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Abstract: Alfalfa and red clover are important perennial legumes for the production of high-quality
fodder. The improvement of the forage quality of legumes is one of the strategic goals of breeding
programs. Variation in quality traits (protein content (CP), neutral detergent fiber content (NDF),
and acid detergent fiber content (ADF)) and relative feed value (RFV) among seven cultivars and 39
elite breeding populations of alfalfa and red clover was evaluated in the study. Significant
differences were determined among the investigated cultivars/populations. Alfalfa populations L-
8, 10, 12, 15, and 20 were characterized by a high CP content (up to 23.47%) and/or low NDF and
ADF contents. The highest CP content in red clover was recorded in population CD-18 (21.89%),
while the lowest NDF and ADF contents were determined in populations CD-19 and CD-4,
respectively. High RFV was determined in alfalfa populations L-10, 12, 20, 15, 16, 8, 11, and 17
(prime fodder), and in red clover populations CD-4, 8, 16, 14, and 19 (premium-quality fodder). The
identified superior alfalfa and red clover populations will be used to improve the nutritional value
of forage crops in our breeding program, which will lead to the release of novel cultivars with
improved forage quality.

Keywords: alfalfa; red clover; population; cultivar; crude protein; fiber; relative feed value;
breeding

1. Introduction

Alfalfa (Medicago sativa L.) and red clover (Trifolium pratense L.) are two of the most
popular perennial forage legumes and rich sources of highly nutritional voluminous
forage for livestock feed [1-4]. Alfalfa is a crop that provides a higher yield of proteins per
unit area than any field crop, which makes it highly desirable for the production of hay
and feed for domestic animals [5,6]. As a local protein resource, alfalfa can be used for
various farm animals and thus serve in the production of milk and meat for human
consumption [7]. Red clover provides high-value feed for grazing livestock and,
compared to other legumes, has a lower rate of protein degradation during ensiling [3,8].
Both species are valuable crops due to their agronomic advantages and their numerous
beneficial environmental effects in terms of preserving soil fertility and reducing
groundwater nitrate pollution due to the reduction in inorganic fertilizer use,
preservation of biodiversity, soil erosion protection, mitigation of climate change impacts,
fossil fuel consumption, greenhouse gas emissions, etc. [9-15].

In view of an ongoing discussion about the negative impacts of imported protein-
rich feed [16], regionally produced protein resources are generally favored when looking
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for environmentally friendly and GMO-free sources. Currently, only 56% of the crude
protein (CP) used in European organic farming is of European origin [17].

Due to the low level and insufficient production of plant protein for both animal and
human nutrition, in most EU countries, the improvement of the quality of legumes is one
of the strategic goals of numerous breeding programs.

The quality traits of perennial legumes are of a very complex nature, and their
expression is influenced by, besides genetic factors, environmental factors (especially
drought through direct and indirect effects on plant morphology and physiology) and by
applied management (cutting frequency, plant maturity stage at cutting time, and cutting
height). Determination of the right moment for cutting is of the utmost importance for
obtaining alfalfa and red clover forage with high nutritive value as well as meeting yield
requirements [18-22]. The most important forage quality parameters include protein
content, content of crude fiber, neutral (NDF) and acid detergent (ADF), fiber and lignin,
digestibility of the forage, and leaf to stem ratio [23-26].

One of the main goals in alfalfa and red clover breeding for the improvement of
forage quality is increasing protein content and fiber digestibility. Low amounts of non-
digestible components, such as cellulose fibers (NDF and ADF) or lignin in alfalfa
cultivars, have the potential to increase the feeding value of alfalfa for livestock by
improving the forage fiber digestibility, and to increase harvest management flexibility
[27,28].

For the success and achievement of the abovementioned goals, the existence of wide
genetic variability of major quality traits is necessary in the breeding process. Often, when
improvements in agronomic traits are limited by low genetic variation, the most
appropriate way to introduce new variation is to find new germplasm from the same gene
pool. Plant introductions may be of more value in the early stages of breeding programs
compared to using released forage cultivars as parents [29].

The aims of the study were to determine the variation of protein content and neutral
and acid detergent fiber content in newly selected alfalfa and red clover
populations/parental cultivars, to estimate relative feed value and to recognize desirable
superior materials for the further improvement of quality properties in modern alfalfa
cultivars.

