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Abstract: The objective of this study was to determine compatible genotypes for both grazing and ley farming systems 
concerning nutritional traits among burr medic (Medicago polymorpha L.) genotypes with different flowering times. 
Therefore, the variability for nutritional traits of early- (n=13), medium- (n=12) and late-flowering (n=19) genotypes from a 
breeding study carried out during the 2016-2018 years was assessed using one-way ANOVA and chemometric techniques 
such as principal component (PCA) and cluster (CA) analyses. Except for the acid detergent protein, calcium and 
magnesium contents, there were significant differences in the nutritional traits among the genotypes with different flowering 
times. The medium-flowering genotype had a significant advantage over especially early-flowering genotype in crude 
protein, acid detergent fiber, metabolizable energy, and relative feed value. There were significantly mutual correlations 
between most of the studied traits. Consequently, considerable amounts of variability were determined among the genotypes 
for all the traits under consideration. The 44 genotypes formed three clusters, in which cluster sizes ranged from 3 to 29 
accessions per cluster. The PCA 1 and 2 had the highest eigenvalues of 6.44 and 1.35, describing 63.27% and 15.91% of the 
total variance, respectively. The PCA and CA results indicate that medium- and late-flowering genotypes had the best 
nutritional traits due to probably high photosynthetic capacity in the conditions of the present study. 
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1. Introduction 
Many grassland or rangeland areas of the world 
face the challenges such as requirements for arable 
land and bioenergy, competition between food and 
feed production, unconscious grazing, the need to 
preserve biodiversity and maintain ecosystem 
services and adapt to a changing climate (Lüscher 
et al., 2014; Uzun et al., 2017). Production in these 
lands should need to keep pace with requirements 
for optimum yields (meat and milk) from domestic 
ruminant (cattle, sheep, and goat) production 
systems and overcome these challenges (Lüscher 
et al., 2014). In recent decades, there has, 
therefore, been an increased awareness of the 
potential of legumes (Fabaceae), including annual 
medic species to contribute to ruminant production 
in these lands (Addis et al., 2005; Lüscher et al., 
2014; Aydın et al., 2015; Stagnari et al., 2017; Cui 

et al., 2021). The forage legumes for rangelands 
have both high nutritional value and ability to fix 
atmospheric nitrogen (N) biologically. Moreover, 
desirable annual and perennial legumes offer 
essential opportunities for sustainable rangeland-
based animal production. These forages contribute 
to animal production by increasing the yield and 
nutritional value of rangeland and field crops and 
raising the conversion efficiency of herbage to 
animal protein (Lüscher et al., 2014; Uzun and 
Ocak, 2019; Aydin et al., 2020). Researchers have 
to improve the quality and yield of legumes using 
advances in plant breeding to increase their 
contributions to both grazing and ley farming 
systems. Genotypes developed from populations 
collected in local areas supply more advantages 
than introduced standard genotypic materials for 
breeding studies due to their high adaptation 
capability (Seker et al., 2014). 

Research Article

Türkiye Tarımsal Araştırmalar Dergisi
dergipark.org.tr/tutad

Turk J Agric Res
2022, 9(2): 175-184
© TÜTAD
ISSN: 2148-2306
e-ISSN: 2528-858X
doi: 10.19159/tutad.1068258

orcid.org/0000-0001-7389-5835      orcid.org/0000-0001-7393-1373       
ORCID ID (By author order)
İD İD

*Corresponding Author: fuzun@omu.edu.tr 



176Türkiye Tarımsal Araştırmalar Dergisi - Turkish Journal of Agricultural Research       9(2): 175-184

UZUN and OCAK

Burr medic (Medicago polymorpha L.) is one 
of the self-generating legumes in the pastures or 
rangelands and a nutritious and palatable forage 
species (Muir et al., 2003; Addis et al., 2005; Cui 
et al., 2021). This species is an essential 
component of Mediterranean grazing systems (Del 
Pozo et al., 2002; Aydın et al., 2015) due to its 
beneficial efficacy concerning persistence, forage 
production and quality, and animal response 
(Rochon et al., 2004; Graziano et al., 2010; Aydın 
et al., 2015). Burr medic is the most frequent 
annual legume in a large area receiving from 30 to 
1300 mm of annual rainfall in the Mediterranean 
zone (Del Pozo et al., 2002). Rochon et al. (2004) 
reported that rotationally grazed pasture with burr 
medic had higher productivity under heavy than 
low grazing intensity. Desirable annual legumes, 
including burr medic, reduce overgrazing pressure 
on rangelands (Nazari-Dashlibrown, 2004). Also, a 
ley farming system with a cereal crop and burr 
medic-pasture rotation can create biological and 
economic synergies between crops and livestock 
enterprises in terms of long-term productivity 
(Nazari-Dashlibrown, 2004; Crews et al., 2016). 
Therefore, burr medic is a critical ecological plant 
in various farming systems worldwide (Del Pozo 
et al., 2002; Cui et al., 2021).   

