting proved to be an important factor in shaping the chemical composition
of the plants and their feed value for forest animals. On the first date, in July, plants
contained significantly more CP and less structural carbohydrates (NDF, ADF), which
corresponded to the contents of these components in the 1st regrowth of pasture forage at
the end of flowering [49]. On the 2nd date, i.e., in late autumn, Melica uniflora plants were
characterized by significantly higher DM, ash, cellulose, and lignin contents and lower CP
and WSC contents. The observed changes in the chemistry of Melica plants were partly due
to changes in stems and leaves [70]. In early spring, young plants have a higher proportion
of leaves relative to stems. Leaves generally have a higher digestibility, a lower fiber
content, and twice the CP concentration of stems. Aging plants undergo morphological
changes during the growing season, involving an increase in the proportion of leaves at the
expense of flowers. For example, according to Minson [71], the average decrease in crude
protein concentration with advance in maturity for several forages averaged 1 g·kg−1·d−1.
The stems at harvest have a lower nutritional value than the leaves, which resulted in a
significant reduction in the nutritional value of Melica plants. To sum this up, the maturity
of the plants at the time of sampling had a significant impact on their chemical composition
and nutritional value.

4.3. Impact of Location

In addition to the year of study and harvest date, the location in which the plants were
grown proved to be an important factor.

Regardless of the harvesting date, on average, the highest nutritional value was
characterized by plants harvested at site No. 1 and significantly the lowest by plants taken
at site No. 5.
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The composition and nutritive value of forage are influenced by the availability and
uptake of several essential elements. The relationship between soil fertility and forage
quality is not clearly defined and depends on the availability of essential nutrients. In our
study, the CP content of Melica plants was positively correlated with soil P and K abundance
and negatively with Ca content, while the content of fiber fractions (NDF, ADF, and ADL)
was positively correlated with soil Mg abundance and negatively with P and K abundance.
A negative correlation between pH and CP abundance and a positive correlation between
ADF and ADL content were also proven. According to previous studies [72], low soil pH
affects forage quality and plant growth by limiting the phyto-availability of soil nutrients
(K, P, Mg, Ca, or Mo) and by controlling plant interactions with beneficial microorganisms
in the rhizosphere.

Sunlight may have been an important factor in modifying the growth of plants and
their chemical composition, especially in forest sites. Plants living on forest understories
experience a strong reduction in radiation intensity, particularly in photosynthetically
active radiation (PAR, 400–700 nm) [73]. At the same time, they experience light quality
changes because of wavelength-dependent light absorption and reflection by surrounding
vegetation [74]. Changes in light quality include a decrease in the intensity of red to far-red
light, which is detected by the phytochrome family of plant photoreceptors [75]. Shading
usually reduces the total non-structural carbohydrate of grasses but has variable (positive
and negative) effects on cell wall content and composition, lignin, and the in vitro di-
gestibility of plant dry matter. Plants grown in bright light tend to have higher digestibility
than plants grown in shade. Conversely, low light intensity may increase the CP content
of plants.

The results of our research on the nutritional value of Melica uniflora expand our
modest knowledge of this group of forest grasses. The results obtained from the study of
the chemical properties of this grass give grounds for the conclusion that this species can
be a valuable source of forage for forest animals. The obtained studies indicate the need to
continue research on Melica uniflora in order to better understand the chemical properties
of this species and the presence of biologically active substances with potentially positive
effects for forest animals or humans as a potential medicinal raw material.

It is planned to continue chemical analyses in the fields of quantitative and qualitative
research. In order to develop research topics that give great opportunities in the search for
new pharmacopoeial sources. It is important to determine the % of antioxidant capacity
and the sum of phenolic compounds. Qualitative and quantitative analyses will allow for
a better understanding of the species and will make it possible to learn about the diet of
forest animals and compare it to the health of species in other habitats. This will make it
possible to put forward the research hypothesis that pearl barley is more valuable for the
health of forest fauna than other grass species.

5. Conclusions

The chemical composition and nutritional value of Melica uniflora plants were similar to
the values characteristic of grasses growing on extensively used meadows and significantly
lower than the values recorded for intensively cultivated grass species.