2. Materials and Methods

The plant material included six older alfalfa cultivars (OS 70, Slavonka, Stela, Drava,
Zdravka, and Vuka), one red clover cultivar (OS VIVA), and 39 elite breeding populations
(alfalfa L1-20 and red clover CD1-19) created at the Department of Forage Crops Breeding
and Genetics, Agricultural Institute Osijek, Croatia (45°32' N, 18°44’ E, altitude 90 m). In
order to set up a field experiment, the seed samples of alfalfa cultivars were obtained from
the Croatian Gene Bank (CGB). Populations were developed after several cycles of
phenotypic selection of individual plants with favorable agronomic traits produced using
a large number of parental components (70% of divergent germplasm with broad genetic
base and 30% of the abovementioned cultivars). Cultivars OS 70 and Vuka were used as
parental components for the development of alfalfa populations L-2, 4, 5, 10, 12, and 19;
cultivars Stela and Drava for L-1, 3,7, 8,9, 15, and 18; and cultivars Zdravka and Slavonka
for L-6, 11, 13, 14, 16, 17, and 20. Red clover cultivar OS VIVA was used as a parental
component for all red clover populations.

Samples of green mass (approximately 500 g) of each population/cultivar were taken
in the second cut of the second growing season (2015) from three repetitions of an
established field experiment, in which the forage yield and persistence of newly
developed alfalfa and red clover populations were evaluated throughout several growing
seasons (Figure 1). The experiment was conducted at the beginning of March 2014 using
a randomized complete block (RCB) design with three repetitions. Plots were 1.4 x 6 m
and consisted of 6 rows 20 cm apart. The sowing rate was 18 kg ha. Soil chemical analysis
was performed prior to sowing and revealed that the soil was well supplied with nutrients



Agronomy 2021, 11, 2176 3 of 9

(pH in H20=7.00; pH in 1n KCl = 6.41; AL-soluble P20s and K>O = 39.70 and 37.70 mg 100
g7, respectively; humus content = 2.01%), so fertilizers were not applied. Herbicides were
not applied in the trials.

(@) b))

Figure 1. (a) Experimental site at the Agricultural Institute Osijek, Croatia; (b) Alfalfa field trial; (c) Red clover field trial.

Samples were collected during the second cut, at the late bud to early flowering stage
of alfalfa and at the beginning of the flowering to full bloom stage of red clover. Plants
were cut at the height of 3 to 5 cm above the soil surface. All herbage samples were dried
at 60 °C for 48 h, and plant tissues were ground with a Retsch (Type ZM1) ultracentrifugal
mill with a 1 mm diameter sieve (Haan, Germany). The crude protein (CP) and neutral
and acid detergent fiber (NDF and ADF) contents in dry matter (DM) were measured
according to the standard protocol using FOSS Kjeltec 2300 and Velp Scientifica FIWE6
Raw Fiber Extractor. Feeding value parameters such as digestible dry matter (DDM), dry
matter intake (DMI), and the relative feed value (RFV) were calculated according to the
following equations adapted from common formulas for forages [30]:

DDM% = 88.9 — (0.779 x ADF%),
DMI% = 120/NDF,

RFV = (DDM% x DMI%)/1.29 (DDM —digestible dry matter, DMI—dry
matter intake).

Standards for RFV as a criterion to grade hay were proposed by the Hay Marketing
Task Force of the American Forage and Grassland Council [31], and are presented in Table
1. All collected data were processed by analyses of variance applying the least significant
differences test using the general linear model procedure of SAS software 9.4 [32].
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Table 1. Quality standards of legume, grass, and legume—grass mixture.

Quality Standard » CP, %DM ADF, %DM NDF, %DM RFV
Prime >19 <31 <40 >151
Premium (1) 17-19 31-35 40-46 151-125
Good (2) 14-16 3640 47-53 124-103
Fair (3) 11-13 41-42 54-60 102-87
Poor (4) 8-10 43-45 61-65 86-75
Reject (5) <8 >45 >65 <75

Note *—standard assigned by Hay Marketing Task Force of the American Forage and Grassland
Council; CP—crude protein; DM —dry matter; RFV —relative feed value; reference hay of 100 RFV
contains 41% ADF (acid detergent fiber) and 53% NDF (neutral detergent fiber).