The nutritional value and the voluntary intake 
of burr medic species influence livestock 
production. Some studies (Shirmardi et al., 2003; 
Aydin et al., 2007, Aydın et al., 2015) investigated 
the nutrient contents and feeding value of this 
forage harvested at different phenological stages 
such as early growth, early and complete 
flowering, or seeding. In these studies, the crude 
protein (CP), crude cellulose, acid detergent fiber 
(ADF), neutral detergent fiber (NDF), ash, calcium 
(Ca), and metabolisable energy (ME) burr medic 
forages have ranged from 13.7 to 24.4%, 15.67 to 
29.2%, 22.3 to 43.7%, 31.7 to 66.2%, 14.5 to 
17.67%, 1.18 to 1.32% and 9.2 to 11.8 MJ kg-1 dry 
matter (DM). Also, Aydın et al. (2015) noted the 
digestible DM (DDM, 66.14%), DM intake [DMI, 
2.97% of body weight (BW)], and relative feed 
values (RFV, 152.9) of burr medic hay harvested 
at 50% flowering stage. These results indicate that 
the feeding value of burr medic forage is affected 
by different phenological stages. 

The studies mentioned above encourage range 
managers and farmers to reduce costs associated 
with inorganic-N fertilizers and purchased forages 
and increase their reliance on burr medic-based 
rangeland and ley farming. Among burr medic (M. 
polymorpha L.) genotypes with different flowering 
times, there can be compatible genotypes to graze 
and ley farming systems or for multiple uses. It is 
prudent to choose a combination of annual or 

perennial forage species with different flowering 
times for sustainable forage crops and rangeland-
based animal productions. A few studies 
investigated burr medic production and quality 
through breeding, agronomic practices, and 
genetics (Aydın et al., 2015; Cui et al., 2021). 
However, there is no knowledge about how 
nutritional traits distribute and varied (i.e. 
diversity) among early- (EF), medium- (MF), and 
late-flowering (LF) burr medic genotypes. For the 
low-cost and low-input rangeland and ley farming 
systems of the countries like Türkiye, compatible 
genotypes in agro-morphological and nutritional 
traits must be selected among the promising burr 
medic populations collected from the natural 
rangelands. Therefore, the objective of this study 
was to assess variability for the nutritional traits 
among EF, MF, and LF burr medic genotypes. 
 
2. Materials and Methods 
This study was carried out during the 2016-2018 
years at the experimental field of the Agricultural 
Faculty, Ondokuz Mayıs University, located in the 
northern part of Türkiye (41°21' N, 36°15' E, 
elevation 140 m a.s.l.) under rainfed condition. 
The mean annual temperature and rainfall for long-
term were 14.6 °C (ranged from 7.2 °C in winter to 
23.2 °C in summer) and 717.9 mm (Anonymous, 
2018) and classified as semi-humid climate 
according to Thornthwaite climate classification 
(Anonymous, 2016). 

The soil structure of the trial area was clay, 
lime-free and slightly salty and neutral pH and 
insufficient in phosphorus (P) and rich in 
potassium (K) and organic matter. 