A significant factor shaping the content of most of the evaluated nutrients turned
out to be the course of weather conditions during the growing season, in particular the
deficiency of precipitation (moderate drought stress in 2022), which delayed the maturation
of plants and caused a reduction of fiber fractions.

The chemical composition of the plants and the resulting nutritional value varied
during the season. The nutrient content of plants harvested on the first date, in July,
corresponded to the content of these nutrients in the first regrowth of pasture forage at the
end of flowering. The nutritional value of plants harvested in autumn was typical of the
values found in meadow hay.
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In addition to the year of study and harvest date, different soil conditions and light
intensity in the forest conditions in which the plants were grown proved to be important
factors.

The results obtained from the study of the chemical properties of Melica uniflora provide
a basis for the conclusion that this species can be a valuable source of food components
for forest animals during the season, as green fodder, and outside the growing season, as
dry biomass.
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29. GUS (Central Office of Statistics). Statistical Yearbook of Forestry. Warszawa, Poland, 2021. Available online: https://stat.gov.

pl/files/gfx/portalinformacyjny/pl/defaultaktualnosci/5515/13/4/1/rocznik_sstatystyczn_lesnictwa_2021.pdf (accessed on
4 March 2023).

30. Kondracki, J. Geografia Fizyczna Polski; Wyd. Nauk. PWN: Warszawa, Poland, 2000.
31. Majerowicz, A. Textural features and symptoms of ocean floor metamorphism in the top part of the Sleza ophiolite (SW Poland).

Arch. Mineral. 1994, 50, 97–140.
32. Majerowicz, A. Krótki Przewodnik Terenowy po Skałach Ofiolitowego Zespołu Ślęży Oraz Ich Petrologicznej i Geologicznej Historii;
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57. Truba, M.; Jankowski, K.; Wiśniewska-Kadżajan, B.; Sosnowski, J.; Malinowska, E. The effect of soil conditioners on the quality of
selected forage grasses. Appl. Ecol. Environ. Res. 2020, 18, 5123–5133. [CrossRef]

58. McDonald, I.; Baral, R.; Min, D. Effects of alfalfa and alfalfa-grass mixtures with nitrogen fertilization on dry matter yield and
forage nutritive value. J. Anim. Sci. Technol. 2021, 63, 305–318. [CrossRef] [PubMed]

59. Dumont, B.; Andueza, D.; Niderkorn, V.; Luscher, A.; Porqueddu, C.; Picon-Cochard, C. A meta-analysis of climate change effects
on forage quality in grasslands: Specificities of mountain and Mediterranean areas. Grass Forage Sci. 2015, 70, 239–254. [CrossRef]

60. Lascano, C.E.; Schmidt, A.; Barahona, R. Forage Quality and the Environment; University of Kentucky: Lexington, KY, USA, 2021.
61. Peterson, P.R.; Sheaffer, C.C.; Hall, M.H. Drought effects on perennial forage legume yield and quality. Agron. J. 1992, 84, 774–779.

[CrossRef]
62. Catunda, K.L.; Churchill, A.C.; Power, S.A.; Zhang, H.; Fuller, K.J.; Moore, B.D. Plant structural and nutritional responses to

drought differ among common pasture species. bioRxiv 2021. [CrossRef]
63. Halim, R.A.; Buxton, D.R.; Hattendorf, M.J.; Carlson, R.E. Water-deficit effects on alfalfa at various growth stages. Agron. J. 1989,

81, 765–770. [CrossRef]
64. Borawska-Jarmułowicz, B.; Mastalerczuk, G.; Janicka, M.; Wróbel, B. Effect of Silicon-Containing Fertilizers on the Nutritional

Value of Grass–Legume Mixtures on Temporary Grasslands. Agriculture 2022, 12, 145. [CrossRef]
65. Fariaszewska, A.; Aper, J.; Van Huylenbroeck, J.; De Swaef, T.; Baert, J.; Pecio, Ł. Physiological and Biochemical Responses of

Forage Grass Varieties to Mild Drought Stress Under Field Conditions. Int. J. Plant Prod. 2020, 14, 335–353. [CrossRef]
66. Küchenmeister, K.; Küchenmeister, F.; Kayser, M.; Wrange-Monning, N.; Isselstein, J. Influence of drought stress on nutritive

value of perennial forage legumes. Int. J. Plant Prod. 2013, 7, 693–710.
67. Turner, L.R.; Holloway-Phillips, M.M.; Rawnsley, R.P.; Donaghy, D.J.; Pembleton, K.G. The morphological and physiological

responses of perennial ryegrass (Lolium perenne L.), cocksfoot (Dactylis glomerata L.) and tall fescue (Festuca arundinacea Schreb.
syn. Schedonorus phoenix Scop.) to variable water availability. Grass Forage Sci. 2012, 67, 507–518.