3. Results and Discussion

In grassland-based livestock farming, the perennial legumes alfalfa and red clover
are the most common species used for feeding ruminant animals. Therefore, in forage crop
breeding programs, it is important that the newly developed cultivars are characterized,
in addition to high forage yield, by good nutritional quality properties (high protein
content, low fiber content, and good forage digestibility).

Analysis of variance demonstrated statistically significant differences in all of the
quality traits studied, as well as in the relative feed value among investigated alfalfa and
red clover populations/cultivars (Tables 2 and 3, Figure 2). In the different alfalfa
population materials, CP content ranged from 21.25% (L-2) to 23.47% (L-8), while the
average CP of all populations/cultivars was 22.26%. In addition to L-8, high CP was
achieved in populations L-12, 10, and 15 (Table 2). These populations had a higher CP
than all recognized cultivars, as well as a higher average value of all tested alfalfa
materials (which was 1.2% higher for L-8), and represent valuable germplasm in breeding
to improve quality properties. Population L-12 had the lowest NDF content (38.23%), and
low NDF values were also recorded in L-10 and 20 populations. The highest NDF content
was determined in population L-8 (44.64%). The lowest ADF content was observed in
population L-10 (28.48%). Populations L-25, 26, and 12 also had lower ADF values, while
population L-5 was found to have the highest ADF content (32.77%). NDF and ADF are
both negatively associated with forage quality. As the NDF increases, animals are able to
consume less forage; similarly, as ADF increases, digestible energy levels decrease. The
detected levels of genetic variation for NDF and ADF contents among the studied
populations in this research will contribute to an increase in the quality of selection
materials created in the frame of our perennial forage crop breeding program.

Table 2. Forage quality traits of the investigated alfalfa populations/cultivars in the second cut of the second growing
season at the late bud to early flowering stage.

Alfalfa Quality Traits, %DM Alfalfa Quality Traits, %DM

POP/CUL CP ADF NDF POP/CUL cp ADF NDF
L1 21.55 32.52 41.82 L15 22.92 29.10 39.90
L2 21.25 31.66 41.13 L16 22.01 29.82 39.86
L3 22.76 31.96 41.56 L17 2249 31.60 39.41
L4 22.06 31.37 40.09 L18 21.99 31.65 40.47
L5 21.98 32.77 39.19 L19 22.44 30.96 40.06
L6 21.73 31.61 41.38 L20 22.49 30.02 38.94
L7 22.87 30.96 39.41 0OS 70 22.20 30.36 41.61
L8 23.47 29.32 44.64 Slavonka 21.64 30.84 41.53
L9 21.70 31.18 40.93 Stela 21.50 30.79 43.22
L10 23.11 28.48 38.74 Drava 22.61 31.69 44.37
L11 22.64 30.04 39.97 Zdravka 2217 28.53 43.50
L12 23.15 28.97 38.23 Vuka 21.61 28.90 43.57
L13 22.68 30.39 40.93 Average 22.26 30.60 41.02
LSD 0.05 0.35 0.61 0.57

L14 21.76 30.20 42.06 LSD 0.01 046 0.82 0.77

CP—crude protein; NDF —neutral detergent fiber; ADF—acid detergent fiber.
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Table 3. Forage quality traits of the investigated red clover populations/cultivar in the second cut of the second growing
season at the beginning of the flowering to full bloom stage.