In the first year (2016-2017) of the study, to 
determine the agro-morphological traits of 2025 
burr medic populations collected from the Middle 
Black Sea Region of Türkiye were bred based on 
the traditional plant breeding method. Then, 45 
seeds from each of 44 genotypes with the best 
agro-morphological traits selected from these 
populations were prepared separately for sowing, 
as explained by Uzun and Aydin (2004) and Aydın 
et al. (2015) and individually planted into plug 
trays (1 seed in each tray) containing peat in 
September 2017. After emergence, seedlings in 
trays were irrigated and fertilized to grow stronger. 
An 11.4 g diammonium phosphate (DAP), which 
delivers 2.05 g N and 5.23 g P2O5 per tray, was 
applied dissolving in water. All seedlings (20 
seedlings per genotype) that reached a plant height 
of 8-10 cm were manually planted in progeny 
rows. A 16.7 kg DAP, which delivers 0.3 kg N and 
1.8 kg P2O5 per hectare of this area, was applied as 
basal dose. The progeny rows were 16 m in length 
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with 80 cm row to row (20 seedling per row) and 
80 cm plant to plant spacing (0.64 m2 per 
seedling). All other recommended management 
practices were followed according to the 
traditional plant breeding method (Acquaah, 2012) 
to raise a healthy plant. To determine the flowering 
time, days from seed sowing in trays to first 
inflorescence opening was counted for each 
genotype. Then, the genotypes were classified into 
three groups named as Early flowering (EF, n= 13, 
Genotype numbers: 1, 2, 8, 13, 17, 24, 25, 26, 28, 
31, 39, 40 and 43), Medium flowering (MF, n= 12, 
Genotype numbers: 3, 5, 9, 11, 12, 29, 30, 33, 36, 
37, 42 and 44) and Late flowering (LF, n= 19, 
Genotype numbers: 4, 6, 7, 10, 14, 15, 16, 18, 19, 
20, 21, 22, 23, 27, 32, 34, 35, 38 and 41) 
genotypes based on the standard deviation of the 
mean of days to the first inflorescence opening 
(Table 1).  

In 2018, agro-morphological traits (plant height 
and length, central leaflet length and width, etc.) of 
the genotypes were measured and recorded 
(Anonymous, 1991; Lermi and Palta, 2014). After 
determining the fresh and dry weights of each 
plant whose blooming time is determined and 
harvested, oven-dried subsamples were ground 
into a 1 mm sieve to analyze and calculate some 
hereafter nutritional traits. Their CP, NDF, ADF, 
ADP, Ca, P, K and magnesium (Mg) contents were 
determined using Foss near-infrared reflectance 
spectroscopy (Model 6500 Win ISI II v1.5 device) 
using the IC-0904FE calibration program. Then, 
the DDM, DMI, ME and RFV of each genotype 
were estimated according to the following 
empirical Equations 1-4 (Moore and Undersander, 
2002), respectively.  

DMI (% of BW)= 120/NDF%                       (1) 

DDM (%)= 88.9-(0.779 × ADF%)                (2) 

ME (MJ kg-1 DM)= 0.17 × DDM% - 2.0      (3) 

RFV= (DDM × DMI)/1.29                            (4) 

To determine the association effect of floristic 
composition of a pasture and rangelands on tetany 
risk, it needs to be calculated the tetany risk ratio 
of each plant species. Therefore, the tetany risk 
ratio and Ca to P ratio are calculated on an 
equivalent weight basis using [K/(Ca + Mg)] and 
Ca/P formulas, respectively (Uzun et al., 2017).  

 

The normal distribution and homoscedasticity 
of variances were analyzed using data obtained 
from single plants. Cluster Analysis (CA) and 
Principal Component Analysis (PCA) as the 
multivariate analysis was used to indicate the 
sources of variation differentiating the burr medic 
genotypes in terms of the nutritional traits and 
identifying the associations between the 
genotypes, respectively. All nutritional traits were 
used for CA to determine the variability among the 
genotypes and their groupings. Euclidean distances 
as similarity measures and the unweighted pair-
group method were used for dendrogram with the 
Average Linkage. Before PCA was conducted to 
determine the relatedness (correlation and causal 
relationships) of nutritional traits, the suitability of 
data for factor analysis was assumed using the 
Kaiser-Meyer-Olkin (KMO) test and Bartlett's test 
(KMO: 0.717; χ2: 2223.1, p<0.001). The first 
(PC1) and second (PC2) principal component axes 
scores were plotted to aid the visualization of 
group differences within burr medic genotypes. 
The degree of association between quantitative 
traits was analyzed using Pearson’s correlation 
coefficients. The nutritional traits of EF, MF, and 
LF burr medic genotypes were subjected to a one-
way analysis of variance (ANOVA). The data from 
a single plant of each genotype were considered to 
be the experimental unit. For all analyses, 
significance was deemed at p<0.05. In this study, 
all analyses were performed using the IBM SPSS 
software package (SPSS v21.0: IBM Corp.). 
 