68. Elgersma, A.; Søegaard, K. Changes in nutritive value and herbage yield during extended growth intervals in grass legume
mixtures: Effects of species, maturity at harvest, and relationships between productivity and components of feed quality. Grass
Forage Sci. 2018, 73, 78–93. [CrossRef]

69. Fychan, R.; Sanderson, R.; Marley, C. Effects of harvesting red clover/ryegrass at different stage of maturity on forage yield and
quality. Grassl. Sci. Eur. 2016, 21, 323–325.

70. Barnes, R.F.; Nelson, C.J.; Collins, M.; Moore, K.J. (Eds.) Forages, Volume 1: An Introduction to Grassland Agriculture, 6th ed.;
Wiley-Blackwell: Ames, IA, USA, 2003.

71. Minson, D.J. Forage in Ruminant Nutrition; Academic Press Inc.: New York, NY, USA, 1990; pp. 150–161.
72. Schjoerring, J.K.; Cakmak, I.; White, P.J. Plant nutrition and soil fertility: Synergies for acquiring global green growth and

sustainable development. Plant Soil 2019, 434, 1–6. [CrossRef]
73. Da Silveira Pontes, L.; Maire, V.; Schellberg, J.; Louault, F. Grass strategies and grassland community responses to environmental

drivers: A review. Agron. Sustain. Dev. 2015, 35, 1297–1318. [CrossRef]

https://doi.org/10.1016/j.jevs.2022.103866
https://www.ncbi.nlm.nih.gov/pubmed/35017041
https://doi.org/10.3390/agronomy11020354
https://doi.org/10.1016/0377-8401(95)00885-3
https://doi.org/10.23986/afsci.5654
https://doi.org/10.2135/cropsci1991.0011183X003100050052x
https://doi.org/10.3168/jds.2009-2250
https://doi.org/10.3390/agriculture12020191
https://doi.org/10.15666/aeer/1804_51235133
https://doi.org/10.5187/jast.2021.e33
https://www.ncbi.nlm.nih.gov/pubmed/33987606
https://doi.org/10.1111/gfs.12169
https://doi.org/10.2134/agronj1992.00021962008400050003x
https://doi.org/10.1101/2021.10.24.465597
https://doi.org/10.2134/agronj1989.00021962008100050014x
https://doi.org/10.3390/agriculture12020145
https://doi.org/10.1007/s42106-020-00088-3
https://doi.org/10.1111/gfs.12287
https://doi.org/10.1007/s11104-018-03898-7
https://doi.org/10.1007/s13593-015-0314-1


Forests 2023, 14, 1605 28 of 28

74. Gommers, C.M.M.; Visser, E.J.W.; Onge, K.R.S.; Voesenek, L.A.C.J.; Ronald, P. Shade tolerance: When growing tall is not an
option. Trends Plant Sci. 2013, 18, 1360–1385. [CrossRef] [PubMed]

75. Franklin, K.A. Shade avoidance. New Phytol. 2008, 179, 930–944. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.tplants.2012.09.008
https://www.ncbi.nlm.nih.gov/pubmed/23084466
https://doi.org/10.1111/j.1469-8137.2008.02507.x
https://www.ncbi.nlm.nih.gov/pubmed/18537892

	Introduction 
	Materials and Methods 
	Study Area Characteristics 
	Weather Conditions 
	Soil Conditions 

	Collection and Analysis of Plant Material 
	Statistical Analysis 

	Results 
	Weather Conditions 
	Soil Conditions 
	Chemical Composition 
	Forage Quality Parameters 
	Correlation between Nutrients 

	Discussion 
	Impact of the Study Year 
	Impact of Harvest Date 
	Impact of Location 

	Conclusions 
	References