Red Clover Quality Traits, %DM Red Clover Quality Traits, %DM
POP/CUL CP ADF NDEF POP/CUL CP ADF NDF
CD1 20.50 28.98 42.10 CD12 20.49 29.66 46.94
CD2 20.09 28.61 47.00 CD13 20.22 26.97 45.32
CD3 18.59 30.39 44.09 CD14 19.14 2791 41.56
CD4 18.74 24.62 42.20 CD15 19.52 27.80 42.46
CD5 18.63 26.86 44.64 CD16 20.87 27.32 41.79
CD6 18.64 28.50 45.45 CD17 18.91 29.20 43.86
CD7 19.50 28.83 45.05 CD18 21.89 29.84 42.37
CD8 20.37 25.45 42.36 CD19 19.32 27.52 40.50
CD9 18.65 29.63 46.45 OS VIVA 19.58 27.54 44.69
CD10 19.56 28.79 42.34 Average 19.66 28.30 43.86
LSD 0.05 0.36 0.53 0.72
CD11 19.95 31.58 46.02 L.SD 0.01 0.48 071 0.96
CP —crude protein; NDF —neutral detergent fiber; ADF —acid detergent fiber.
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Figure 2. Relative feed value of the of the investigated alfalfa (A) and red clover (B)
populations/cultivars.
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Avci et al. [1] evaluated the nutritive value of seven alfalfa cultivars with different
fall dormancy rates over two consecutive years and determined in the second year of age
significant differences among cultivars for the content of CP (from 17.9% to 19.7%; mean
for year: 18.6%), NDF (from 44.5% to 49.4%; mean for year: 47.6%), and ADF (from 37.3%
to 39.9%; mean for year: 39.1%). Sousa et al. [3] studied the nutritive value of eight alfalfa
cultivars and one red clover cultivar over two years under less favorable growing
conditions for alfalfa, and in the second year of cultivation, they found variation among
alfalfa cultivars for CP (from 20.7% to 22.4%) and NDF (from 35.3% to 38.7%). Scholtz et
al. [33] analyzed the chemical composition of 168 alfalfa hay samples and revealed a wide
range of variation for CP (13.9%-27.8%), NDF (28.9%-65.9%), and ADF (21.3%-47.3%). CP
and NDF content values determined in the present study are similar to those reported by
Sousa et al. [3], while the CP is higher, and NDF and ADF are lower than results obtained
by Avci et al. [1]. A wider range of values observed in the literature for CP and fiber
fractions in alfalfa can be attributed to various factors, such as cultivar, climatic and
agronomic management practices, and/or their interactions [34].

Forage quality traits of the investigated red clover populations/cultivar are shown in
Table 3. CP content ranged from 18.59% to 21.89%, while the average CP of all
populations/cultivar was 19.66%. Population CD-18 was the highest and CD-3 had the
lowest CP content. CD-18 achieved 2.31% greater CP content relative to the standard
cultivar OS VIVA. Population CD-19 had the lowest NDF content (40.50%), while the
highest content of NDF (47.00%) was recorded in CD-2. ADF content ranged from 24.62%
to 31.58%, while the average ADF of all populations/cultivars was 28.30%. Population CD-
4 had the lowest and CD-11 had the highest in ADF content. Favorable quality parameters
(higher protein content and lower fiber content) were also recorded in populations CD-8
and 16. In this research, obtained CP contents are higher, while NDF and ADF contents
are lower compared to the results obtained by Tucak et al. [35] when they evaluated
variation in the yield and forage quality traits of domestic and foreign red clover
materials. The values established in this paper for CP content are higher than those
reported by Tavlas et al. [36] and Surmen et al. [37], while the NDF and ADF content
values in the present study are similar to those reported by these authors. Differences in
the values of the observed quality parameters obtained in this research and by the cited
authors may be caused by genetic factors, but also depend on other factors, such as
development stage, cutting height, growing year, environmental parameters, and their
interactions.

The relative feed value in alfalfa populations/cultivars ranged from 134.64 (Drava) to
161.38 (L-12) (Figure 2A). According to the quality standards for forage legumes presented
in Table 1, population L-12, as well as populations L-10, 20, 15, 16, 8, 11, and 17, is classified
into the category of prime fodder. The relative feed value of red clover
populations/cultivars ranged from 129.96 (CD-11) to 154.97 (CD-19) (Figure 2B). Except
for CD-19, a high relative feed value was also determined in CD-4, 8, 16, and 14, and these
populations are classified as premium-quality fodder. The relative feed value is widely
used as a forage quality index in different legume crops [38—41].