3. Results and Discussion 
Except for the ADP, Ca, and Mg contents of burr 
medic, the nutritional traits differed among the 
genotypes with different flowering times. The MF 
genotypes had higher CP and DDM contents than 
the EF genotypes (p<0.05). The ADF content and 
Ca/P ratio of burr medic were higher in the EF 
genotypes, whereas the K and P contents and the 
tetany risk ratio of burr medic were lower in the 
EF genotypes than the MF and LF genotypes 
(p<0.05). The NDF content of the EF genotypes 
were higher than those of the MF genotypes 
(p<0.05). The MF genotypes had higher DMI, 
RFV, and ME than the EF and LF genotypes 
(p<0.05) (Table 2). Nutritional traits of the studied 
genotypes were within the ranges reported for 
different  burr medic  cultivars  (Muir  et al.,  2003;  

Table 1. Classification of burr medic (M. polymorpha L.) genotypes based on days from seed sowing in trays 
to the first inflorescence opening 
 Genotypes n Mean days Standard deviation Minimum days Maximum days 
 Early flowering  13 185.3 1.23 184 187 
 Medium  flowering  12 195.1 0.86 194 196 
 Late flowering  19 199.4 1.12 198 201 



178Türkiye Tarımsal Araştırmalar Dergisi - Turkish Journal of Agricultural Research       9(2): 175-184

UZUN and OCAK

Table 2. Nutritional traits among early (EF)-, medium (MF)- and late-flowering (LF) burr medic                   
(M. polymorpha L.) genotypes* 

 EF (n= 12) MF (n= 13) LF (n= 19) SEM 
 Analyzed traits, g kg-1 DM   

Crude protein   203.5b 221.9a 214.9ab 3.31 
Acid detergent fiber  183.2a 143.8b 165.6b 4.64 
Neutral detergent fiber  284.5a 241.6b 263.2ab 4.70 
Acid detergent protein    3.5   2.9   3.3 0.12 
Potassium (K)       3.06b       3.34a       3.42a 0.050 
Calcium (Ca)   11.90   11.51    11.81 0.118 
Magnesium (Mg)     2.71     2.63      2.61 0.024 
Phosphorus (P)       3.92b      4.13a       4.12a 0.037 

 Calculated traits     
Digestible DM, %     74.6b   77.7a     76.0ab 0.36 
DM intake, % of BW     4.3b     5.0a     4.6b 0.08 
Relative feed value 248.7b 301.3a 271.4b 5.91 
Metabolizable energy, Mcal kg-1   10.7b   11.2a   10.9b 0.09 
Ca/ P       3.04a       2.79b       2.87b 0.03 
K/(Ca + Mg)      0.09b       0.11a       0.11a 0.002 

*: BW: Bodyweight, a,b: Means that have no superscript in common are significantly different from each other (p< 0.05), SEM: Standard error of the 
mean 
 
Shirmardi et al., 2003; Aydin et al., 2007, Aydın et 
al., 2015). Also, our results supported the idea that 
burr medic is a forage known for its high levels of 
nutrients (Cui et al., 2021) and thus, represents a 
valuable resource for grazing sheep and multiple 
uses (Ewing, 1986). The RFV, ME, and CP of the 
forage species are the major limiting nutritive 
properties for livestock since low forages in these 
properties are less digestible and palatable (Uzun 
et al., 2017). Improvement of forage quality in 
terms of nutritional traits might be more complex 
because environmental effects (Amini et al., 2018) 
such as the local temperatures and photoperiod 
influence the flowering and maturation dates 
(Iannucci et al., 2008). These impacts may be more 
effective for burr medic due to the high 
photosynthetic capacity of this species (Cui et al., 
2021). Our results indicate that, in general, the MF 
genotype was more effective in nutritional traits 
because the growth of early and late types trend to 
come across to lower and higher temperatures, 
respectively. Burr medic with autumn–spring 
cycles can be essential components of sustainable 
agricultural systems and practices, and thus, 
contributed importantly to forage resources 
(Iannucci et al., 2008). 

Correlation and causal relationships among 14 
nutritional traits were determined using 44 burr 
medic genotypes. There were significant and 
strong correlations between most of the pairwise 
characteristics like NDF, ADF, DMI, DDM, RFV, 
and ME. Other traits showed significant positive 
correlations, including CP, DMI, DDM, RFV, and 
ME or P and K. Also, negative correlations were 
observed for the pairwise CP, ADF, ADP, NDF, 
DMI, DDM, RFV, and ME (Table 3). The degree 
(strong or weak), direction (positive or negative), 