Most newly developed populations of alfalfa and red clover had significantly better
forage quality properties in relation to parent cultivars (L-4, 5, 10, 12, and 19 compared to
OS 70 and Vuka; L-1, 3, 8, 9, 15, and 18 compared to Stela and Drava; L-11, 13, 16, 17, and
20 compared to Zdravka and Slavonka; CD-1, 4, 5, 8, 10, 14, 15, 16, 18, and 19 compared
to OS VIVA). A larger number of superior populations were identified in both forage
species, which confirms the necessity of introducing new genetic variability and divergent
germplasm into the existing selection material. A number of genetic studies in forages
have reported on the importance, potential, and advantages of the utilization of divergent
genetic resources (crop wild relatives, landraces, and wild populations) in breeding
strategies for the improvement of forage legumes cultivars, especially under the condition
of global climate change, which is the most important challenge for the breeding of forage
crops in the near future [42-45].
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4. Conclusions

Significant variation was determined among the investigated alfalfa and red clover
populations/cultivars in all of the quality traits studied, as well as in relative feed value.
Most newly developed populations of alfalfa and red clover had significantly better forage
quality properties in relation to parent cultivars. In both plant species, relative feed value
ranged from 129.97 to 161.38 which, according to the quality standards for forage legumes
(Force of the American forage and Grassland Council, Hay Marketing Task), is classified
in the category of high-quality to excellent fodder. Several superior populations were
identified in alfalfa (L- 8, 10, 12, 15, and 20) and red clover (CD-4, 8, 16, 18, and 19), and
will be used to further improve the nutritional value of forage crops in our breeding
program.

Author Contributions: Conceptualization, M.T.; Formal analysis, D.H.; Investigation, M.T. and
D.H.; Methodology, M.T. and T.C,; Supervision, T.C.; Visualization, M.R.; Writing —original draft,
M.T.; Writing—review and editing, M.T., M.R., and D.H. All authors have read and agreed to the
published version of the manuscript.

Funding: This activity was supported by a program of continuous scientific work on the creation of
new forage crop cultivars at the Agricultural Institute Osijek. This research was conducted as a part
of the measure M10.2. Support for the conservation of genetic resources in agriculture—
preservation, sustainable use, and development of genetic resources in agriculture (PRR-
10.02.01.00.0-03) —was provided by the Rural Development Programme of the Republic of Croatia
for the Period 2014-2020, which is funded by The European Agricultural Fund for Rural
Development.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Acknowledgments: We thank the staff of the Agrochemical Laboratory and the Department of
Forage Crops Breeding and Genetics for their technical contributions to this research.

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

References

1.  Avci, M,; Hatipoglu, R.; Cinar, S.; Kiligalp, N. Assessment of yield and quality characteristics of alfalfa (Medicago sativa L.)
cultivars with different fall dormancy rating. Leg. Res. 2018, 41, 369-373, d0i:10.18805/LR-364.

2. Naydenova, G.; Vasileva, V. Comparative evaluation of diploid and tetraploid red clover genotypes in a flat area of Northern
Bulgaria. |. Cent. Eur. Agric. 2019, 20, 919-927, d0i:10.5513/JCEA01/20.3.2231.

3. Sousa, D.O.; Hansen, H.H.; Hallin, O.; Nussio, L.G.; Nadeau, E. A two-year comparison on nutritive value and yield of eight
lucerne cultivars and one red clover cultivar. Grass Forage Sci. 2020, 75, 76-85, doi:10.1111/gfs.12459.

4.  Przybylska, A,; Cwintal, M.; Pszczotkowski, P.; Sawicka, B. Effect of Attractants and Micronutrient Biofortification on the Yield
and Quality of Red Clover (Trifolium pratense L.) Seeds. Agronomy 2021, 11, 152, doi:10.3390/agronomy11010152.

5. Mili¢, D.; Karagi¢, D.; Vasiljevi¢, S.; Miki¢, A.; Milosevi¢, B.; Kati¢, S. Breeding and improvement of quality traits in alfalfa
(Medicago sativa ssp. sativa L.). Genetika 2014, 46, 11-18, doi:10.2298/GENSR1401011M.

6. Tucak, M.; (vfupié, T.; Horvat, D.; Popovi¢, S.; Krizmani¢, G.; Ravli¢, M. Variation of phytoestrogen content and major agronomic
traits in alfalfa (Medicago sativa L.) populations. Agronomy 2020, 10, 87, doi:10.3390/agronomy10010087.

7. Blume, L.; Hoischen-Taubner, S.; Sundrum, A. Alfalfa—A regional protein source for all farm animals. Landbauforsch-].
Sustainable Organic Agric. Syst. 2021, 71, 1-13, doi:10.3220/LBF1615894157000.

8.  Dong, Z.; Chen, L.; Li, J.; Yuan, X.; Shao, T. Characterization of nitrogen transformation dynamics in alfalfa and red clover and
their mixture silages. Grassl. Sci. 2019, 65, 109-115, doi:10.1111/grs.12230.

9.  Annicchiarico, P.; Barrett, B.; Brummer, E.C.; Julier, B.; Marshall, A.H. Achievements and challenges in improving temperate
perennial forage legumes. Crit. Rev. Plant Sci. 2015, 34, 327-380, doi:10.1080/07352689.2014.898462.

10. De Vega, ].].; Ayling, S.; Hegarty, M.; Kudrna, D.; Goicoechea, J.L.; Ergon, A.; Rognli, O.A; Jones, C.; Swain, M.; Geurts, R.; et
al. Red clover (Trifolium pratense L.) draft genome provides a platform for trait improvement. Sci. Rep. 2015, 5, 17394,
doi:10.1038/srep17394.

11. Dinca, N.; Dunea, D. The influence of Rhizobium inoculation and nitrogen/molybdenum fertilization on the growth

characteristics of red clover. AgroLife Sci. 2017, 6, 83-88.



Agronomy 2021, 11, 2176 8 of 9

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.
33.

34.

35.

36.

37.

McKenna, P.; Cannon, N.; Conway, J.; Dooley, ]J.; Davies, W.P. Red clover (Trifolium pratense) in conservation agriculture: A

compelling case for increased adoption. Int. |. Agric. Sustain. 2018, 16, 342-366, doi:10.1080/14735903.2018.1498442.

Kulkarni, K.P.; Tayade, R.; Asekova, S.; Song, ].T.; Shannon, J.G.; Lee, ].D. Harnessing the potential of forage legumes, alfalfa,

soybean, and cowpea for sustainable agriculture and global food security. Front. Plant Sci. 2018, 9, 1314,

doi:10.3389/fpls.2018.01314.

Tucak, M.; Popovi¢, S.; Horvat, D.; Cupic’, T.; Krizmani¢, G.; Viljevac Vuleti¢, M.; Ravli¢, M. The characterization of isoflavone

content in the Croatian red clover collection. Poljoprivreda 2019, 25, 3-11, doi:10.18047/poljo.25.1.1.

Berti, M.T.; Cecchin, A.; Samarappuli, D.P.; Patel, S.; Lenssen, A.W.; Moore, K.J.; Wells, S.S.; Kazula, M.J. Alfalfa Established

Successfully in Intercropping with Corn in the Midwest US. Agronomy 2021, 11, 1676, doi:10.3390/agronomy11081676.

Stolton, S.; Dudley, N. The Growth of Soy: Impacts and Solutions; WWEF International: Gland, Switzerland, 2014; p. 96.

Friih, B.; Schlatter, B.; Isensee, A.; Maurer, V.; Willer, H. Report on Organic Protein Availability and Demand in Europe; Research

Institute of  Organic Agriculture (FiBL): Frick, Switzerland, 2015; p- 132. Available online:

http://www fibl.org/fileadmin/documents/shop/1664-organic-protein. pdf (accessed on 22 December 2020).

Yari, M.; Valizadeh, R.; Naserian, A.A.; Ghorbani, G.R.; Moghaddam, P.R.; Jonker, A.; Yu, P. Botanical traits, protein and

carbohydrate fractions, ruminal degradability and energy contents of alfalfa hay harvested at three stages of maturity and in

the afternoon and morning. Anim. Feed Sci. Technol. 2012, 172, 162-170, d0i:10.1016/j.anifeedsci.2012.01.004.

Bozickovi¢, A.; Grubi¢, G.; Verbig, J.; Znidari¢, T.; Djordjevi¢, N.; Stojanovi¢, B. A modified method for assessment of the

morphological stage of development as a predictor of alfalfa herbage chemical composition and nutritive value. J. Agric. Sci.

2013, 151, 590-598, doi:10.1017/S0021859613000129.