and magnitude (significant, more significant, or 
very significant) of mutual association among the 
studied nutritional traits can be helpful in the 
indirect selection of desirable characteristics and 
simultaneous selection of several traits during the 
plant breeding (Tyagi and Khan, 2010). The 
highest positive or negative correlations between 
most of the pairwise traits that were analyzed and 
calculated may play an essential role in clarifying 
associations among the nutritional traits of the 
genotypes (Muir et al., 2003; Aydin et al., 2019). 
The significant negative mutual correlation 
between CP, NDF, and ADF is high-quality 
indicators of forages (Singh et al., 2017; Aydin et 
al., 2019) because of reflecting a lower proportion 
of structural cell-wall components, which are less 
digestible than cell contents (Lüscher et al., 2014). 
Moreover, the high DDM content of MF 
genotypes is due to the low cell wall concentration 
(Aydin et al., 2007).  

The 44 burr medic genotypes formed three 
clusters, in which cluster sizes ranged from 3 to 29 
accessions per cluster. Therefore, CA, which used 
nutritional traits distance amounts, indicated a 
remarkable sharpness dendrogram from burr medic 
genotypes. Cluster I consisted of 12 accessions in 
which three, two, and seven were from the EF, 
MF, and LF genotypes, respectively. Cluster II 
consisted of only three accessions, each of which 
was from three genotype groups. Cluster III was 
the largest group consisting of 29 accessions in 
which nine were from the EF and MF genotypes, 
respectively and 11 were from the LF genotypes. 
Cluster I, Cluster II and Cluster III had five, two, 
and nine subgroups, respectively. There was a 
significant difference between the subgroups in all 
traits,   indicating   a  high  diversity  of     genotypes  
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among the Clusters (data not shown). Cluster I had 
the highest values for all nutritional traits, whereas 
those of Cluster II had the highest values for the 
calculated nutritional traits (Figure 1). The 
differences between Cluster II and Cluster III for 
CP, NDF, and ADP were not significant. 
Therefore, the clustering and variance analysis 
results indicated that considerable diversity exists 
due to significant differences for most of the 
quantitative traits among the accessions, which has 
great significance to the plant breeder (Seker et al., 
2014). 

The most significant principal components 
(PCs) generated from nutritional traits and their 
statistical loadings are illustrated in Figure 2 and 
Figure 3. The first and second PCs (PC1 and PC2) 
had the highest eigenvalues of 6.44 and 1.35, 
describing 63.27% and 15.91% of the total 
variance, respectively, and accounted for 79.18% 
of the variability in the data set from 44 burr medic 
genotypes (Figure 2). The loadings corresponding 
to the PCs indicate that the three groups had high 
contributions. That is, from the PCA, three main 
nutritional traits may be identified based on natural 
groupings in the PC2 versus PC1 plot. Group 1 
was composed of nutritional traits with positive 
loadings for PC1 and PC2 [CP (0.783 and 0.443), 
P (0.793 and 0.015), DDM (0.953 and 0.211), 
DMI (0.960 and 0.081), RFV (0.964 and 0.114) 
and ME (0.953 and 0.211)]. Group 2 included 
nutritional traits with positive loadings for PC1 
and negative loadings for PC2 [K (0.793 and          
-0.015) and K/(Ca + Mg) (0.735 and -0.597)]. 
Group 3 was composed of nutritional traits with 
negative loadings for PC1 [ADF (-0.953 and          
-0.211), NDF (-0.964 and -0.059), ADP (-0.582 
and -0.261), Ca (-0.004 and 0.724), Mg (-0.469 
and 0.662) and Ca/P ratio (-0.661 and 0.662)]. 
Based on the correlation matrix loadings (≥0.75 
and positive factor loadings) of the variables, CP, 
P, DDM, DMI, RFV, and ME contributed most 
strongly to PC1, while only K contributed strongly 
to PC1. 

Figure 3 depicts the score plots of nutritional 
traits in the burr medic genotypes generated from 
comparing the groups based on PC1 and PC2. The 
nutritional traits of Group 1 and Group 2 were 
strongly related to the LF (seven and seven 
genotypes, respectively) and MF (five and three 
genotypes, respectively) genotypes but weakly 
related to the EF genotypes (one and two 
genotypes, respectively). However, Group 3 was 
strongly related to the EF (10 genotypes) but 
weakly related to the MF (four genotypes) and LF 
genotypes (five genotypes). The position of burr 
medic genotypes in the score plot was consistent 
with the correlation and CA results Also, it 