Lorenzo, C.D.; Garcia-Gagliardi, P.; Antonietti, M.S.; Sanchez-Lamas, M.; Mancini, E.; Dezar, C.A.; Vazquez, M.; Watson, G.;

Yanovsky, M.].; Cerdan, P.D. Improvement of alfalfa forage quality and management through the down-regulation of MsFTal.

Plant Biotechnol. |. 2020, 18, 944-954, d0i:10.1111/pbi.13258.

Markovi¢, J.; Strbanovié, R.; Terzié, D.; Stanisavljevi¢, R.; Doki¢, D.; Vasi¢, T.; Andelkovi¢, B. Estimation of red clover (Trifolium

pratense L.) forage quality parameters depending on the stage of growth. Biotechnol. Anim. Husb. 2011, 27, 1563-1569.
https://doi.org/10.7251/AGREN1201031M.

Wroébel, B.; Zielewicz, W. Nutritional value of red clover (Trifolium pratense L.) and birdsfoot trefoil (Lotus corniculatus L.)

harvested in different maturity stages. J. Res. Appl. Agric. Eng. 2019, 64, 14-19.

Annicchiarico, P. Inter- and intra-population genetic variation for leaf:stem ratio in landraces and varieties of lucerne. Grass

Forage Sci. 2007, 62, 100-103, doi:10.1111/j.1365-2494.2007.00562.x.

Biazzi, E.; Nazzicari, N.; Pecetti, L.; Brummer, E.C.; Palmonari, A.; Tava, A.; Annicchiarico, P. Genome-wide association

mapping and genomic selection for alfalfa (Medicago sativa) forage quality traits. PLoS ONE 2017, 12, 0169234,

doi:10.1371/journal.pone.0169234.

Markovig, J.; Petrovié, M.; Terzi¢, D.; Vasi¢, T.; Kostié, 1; Strbanovié, R.; Grubié, G. Protein fractions as influenced by cultivars,

stage of maturity and cutting dates in alfalfa (Medicago sativa L.). Leg. Res. 2019, LR-479, d0i:10.18805/LR-479.

Hu, Y,; Kang, S.; Ding, R.; Zhao, Q. A crude protein and fiber model of alfalfa incorporating growth age under water and salt

stress. Agric. Water Manag. 2021, 255, 107037, doi:10.1016/j.agwat.2021.107037.

Grev, A.M.; Wells, M.S.; Samac, D.A.; Martinson, K.L.; Sheaffer, C.C. Forage Accumulation and Nutritive Value of Reduced

Lignin and Reference Alfalfa Cultivars. Agron. J. 2017, 109, 2749-2761, doi:10.2134/agronj2017.04.0237.

Jungers, J.; Cherney, J.; Martinson, K.; Jaqueth, A.; Sheaffer, C. Forage nutritive value of modern alfalfa cultivars. Crop Forage

Turfgrass Manag. 2020, 6, 20076, doi:10.1002/cft2.20076.

Egan, L.M.; Hofmann, R.W.; Ghamkhar, K.; Hoyos-Villegas, V. Identification of Founding Accessions and Patterns of

Relatedness and Inbreeding Derived from Historical Pedigree Data in a Red Clover Germplasm Collection in New Zealand.

Crop Sci. 2019, 59, 2100-2108, doi:10.2135/cropsci2019.01.0045.

Schroeder, ].W. Interpreting Forage Analysis. Extension Dairy Specialist (NDSU), AS-1080, North Dakota State University, 1994.

Available online: https://library.ndsu.edu/ir/bitstream/handle/10365/9133/AS-1080-1994.pdf?sequence=2&isAllowed=y

(accessed on 25 July 2021).

Rohweder, D.A.; Barnes, R.F.; Jorgensen, N. Proposed hay grading standards based on laboratory analyses for evaluating

quality. J. Anim. Sci. 1978, 47, 747-759, doi:10.2527/jas1978.473747x.

SAS Institute. SAS, Version 9.4; SAS Institute, Inc.: Cary, NC, USA, 2013.

Scholtz, G.D.J.; van der Merwe, H.].; Tylutki, T.P. The nutritive values of South African Medicago sativa L. hay. S. Afr. . Anim.