demonstrated that PC1 described the calculated 
traits (except for CP and P) distribution between 
the studied genotypes. The MF and LF genotypes 
were characterized by high values for CP, DDM, 
DMI, ME, and RFV, while the EF genotypes were 
characterized by high Ca/P and Mg values. 
However, the LF was somewhat in the middle and 
less tightly clustered than either of the other 
groups. Therefore, PC1 separated the MF 
genotypes from the EF genotypes. PC2 did not 
enable the EL samples to be separated from the CI 
and MIX treatments, which were associated with 
nutritional traits from groups 1 and 2, respectively. 
As reported previously (Walczak et al. 2017; 
Corrales‐Retana et al. 2021; Kop-Bozbay et al. 
2021), the results of PCA showed the maximum 
contribution of the nutritional traits with positive 
loadings, i.e. in Group 1, but formed two distinct 
groups (Group 1 and Group 2) with slight 
overlapping between genotypes (Kop-Bozbay et al. 
2021). The results of multivariate analysis (PCA 
and CA) revealed that genotypes from these two 
groups (1 and 2) and clusters (I and III) could be 
used further in the improvement of this species as 
promising genotypes. There is a mutual 
relationship between the ADF and NDF contents 
and the estimated nutritional traits (DDM, DMI, 
RFV, and ME) based on correlation analysis. 
Therefore, these traits were in opposite quadrants 
in PCA, indicating a negative association with the 
ADF and NDF contents. 

Cui et al. (2021) noted that the nutrient 
contents of plants are dependent on especially their 
photosynthetic capacity rather than the agricultural 
processes and practices. This argument may 
explain why PCA and CA grouped the genotypes 
differently with different flowering duration and 
the mutual correlations between the nutritional 
traits modified by flowering duration. As such, the 
burr medic genotypes had high diversity in the 
nutritional traits. The studied genotypes had the 
best nutritional traits coupled with medium and 
late-flowering compared with early flowering, as 
Muir et al. (2003) also revealed. These results 
indicate that assessing nutritional traits was an 
essential step in describing and categorizing 
genotypes and can, also, of great interest for 
sustainable production in many Mediterranean 
rangeland and ley farming systems (Nazari-
Dashlibrown, 2004; Rochon et al., 2004; Iannucci 
et al., 2008). Indeed, burr medic genotypes with 
autumn-spring cycles can constitute the most 
productive part of forage resources by covering 
grazing area or crop field, if even at a relatively 
short duration (Del Pozo et al., 2002; Iannucci 
et al., 2008; Crews et al., 2016). Annual reseeding 
medics provide an abundance of fresh  forage  with  
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Figure 2. Scatter diagram based on loading scores of principal components (PC1 and PC2) for the nutritional 
traits (defined as nutrient content and forage quality indicator) of the investigated burr medic (M. polymorpha 

L.) genotypes with different flowering duration  
CP: Crude protein, ADF: Acid detergent fiber, NDF: Neutral detergent fiber, ADP: Acid detergent protein, K: Potassium, Ca: Calcium, Mg: 

Magnesium, P: Phosphorus, DDM: Digestible dry matter, DMI: Dry matter intake, RFV: Relative feed value, ME: Metabolizable energy, CaP: Ca/P 
ratio, KCaMg: Tetany risk ratio (K/Ca+M 

 

 
Figure 3. Diagram based on principal component (PCI and PC2) scores of investigated burr medic (M. 

polymorpha L.) genotypes  
: Early-flowering genotypes, : Medium-flowering genotypes, : Late-flowering genotypes 
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high nutritive value during the spring, summer, 
and fall seasons (Uzun and Ocak, 2019) and thus 
diminish the negative implications of grazing 
animals on desirable perennial species (Aydin et 
al., 2020). Furthermore, the reported results and 
suggested genotypes based on their nutritional 
relationships can be further utilized in breeding 
programs. 
 
4. Conclusions 
In conclusion, the nutritional traits differed among 
the genotypes with different flowering duration. 
Except for the ADP, Ca, and Mg contents of burr 
medic and the medium- and late-maturing burr 
medic genotypes had the best nutritional traits due 
to probably high photosynthetic capacity in our 
study conditions. Present diversity in the 
nutritional traits of the burr medic genotypes could 
be used further in the improvement of this species 
as promising genotypes. These results indicate that 
assessing nutritional traits was a crucial step in 
describing and categorizing genotypes and also can 
be of great interest for sustainable production in 
many Mediterranean rangeland and ley farming 
systems. In addition, the MF genotypes (5, 12, 33 
and 44) may be a valuable source for further 
selection and improvement in nutritional value. 
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