Sci. 2009, 39, 179-182, d0i:10.4314/SAJAS.V3911.61269.

Geleti, D.; Hailemariam, M.; Mengistu, A.; Tolera, A. Biomass yield potential and nutritive value of selected alfalfa (Medicago

sativa L.) cultivars grown under tepid to cool sub-moist agro-ecology of Ethiopia. J. Agic. Res. Dev. 2014, 4, 7-14.

Tucak, M.; Popovi¢, S.; éupic', T,; gpanic’, V.; Megli¢, V. Variation in yield, forage quality and morphological traits of red clover

(Trifolium pratense L.) breeding populations and cultivars. Zemdirbyste-Agriculture 2013, 100, 63-70, doi:10.13080/z-

a.2013.100.009.

Tavlas, A.; Yolcu, H.; Tan, M. Yields and qualities of some red clover (Trifolium pratense L.) genotypes in crop improvement

systems as livestock feed. Afr. ]. Agric. Res. 2009, 4, 633-641.

Surmen, M.; Yavuz, T.; Albayrak, S. Yield and forage quality of red clover (Trifolium pratense L.) varieties in Black Sea Coastal

Area of Turkey. Igdir Univ. ]. Inst. Sci. Tech. 2013, 3, 87-92.


https://acsess.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Jungers%2C+Jacob
https://acsess.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Cherney%2C+Jerome
https://acsess.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Martinson%2C+Krishona
https://acsess.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Jaqueth%2C+Aubrey
https://acsess.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Sheaffer%2C+Craig

Agronomy 2021, 11, 2176 9 of 9

38.

39.

40.

41.

42.

43.

44.

45.

Albayrak, S.; Tiirk, M. Changes in the forage yield and quality of legume—grass mixtures throughout a vegetation period. Turk.
J. Agric. For. 2013, 37, 139-147, d0i:10.3906/tar-1202-73.

Fracchiolla, M.; Lasorella, C.; Laudadio, V.; Cazzato, E. Trifolium mutabile as new species of annual legume for Mediterranean
climate zone: First evidences on forage biomass, nitrogen fixation and nutritional characteristics of different accessions.
Agriculture 2018, 8, 113, doi:10.3390/agriculture8070113.

Prajapati, B.; Prajapati, ].; Kumar, K.; Shrivastava, A. Determination of the relationships between quality parameters and yields
of fodder obtained from intercropping systems by correlation analysis. Forage Res. 2019, 45, 219-224.

Mariotti, M.; Fratini, F.; Cerri, D.; Andreuccetti, V.; Giglio, R.; Angeletti, F.G.S.; Turchi, B. Use of fresh scotta whey as an additive
for alfalfa silage. Agronomy 2020, 10, 365, doi:10.3390/agronomy10030365.

Nan, L.; Nie, Z.; Zollinger, R.; Guo, Q. Evaluation of morphological and production characteristics and nutritive value of 47
lucerne cultivars/lines in temperate Australia. Plant Prod. Sci. 2019, 22, 490-500, doi:10.1080/1343943X.2019.1608835.

Zanotto, S.; Palmé, A.; Helgadottir, A Daugstad, K.; Isolahti, M.; Ohlund, L.; Marum, P.; Moen, M.A.; Veteldinen, M.; Rognli,
O.A; et al. Trait characterization of genetic resources reveals useful variation for the improvement of cultivated Nordic red
clover. J. Agron. Crop Sci. 2021, 207, 492-503, d0i:10.1111/jac.12487.

Humphries, A.W.; Ovalle, C.; Hughes, S.; del Pozo, A.; Inostroza, L.; Barahona, V.; Yu, L.; Yerzhanova, S.; Rowe, T.; Hill, J.; et
al. Characterization and pre-breeding of diverse alfalfa wild relatives originating from drought-stressed environments. Crop
Sci. 2021, 61, 69-88, d0i:10.1002/csc2.20274.

Rognli, O.A.; Pecetti, L.; Kovi, M.R.; Annicchiarico, P. Grass and legume breeding matching the future needs of European
grassland farming. Grass Forage Sci. 2021, 76, 175-185, doi:10.1111/gfs.12535.



	1. Introduction
	2. Materials and Methods
	3. Results and Discussion
	4. Conclusions
	References

